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5.1 Air Separation Unit

5.2

The purpose of the Ar Separation Unil (ASU) is to provide high purity ckygen
i99.5 mol%:) for gasification and nitrogen as sweep gas to the Membrane Water
Gas Shift (MWGES) Reactor. The oxygen and nitrogen are produced from
ambient air and compressed to the pressures required by the process units. The
unit consists of one 100% train and is considered a package unit, which is
supplied by a vendor. The following is a description of a typical ASU plant.

Ambient air is compressed in a comprassor intercooled with cocling water.
Residual waler vapor, carbon dicxide and cther atmospheric contaminants are
remaovead from the air in a molacular sieve adsorber, {Intermediate Pressure {(IF)
steam is used for regeneration.) The dry air is futher compressed and sent to
the cold box where cxygen and nitrogen are separated at crycgenic
temperatures.

Gaseous oxygen xits the cold box (at low pressure) and is comprassed with
intercooling provided by cooling water. The pressurized gaseous cxygen is fed
to the gasifiers,

The nitregen from the low pressure cold boy s also routed to a dedicated
compressor, The compressed nifrogen is sent to the MWGS reactor for sweep
gas (to lower the hydragen partial pressure on the permeate side of the
membrane thus promoting hydrogen transport), Excess nitrogen is vented from
the cold box.

The ASU also supplies the plant and instrument (P&[) air to the gasfication plant.
In the event the P& air is not available from the ASU. a back-up P& air system
Is provided in the utility systems.

Gaslification Island

The purpose of the Gasification Island (Gl) is to produce raw syngas from
residual fuel oil and refineny fuel gas gasified with high purity cooygen in a low
pressure total quench gasifier. The unit consists of twe S0% trains and is
considered a package unit, The fdlowing is a precess description for a typical
Gasification Island.

Residual fugl cil and refinery fuel gas with Intermediate Pressure (IP) steam are
fed to the Gl where they are partially oxidized with high purity oxygen supplied by
the Air Separation Unit, The resulting raw syngas is primarily a mixture of
hydrogen and carbon monoxide with smaller quantities of nitrogen, water vapor,
carbon dicxide, hydrogen sulfide, carbonyl sulfide, methane, and argon. The raw
syngas is then cooled by quenching in water in the gasifier quench chamber.
Particulates entrained in the raw syngas are removed via wet scrubbing, and the
syngas is routed to the Preheating and Bulk Gas Shift Catalyst unit. The
particulates exit the Gl as fines for disposal and wastewater from the unit is also
sent offsite for disposal.
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Flashed gas from the water treating area in the Gl is combined with the hydrogen
rich fuel to the existing combustion heaters/ollers. Process condensate from
gas cocling is returned to the Gl for syngas scrubbing. and make-up water is
supplied to maintain the Gl water balance.

Preheating and Bulk Gas Shift Catalyst Unit

The purpose of the Preheating and Bulk Gas Shift Catalyst Unit is to convert the
majority of the carbon monoxide and water existing in the syngas from the
Gasification Island (Gl) to caroon dioxide and hydregen via the following reaction:

CO + H0 «s Hy + CO; (shift reaction)

By converting approximately 80% of the carban monoxide prior to the Membrane
Water Gas Shift (MWGEE) reactor, the amount of carbon diokide recovered in the
MWES reactor is maximized. The ideal process disposition for the high
temperature shift reactor is immediately after the Gl because the syngas is fully
saturated with sufficient waler for the shift reaction.

The process configuration for the Preheating and Bulk Gas Shift Catalyst unit is
shown In the Process Schematic (DWG-001) in Section 6, and corresponding
stream data are shown in Section 7. This unit consists of cne 100% train.

The feed to the unit is a particulate-free, raw syngas from the Gl. The raw
syngas enters the Shift Reactors Unit saturated with water at 207°C and 37.8
bara. A Shift Feed/Effluent Exchanger preheals the syngas o 288°C, A Start-up
Heater is required to provide initial heat to a partial flow of syngas using High
Pressure (HF) steam. This initial heat is necessary to preheat the gas to the
desired temperature of operation of the catalyst dunng start-up.

