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Purpose
	Purpose

	
	The purpose of this document is to detail the initial commissioning start-up procedures for operating the hydrogen plant.


Scope
	Scope

	
	This chapter applies to the Newport South Wales hydrogen plant.


	Audience

	
	The intended audience is all relevant operations personnel.


	Review period

	
	The review period for this document is 5 years from the date of last issue.


Overview

	

	
	Major events on start-up procedures during the commissioning of the steam reformer are summarised as the start-up time versus reformer outlet temperature in the following graph. These are estimates and it is expected that this will take longer during commissioning. A five day program is expected. 
In order to limit the environmental impact of the plant it should be warmed up as quickly as possible, whilst not exceeding the maximum rates and delays at any step avoided, particularly after “Introduce Process Natural Gas” and the PSA have been started.

Step 11 should be carried out before the Reformer is started 
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Pre Start-up Checks for Initial Commissioning Start-up

Initial Start-up Checks

	Initial start-up checks

	
	Additional checks are required for the initial start-up of the plant to ensure complete plant safety and integrity.

These are summarised as follows:

· Preliminary inspection of equipment

· Electrical and instrumentation checks


Pre Start-up Checks 

	Starting the hydrogen
plant for commissioning 

	
	Check:

· All permits to work have been signed off.

· All isolation valves have been returned to their normal operating position.

· All blanks or spades have been removed.

· All flanges have been reconnected.

· All lines have been blown through to remove any debris.

· All instruments are correctly calibrated and functional.

· All alarms and trips are functional.

· Electrical isolation has been removed.

· The area around the hydrogen plant is clean and tidy.


	Pre start-up checks

	
	The procedure for pre start-up checks is made up of five major areas where checks need to be carried out.  The following list of procedures covers the checks needed for pre start-up:


	Check
	Check Description and Link to Procedure

	1
	Check Utility System (page  5)

	2
	Check and Set Controllers (page  5)

	3
	Check Block Valves and Blinds Position (page  6)

	4
	Check Burner Trip System and Set Points (page  6)

	5
	Check Override and Switch Positions (page  7)


	Abridged Instruction

	
	An abridged document Normal Start (see attachment) exists for Normal Restarts and Trips. 


Check Utility System

	Checks for start-up

	
	The following checks are used in the normal start-up procedure of the hydrogen plant.


	Check 
	Action
	Comments

	1
	Check Utility System
Check all the following utilities are available at battery limit and according to contract specifications:

· Nitrogen 5.5 bar(g) 

· Instrument air 5.5 bar(g)

· Cooling System (Closed Glycol/ Cooling Water) 

· Deionised Water (Demin water) 5 bar(g)
· NG compressor purged and ready for service 

· NG 1.5 bar(g). 
· Electrical Power 
	The maximum oxygen content in nitrogen must be less than 3 ppm.

The Instrument Air should have a dewpoint of <-40C.




Check and Set Controllers

	Checks for commissioning start-up

	
	The following checks can be done from the PC mimics and is similar to the normal start-up procedure of the hydrogen plant.


	Check 
	Action
	Comments

	2
	Check and Set Controllers
	 

	 
	Tag No.
	Controller
	Operating Mode
	

	 
	FIC-201
	Steam to catalyst flow controller
	Manual
	0% output

	 
	FIC-200
	NG to catalyst flow controller
	Manual
	0% output

	 
	FIC-203
	NG fuel flow controller
	Manual
	0% output

	 
	FIC-204
	Re-pressurisation gas flow controller
	Manual
	0% output

	 
	FIC-205
	Vent gas to burner flow controller
	Manual
	0% output

	 
	FIC-202
	Hydrogen recycle flow controller
	Manual
	0% output

	 
	FIC-217
	Combustion air to burner flow controller
	Manual
	0% output

	 
	FIC-208
	Hydrogen recycle to feed gas ratio flow controller
	Manual
	0% output

	 
	PIC-600
	Steam drum pressure controller
	automatic
	18.3 bar(g)

	 
	PIC-601
	Reformer furnace draft pressure controller
	Manual
	0% output

	 
	PIC-602
	PSA feed vent pressure controller
	automatic
	2 bar(g)

	 
	PIC-603
	PSA back pressure controller
	Manual
	0% output

	 
	PIC-604
	Vent gas drum pressure controller
	automatic
	0.3 bar(g)

	 
	PIC-670
	Compressor recycle pressure controller
	automatic
	0 bar(g)

	 
	LIC-400
	Steam drum level controller
	Manual
	0% output

	 
	LIC-402
	Deaerator level controller
	Manual
	0% output

	 
	LIC-403
	Cold condensate drum level controller
	automatic
	50%

	 
	TIC-307
	Shift converter inlet temperature controller
	manual
	0% output

	 
	TIC-306
	Reformer furnace temperature controller
	manual
	0% output

	 
	TIC-303
	Flue gas ex WH-102 controller
	manual
	0% output

	 
	TIC-318
	Syngas/Air temperature controller
	automatic
	25°C Set Point


Check Block Valves and Blinds Position

	Checks for start-up 

	
	The following checks are used in the normal start-up procedure of the hydrogen plant.


	Check 
	Action
	Comments

	3.1
	Check block valves and blinds position

· isolation valves at control valves open, bypass valves closed

· valves in process and utility lines closed

· locked valves fitted with locking device in right position

· all manholes, vent drain valves on equipment and lines closed

· valves in glycol cooling lines to heat exchangers open

· position of spectacle blinds and spool pieces according to P&ID

· all isolation valves to instrumentation are open

· valves in the fuel lines to the burners closed

· air dampers at burners closed

· valves on suction side of pumps open
	It is recommended that the position of all valves be checked and documented by compiling a detailed checklist.

	3.2
	At any shutdown the following valves must be shut:

· Natural Gas To Burner V25-01 and V18-01 Shut
· Natural Gas To Plant V23-01 SHUT

· Process Natural Gas To Tubes G42P-09-03 SHUT

· Steam to Tubes V06-03 SHUT

· Process Gas To PSA V01-05 SHUT

· Hydrogen From PSA V11-05 SHUT

· Hydrogen To Customer V19-07 SHUT
· Drain valves V01-03 & V01-03A on WH-104 must be opened.
	Other isolations may be required dependent on scope of work and these may also be removed.



	
	· 
	


Check Burner Trip System and Set Points

	Checks for start-up

	
	The table below lists the setpoints that are required to be satified during the burner start sequence and .


	Check 
	Action
	Comments

	4
	Check Burner Trip System
	 

	 
	Tag No.
	Designation
	Set Point
	* - Interlock satisfied

	 
	MA-F101
	Induced draft fan running
	-
	FOSD (* fan running)

	 
	MA-F102
	Forced draft fan running
	-
	FOSD (* fan running)

	 
	PSLL-601
	Reformer box pressure low
	1mm wg
	FOSD (* 1.27 mm wg)

	 
	PSLL-617
	Instrument air pressure low
	3.0 bar(g)
	FOSD

	 
	LSHH-400
	Steam drum level high
	95%
	FOSD (*50%)

	 
	LSHH-404
	Steam drum level high
	95%
	FOSD (*50%)

	 
	LSLL-400
	Steam drum level low
	10%
	FOSD (*50%)

	 
	LSLL-401
	Steam drum level low
	10%
	FOSD (*50%)

	 
	PSLL-651
	Fuel gas pressure low
	1.5 bar(g)
	FOSD (* 1.72 bar(g))

	 
	BS-700
	No flame detected
	-
	FOSD

	 
	PSHH-652
	Fuel gas pressure high
	bar(g)
	FOSD (* 2.41 bar(g))

	 
	FSLL-217
	Combustion air flow low
	2100 Nm3/h
	FOSD (* Nm3/h)

	 
	FOSD-700A
	Emergency shutdown
	-
	ESD

	 
	FSLL-201
	Steam flow low
	400 kg/h
	LFSD

	 
	SCLL-105
	Steam/feed ratio low
	2.60 – 1
	LFSD (2.62kg / Nm3)

	 
	TSHH-307
	Shift converter inlet temperature high
	390°C
	LFSD

	 
	TSHH-306
	Reformer furnace temperature high
	1,065°C
	LFSD

	 
	TSHH-309
	Hydrodesulphuriser temperature high
	420°C
	LFSD

	 
	TSHH-312
	Combustion air temperature high
	420°C
	LFSD

	 
	TSHH-310
	Catalyst tube outlet temperature high
	880°C
	LFSD

	 
	PSLL-600
	Steam drum pressure high
	20.0 bar(g)
	LFSD

	 
	KC-2702
	Delay Timer
	720 sec
	Starter interlock not satisfied


Check Override and Switch Positions

	Checks for start-up

	
	The following checks must be done at the control room in the normal start-up procedure of the hydrogen plant.


