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Hindalco Renusagar U5 1 x 80 MW PF Captive Power Plant

Flue Gas Desulfurization Project (FGD) with GORETM SO2 Control System


FGD – Operations & Control Description 
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A) Process Control Application of GoreTM SPC Technology for Flue Gas Desulphurisation at Hindalco Renusagar U5:

The total flue gases from the 80 MWe boiler unit will be treated in the FGD System with adequate controls and protections. The control philosophy will cover the entire load range between 60% to 100% TMCR, generally operated with no oil support. 

The existing 80 MWe boiler has 2 x 60 % duty ID fans handling the flue gas of the boiler and discharging independently to a stack. The FGD process will tap off the flue gas with a maximum volumetric flow rate of 586,669 Am3/Hr(wet) at an average temperature of 148 degC maximum 
from the individual discharge duct of the ID fans leading to the stack, retrofitting new ducts with the necessary isolation damper at the take off point to the FGD and a new isolation damper retrofitted on the existing ductwork to the stack at the downstream of the FGD take off point. The two individual-off take ducts will form into a common suction header carrying the total flue gas volume, for the 1 x 100% duty Booster Fan with double suction entries. The flow control of the booster fan will be achieved by fan speed control using a variable frequency drive.

The centrifugal booster fan of the unit will discharge the total flue gas to the Mist Cooling Unit (MCU) where the flue gas will be conditioned by spray water cooling to a saturation point with Relative Humidity close to 100% saturation. The gas temperature at the outlet is expected to be at circa 53 °C after the Mist Cooling Unit. 

Softened raw water of adequate purity, low in chlorides, from the station will be used as the Process Water for Mist Cooling. The process water make-up (23.56 m3/hr) is stored in the Process Water Tank from where 2 x 100% Process Water Pumps feed the in-duct spray nozzle grid of the MCU to spray water in a mist form for evaporative heat exchange of the flue gas, thereby reducing the flue gas temperature and attaining saturated condition. An amount of excess process water collected at the bottom of the MCU hoppers will be collected in a pit where it will be neutralised by an alkali dosing system. The neutralised water in the pit will be sent for use to the station’s boiler bottom ash handling system via 2 x 100% Waste Water sump pumps. The same sump pumps will also be used intermittently for jetting the MCU hoppers to maintain a clean outflow channel. Recovered water(4.48 m3/hr) from the SAC plant is also returned back to the process water tank to supplement the make up to the system.

An emergency head tank of 5 m3 volume is provided to spray water into the MCU via separate spray nozzles during loss of power supply when all auxiliaries trip and while the booster fan coasts down until the station emergency board is restored to ensure that the catalyst modules are protected against high temperature. The Emergency Head Tank is always kept filled from the Process Water Pump discharge header.

The balance of the make up water(2.43 m3/hr) is fed through a separate Fresh Water Tank and 2 x 100% duty Fresh Water Pumps which feeds the intermittent water requirement of Mist Eliminator washing, Acid Transfer Filter back washing and fresh water make up to the FGTR hopper to maintain acid concentration of 10% in the 9 off FGTR hoppers.

After the Mist Cooling Unit (MCU), the saturated flue gas will enter the Reactor Tower via flow streamliners for SOx capture. The Flue Gas Treatment Reactor (FGTR) is stacked with layers of GoreTM  SPC catalyst modules arranged in 165 stacks with a maximum of 22 vertical layers (inclusive of 5 of catalyst management layers), arranged with a maximum of 5 vertical layers per stack in series , for SOx capture with sufficient space for future addition of layers. The gas velocity through the modules will be designed to a maximum of 2.2 mtr/ sec. 

The surface of the SPC modules is kept clean by an automated water washing and misting system, using the dilute acid in the 9 off FGTR hoppers. The 2 x 100% duty Wash Recycle Pumps keep the modules clean. The recirculating wash water flow of 46.46 m3/hr will be feeding washing and misting nozzles located at various elevations inside the FGTR. 15 vertical washing zones have been created to sequentially wash the modules in a cycle which can be continued in a loop. 