The syngas enters the Bulk Shift Reactor and, due to the exctharmic nature of
the shift reaction, exits at 453°C. Sweep gas to the MWGES reactor is preheated
by cooling the shift efluent to 352°C in the Sweep Gas Healer. Further cooling
of the syngas to 315°C is accomplished by producing Intermediate Pressure (IF)
steam in the Shift IP Steam Generator. Preheated IF Boiler Feedwater (BFW) at
197°C is fed to the Shit (P Steam Drum and saturated steam at 29.9 bara and
blowdown are produced.

The shifted syngas is sent tothe MWGS Reactor unit for further shifting and
separation of hydrogen and carbon dicyide.

Membrane Water Gas Shift Reactor

The purpose of the Membrane Water Gas Shift (MWGES) Reactor is to convert
the remeining carbon monoxide and water in the syngas from the Bulk Gas Shift
Catabyst unit to carbon dioxide and hydrogen wvia the shift reaction. The hydrogen
is then separated from the carbon dioxide by selective permeation of the
hydrogen through the membrans, See Section 3.0 for details on the MWES
Reactor.
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The MWGS Reactor unit is shown in the Process Schemalic (DWG-001) in
Section §, and corresponding stream dala are shown in Section 7. This unit
consists of one 100% train.

The feed to the unit is a shifted syngas at 215°C and 35.0 bara. Mitrogen from
the &ir Separation Unit is combined with superheated Low Pressure steam for
the sweep gas. which is preheated against the effluent from the Bulk Shift
Reactor to 315°C before entering the MWGS reactor.

The permeate {hydrogen rich stream) leaves the MWGS reactor at 247°C and
3.0 bara and |s routed to the Permeate Cooling unit, The retentate (carbon
diokide rich stream) leaves the MWGS reactor at 328°C and 35.0 bara and Is
cooled to 209°C against the feed to the Bulk Shift Reactor. The retentate is then
further cooled to 205°C in the Shift Intermediate Pressure (IP) Boiler Feedwater
(BFW) Heater by heating IP BFW from 151°C to 187°C before the water is fed to
the Shift IP Steam Drum. The condensate in the cocled retentate is separated
from the gas in the Retentate Knock-out Drum #1 and is reuted te the Stripped
Condensate Drum, The resulting gas is routed to the Retentate Codling unit,

Permeate Cooling Unit

The purpose of the Permeate Cooling Unit is to cool the permeats sothat the
excess moisture resulting from the sweep gas is condensed and removed
providing a hydrogen rich fuel with a lower heating value greater than

5.9 MJMm? (150 Bu/SCF (LHW)).

The process configuration for the Permeate Cooling Unit is shown in the Process
Schematic (DWGE-002) In Section §, and corresponding stream data are shown in
Section 7. The unit consists of one 100% traln,

The permeate from the Membrane Water Gas Shift (MWGES) Reactor is cooled to
162°C by generating Low Pressure (LP) Steam, at 4.8 bara, in the Permeate LP
Steam Generator. LF Boiler Feedwater (BFW) from the Deaerator is sent to the
Fermeate LP Steam Drum and saturated LP steam and Blowdown are produced.

The cooled permeate is then routed to the Permeate Air Cooler where the gas is
cooled o 60°C, The condensate formed is separated from the gas in Permeats
Knock-cut Drum #1. The dry permeate is then cooled to 35°C with cooling water
inthe Permeate Trim Codler. The resulting condensate is separated from the
gas in Permeate Knock-out Drurm #2 and combined with the condensate from the
first permeate knock-out drum in the Parmeate Condensate Drum. The
condensale is relatively free of contaminants, and therefore, is combined with
vacuum condensate from the combined cycle by the Permeate Condensate
Fump.

The cooled permeale 15 combined with the flash gas from the Permeate
Condensate Drurmn, flashed gas from the Gasification Island, stripper overhead
from the Condensate Stripper and flashed gas from the Stripped Condensate
Drum and routed to the existing heaters/beilers (battery limits). The resulting flue
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gas from the combustion of the hydrogen rich fuel has a low carbon dioxide
content.

