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Appendix A
Case 1:  Texaco gasifier and steam reforming of natural gas

(including fugitive emissions study)

CASE 1

The following report gives a brief description of each of the units in the block flow
diagram.  All capital cost data in this report, except where otherwise specified, has been
estimated from similar installations described in the Houston Area Medium-BTU Coal
Gasification Project Final Report, published in June 1982 by Union Carbide [1] (All
references to material in this report will be referred to as Houston, and all scaling
exponents from the Houston report are 0.65).  The plant consumes 0.96 million metric
tons of coal, 0.82 million metric tons of oxygen, 0.18 billion standard cubic meters of
natural gas, and produces 0.50 million metric tons of mixed alcohols per year.

SYNGAS PRODUCTION FROM NATURAL GAS

Compressed natural gas (stream 14) and steam (stream 15) are reacted in the Steam
Reformation Block.  The cooled output gas (stream 17) goes to the Rectisol Block.  The
cost for this unit was estimated from data found for a hydrogen production facility, with a
scaling exponent of 0.8 [2].  The fuel gas usage for this block is estimated to be 30% of
the natural gas feed.

COAL PREPARATION

Coal (stream 10) and water (stream 12), are sent to the Coal Preparation Block.  The
coal is crushed, mixed with the water, and pumped to the gasifier as a ~60% solids
mixture by weight (stream 13).  The Coal Preparation Block is composed of four plants
from the Houston report.  Plant 01 is the Coal Slurry Preparation Plant.  The cost of this
plant was scaled linearly due to its multiple train format; where each train can handle up
to 1,150 tons of coal per day.  Plant 61 is the Reclaiming, Transfer, and Crushing Plant.
The cost of this plant was scaled exponentially.  Plant 22 is the Barge Terminal.  This
plant was scaled exponentially.  Plant 60 is Coal Receiving and Storage and again the
cost for this plant was scaled exponentially.

CRYOGENIC OXYGEN PLANT

Compressed air (stream 1) is cooled and sent to the Cryogenic Oxygen Plant Block,
and is separated into high purity oxygen (stream 2), nitrogen (stream 3), argon (stream 6),
and a water and carbon dioxide waste mixture (stream 28).  A small quantity of nitrogen
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(stream 19) is sent to the Rectisol Block.  The Cryogenic Oxygen Plant Block does not
include the inlet air compressors or the outlet oxygen compressors.  In the cryogenic
system, there are provisions for gaseous and liquid oxygen backups sufficient to maintain
downstream plant operation in the event of a shutdown in the cryogenic facility.  We also
assume that some scale down is possible for this system, so the capital investment has
been calculated linearly for the reduction in trains, and exponentially for throughput
reduction per train.  Each train can produce up to 2,000 tons of oxygen per day.  The
Houston plants that comprise the Cryoplant Block are 02 and 08.

RECTISOL

The cooled raw gas streams (streams 17 and 18), nitrogen gas (stream 19) for
methanol regeneration, and methanol make-up (stream 20) for vapor loss all enter the
Rectisol Block.  H2S levels are reduced to the ppb range and CO2 levels to the ppm range.
The clean syngas (stream 22) is sent to the alcohol synthesis loop.  A CO2-N2 mixture
(stream 24) and a CO2 rich stream (stream 23) are produced as byproducts.  Condensed
water is also removed (stream 17A).  This block is the same as Houston Plant 05.  The
cost for this plant was estimated by using exponential scaling.

TEXACO GASIFIER

The coal slurry (stream 13) is mixed with compressed oxygen (stream 9) and burned at
1,200-1,400°C and 8,000 kPa in the Texaco Gasifier Block. The hot, raw gas (stream 8)
is sent to the Syngas Heat Recovery Block, and the slag (stream 33) is sent to the Slag
Handling Block.  The equivalent of the Texaco Gasifier Block is Plant 03 in the Houston
report, and each train can handle up to 958.3 tons of coal per day.

                                                    SLAG HANDLING

Molten slag from the Texaco Gasifier Block (stream 33) is direct quenched with water
and sent to slag disposal (stream 37).  A small amount of water (stream 36) is purged
from the closed loop and is replaced by water make-up (stream 34).  This block is the
same as Houston Plant 63.  The cost for this plant was estimated by exponential scaling.

                                                  COS HYDROLYSIS

The sulfide rich stream from the Rectisol Block (stream 25) and steam are sent to the
COS Hydrolysis Block where COS is converted to H2S.  The product gas (stream 41) is
sent to the Claus Sulfur Recovery Block.  The COS Hydrolysis Block cost is assumed to
be negligible.
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                                          SYNGAS HEAT RECOVERY

The raw gas stream from the Texaco Gasifier Block (stream 8) at 1,300°C and 8,000
kPa enters the Syngas Heat Recovery Block and is cooled against process boiler feed
water at 25°C (stream 71).  The raw gas stream exits at 300°C (stream 18), and the boiler
feed exits as steam at 10,000 kPa and 535°C (stream 68).  It is assumed that the raw gas
stream is cooled further prior to entering the Rectisol Block.  This block is part of
Houston Plant 04.

CLAUS PLANT

Hydrogen sulfide rich gas (stream 41) is mixed with air (stream 42) and converted in a
two-step reaction to elemental sulfur (stream 46).  The unreacted hydrogen sulfide
(stream 45) is then sent to the Beavon Plant for further treatment.  This block is the same
as Houston Plant 06.  The cost for this plant was estimated by exponential scaling.