	Check 
	Action
	Comments

	5
	Check Override and Switch Positions
Lighting of the burner and also operation of the reformer are only achievable without any switch function defected.

All set points must be in accordance with the indications in the alarm and trip setting list, respective update must be carried out if necessary.

All switches for opening/closing valves and motor start must be in the closed position (respectively stop position).

Overrides

· Start-Up Override ON

· S:C Ratio Override ON

· Process  Valve Override OFF 
· PSA Shutdown Override OFF.

All Plant Emergency Stop buttons and Customer ESD Buttons must be checked to make sure that they are not in the stop position.
	Automated valves in the incorrect position are indicated by a Blue colour.  The correct position is indicated by Red or Green as appropriate


Initial Start-up of the Hydrogen Plant

Initial Start-up of the Hydrogen Plant - Summary

	Initial start-up vs normal start-up

	
	The initial start-up of the hydrogen plant differs from normal start-up in that:

· Initial commissioning checks must have been completed prior to initial start-up.

· The reformer catalyst is in the "oxidised" state.  During initial start-up, the reformer catalyst is "reduced" and converted to a state in which it is at its peak activity.


	Reduction of catalyst

	
	Reduction of the catalyst requires operational adjustments during the reduction period and care to be taken.  It is possible to change from a safe to a dangerous condition in a short time if the operation of the unit is not carefully watched.


	Procedure

	
	The procedure for initial start-up of the hydrogen plant is made up of 21 major areas where procedures need to be carried out.  The following list of procedures covers the steps needed to perform initial start-up successfully:


	 
	Check 
	Check Description and Link to Procedure

	
	1
	Initial Inspection of Equipment

	
	2
	Flushing Out and Cleaning of All Lines

	
	3
	Loading and Charging the Catalysts and Adsorbents

	
	4
	Commission the Vent System

	
	5
	Commission the Boiler Feed Water (BFW) System

	
	6
	Introduce Nitrogen to the Reformer

	
	7
	Commission the Flue Gas System

	
	8
	Commission the Fuel Gas System

	
	9
	Light-up Reformer (BMS Operation)

	
	10
	Reformer Refractory Drying Procedure

	
	11
	Leak Testing the Hydrogen Purification Unit and Piping

	
	12
	Boiling Out the Steam System

	
	13
	Commission Hydrodesulphuriser for Start-Up

	
	14
	Reformer Catalyst Reduction

	
	15
	High Temperature Shift Conversion Catalyst Reduction

	
	16
	Introduce Natural Gas to Reformer

	
	17
	Commission the Pressure Swing Adsorption (PSA) Unit


	
	18
	Commission the Waste Gas Recovery System for Start-Up (page  34)


Initial Inspection of Equipment

	 
	Step  1
	

	Step 
	Action
	Comments

	1.1
	Inspect the equipment.

1) Check every line, vessel, valve, pump, instrument, etc. to make sure that they conform to the mechanical diagrams and design specifications.

2) Remove all shipping braces and break any temporary shipping welds.

3) Check that the feed line, product line and utilities are tied in properly.
	Initial inspection of equipment is only required for the very first start-up.

	1.2
	Remove any dirt, welding rod slag, etc. that may be in the field fabricated equipment by flushing with water, nitrogen or air.
	Not normally necessary after initial start or significant maintenance

	1.3
	Check to see that all catalysts and adsorbents have been received at the plant site and stored in a safe, dry location.
	Not normally necessary after initial start or significant maintenance


Flushing Out and Cleaning of All Lines

	Step  2

	
	Flushing and cleaning of all lines within the plant must be carried out before Step # 3 to make sure that there are no foreign materials within the plant that could be hazardous to the process and/ or equipment.

This is usually completed after pressure testing of the plant has been completed.  Water can be used but generally nitrogen is used to blow through the plant.

Note:
This is only required for the very first start-up.


Loading and Charging the Catalysts and Adsorbents

	Step  3

	
	Reformer Catalyst Loading

The use of one of the following methods for loading catalyst into reformer furnace tubes:

1)
Spiral Spring Technique
This method was used on the Newport Plant. This uses a spiral of short springs on a wire to allow the catalyst to be delivered to the bottom of each tube equally without crushing or falling a significant distance giving an even distribution
2)
Bucket Technique
This method uses a cylindrical bucket made of a light material such as sheet metal with a hinged bottom.  Bucket diameter must be less than the catalyst tube inside diameter; bucket height must be no more than 1 m.  The bucket filled with catalyst is slowly lowered into the catalyst tube, the bottom being held shut with a separate line or rope.  When the bucket reaches the tube bottom or catalyst level, it is slowly lifted out allowing the bottom to open.  This method results in a quick loading with minimum catalyst damage.

3)
Canvas Sock Technique
This method uses a canvas sock, open on both ends, the length of the catalyst tube to be loaded.  Cut a length of small rope or cord at least one metre longer than the sock.  Secure the bottom of the sock with the cord by some type of slip knot which can be untied by pulling on the cord.  Fill the sock with catalyst and lower it into the tube.  Do not allow the free end of the cord to fall into the catalyst tube.  When the sock reaches the bottom of the tube, untie the knot by pulling on the cord.  Slowly pull the sock out of the tube.

4)
Precharged Sock Technique
This method uses polyethylene tubes, open at the bottom, filled with a measured amount of catalyst.  The length is approximately 150 cm long, the inside diameter being less than the inside diameter of the reformer tube.  At the bottom of the tube the polyethylene is doubled back approximately 15 cm to prevent premature emptying.  A rope is tied on the top part of the tube and the catalyst filled tube is lowered to the bottom.  A sharp pull will cause the loose bottom end to slip and allow catalyst to empty as the tube is lifted.  This process is repeated until the catalyst tube is filled to the proper level.  Since each polyethylene tube has been measured for weight of catalyst, an accurate filling will be maintained.




	
	Filling the Catalyst Tubes - Procedure

	Step 
	Action

	3a.1
	All catalyst must be screened before using loading technique (2) or (3) above, to eliminate bridging or excessive compaction in the tube caused by broken catalyst or debris.

	3a.2
	Fill each catalyst tube to a point 3 cm below the offtake pipe, (approximately 54 cm from the face of the flange to the top of the catalyst).

· Catalyst must be loaded or dumped from small containers, preferably through a funnel.

	3a.3
	As each tube is loaded, vibrate the tube by striking the support with a large hammer.

	3a.4
	Begin charging tubes by recording the first tube and load approximate 1/10 of total for this tube.

· When charging catalyst, refer to correct drawing for volume required and elevation of catalyst.

	3a.5
	Vibrate the tube by striking the tube support (top of reformer) three times then move to the next tube and work in a circle.

	3a.6
	Load the same amount of catalyst in each tube and record each loading.

· Catalyst charged to each tube should be carefully weighed and recorded for comparison with others.

· A significantly low total weight of catalyst in one tube compared with others indicates voids due to bridging.  The weight of the catalyst in each tube must not vary by more than 5%.

	3a.7
	When a complete circle has been made, skip the tube that was the starting point.

Note:
This must be done each time a circle is made, this is to allow for each tube to receive the same amount of vibration from striking the other tubes.


	
	Loading CO Shift Conversion Catalyst - Procedure

	Step 
	Action

	3b.1
	Screen the catalyst to remove debris.  Although the catalyst tablets are rugged, rough treatment must be avoided.

	3b.2
	· Do not let the catalyst free fall for more than 120 cm during loading.

· Use care to make sure that the catalyst does not get wet.

	3b.3
	Load the catalyst evenly throughout the bed so that pressure drop variations and uneven gas flow are minimised.  This is done by using a canvas sock or flexible chute so it can be moved around to direct the catalyst evenly throughout the vessel.

Note:
Catalyst must not be loaded by pouring it into a pile and raking it level.


	
	Loading Hydrotreater and Desulfurization Catalyst - Procedure

	Step 
	Action

	3c.1
	The Co/Mo catalyst and the zinc oxide desulfurization catalyst must be loaded in the same manner as the CO Shift Conversion Catalyst procedure above.


	
	Alumina, Activated Carbon, and Molecular Sieve Adsorbents - Procedure

	Step 
	Action

	3d.1
	In order for the purification system to operate at the design efficiency, the following conditions are necessary:

· The migration and settling of the adsorbent after loading must be minimised.

· A uniform, maximum loading density must be achieved.

· Each adsorber vessel, A-101A, A-101B, A-101C, and A-101D must be packed in the same manner.  Alumina must be loaded in the bottom of each vessel.  Activated carbon is loaded next and molecular sieve is loaded at the top.