Retentate Cooling Unit

The purpose of the Retentate Cooling Unit is to cool the retentate from the
Membrane Water Gas Shift (MWGES) Reactor to a suitable temperature for the
Sulfur Recovery Unit.

The process configuration for the Retentate Cooling Unit is shown in the Process
Schematic (DWGE-002) in Section 8, and corresponding stream data are shown in
Section 7. The unit consists of one 100% train.

The retentate from the Retentate Knockout Drum #1 is cooled to 162°C by
generating Low Pressure (LP) Steam, at 4.8 bara. in the Retentate LP Steam
Generator. LP Boler Feedwater (BF\W) from the Deaerator is sent tothe
Retentate LP Steam Drum and saturated LP steam and blowdown are produced.
Condensate from the retentate is separated in the Retentate Knock-out Drum #2.

The dry. cooled retentate is then routed lo the WVacuum Condensale Heater
where the gas is cooled to 52°C by heating vacuum condensate and condensate
from the cooling of permeate from 40°C to 148°C, which is routed to the
Deaerator. The condensate formed is separated from the gas in Retentate
Knock-cut Drum #3. The dry retentate is then cooled to 35°C with cooling water
inthe Retentate Trim Cocler. Cendensate is separated in Retentate Knock-out
Drum #4 and combined with the condensate from knock-out drums #2 and #3
and routed to the Stripper Feed Drum.

The condensate produced from the cooling of the retentate is ultimately returned
to the Gasification Island (Gl) for syngas scrubbing, However, the condensats
contains ammeonia from the gasifier and to avold build-up of ammeniz in the
scrubbing water, the ammonia is rermoved from the condensate before the water
is returned to the Gl. The majority of the ammania condenses fram the gas at
low temperatures; therefore, to minimize the size of the Condensate Stripper,
only the water condensed at low temperatures is fed to the stripper while the
water condensed at higher temperatures can by-pass the stripper and be
retumed directly o the GI.

The cooled retentate (carbon dicxide rich stream) is routed to the Sulfur
Recovery Unit,

Condensate (Ammonia) Stripper Unit

The purpose of the Condensate (Ammaonia) Stripper Unit is to remaove ammaonia,
carbon dicxide and hydrogen sulfide present in the condensate produced in the
Retentate Cocling Unit, The water is recycled back to the Gasfication |sland (Gl)
te minirmize fresh water make-up to the system, Condensate stripping is
provided to prevent the build up of arnmonia in the syngas scrubbing section of
the Gl
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The condensate streams contain equilibrium concentrations of dissolved gases,
which increase as the temperature of the streams decrease, Therefore, the
|ower temperature (cold) condensate is collected and sent to the condensate
stripper for removal of ammenia,

The process configuration for the Condensate Stripper Unit is shown in the
Process Schematic {DWG-003) in Section 6, and corresponding stream data are
shown in Section 7. The unit consists of one 100% train.

The feed te the condensate stripper is the cold condensate from Retentate
Fnock-out Drums #2, #3 & #4. The condensate streams are collected in the
Stripper Feed Drum. A miner (normally no flow) stream from the Sulfur Recovery
Unit is also routed Lo the feed drum. Flash gas from the feed drum is sent tothe
overhead of the Condensate Stripper.

The condensate from the feed drum is routed to the top section of the
Condensate Stripper {trayed colurnn) where it is stripped by steam from the
Stripper Reboiler. The stripped condensate exits the bettom of the conden sate
stripper and is routed Lo the Stripped Condensate Drum,

The Stripper Reboiler uses Low Pressure (LP) steam to generate stripping steam
at 126°C for the column, The steam condensate is routed to the Stripper LP
Condensate Pot and then retumed to the steam system,

Most of the dissolved gases are removed from the condensate and sent
overhead in the column. The overhead is cooled against codling water in the
Stripper Condenser, and the noan-condensing sour gas from the Stripper Reflux
Drum is combined with cooled permeate and sent to the existing fuel system.
The liquid from the drum is routed by the Stripper Reflux Pump tothe top of the
stripper,

In addition to stripped condensate, hot temperature condensate from the
Retentate Knock-out Drum #1 is also sent to the Stripped Condensate Drum.
The total condensate is then returned to the Gl syngas scrubber via the Stripped
Condensate Pump. The temperature of this stream is 127°C. The flashed gas
from this drum is alse combined with the permeate stream and sent to the
existing fuel system.