After the flue gas flows through all the layers of the FGTR modules, it passes through a Mist Eliminator at the top to remove water droplets entrained in the flue gas. The surface of the Mist Eliminator is kept clean by an intermittent wash, using fresh softened water, fed via the Fresh Water Pumping System.

The treated flue gas leaves the FGTR and the Mist Eliminator at the top via transition piece and expansion joint to the atmosphere at circa 56 mtr height via a wet stack mounted on steel structures at the top of the FGTR. 

The 10% dilute sulfuric acid collected at the bottom of the FGTR is pumped by 2 x 100% Acid Transfer Pumps to the SAC plant via 2 x 100% duty Transfer Acid Filters. The transferred acid (4.78 m3/hr) is stored in 10% H2SO4 Acid Storage tank in the SAC Plant area of adequate holding capacity. The acid concentration in the hoppers of the FGTR is controlled and maintained by the addition of softened fresh water from the Fresh Water Pumping System from time to time. The Transfer Acid Ash Filters are kept clean by back washing using Fresh Water from the Fresh Water Pumping System. The back washed water is sent to the Neutralising Pit for further discharge to the stations bottom ash system. The same 2 x 100 % Acid Transfer Pump system is used to keep the FGTR hopper outflow channels clean by intermittent jetting.

The 10% H2SO4 acid from the Dilute Acid Storage tank is pumped by 2 x 100% duty pumps for the acid concentration process. The acid is concentrated to circa 70 in the first stage through a multi evaporative process. The 70% acid then serves as the feed to the second stage of single stage evaporation to concentrate the acid to 95%.  The achieved final acid concentration of 95% is stored in the Concentrated Acid Tank for onward transportation to end users using 2 x 100% duty Conc. Acid Loading Pumps.

2 x 100% duty Conc. Acid Recirculation pumps are provided to recirculate the initially concentrated acid in the Concentrated Acid Storage Tank back to the Dilute Acid Storage Tank for plant start up until the H2SO4 concentration in the Dilute Acid Storage tank is greater than 8%.

The recovered water from the SAC process is stored in the Recovered Water Storage Tank and sent back at the rate of 4.48 m3/hr to the Process Water Tank to supplement the process make up via 2 x 100% duty Recovered Water Pumps.

The SAC plant requires low grade auxiliary steam from the boilers and Cooling Water from the station for the process. 

The system has been designed keeping in mind the reliability, availability and maintainability.


B) Cold Start Up: Unit Load > 50% 

· FGD is on bypass mode with existing Chimney Dampers A and B side open. These dampers with pneumatic actuators will be energised to close and will have 2 off open and 2 off close  proximity switches 

· FGD Inlet Take Off Dampers A and B side closed. These dampers with pneumatic actuators will be energised to close and will have 2 off open and 2 off close proximity switches.


· Process Water Make Up line actuated valve (on/off valve with 2 off open and close limit switches) is open and on ‘auto’, controlled by the Process Water Tank high/low level switches with 1 out of 2 logic.

· Process Water Tank level not low. The tank will have 2 off low level switches, 1 off very low level switch, 2 off high level switches and 1 off very high level switch


· Start Process Water Pump 1 or 2 –

Permit to start conditions:

· Process Water Tank level not low

· Pump 1 or 2 stopped

· Pump suction and recirculation control valves open

· MCU Hopper Level not high (3 high level switches on 2 out of 3 logic)

· Process water flow set to full recirculation and discharge valve to MCU open

· Fresh Water Make Up line actuated valve (on/off valve with 2 off open and close limit switches) is open and on auto, controlled by the Process Water Tank high/low level switches with 1 out of 2 logic

· Fresh Water Tank level not low. The tank will have 2 off low level switches, 1 off very low level switch, 2 off high level switches and 1 off very high level switch

· Start Fresh Water Pump 1 or 2 –

Permit to start conditions:

· Fresh Water Tank level not low

· Pump 1 or 2 stopped

· Pump Suction Valve Open

· Pump Recirculation Valve Open

Fill up FGTR hopper with fresh water up to minimum level

· Start FGTR Module Wash Pump A or B –

Permit to start condition:

· FGTR Hopper Level not low (2 out of 3 non-intrusive level switches)

· FGTR Module Wash Pump A or B stopped

Note: Module Wash and Misting will work continuously in a sequence of 15 & 10 sections respectively, one after the other by sequential opening of the pneumatic section valves. 