· The top of the adsorber bed must be filled with molecular sieve.

	3d.2
	The following precautions must be taken before, during and after loading the purification system adsorbents:

· The containers holding the adsorbent must be left unopened and in a dry location until just before loading.

· The adsorbent must not come in contact with water.  Adsorbed water adversely affects purification system efficiency.

· The adsorbents must not be loaded until immediately before start-up, after all check-out operations are completed.

· Exposure to air must be kept to an absolute minimum during handling and loading to minimise moisture pickup.

· Samples of adsorbent must be analysed for moisture during loading to monitor moisture pickup.

	3d.3
	Load the catalyst evenly throughout the bed so that pressure drop variations and uneven gas flow are minimised.  This is done by using a canvas sock or flexible chute so it can be moved around to direct the catalyst evenly throughout the vessel.

Note:
Catalyst must not be loaded by pouring it into a pile and raking it level.

	3d.4
	It is recommended that loading adsorbents must be done under the supervision of a Hydro-Chem Representative:

	
	3d.4.1
	Install and tighten all vessel nozzles and block in vessels to prevent exposure to air or water.

	
	3d.4.2
	Purge and pressure the vessels to approximately 2 bar(g) with inert gas.

Notes: 

4) When purging the vessels it must be done from the top of the vessel through to the bottom.  This can be done by removing the pressure gauge on the vessel and connecting a nitrogen hose, also connect a nitrogen hose to the drain valve at the bottom of the vessel.

5) This is only required for the very first start-up.


	Pressure drop test

	
	Once the catalyst tubes have been filled, it is recommended that a pressure drop test across each tube be done.  The following is the procedure to perform the pressure drop test.


	
	Pressure Drop Test – Procedure

	Step 
	Action

	3e.1
	Ensure that all flanges are completely removed from the top of the catalyst tubes.

	3e.2
	Connect the pressure drop instrument to the inlet (1"-300 lb flange on the bottom of the tube), of the catalyst tube. 
If using Bladder Technique then this may be done from the top but all pipework should be removed from the bottom.

	3e.3
	Connect nitrogen or clean dry air (approximately 5-7 bar(g)) to the inlet of the flow instrument.

Note:
A large flow is required to create back pressure across the catalyst, so a ¾" supply line must be used if possible.

	3e.4
	Open and adjust as necessary the inlet valve of the flow instrument to maintain an even pressure, approximately 5 bar(g).

	3e.5
	Adjust the needle valve (or if possible a globe valve could be used), to get an even reading, such as 0.3 bar(g) etc. on the downstream gauge.

Note:
This gauge should be a (0-1 bar(g) gauge) with small increments.  A test gauge if possible.  Check the upstream gauge and adjust the inlet valve if necessary to get an even number reading.

	3e.6
	Tighten the packing gland nut on the needle valve and remove the handle from the stem.  The valve is now considered as a fixed orifice.

Note:
Care must be taken to be sure that the stem is not adjusted after the first tube has been checked and the reading of the downstream and upstream gauges recorded.

	3e.7
	Check all tubes this way and only adjust the inlet valve (if required).  This valve is closed and opened during changing from one tube to another.  The adjustment of this valve is necessary to achieve the exact same pressure on the upstream gauge before the readings are recorded.

	3e.8
	· If the fixed orifice is changed after some of the tubes have been checked and recorded, then all tubes must be checked again.

· If the readings have more than a 10% differential between any of the tubes, then the pressure drop across the tubes must be changed to achieve less than 10% differential between the tubes.

· If the pressure drops are not satisfactory, then increase the lower readings by vibrating these tubes and adding more catalyst up to the design level.
Note:
This must be done very carefully and in small increment between vibrating and testing.  The test instrument or gauges should be removed while vibrating the tubes to avoid damage to the gauges.

	3e.9
	Number all tubes, all pressure drop readings and amount of catalyst per tube recorded for future reference.


Commission the Vent System

	Step  4

	
	Prior to introducing hydrocarbons into the plant, the vent system must be thoroughly purged with nitrogen.  The vent system start-up procedure is as follows:


	Step 
	Action
	Comments

	4.1
	Make sure that nitrogen is available from the customer.
	Field operation

	4.2
	Pressurise the nitrogen header system slowly by opening the block valve V05-08.
	Field operation

	4.3
	Purge the vent system by opening the block valve V01-09, V07-09 and V05-07 and slowly increase the flow through FM-231, FM-234 and FM-235 up to the set point of 1.8 Nm3/h.
	Field operation

Check PC to ensure FSL-231 and FSL-234 satisfied


Commission the Boiler Feed Water (BFW) System

	Step  5

	
	Before lighting a reformer burner, the steam drum must be filled to the normal working level with the respective level controller set on automatic. The  local Water Treatment Specialist should be consulted for advice on the pre-dosing chemicals to be used for the initial startup:


	Step 
	Action
	Comments

	5.1
	Make sure that the chemical feed tanks for boiler water treatment have been filled and that all valves are open so that the pumps can be started
	The chemical feed pumps are started by a “Plant Running” signal.

	5.2
	Commission Water Treatment System:

· LIC-402 Manual Output=0%

· Chemical Injection point valve V06-04 OPEN

· Chemical Injection point valve V21-04 OPEN

· Chemical Injection point valve V44-04 OPEN (If Used)
· Water Treatment Pumps turned “on” and Placed in “Auto”

Check that make up water is available for the deaerator from the de-ionised water system.

· V41-04 OPEN

· V42-04 OPEN
	At the PC, Deaerator and Chemical Treatment Hut

Check all valves on pipework open.

Authors Note 

Not Sure of What Chemical Dosing Has Been Recommended

	5.3
	Slowly open the deaerator level controller LIC-402 and establish a working level, 75%.
	Put LIC-402 on automatic control (75%).

Dosing only required for steam drum when heat load applied, O2 scavenger can be used immediately, but the pumps only start when the burner is on.

	5.4
	Commissioning Boiler Feed Water (BFW) Pumps:

· LIC-400 Manual Output= 0%.

· V13-04 OPEN

· V16-04 OPEN

· V19-04 OPEN

· V22-04 OPEN
	Open and close the drain valve on the Y-strainers to flush the strainers and to check water is present.

Start one of the BFW pumps (P101A/B) when required.

	5.5
	Check the discharge pressure is ~23 bar(g), adjust PCV-614 if required. 

To make sure the 2nd pump starts if low level occurs check standby pump is “Enabled” (Wonderware Stop Button not recessed).  To “Enable”/”Disable” click on <Stop> button 
	Allow BFW to recycle back into the deaerator for a few minutes while observing the discharge pressure and listening for unusual noises from the pump.

	5.6
	Increase the output of LIC-400 in increments of 1%-2% until a flow is established. The flow has to maintain a level V106. The steam Drum V107 will not indicate a level for several hours dependant on the flow rate as WH-102, WH-104 and WH-105 
Note:
If the pump flow is more than design flow (overflow) it can be damaged.  If the pump is noisy the steam drum level control valve LV-400 must be throttled to slow the flow through the pump so that the pump design discharge pressure is maintained.  This is done by decreasing the output until the pump sounds normal.
	This must be closely observed when the boiler is being filled with no steam pressure in the boiler.  (The normal steam pressure in the steam drum prevents this overflow). 

	5.7
	Slowly open the steam drum level controller LIC-400 and establish a working level, LALL400 and LALL40 clear >10%.
	Put LIC-400 on automatic control (20%).  

Note:
The cold water will expand as it warms up. 


Introduce Nitrogen to the Reformer

	Step  6

	
	Before lighting the burners (BMS operation), a nitrogen flow has to be established through the reformer tubes in order to generate enough heat carrier gas flow.  There are two scenarios to introducing nitrogen to the reformer:

· Cold start-up from ambient temperature.

· Re-start after the reformer has tripped.  If the HT-CO shift reactor outlet temperature drops below 160°C, process steam must be cut off and nitrogen must be introduced to avoid condensation of process steam on the reformer and HT shift catalysts.

During commissioning a it will be a cold start-up


	
	Pre Check

	Step 
	Action
	Comments

	6.1
	Check nitrogen is available at a minimum pressure of 5 bar(g).  
	Field operation

	6.2
	Check valve V02-01 is Shut 
	Natural gas must be isolated from the preheating section of the plant

	6.3
	The nitrogen enters the plant at two points

· Burner Skid : Before the Reformer/Burner is Lit
  Via a Quick Connection Hose (SP753B) 
    V14-03 Open
    V16-03 Open
    Drain valve V15-03 Closed.
    This flow is used whilst the burner is being     actually lit
· Natural Gas Skid : Once the Reformer Flame is lit
  Via a Quick Connection Hose (SP753A)
    Drain valve  V21-01 Closed
    V22-0) Open
    V25-01 Open
    V04-01 Open
    Valve FIC200 Open (Automatic 400nmch) once the burner is lit


	This nitrogen flow is necessary to prevent the reformer tubes overheating.