Sulfur Recovery {Sulferox) Unit

The purpose of the Sulfur Recovery Unit is to remove sulfur compounds from the
cooled retentate stream. The unit is based on SulFercx® Process Technology,
which uses a nonvolatile, aquecus solution of an iron chelate to covert gaseous
hydregen sulfide to solid elemental sulfur. The unit consists of one 100% rain
and is a packaged unit that is supplied by a vendor (Westfield Engineerng &
Sendces). The following is a description of a typical Sulferox plant.

The retentate with a content of 0.3 mol% of hydrogen sulfide is mixed with the
SulFeron® solution (containing Fe+++) by bubbling the gas up through the
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solution where the hydrogen suffide is converted to elemental suliur. The
elemental sulfur drops Into the liguid phase; thereby sweetening the gas and
forming spent solution (containing Fe++). Airis then bubbled up through the
spent solution which regensrales the solution (now contains Fe+++), The air and
regenerated solution is sent to & settler where the air is vented and the sulfur
agglomerates and settles. Clarified regenerated solution is pumped back to the
gasfiquid contactor. Thickensad sulfur from the settler is filkerad, the sulfur
product is removed and the cleaned filtrate is retumed to the circulating loop.

CO2 Compression/Dehydration Unit

The purpose of the CO. Compression/Dehydration Unit s to compress and
remove meoisture in the product carbon dioxide stream. The process
configuration for the unit Is shown in the Process Schematic (DWG-004) in
Section §, and corresponding stream data are shown in Section 7. The unit
consists of one 100% train.

The feed to the CO; Compression/Dehydration Unit is the sulfur free retent ate
from the Sulfur Recovery Unit, The carbon dioxide stream |5 cocled to 35°C with
cooling water in the CO, Compressor Precodler. Any condensate formed is
removed and routed to the Blowdown Sump. The stream is then compressed in
the CO, Compressor Package tothe required pressure and temperature of 80
bara and 30°C. At an interstage pressure of 49 6 bara, the compressed carbon
dioxide is sent to a dryer package, which reduces the moisture level down toa =
40°C dew point. Interstage and after-stage cooling are also provided by cooling
water.

The carbon dicxide preduct is then sent for sequestration for Enhanced Oil
Recovery (EOR) (battery limits).

Natural Gas Fired Combined Cycle

The purposs of the Matural Gas Fired Combined Cyele is to preduce electrical
porvar from a combustion turbine and steam turbine for consumers in the entire
plant. To provide sufficient electrical power for plant users and minimize electrical
power export, a General Electric (GE) Frame BFA combustion turbine was
utilized.

The process configuration for the Matural Gas Fired Combined Cycle is shown in
the Process Schematics (DWG-005 & 008) in Section 6, and corresponding
stream data are shown in Section 7, The unit consists of one 100% train

Matural gas is heated to 185°C against Intermediate Pressure (IF) Boiler
Feedwater (BFW) in the Fuel Gas Heater and fed to the Combustion Turbine
(CT) Generator. Ambient air is compressed and combusted with the natural gas
then expanded inthe CT to produce 72 Mde,

The exhaust from the combustion turbine at 592°C is routed to & Heat Recovery
Steam Generator (HRSG). The HRSG consists of the following coils (in the
order of flue gas flow):
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High Pressure (HF) Steam Superheater 1
Reheater Il

HF Steam Superheater |

Reheater |

HF Steam Evaporator

Intermediate Pressure (IP) Steam Superheater
HF Boller Feedwsater (BFYY) Econamizer ||

IP Steam Evaporator

Low Pressure (LF) Steam Superheater

HF BFW Economizer |in parallel with |P BRY Economizer
LFP Steam Evaporator

Af the exit of the HRSG, the flue gas enters the stack at 162°C. The steam
balance showing steam consumers and producers is provided in Section 6.