· Start 1 x 100% Duty Booster Fan –

Permit to start conditions:

· Fan DE and NDE isolating dampers at closed position – signal from actuator close limit switches in 1 out of 2 logic

· FGD Inlet Dampers A & B closed position-signal from actuator close proximity switches - signal from actuator close limit switches in 1 out of 2 logic

· Fan DE and NDE Brg temperatures not high – from Bearing Temp Sensors

· Fan DE and NDE Brg cooling water flow OK

· MCU outlet gas temperature < 55 degC

· ID Fans A/B running

· Boiler MFT not operated

· Unit Load >50 MWe

· SPM level before FGD Tapping A and B side < 120 mg/Nm3 (1 out of 2 logic for A and B measurements)

· Process Water Pump A or B running and Discharge Valve to MCU open

· Fan VFD set to minimum speed

· Fan Started and run to minimum speed

· Open Fan suction dampers (DE & NDE)

· Maintain Booster Fan suction header flue gas pressure at – 25 mm H2O ( 1 out of 2 pressure transmitters to provide signal for controls)

· Open FGD Inlet pneumatically operated Dampers A/B side

Permit to open FGD Inlet Dampers A/B:

· Booster Fan Running (breaker close contactor signal)

· Booster Fan Suction Dampers Open (from actuator open limit switches, 1 out of 2 logic)

· Process Water flow to MCU at maximum (via flow measuring devices)

· FGTR Module Wash Pump A or B running

· Establish gas flow through MCU

· Put Booster Fan on auto, controlling the suction header pressure by VFD

· Close FGD bypass (existing) stack dampers A & B (pneumatic actuators) side simultaneously –

Permit to close conditions:

· FGD Inlet Dampers A/B open ( 1 out of 2 open contacts from proximity switches of each corresponding dampers in the logic)

· Establish measurement of booster fan Outlet gas flow, temperature and pressure using 1 out of 2 logic from transmitters

· Establish Process Water Flow on Auto (separate control logic in Control Philosophy Section later)

· MCU Hopper Valves open to Neutralising Pit/Tank – Caustic Dosing for neutralising from time to time as required using dosing pumps based on pH control

· Start and set neutralising pit Pump to Client Services A/B on auto:

Permit to start condition:

· Neutralising Pit level not low (1 out of 2 level switches)

· Pump A/B stopped

· Either MCU Jetting V/v open or Supply V/v to client services Open (via valve limit switch contacts)

Note: In auto mode, the pump will start when Neutralising Pit level is High and will stop when level is Low or operate on a timer

· Start Effluent Transfer Pump A/B manually and set it to Auto –

Permit to start condition:

· FGTR Hopper Level not low (2 out of 3 level switches)

· Ash Filter A/B in service or FGTR Hopper Jetting Valve Open

· FGTR Effluent Concentration > 5% (1 out of 2 logic via density correlation measurement or conductivity measurement)

· Effluent Storage Tank Level not high (1 out of 2 non-contact level switches)

BEYOND THIS WILL BE CONTINUED IN SAC PLANT START UP PROCEDURE

· SAC Recovered Water Pumps A/B will be manually started and put on Auto mode on level control.