The reformer temperature must never be higher than 450°C without flow through the catalyst tubes, either steam or nitrogen.
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Note:
Until the burner is lit an interlock prevents FIC200 opening 

	6.4
	PIC-602 automatic 2 bar(g).  Check Output is >0% (Not Shut).
	At PC


Commission the Flue Gas System

	Step  7

	
	Before lighting up the burners (BMS operation), the induced draft (ID) and forced draft (FD) fans must be started and establish a negative pressure and flow inside the furnace box and a purge sequence satisfied.  


	Step 
	Action
	Comments

	7.1
	Commission the nitrogen supply to the flame detector for cooling purposes. Open FM-230 100cm3/min (Full Scale) 
	At reformer base

	7.2
	Open all the air dampers to 25%.
	 

	7.3
	Start the ID fan (F101).
	At PC

	7.4
	Put the reformer furnace draft controller PIC-601 will ramp to a set point of -12 mm wg. It is often quicker to intervene.
	At PC

	7.5
	Start the FD fan (F102).  Output 25% MANUAL
	At PC 

During commissioning it will not  be  unusual if the plant trips. If the plant has run for greater than half an hour theFans will stop.

	7.6
	Put the combustion air controller FIC-217 into “auto” mode with a set point of 1000 nmch.  Gradually increase to 2100 nmch.
	At PC

	7.7
	Follow the procedure on Commission the Fuel Gas System (page  16).
	 


Commission the Fuel Gas System

	Step  8

	
	Before lighting up the burners (BMS operation), checks and preparations have to be made to introduce natural gas fuel.


	Step 
	Action
	Comments

	8.1
	Check PIC-612 is CLOSED 
	HYDSMR-04-20: Feed Gas Compression Start Up

	8.2
	Check the NG QSOZ is OPEN (upstream of FIC-203 and NG Compressors)
	At the PC

	8.3
	Check Plant Natural Gas Isolation V23-01 OPEN
	 

	8.4
	
	

	8.5
	Check 1" natural gas to burner is open:

· V06-06 START UP POSITION


	This will satisfy the fuel gas low pressure switch PSLL-651.

V06-06 is the Low fire Bypass Valve.

This requires checking against New P&ID for Natural Gas

	8.6
	Check the pilot gas pressure via PI-608, it must be 0.55 bar(g), if not adjust the pressure regulator PCV‑608 on the natural gas to burner pilot line.
	At BMS valve skid.

	8.7
	Check 1/2" natural gas to burner is open:

· V02-06 OPEN
	At BMS valve skid.

	8.8
	After the above preparations have been completed to introduce natural gas fuel, follow the procedure to Light-up Reformer (BMS Operation) (page  16).
	 


Light-up Reformer (BMS Operation)

	Step  9

	
	Before lighting the burner, the ID & FD fans must be started and establish a negative pressure and flow inside the furnace box.  These are two of the permissives to starting the Burner Management System (BMS) operation.


	
	Pre Check Procedure

	Step 
	Action
	Comments

	9.1
	Check there is a nitrogen flow inside the reformer tubes by checking the pressure at PIC-602.
	Essential

	9.2
	Make sure all trip signals are reset and check that the burner interlocks are in the correct positions:

· Start-Up Override ON

· S:C Ratio Override ON

· Process Valve Override OFF

· PSA Shutdown Override OFF.
	If these are not correctly set it will prevent the reformer being lit

	9.3
	Check PIC 601 Setpoint to –12 mm wg
	This may be difficult to achieve if ambient conditions are cold and may have be reduced in order to prevent Fan tripping on overload

	9.4
	Check FIC217 Setpoint to 2100m3/hr. 
	The timer sequence does not start until this flow is achieved and will reset to zero every time it drops below 2000m3/hr

	9.5
	Check ½” pilot light gas block valve V02-06 OPEN. 


	At the reformer

	9.6
	Check 1" natural gas block valve V01-06 OPEN

Check Low Fire Bypass valve V06-06 to start up position
	 

	9.7
	Once all of the burner interlocks have been satisfied, the power on light (located on the front of the Flame Safeguard Panel) will be lit, and the delay timer (located inside of the FSP) will start timing down.

The delay timer is set at 12 minutes.  This time is to allow for the ID fan to discharge any explosive mixture to the atmosphere (if present in the reformer) before ignition can be started.
	At the reformer



Set according to flue volume 

	9.8
	When the timer has timed down the start burner light located on the front of the Flame Safeguard Panel (FSP), will be lit.  The “Reset“ button can be pressed.
	At the reformer

	9.9
	Press the “Start Burner” button for a few seconds until the sequence of the flame relay indicates that the pilot has been lit.  This is indicated by the pilot “on” light (located on the front of the FSP) being lit.

After a few seconds the main block valves BV701, BV702 & BV703 will all actuate and the main flame will be established.

A visual inspection must be made to confirm that the flame is burning.  The pilot and main flame light together and after 10 seconds the pilot light goes out and only the main flame remains. 
	The burner has view ports (located in the bottom of the burner) for this purpose.

	9.10
	Check the pilot gas to burner pressure gauge, located downstream of PCV-608.  The pressure should be approximately 0.55 bar(g).
	At the reformer


Warming Up the Reformer with Nitrogen

	Step  10

	
	For initial plant start-up, drying-out of the reformer refractory and warming up the reformer with nitrogen should be achieved together.  Increase in reformer outlet temperature as required by drying-out procedure is shown in parallel with nitrogen flow rate in the table at step #10 Reformer Refractory Drying Procedure (page  19).

After lighting up the burners (BMS operation), reformer temperature at TIC-306 should be increased at 50°C per hour. Contradicts Step 11


	
	Increase Reformer Outlet Temperature

	Step 
	Action
	Comments

	10.1
	Increase air flow to the burner via FIC-217, on “manual” increase output in steps to give  ~ 1300 nmch over ~ 20 minutes and wait for the furnace temperature to stop rising rapidly, ~ 20 minutes after “flame on”
	This allows the burner to warm up and flame strength to stabilise. The objective for temperature increase is listed in section10

	10.2
	To Start Warming up the Desulpuriser and HX101 with nitrogen

· Natural Gas Skid : Once the Reformer Flame is lit  
  Via a Quick Connection Hose (SP753A) 
    Drain valve  (G63C-21-01) Closed.
    V22-01 Open
    V25-01 Open
    V04-01 Open
    V09-03 Open

FIC200 OPENED slowly to establish a flow of at least 400 m3/hr place in auto.  Increase this to achieve maximum flow.
	The flow should be as high as possible to carry heat through the desuphuriser and up the tubes.

	10.3
	Once the maximum flow has been achieved shut valves: 

· V14-03 SHUT

· V16-03 SHUT

· V15-03 OPEN

The N2 link must be removed once a stable significant volume of Steam is introduced through FIC201.Section 16.16
	If the plant trips this N2 flow will be required quickly.

	10.4
	Control the low fire bypass valve so that the furnace temperature increases at a rate appropriate to the situation.
	At Burner skid.

	10.5
	The flue gas analyser AT-720 will start indicating when it reaches a high enough temperature.
	Once the flue gas is hot enough >650°C this unit will start to operate. 


Reformer Refractory Drying Procedure

	Step  11

	
	At initial start-up of the hydrogen plant, reformer furnace refractory drying must be carried out.  The reformer furnace refractory dry out and the boiler boil out must be carried out simultaneously. This plant has fibre insulation internally so care is not as critical as with brick linings.
The furnace lining of a new furnace or a furnace which has been idle for a long time must be dried out slowly to allow accumulated vapours the chance to escape from inside the brick work, while metal expansion is gradual and uniform.  In this way, entrapped water will vaporise slowly rather than boil violently.  During drying out, nitrogen must be passed through the reformer tubes to cool the tubes down.

Note:
The furnace temperature must be kept as close as possible to the tube temperatures during start-up.  Therefore the furnace temperature must be kept constant until the tube temperatures rise to within 100°C – 150°C of the furnace temperature. 

The objective is to maintain the 100C to 150C difference between the tubes and furnace


	Step 
	Action
	Comments

	11.1
	Heat up the furnace temperature a as slowly as possible 25°C/hr to 150°C and hold for 18 hours.  Do this by shutting in the Low Fire Bypass valve as much as possible (F-203 ~ 25-30 m3/hr) and increasing the air flow via FIC-217 (~1300nmch), whilst maintaining a stable flame strength indication.
	