5.10.1 High Pressure Steam/Bailer Feedwatsr

BFW from the Deaerator at 142°C is routed by the Boiler Feedwater
Fump tothe LP Sieam Evaporator. The preheated BFW at 151°C is then
sent by the HPAIP Feedwater Pump to the HP BFW Economizer | coil
where it is heated 216°C. The HF BFW (94 038 kg/r) is then heated to
313°C in the HP BFW Economizer || coil and sent to the HF Steam
Evaporator, where saturated HFP steam is produced at 118 barg and
324°C. HP blowdown (flow rate set to 2% of the HP steam produced in
the evaporator) is routed ta the IP steam drum.

Saturated HP Steam (92,1294 kohr) s heated to 510°C in the HP Steam
Superheater | and HFP Steam Superheater || coils and routed tothe steam
turbine.

510.2 Intermediate Pressure Steam/BFEW

FIWOE P Ting do

A paortion of the |P BFW from the HEAP Boler Feedwater Pump is routed
to the Shift IP BFW Heater while the remaining flow is sent (o the IP BFW
Economizer coil where it is heated to 189°C. The IP BFW s dvided and
a fraction of the flow is routed to the Fuel Gas Heater while the rest is
sent tothe IP Steam Evaporator, Saturated IP steam is produced at 30.3
barg and 236°C. and IP blowdown (Tlow rate set to 2% of the IP steam
preduced in the evaporator) is routed to the LP steam drum. Saturated |P
Steam (11,205 kgdhr) is combined with IP steam (18 023 kgfr) produced
in the Shift IP Steam Generator and steam (5,268 kg/hr) required for the
Ajr Separstion Unit is extracted from the IP steam header. The net P
steam produced is then heated to 260°C in the P Steam Superheater coil
and combined with steam from the HP stage of the steam turbine. The

441



Membrane Water Gas Shift Reactor Study FLUOR,

Gnngamuutl'l, Scotland

Contract: 65501200
REVE
June 2003

combined |P steam (82,732 kg'hr) is heated to 505%°C in Reheater | and
Reheater |l colls and routed o the steam lurbine,

5103 Low Pressure Steam/BFW

LF ERVi from the Deaerator is sent to the Permeaate Cooling Unit (&0,220
kafr), Retentate Cooling Unit {118 867 ko/hr) and LP Steam Evaporator
(139, 112 ko/hr) where steéam is produced at 3.8 barg. LP steam is used
for BFVW deaeration and in the Sulfur Recovery Unit (3 367 kg/hr),
Condensate Stripper (18.720 kg'hr) and Wastewater Stripping (5,831
kagfr) for regeneration and reboilers. The steam condensate from
process users is routed tothe deaerator,

Excess LP steam (166,853 ka/hr) is superheated to 210°C in the LP
steam superheater coil. The majority of the steam (158,505 kghn is
routed to the Membrane Water Gas Shift (MW GS) reactor for sweep gas
while the remaining portion is sent to the steam turbine.

5.10.4 Blowdown

To contral the amount of solids in the steam drums, continuous blowdown
is extracted from the LP steam drum in the HRSG and the steam drums
inthe process units and routed to the Blowdown Drum. Streams also fed
to the Blowdown Drum include the HP, IP and LP intermittent blowdown
from the HRSG steam drums. The liquid streams are all flashed at
atmospheric pressure. The resulting vapor is vented to the atmosphere
and the condensate i5 sent to the Cooling Tower Basin.

5.10.5 Deaerator

A degerator is provided for the HRSG and operates at 2.8 barg, The
dea erator removes any dissolved gases such as cxygen and carbon
dicxide from the EPW make-up (demineralized water). vacuum
condensate (from the surface condenser and preheated) and return
condensate from the LP steam precess users via LP stripping steam
i7.451 ko) generated in the HRSG and process units. The deaeralor
also provides a surge capacily for the BFW pumps.