                                                      BEAVON PLANT

The Claus tail gas (stream 45) and air (stream 47) go to the Beavon Block.  Additional
sulfur is made (stream 51), and the gas leaving (stream 50) is sufficiently free from
sulfides that it can be vented to the atmosphere.  A sour water stream (stream 54) is sent
from the plant for treatment.  The cost of this block was estimated from data collected
from various sources, with a scaling exponent of 0.65 [3].

                                    MoS2 ALCOHOL SYNTHESIS LOOP

Clean syngas (stream 26) at 140 atmospheres enters the catalytic reactor along with
the syngas recycle (stream 56B).  The products (stream 26A) are taken to the separations
block where the unreacted syngas is removed (stream 59).  Part of this stream (stream 27)
is sent to power generation while the rest (stream 56) is sent to CO2 removal.  The cost of
this block was estimated from the cost of a methanol synthesis loop, with a scaling
exponent of 0.565 [4].

                                                     CO2 REMOVAL

This block is very similar to the Rectisol Block.  Recycled gas from the alcohol
separation block (stream 56) is the only feed.  CO2 free syngas (stream 56A) is then
recompressed and sent back to the reactor.  CO2 is taken off as a product (stream 57).
The cost of this block is calculated the same way as in the Rectisol block.  Its power
requirements are included in the Rectisol block.
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COMBUSTION GAS TURBINE

The light hydrocarbons extracted from the reactor recycle (stream 27) in the Alcohol
Synthesis Loop are sent to a combustion gas turbine with hot gas heat recovery.  The
power from the combustion gas turbines is assumed to be 35% of the HHV of the fuel in
stream 27.  This is consistent with recent studies on IGCC plants using medium BTU
synthesis gas [9].  The cost for this block was estimated from data taken from an EPRI
report, where each train can produce up to 200 MW with a scaling exponent of 0.67 [10].

EXHAUST GAS HEAT RECOVERY

   The hot exhaust gas stream from the Gas Turbine Block (stream 70) at 590°C and 101
kPa enters the Exhaust Gas Heat Recovery Block and is cooled against process boiler
feed water at 25°C (stream 73).  The exhaust gas stream exits at 200°C (stream 75), and
the boiler feed exits as steam at 10,000 kPa and 535°C (stream 74).  The cost for this
block was estimated from data taken from an EPRI report, where each train can generate
up to 425 tons of steam per hour with a scaling exponent of 0.67 [10].  This block also
supplies the reheat between the high pressure and intermediate pressure steam turbines.

POWER GENERATION

The steam from the Syngas Heat Recovery Block and the Exhaust Gas Heat Recovery
Block is let down in the steam turbines for power production.  The cost for this block was
estimated from data taken from an EPRI report, where each train can produce up to 500
MW with a scaling exponent of 0.67 [10].  This is a 3-stage steam turbine system.  The
high pressure stage inlet is 535°C, 10,000 kPa steam.  The exhaust at 3,000 kPa is
reheated to 535°C before entering the intermediate pressure stage.  The final stage
exhausts to a surface condenser at 7.4 kPa.  Each turbine has an assumed efficiency of
75%.

 IMPORTANT POINTS OF INFORMATION

Several decisions were made for the creation of this case that should be outlined.
Also, there are alternatives that have not been fully considered which will be considered
in more detail later.  They are listed below along with the reasons behind them.

   �� Catalytic steam/methane reformation used to adjust the H2:CO ratio upwards.
The ratio from coal gasification is less than 1.  Since the optimal ratio for higher
alcohol synthesis is approximately 1.1 - 1.2, an additional source of hydrogen was
required.  The reformer was assumed to operate at equilibrium, as suggested in
the literature [8].  Other alternatives to this block are available and will be
considered.
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   �� The traditional method for purifying high quantities of pure oxygen is by
cryogenics, which is used for this case.  However, recent reports suggest that
membrane and catalytic processes are becoming economically competitive with
cryogenics.  Therefore, we will examine these alternatives.

   �� The Rectisol system was chosen for this case for H2S and CO2 removal.  The
major alternative to Rectisol is Selexol.  The literature indicates that Rectisol has
a higher installed capital cost, but a lower fixed operating cost than Selexol.  Both
of these systems are capable of removing H2S to the ppm level and beyond.
However, there is some evidence that quantities of H2S are beneficial if the
reaction involves the MoS2 catalyst.  If this is so, then a system such as the
Benfield acid gas removal process might be more suitable.  The Benfield system
does not remove as much H2S and has lower capital and operating costs.

   �� The operating pressure for the Texaco gasifiers has been set at 8,000 kPa.  This is
the highest pressure indicated in the literature at which a Texaco gasifier has been
run.  Since the pressure required at the reactor is 14,000 kPa, we would of course
like to run the gasifiers at as high a pressure as possible.  Another limiting factor
is the oxygen feed pressure.  According to various sources, the highest pressure
available with conventional centrifugal compressors is around 80 atmospheres.  It
is assumed that, because of the size of this case, a higher cost for the oxygen
compressor would be acceptable in return for savings on feed gas compression.
In addition, other gasification systems will also be investigated.
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