	11.2
	Heat up the furnace at 30°C/hr to 300°C and hold for 24 hours.  Decrease air flow to increase furnace and hence flue gas temperatures.  Steam system boil-out can be completed at this stage, see step # 13.
	

	11.3
	Once the boil out is complete (See Section 13).Drain System and refill
	

	11.4
	Heat up furnace again at 50°C/hr to 800°C. During this time steam pressure PIC-600 will become greater than 7 Bar. At this point introduce steam to the reformer tubes and hence raise reformer tube outlet temperature.  (Pass Nitrogen through the Hydrodesulphuriser and out to vent during this period to raise temperatures at 50°C/hr, ~100 nmch).
	


	Refractory preservation

	
	The actual reformer furnace refractory dry out procedure is shown graphically in the Reformer Outlet Time vs Temperature graph in Pre Start-up Checks - Summary (page  4).  The flow rates of the dry out procedure are also shown in this graph. 
NB: During the drying-out operation, periodic observations must be made and precautions taken to prevent surface thermal shock from steaming within the insulation.  Additional holding time at existing temperatures should be made whenever moisture is evident.

A more detailed description for the refractory is delivered by the manufacturer and must be strictly observed, this procedure is a guide only.

If the procedure has to be interrupted, cool down in steps of 50°C/hr and then when restarting, heat up again in steps of 50°C/hr until the former temperature is reached again.

The final hold period of the refractory dry out can be extended until the boiler boil out is complete.


Leak Testing the Hydrogen Purification Unit and Piping

	Step  12

	
	Leak test the Hydrogen Pressure Swing Absorber (PSA)/Hydrogen Purification Unit (HPU), its piping and the stepping valves. This is required to be completed before Step 4.
Note:
This is only required for the very first start-up.


	Step 
	Action
	Comments

	12.1
	Close the manual inlet valves, feed lines and product lines to isolate the Pressure Swing Absorbers (PSA) 
	Pressure Swing Absorbers (PSA)  are also called  Hydrogen Purification Unit (HPU)

	12.3
	Start the valves cycling:

· Set selector switches to "Start-up", "By-pass" and "Manual".

· Push "Step" button.
	The cycling will ensure that nitrogen enters all of the manifolds and adsorbers.

	12.4
	Allow nitrogen gas to flow into the unit through the feed or product line and pressurise to about 7 bar(g).
	The rate of pressurisation must not exceed 3 bar(g) per minute.

	12.5
	Press the stop button to close all valves on the PSA.
	 

	12.6
	Leave the pressure in the vessels preferably overnight as a pressure holding test.
	Cooling of the adsorbers overnight will cause the pressure to drop.  This does not mean there is a leak.

	12.7
	Check all flanges, vessels and piping for leaks.
	 

	12.8
	Check the stems of the stepping valves for leakage.

· If leakage has occurred then the packing must be tightened very carefully.

· If leakage is still occurring then:

Give each nut ½ to a ¼ of a turn.

Manually open and close the valve several times.

Ensure that pressure is equal on both sides of the valve then stroke the valve.

Check the time taken to operate full stroke.  This should be 3 seconds or less.

· If leakage rate is still excessive then check packing for damage.
	Over-tightening of packing can effect valve response time, which effects process performance.

Ideally, packing gland nuts should be finger tight.

Repeat this step for each adjustment.


Boiling Out the Steam System

	Step  13

	
	Prior to initial full start-up, it is necessary to clean the steam system.  The purpose of the boiling out procedure is to remove impurities such as organic substances, oil, grease, residual colours, etc. in order to achieve the specified purity in the steam system as fast as possible.  The following instructions are based on Section VIII of the ASME Boiler and Pressure Vessel Code entitled, "Suggested Rules and Care of Steam Boilers".


	Chemical concentrations  

	
	Chemicals must be dissolved in water to give the following concentrations when filled into the steam system:

· 3 kg Calgonite per 1000 kg water.

· 0.75 kg Caustic Soda per 1000 kg water.

· 0.25 kg Wetting Agent per 1000 kg water (a good household detergent).

If the above chemicals are not available then use:

· 3 kg Soda Ash per 1000 kg water.

· 3 kg Caustic Soda per 1000 kg water.

· 0.25 kg Wetting Agent per 1000 kg water (a good household detergent).
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	Boil out chemicals are highly caustic.  Caustic soda produces a violent flash if introduced too fast into the water.

· Wear goggles, face shield, rubber apron and rubber gloves at all times.

· Warn all personnel to exercise due care.

· Use vinegar or boric acid if exposed to chemicals.


	Step 
	Action
	Comments

	13.1
	Fill steam drum with clean water to 20% level.
	 

	13.2
	Add dissolved chemicals directly into the dearator (V106).
	Use concentrations as mentioned in Chemical Concentrations above.

Boil out chemicals supplied by water treatment supplier.

	13.3
	Start the boiler water pumps.
	Make sure controller LIC‑400 is set to allow pumps to circulate unused water.

	13.4
	Set LIC-400 to hold a 20% level in the steam drum.
	This may be increased later but the expansion of water will naturally cause it to increase

	13.5
	At the skid, check the position of the manual butterfly damper (make sure that it is 100% open, this will allow for more steam production).  This damper restricts the flow through the centre of the steam superheater coil.  When this valve is throttled it will force more flow to the outside of the coil and more heat transfer will occur and the steam will gain heat.

Note:
This manual valve is located at the flue gas inlet to the flue gas steam generator at the bottom of the steam superheater.
	Note:  Once this valve has been set, with the plant at full capacity, then it should not require adjustment again during any plant rate.

	13.6
	Start burner.
	See step 13.7.

	13.7
	Adjust burner fuel flow as indicated in step #10.

At this stage put nitrogen flow to the hydrodesulphuriser, reformer tubes out to the PSA inlet vent PV-602 which will be set at 2 bar(g) using PIC‑602.
	This nitrogen flow is necessary to prevent the reformer tubes overheating.

	13.8
	Adjust the fuel flow together with the combustion air flow, to give a gentle boiling of the chemical solution in the steam drum.
	 Keep steam pressure low and steam drum vent valve open.

	13.9
	Every four hours for 24 hours the intermittent blowdown valves on the reformer effluent steam generator (WH‑104) and shift effluent steam generator (WH‑105) are opened to drain 20% each of the steam drum level, i.e. from 70% to 30%.
	After 24 hours the water from the drain should have changed blackish water to clear water.

	1310
	When blowdown water is clean:

· Reduce to burner fuel flow and reduce the furnace temperatures to 200°C and stop the burner. Check nitrogen to flow through tubes during this period

· From every water outlet, drain the boiler system completely.

Fill the boiler system and drain three times using good quality demineralised water.
	Fill the boiler to 50% ready for start-up.

	13.11
	Fill the boiler system again and return to section 9. Repeat starting the burner and the following sections omitting to add the boil out chemicals
	Seek advice from water treatment expert on what pre-dosing of the boiler system should be carried out for normal running


	

	
	The boiling out procedure given above is only a guide and must be supplied by the waste heat boiler manufacturer.


Produce Steam and Build-up Steam Pressure

	Step  14

	
	As the reformer outlet temperature TIC-306 increases, steam will be produced.  This will build-up steam pressure as shown in step #16 (Introduce Process Steam to the Reformer (page  28).


	Step 
	Action
	Comments

	14.1
	Slowly open PIC-611, Steam to the Dearator, manually in 5% increments every 20 minutes to warm-up the dearator and the steam line.  Once a pressure is established put PIC-611 in auto with a setpoint of 0.35
	This is to ensure the boiler feed-water is deoxygenated before passing to the steam drum and also means the water passing into the steam drum is hot

	14.2
	Water Levels in Steam Drum and Dearator

Increase LIC-400 to 45% as required

Increase LIC-402 to 50% as required
	Remember water expands as it is heated

	14.3
	Use SP 769 Quick Blowdown valve from WH-104 to V-108 intermittently whlist steam pressure is increasing to transfer hot water from V-107/WH-105 to WH-104.
	This will help ensure good mixing of hot water from V-107 into WH-104 and helps to raise WH-104 temperature quicker.


Introduce Process Steam to the Reformer

	Step  15

	
	Once the steam drum is up to 9 bar(g) pressure, preparation could be made to start steam flow through the reformer.

The following conditions must be reached before Process steam can be introduced into the reformer tubes:

· the HT-CO shift reactor inlet temperature at TIC-307 is greater than 90˚C;

· a 2" clear gap exists between the drain end and the steam plume at the inlet header (donut) drain.