5.10.6 Boiler Chemical Injection

FIWOE P Ting do

The Boiler Chemical Injection System, includes an oxygen scavenger,
amine solution and phosphate solution. The cxygen scavengeris
injected into the deaerator to remaove trace amounts of dissalved oxygen
inthe BRW. The amine solution is injected into the suction line of the
BFW pumps as a preventative measure to neutralize carbonic acid that
can form a5 result of any carbon dickide present In the system. The
phosphate solution s injected into the steam drums to minimize the
formation of mineral scale in the boiler fubes,
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The superheated HP steam at 109 barg and 507*C is fed to the Steam Turbine
i(ST) Generator to generate electrical power, Steam (25,600 kahr) is extracted
fram the HP stage for the Gasification Island. Stearm from the HP stage exhaust
is combined with superheated |P steam and reheated then fed to the IP section
of the 5T, Superheated LP steam is injected into the ST, which produces a net
electrical power output of 34 Mile.

The steam and condensate from the steam turbine is sent to the Surface
Condenser where the steam is condensed at -0.9 barg against cooling waler. A
Wacuum Condensate Fump transfers the vacuum condensate to the deaerator
after preheating.

Process condensate from the Permeste Codling Unit is combined with the
vacuum condensate, heated to 148°C. combined with demineralized make-up
water and routed to the deaerator,

Utilities & Supporting Systems

The utilities and support systems for the plant consist of the necessary general
facilities to allow for the plant to cperate as a stand-alone complex. Brief
descriptions for selected systems are provided below,

Matural gas supply — natural gas for the combined cycle is provided,

Demineralized water package — demineralized water consists of 2x100%
mixed-bed exchangers, one in operation and one in stand-by. filled with
cationfanion resins, with internal-type regeneration. The package includes
facilities for resin bed regeneration, chemical storage and neutralization
Dasin.

& Cooling water package — cooling water is provided to the plant via a
circulating loop and cooling towers. A closed circulating water loop is
provided for cocling of the combustion turbine and steam turbing generatars
and combustion turbine auxiliary system.

# Potable water — waler for personnel use is provided by a package, which
adjusts the pH and sterilizes the water.

& Qily water separator - oily water from all process units is collected in the oily
water sump, which separates the oil from the water by a corrugated plate
cilfwaler separator. Contaminated storm water is also sent to the oily water
sump for treatment.

*  Fire protection and moniforing systems (firewater is supplied by the existing
plant)

& Back-up plant and instrurment sir package — plant and instrument alr is
provided in the event the Air Separation Linit is down.

& \Wastewaler treatment package — waste water is collected and discharged
from the plant. Storm water is also collected and il is removed (if required)
before being discharged for disposal. A sanitary waste water treating unit is
included in this package.
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# Flare — the flare system con sists of collection headers for the process unit
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ralief gases and a systerm of knockout drums prior to safe disposal in an
elevated flare.

Miscellaneous material (e_g. fines and sulfur) handling (unloading and
leading facilities)

Electric power distribution

Uninterruptible power supply (UPS)

Generator step-up transformer

Continuous emissions monitoring (CEMS)

Destributed control system (DCS)

Intercennecting piping

Other supporting faciilies (.. Process analyzers, Hazardous gas delection
system: Communications: Control room: Maintenance. warshouse and
administration facility; Laboratory for inspection, certification and process
contral; Turbine buliding; Overhead turbine crane; Hesating, ventilation and air
conditioning (HWVAC) systemns; and Roads, parking, fencing and lighting)
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6.0 PROCESS SCHEMATICS

Aftached in this section are the process schemalics for the CCP Membrane Water Gas
Shift Reactor Study, Phase | The purpose of the process schematics is to show the
functionality of the eguipment so that a third party can size and determine cost of the
equipment (using the correspending heat and material balance in section 7.0). The lewvel
of detail for the schematics are below that for Process Flow Diagrams,

Number Title

DiG-001 Membrane \Water Gas Shift Reactor

DWE-002 Gas Cooling

DWG-003 Condensate Stripping

DWG-004 Sulfur Recovery and COy
Compression

DWW G005 Combustion Turbine Generator and
Heat Recovery Steam Generator

DWG-006 Steamn Turbine Generator
Steam Balance Diagram
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