Permit to start pump A/B:

· Recovered water tank level not low

· Pump suction and discharge valves open

· Process Water Tank Level not High

· Pump A/B stopped

· Other intermittent functions to put in service:

· Emergency head tank filling line from Fresh Water Pump discharge header based on tank level control
· FGTR Fresh Water Make Up to maintain FGTR Effluent Concentration > 8%

The following systems will be timed:

· Mist Eliminator Wash line from Fresh Water Pump discharge header
· FGTR Effluent Ash Filter back wash system


C) Process Control Philosophy:

Booster Fan Flow Control:

The Booster Fan flow control will be achieved by a VFD. The VFD will maintain the fan suction common duct pressure at a pre-set point of – 25 mm WC.

The Booster Fan flow will be measured using a flow measuring device with 3 off DP transmitters and 3 off Temperature Thermocouples for other controls and measurement on the discharge duct going to the MCU.

Process Water Flow Control:

The Process Water Flow to the MCU will be controlled by the 100% Process Water Recirculation Valve. A function generator will determine the desired value of flow in m3/hr measured by a Flow Orifice meter (with one out of two transmitters) on on the discharge line to the MCU nozzles determined by the measured booster fan outlet flow and gas temperature and MCU outlet gas temperature (3 of temperature thermocouples).

Fresh Water Pump Flow Control:

The Fresh Water Pump flow will be controlled by the 100% Fresh Water Recirculation Valve maintaining the pre-set pump discharge header pressure (2 out of 3 pressure transmitters). The intermittent services fed from the Fresh Water System, namely Mist Eliminator Wash, Fresh Water Make Up to FGTR, Effluent Ash Filter Back Wash and Emergency Head Tank Filling will be controlled either on a timer (ME Wash and Ash Filter wash) or tank level (Emergency Head Tank Fill) or Effluent Acid Concentration ( Fresh Water Make Up to FGTR), when the Fresh Water Recirculation Valve will operate to always maintain the pre-set discharge pressure.

FGTR Fresh Water Make Up Control:

Fresh water make up to the FGTR will be controlled by 1 out of 2 Density measuring devices (corresponding to concentrated acid density) fitted at the bottom of the FGTR to maintain the effluent sulphuric acid concentration from time to time, between 8~10%.

Emergency Head Tank Fill Control:

The filling of the Emergency Head Tank from the Fresh Water Header will be controlled and maintained at fully filled condition by an On/Off solenoid operated pneumatically actuated valve driven by the tank low and high level switches. There will be 2 nos High Level and 2 nos Low Level switches, in a 1 out of 2 logic for this control.



Neutralising Tank/Pit pH Control:

A caustic soda chemical dosing system skid will maintain the pH of the MCU blowdown before it is dispatched to other client services. 3 of pH meters will monitor the blowdown water pH in a 1 out of 3 logic.

Neutralising Tank/Pit pump flow to client services and MCU Hopper Jetting Control:

The pump will operate intermittently to maintain the tank/pit level, controlled by the high and low level switches, 3 off high and 3 off low level switches working in a 1 out of 3 logic. The pump can also be on a timed operation for providing MCU Hopper jetting requirement.

FGTR Module Wash Control:

The FGTR Module Wash pump delivers wash water to the module washing and misting nozzles continuously. The washing nozzles are sectionalised in 15 vertical stacks through pneumatically driven section valves with open and closed limit switches. These section valves are programmed to operate one after the other in a cyclic sequence. Each valve will have 2 open and 2 closed limit switches, in a 1 out of 2 logic to operate the sequence.

FGTR Effluent Transfer Pump Control:

The FGTR Effluent Transfer Pump will operate intermittently to transfer the FGTR effluent above a pre-set H2SO4 concentration (measured via 2 off density meters at the bottom of FGTR) to the Effluent Storage tank situated in the SAC Plant area. The pump will be controlled by the tank high and low contactless level switches, 3 of each, working in a 1 out of 3 logic.

The pump will also be operated intermittently via a programmed logic and valving system on the Effluent Transfer Line and the FGTR hopper Jetting Line to jet clean the FGTR hoppers to avoid any ash settlement.
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