	
	Pre Check Procedure

	Step
	Action
	Comments

	15.1
	Adjust TIC-307 on manual, as necessary, to increase outlet temperature and achieve the above required conditions.
	At PC and check WH104 locally with temperature gun

	15.2
	Put TIC318 in auto Setpoint 25˚ C (Winter Setpoint 50˚C.
	At PC

	15.3
	Start F104 A and F104B
	At PC

	15.4
	Check the Chemical Dosing system is operational
	At Chemical Dosing Hut

	15.5
	To warm up pipework leading to the Superheater  WH101:

· Check FIC-201 Manual and CLOSED. 

· Check Start Up Override is ON (to allow opening of FV-201)

· Check Steam To Carbon Ratio Overide is ON

· Check V06-03 is SHUT

· FIC-201 OPEN ~5% in Manual

· V05-03 OPEN slightly till drain water becomes Steam

· V05-03 SHUT

· SHUT FIC-201
	At PC and Field 

This warms up pipework leading to the Steam Super Heater
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Wear High Temperature Leather Gloves Risk of Serious Scalds/Burns

	15.6
	To Prevent Condensate Build Ups:

· R101

OPEN slightly the 1" drain valve, V10‑03, reformer inlet header to prevent condensate from entering the catalyst tubes.

· WH104 

OPEN slightly 1” drain valve V01-03.

OPEN slightly 1” drain valve V01-03A
· V102
OPEN slightly 3/4" drain valve, V08-01 on the outlet of the high temperature shift converter.
	At reformer R101 and WH104

While not allowing the pressure in the system to fall below 2 bar(g) and ensuring sufficient flow is maintained through the tubes.



	15.7
	Check TIC-303 & TIC-307 are in manual with 0% output (dependent on Steam Pressure/WH104 temperature). 
	This is for maximum steam generation

	15.8
	OPEN the 3" steam manual block valve, V06-03 located before the steam superheater.

OPEN FIC-201 in small increments (0.5% steps)

Check locally to ensure no water hammer is present.

Check the drain valve on the inlet header to be sure that the condensate is being drained.

Check TI-341 for a temperature rise.
	At Steam Drum skid

The drain should remain open until a 2" clear gap exists between the drain end and the steam plume

This is to ensure superheated steam is present and saturated steam is not fed to the reformer tubes

	15.9
	Continue passing nitrogen through plant with steam until the steam flow is in auto control.
	

	15.10
	Check TI-341 for a temperature rise whilst slowly increasing the output of FIC-201 in increments of 0.5% until observing a temperature rise on TI-341 and then hold in that position.

Regularly check locally to ensure no water hammer is present.

Check the drain valve on the inlet header to be sure that the condensate is being drained.

The drain should remain open until a 2" clear gap exists between the drain end and the steam plume.

· Check TI-341 for a temperature rise
	TI-341 indicates a steam flow to the reformer tubes

The drain should remain open until a 2" clear gap exists between the drain end and the steam plume

This is to ensure superheated steam is present and saturated steam is not fed to the reformer tubes

	15.11
	Carefully monitor TI-341 temperature rise and TI-810 tube outlet temperature rise during the initial introduction of steam and adjust output of FIC-201 (open or closed) accordingly to ensure no significant step change in mass flow to the tubes (and hence outlet temperature).
	To minimise sudden changes in tube outlet temperature due to sudden excessive flow

	15.12
	When condensate at R101 is no longer present from the drain on the reformer inlet header, close the valve V10-03.  At this point TI-341 should be more than 200°C and TI-301 more than 150°C.

Check to ensure condensate at WH104 is not present from the drain valve on the 'cold' end and close the valve, V01-03.
	At reformer

	15.13
	Avoid condensate in the bottom of the high temperature shift converter (V-102) by opening the 3/4" drain valve, V08-01 on the outlet of the vessel.

Note:
It’s normal for condensate to be in the bottom of the vessel during a cold start-up because as steam is added into the catalyst tubes and when it reaches the shift converter (cold bed of catalyst) it will condense however, this will stop after the bed heats up.  This bed takes a few hours before it is up to it’s normal temperature.
	The hydro-desulphuriser also takes a few hours before it’s up to normal temperature.

	15.14
	As the steam pressure PIC600 increases slowly increase PIC602’s Setpoint.
	At PC

Maintain 2 bar differential (PIC-600 below PIC-602)

	15.15
	With FIC-201 in “manual” mode, slowly increase the output of FIC‑201 to ~300 kg/hr of steam flow while maintaining good steam drum pressure and a reformer tube outlet temperature rise of around 50°C/hr.

When a flowrate of ~300kg/hr is reached on FIC-201, the controller can then be placed in “auto” mode and slowly increase the set point to ~600 kg/hr by the end of this step (14).

Increase FIC217 & FIC203 as necessary to maintain steam pressure and furnace temperature rise.  Around 100 nmch and 1% steps respectively.
	At PC

PIC-600 Output should be ~45% to increase steam drum pressure progressively.  >55% and steam drum pressure will drop rapidly

Check TIC-318 syngas temperature and start fan(s) if required.

	15.16
	Increase the reformer outlet temperature via TI-310 A/B at 50°C per hour by increasing FIC-203 in “auto” mode.

Increase FIC217 & FIC203 as necessary to maintain steam pressure and furnace temperature rise. Around 100nmch and 1 % steps respectively
	At PC

More Air More Fuel as required but watch temperature rise is not >50C/hr

	15.17
	The furnace temperature controller TIC-306 can be placed in Automatic as soon as it’s control is stable when in the “auto” mode.  If the temperature swings, then place it back in manual control until a later time.

To have more precise control of FIC-203 adjust bypass valve V06-06 toward normal plant setting.

TIC-306 and FIC-203 must be in “AUTO” and “REMOTE” mode before the vent gas is burned in the reformer burner.
	At PC



At Burner Skid

	15.18
	Once a significant volume of steam is flowing through FIC-201 (>300 kg/hr) the nitrogen may be disconnected

· Nitrogen to Inlet Header (Isolated in 9.13)

V16-03 SHUT

V14-03 SHUT

V15-03 OPEN

Disconnect Quick Connection SP753B

· Nitrogen to Desulpuriser

V22-01 SHUT

V25-01 SHUT

V26-01 SHUT

V21-01 OPEN

Disconnect Quick Connection SP753B
	At Burner Skid

At Natural Gas Skid

	15.19
	The Desulphuriser must now be warmed up using Natural Gas (If cold start then better to use N2 overnight):

· Check PIC612 is set at about 6 Bar(g)

· Natural Gas to Tubes V09-03 SHUT

· Natural Gas To Process V02-01 OPEN 

· (Very Slow Watch PI612 Can TRIP PLANT)

· Drain V13-03 OPEN

· Vent Header V13-03 OPEN

· OPEN FIC-200 Slowly in 2% increments until a stable flow is established.  Once established place in Auto with a Sepoint of 40 nmch (~150 nmch if using N2).
	Common point for plant trip on PIC‑612 PAHH‑612

Natural Gas is a greenhouse gas and venting must be as little as possible
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	15.20
	Summary of controllers at this stage of start-up:

· TIC-306 auto.  RSP with FIC-203 with a SP of approx. 830°C.

· FIC-203 auto.  RSP with TIC-306 with a remote SP.

· PIC-601 auto.  With SP of -12 mm wg.

· TIC-307 auto. With SP of 330°C.

· FIC-201 auto.  RSP with FIC-200 with a SP of 590 kg/hr.

· FIC-200 auto.  With SP of 40/150 nmch (NG/N2).

· PIC-600 auto.  With SP of 18.3 bar(g).

· LIC-400 auto.  With SP of 45%.

· LIC-402 auto.  With SP of 50%.

· PIC-602 auto.  With SP of 2.0 bar(g).

· LIC-403 auto.  With SP of 50%.

· FIC-217 auto.  With SP of ~2000.

· PIC-612 auto.  With SP of ~7.0 bar(g).

· FIC-202 MANUAL.  With OP=0%.

· TIC-303 MANUAL.  With OP=0%.

· FIC-205 MANUAL.  With OP= 0%.

· PIC-603 MANUAL.  With OP=0%.

· FIC-204 MANUAL.  With OP= 0%.
	At this point Control can be passed to ROC if required to “Warming Up” as it often takes several hours to warm up the tubes and HTSC

	15.21
	Open TIC-307 in manual mode in 5% increments to achieve a temperature rise of around 50°C/hr on the inlet to the shift convertor

The inlet temperature to the shift converter must be increased to 280°C – 300°C before putting reformer effluent steam generator outlet temperature control, TIC-307, into “AUTO” mode.
	At PC

Normal Setpoint 330°C

	15.22
	If the steam pressure is high and steam vent PIC-600 is open more than 20%, then open TIC-303 greater than 40% to lower the pressure or increase the process steam flow via FIC-201.
	At PC

	15.23
	When PIC-600 exceeds 8 bar(g), commission the blowdown system and open the blowdown rate at 2%.
	At field

	15.24
	Building Steam in the Steam Drum 

Increase PIC-602 as PIC-612 increases provided FIC-201actual flow is increasing
	At PC

Maintain 2 bar differential

	15.25
	When FIC-201 reaches 590 kg/hr, remove the steam flow low trip override.

Note:
Do not let FIC-201 output increase above 55% or steam flow and pressure will not increase at the required rate
	At PC

	15.26
	Continue increasing the furnace temperature while observing the catalyst tube outlet temperature TI-310 (screen).  
	Regularly visually inspect the catalyst tubes with the view ports located in the bottom of the reformer.

	15.27
	During steam introduction, the condensate section upstream of the PSA should be checked to ensure good operation.  As more steam is produced, more water is being used, therefore check the deaerator and steam drum level controls are functioning correctly.
	The boiler water chemical injection can be put in operation.

	15.28
	Once TI-310 reaches 750°C - 780°C, be ready to introduce process natural gas.
	At PC


Commission Hydrodesulphuriser for Start-Up

	Step  16

	
	The procedure for starting the hydrodesulphuriser is to permit hot feed gas (nitrogen or natural gas) to pass through the bed.

The hydrotreater catalyst (cobalt molybdenum - CoMo) is reduced on stream.  During an initial start-up when no hydrogen is available for recycling from the plant, the hydrogen storage crates should be used.

Note:
The hydrodesulphuriser must be slowly heated up at a rate of 50°C/hr.

The desulphuriser catalyst (zinc oxide) does not need to be reduced.  This catalyst acts as an adsorbent and must be renewed after it is loaded with sulphur after a period of time.

The hydrodesulphuriser start-up reduction should be initiated in conjunction with Reformer Catalyst Reduction (page 28).


Reformer Catalyst Reduction

	Step  17

	
	The initial start-up of the hydrogen plant differs from normal start-up in that the reformer catalyst is in the "oxidized" state at the initial start-up.  During this start-up, the reformer catalyst is "reduced" and converted to a state in which it is at its peak activity (reduced from nickel oxide to nickel).

Reduction of the catalyst poses no problem as long as any operational adjustments during the reduction period are made slowly and deliberately.

The reforming catalyst is supplied in the oxidized state, it is necessary to reduce the catalyst with hydrogen before full catalyst activity can be achieved.  The most effective method of reduction is an "on stream" one using steam and feed gas.

As soon as natural gas is fed into the process, the reduction of the reformer and HT shift catalyst take place (for more details refer to the catalyst supplier’s instructions).  The following description is an example for catalyst reducing only; in any case the catalyst supplier instructions have to be observed.

Note:
This is only required for the very first start-up.


	
	Pre Check Procedure

	Step 
	Action
	Comments

	17.1
	Be certain that the hydrodesulphuriser and the HTS converter are preheated and the reformer catalyst tube outlet temperature is 760°C with at least 600 kg/hr of steam flow.
	At PC


	
	Catalyst Reduction – Procedure

	Step 
	Action
	Comments

	17.2
	After stopping the nitrogen flow at the end of the warm up period, steam flow of approx. 50% of design should exist.
	 

	17.3
	Slowly introduce the feed gas to the reformer and maintain the correct steam/carbon ratio (25:1) for the reduction of the HTS converter.
	 

	17.4
	Allow the catalyst tube outlet temperature to stabilise at 760°C.

The addition of feed should cause a slight drop in temperature.  At this point, hydrogen is being formed in the reformer tubes due to thermal cracking of feed hydrocarbon.  The hydrogen formed serves as a reducing agent to reduce the nickel oxide reforming catalyst to free nickel.  The reduced catalyst becomes active and promotes the steam/hydrocarbon reaction, thus forming more hydrogen.  The reforming catalyst is reduced "on stream".
	 

	17.5
	After the reduction of the HTS converter catalyst has been completed, gradually increase the flow of feed gas to about 25% of design feed rate at a rate which allows consistent furnace temperature control.
	~ 60 minutes

	17.6
	Gradually increase furnace firing to obtain 790°C tube outlet temperature.

The steam/ carbon ratio should be within 7:1 within 2-3 hours.
	 

	17.7
	Reformer exit temperature has to be increased to design level.  It is important to closely monitor the temperature as the reduction is an endothermic reaction.
	 

	17.8
	During the reduction period, maintain the reformer tube inlet temperature as high as possible to ensure catalyst reduction at the tube inlet.
	 

	17.9
	The reduction time for the reformer catalyst will take approx. 4-8 hours and is complete when the exit methane concentration (which must be checked at hourly intervals) has a low steady value (<5% vol).
	 

	17.10
	When reduction of the catalyst is complete, the natural gas flow can be increased within one hour to normal design steam/carbon ratio.
	 


High Temperature Shift Conversion Catalyst Reduction

	Step  18

	
	The high temperature shift (HTS) converter catalyst consist of coprecipitated iron and chromium oxides.  As received, they are not pyrophoric or hygroscopic (stable state).  The shift converter catalyst will be reduced (removing sufficient oxygen from the catalyst putting it into its active state) "on stream" with process gas and steam in conjunction with the reduction of the reformer catalyst.  The reduction reaction is only slightly exothermic.

The temperature will increase 5.5°C for each 1% of carbon monoxide present in the wet gas.
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	Do not expose the catalyst to process gas in the absence of steam.

Control the temperature of the inlet gas TIC-303 so the temperature never exceeds 371°C.  At temperatures above 537°C, there is a phase change in the shift converter catalyst that permanently destroys its activity.  Complete reduction to iron would decrease catalyst activity.




	
	Pre Check Procedure

	Step 
	Action
	Comments

	18.1
	After establishing the flow of the heating media, heat the catalyst from ambient to slightly above the dew point in the reactor.  This will typically be in the range of 150°C-175°C depending on the pressure in the reactor.  If process steam is used for the initial heating, ensure the drain valve on the outlet is open to allow excess condensate to exit the reactor.  With the entire catalyst bed above the dew point, heat the bed to a temperature of 225°C-280°C.
	 

	18.2
	Prior to the reduction of the HTS catalyst, the reformer process effluent should be 760°C-790°C with process steam flowing through the catalyst tubes.  The process steam flow at this time should be approximately 600 kg/hr.  Reduction of the HTS catalyst can be done by introducing process (feed) gas to the reformer continuously or by introducing process (feed) gas at timed intervals.  If continuous process (feed) gas is used, a minimum steam/ carbon ration of 25:1 (25.2 kg/hr of steam per 10 nmch of feed gas).  If process (feed) gas is introduced to the reformer at timed intervals, a minimum steam/ carbon ration of 15:1 (150 kg/hr steam per 10 nmch of feed gas) should be used.
	This will ensure against excessive temperatures in the HTS bed during the reduction phase.


	
	Catalyst Reduction - Procedure

	Step 
	Action
	Comments

	18.3
	Maintain an open drain valve on the HTS converter to prevent the build-up of condensate.  Wait for condensate to disappear then close the drain valve.
	As the temperature in the HTS converter increases, less condensate will be drained from the drain valve.

	18.4
	Assuming that the catalyst is dry and at 224°C- 280°C and superheated process steam is flowing through the HTS converter (reactor), reduction of the catalyst can begin.  This is done by introducing hydrocarbon feed gas to the reformer to provide H2 and CO for the reduction.  The reduction phase typically takes 30–60 minutes.
	 

	18.5
	If continuous process feed gas is used, reduction of the catalyst will begin within a few minutes after the process feed gas is started.  A temperature wave of 32-82°C will proceed through the bed.  All bed temperature should be near the inlet temperature within 30 minutes after the feed gas is introduced to the reformer.
	 

	18.6
	Monitor the shift converter outlet temperature closely.  Decrease the set point of TIC-307, if necessary, to keep the converter outlet temperature from exceeding 400°C.  Temperature rise should be 50‑80°C.
	Be ready to cut off natural gas whenever the rise is too quick and/or expected to be more than 80-100°C.

	18.7
	After completion of the catalyst reduction (ie. once the temperature downstream of V-102 has cooled down), the inlet temperature can be increased to 340°C at a rate of 50°C/hr.
	 

	18.8
	During the time for catalyst reduction, make a close inspection of the unit:

· Leaks at flanges that might be caused by thermal shock.  Tighten bolts if necessary.

· Leaks at block valve and packing glands, particularly the steam and vent valves.
	Field operation


Introduce Natural Gas to Reformer

	Step  19

	
	Process natural gas should be introduced to the reformer tubes when TI-310 catalyst tube outlet is approximately 750-780°C and a visual inspection indicates that the tubes are hot enough (reddish orange approx. ½ of each tube from top to midway) for the introduction of the feed gas.

This has a Significant Environmental Impact and should be carried out as quickly as possible.
Note:
When feed gas is introduced into the reformer catalyst tubes and cracking occurs, a higher load is put on the reformer furnace.  The furnace temperature will have to be increased to maintain the same outlet temperature of TI-310.


	
	Pre Check Procedure

	Step 
	Action
	Comments

	19.1
	Check the reformer outlet temperature at TI-310 is >750C.
	At PC

	19.2
	Check the process steam flow rate at FIC-201 is about 590 kg/hr.
	At PC

	19.3
	Introduction of recycle hydrogen

At the hydrogen injection point to natural gas feed, 

· FIC-202 CLOSED

· Bleed vent valve V11-01 CLOSED

·  ¾” V12-01 OPEN

· ¾” V09-01 OPEN

· PCV-851.10/11 on storage supply set at 19.0 bar(g), 

· V851.18/19 OPEN

· V01-07 OPEN

With about 19.0 bar(g) upstream of FIC-202, slowly open FIC-202 to establish a flow of hydrogen into the natural gas feed.

With stable hydrogen injection flow put FIC-202 on “automatic” and then to remote set point from FIC-200.
	Ensure hydrogen storage system has been commissioned and is available for supply 

	19.4
	Introducing Natural Gas to the Reformer

· Check PIC612 is > than PIC-602 Minimum difference 0.5 bar until PIC-602=13.8 bar(g)

· Increase PIC612 to 17.0 Bar(g)

· Check TIC-306 furnace temperature

· Natural Gas to Tubes G86V-09-03 OPEN slowly

· Drain V13-03 SHUT Slowly

· Vent Header V13-03 SHUT

· Check PIC-600 steam drum pressure (adjust TIC-303 if required).
	At PC and Field

PIC612 not increased to 18.3 bar(g) because of effect of introducing Vent Gas (Step 21) 

	19.5
	Slowly open FIC-200 in manual to increase NG flow to the tubes.

· Simultaneously increase FIC-203 setpoint/output to maintain furnace temperature.

· Check FIC-200 is within Steam to Carbon ratio of 3:1.

· Check FIC-202 is within correct range.
	

	19.6
	Increasing FIC200 to Match Plant Minimum Rate

· Place FIC-200 in Auto and gradually increase setpoint.

· Check TIC-306 furnace temperature.

· Check TI-310 tube outlet temperatures.

· Check FIC-202 is within correct range

· Check PIC-600 steam drum pressure (adjust TIC-303 if required).

· Check PIC-612 NG supply pressure is stable.

Note this stage has a large environmental impact as both natural gas is being used to fuel the process and CO is being made by the process.  Proceed as quickly as plant parameters allow. 
Note:
When the feed is being increased the endothermic reaction in the reformer tubes will increase, require more heat load and result in a higher furnace temperature being required and therefore higher burner firing rate.  For efficiency the steam to reformer flow rate can now be reduced to 30% design i.e. 590 kg/hr.
	At PC
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Increase plant pressure by increasing set point on PIC-602 to 13.8 bar(g).

	19.7
	The steam to carbon ratio must be observed (3.0 to 1 is design).  With 590 kg/hr of steam flow (30% of capacity), the maximum of feed gas for design ratio is 120 nmch (30% of capacity).

Ratio Information: Steam to Carbon (Natural Gas case):

· 3.00 to 1 = 302 kg/hr of steam per 100 ncmh of natural gas.

· 2.75 to 1 = 277 kg/hr of steam per 100 ncmh of natural gas.

· 2.60 to 1 = 262 kg/hr of steam per 100 ncmh of natural gas.
	At PC

	19.8
	With the steam flow at 590 kg/hr and the feed flow at 136 ncmh to the reformer catalyst, FIC-200 and FIC‑201 can be placed in the “master rate” mode (this is also referred to as Remote).

During start-up the feed gas and steam to the process (reformer) is controlled by the operator.  Once the plant is in normal operation and FIC-200 and FIC-201 are in the “cascade”/”REMOTE SETPOINT (RSP)” mode, this will maintain the correct steam/ carbon ratio.
	At PC

Air (FIC-217) can be reduced as possible from this point.

	19.9
	With steam and natural gas flowing to the reformer and the temperature of the reformer on automatic control the temperature of TI-310 catalyst tube outlet must be observed.  The temperature of TI‑310 should operate from 800-830°C.

The temperature of TI-310 is controlled by the set point of TIC-306 reformer temperature controller.  The preferred temperature of TIC‑310 can be set and it will set the set point of TIC-306.

Note:
There is a lag time of approximately 15-20 minutes between TIC-306 and TI-310, if the reformers temperature set point is changed then 20 minutes later the catalyst tube temperature will indicate this change.
	The reformer temperature TIC‑306 should be put in cascade with FIC‑203 as soon as possible and should be done before burning of the vent gas.

	19.10
	Adjust the set point of TIC-307 (shift converter inlet temperature) to give an outlet temperature of 330‑345°C dependent on catalyst age and activity.
	At PC

	19.11
	Summary of controllers at this stage of start-up:

· TIC-306 auto.  RSP with FIC-203 with a SP of approx. 850°C.

· FIC-203 auto.  RSP with TIC-306 with a remote SP.

· PIC-601 auto.  With SP of -12 mm wg.

· TIC-307 auto. With SP of 330°C.

· FIC-201 auto.  RSP with FIC-200 with a SP of 590 kg/hr.

· FIC-200 auto.  RSP with FIC-201 with SP of 120 nmch.

· PIC-600 auto.  With SP of 18.3 bar(g).

· LIC-400 auto.  With SP of 45%.

· LIC-402 auto.  With SP of 50%.

· PIC-602 auto.  With SP of 13.8 bar(g).

· LIC-403 auto.  With SP of 50%.

· FIC-217 auto.  With SP of ~1800.

· PIC-612 auto.  With SP of 17.0 bar(g).

· FIC-202 MANUAL.  RSP.

· TIC-303 MANUAL.  With OP=0%.

· FIC-205 MANUAL.  With OP= 0%.

· PIC-603 MANUAL.  With OP=0%.

· FIC-204 MANUAL.  With OP= 0%.
	 


Commission the Pressure Swing Adsorption (PSA) Unit

	Step  20

	
	Refer to HYDSMR-13-04 : PSA Unit Start-Up.


Commission the Waste Gas Recovery System for Start-Up

	Step  21

	
	Commission the waste gas recovery system based on the following conditions being in place:

· The PSA system is running smoothly.

· Vent gas is venting through PCV-606.

· The plant is operating at 30% of designed capacity.

· The reformer temperature is in automatic control being controlled by TIC‑310 via TIC-306 cascaded with FIC-203.

· Vent Gas Drum V105 requires purging before use if depressurised below 0.1 bar.  This minimum pressure is required to satisfy interlock.


	

	
	Refer to HYDSMR-13-04 : PSA Unit Start-Up. (This includes the Vent Gas Start-Up)


Start-Up After Shut-Down or Maintenance (Normal Start-Up)

Pre Start-Up Checks for Normal Start-Up

	Initial start-up

	
	For all plant sections, there is no difference between the initial and any following start-up.

Another important point is the question, which temperature, pressure or other condition is required or not to set the plant into operation.  Start-up does not always mean that all equipment is more or less pressurised and under a nitrogen atmosphere.  These conditions are mainly existing after the execution of maintenance work.

If the plant operation is only interrupted due to a process trip signal then very often a restart is much easier.  Pressure and temperature required can still be in an allowable range and only the flow must be re-established, e.g. by opening a switch valve.


	Starting the hydrogen plant  after maintenance

	
	If starting the hydrogen plant after maintenance, you must carry out the following additional checks:

· All permits to work have been signed off.

· All isolation valves have been returned to their normal operating position.

· All blanks or spades have been removed.

· All flanges have been reconnected.

· All lines have been blown through to remove any debris.

· All instruments are correctly calibrated and functional.

· All alarms and trips are functional.

· Electrical isolation has been removed.

· The area around the hydrogen plant is clean and tidy.


	

	
	Refer to Start-Up After Shut-Down or Maintenance (Normal Start (see attachment)).


Forms and Attachments

	

	
	The following attachments are referenced in this chapter:

Normal Start (see attachment) 
Shutdown Checklist (see attachment) 
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