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EXECUTIVE SUMMARY

A conceptual design and ASPEN Plus process flowsheet simulation model was
developed for a Battelle biomass-based gasification, Fischer-Tropsch (F-T)
liguefaction and combined-cycle power plant. The plant design and model is an
extension of that which was developed by Mitretek for the Battelle biomass
gasification plantin 1996." This study was done to support the research and
development program of the National Renewable Energy Laboratory (NREL) in the
thermochemical conversion of biomass to liquid transportation fuels using current
state-of-the-art technology. The Mitretek study investigated the use of two biomass
gasifiers; the RENUGAS gasifier being developed by the Institute of Gas
Technology, and the indirectly heated gasifier being developed by Battelle
Columbus. The Battelle Memorial Institute of Columbus, Ohio indirectly heated
biomass gasifier was selected for this model development because the syngas
produced by it is better suited for Fischer-Tropsch synthesis with an |rnn -based
catalyst for which a large amount of experimental data are available >

The current ASPEN Plus process simulation model was developed in the same
spirit as those models which previously were deueiuped for indirect coal liqguefaction
under DOE contract no. DE-AC22-91PC90027.* In this study, Bechtel with Amoco
as a subcontractor developed a conceptual baseline design and several alternative
designs for indirect coal liquefaction facilities. In addition, ASPEN Plus process
flowsheet simulation models were developed for each of designs. These models
were used to perform several parametric studies to investigate various altermatives
for improving the economics of indirect coal liquefaction.

In a similar manner, the Battelle biomass gasifier/Fischer-Tropsch synthesis/
combined-cycle power plant model developed under this project was designed to be
a research guidance tool, and not a detailed process design tool. However, the
model does contain some process design features, such as sizing the F-T synthesis
reactors. It was designed only to predict the effects of varying some process and
operating conditions on the overall plant material and utility balances. It also

! Gray, D., Tomlinson G. and M. Berger, “Techno-Economic Assessment of Biomass Gasification
Technologies for Fuels and Power,” Report MP 96WO0000065, Mitretek Systems, McLean, VA,
January, 1996.

% J. C. Kuo et al (Mobil), “Slurry Fischer-Tropsch/Mobil Two-Stage Process of Converting Syngas to
High Octane Gasocline,” DOE Contract DE-AC22-80PC30022, Final Report, June, 1983,

* J. C. Kuo et al (Mobil), “Two-Stage Process for Conversion of Synthesis Gas to High Quality
Transportation Fuels,” DOE Contract DE-AC22-83FC6018, Final Report, October, 1985,

* Topical Report, “Baseline Design/Economics for Advanced Fischer-Tropsch Technology,” Volume
IV, Process Flowsheet (PFS) Models, DOE contract no. DE-AC22-91PC90027, Bechtel Corporation,
October, 1994.



predicts the effect of operations on the capital cost and operating labor
requirements.

Furthermore, this ASPEN Plus model was developed under the premise that it
would use as much as possible of the previously developed ASPEN Plus indirect
coal liquefaction model. As a result of this constraint, it contains three small
hydroprocessing units; a wax hydrocracker, a distillate hydrotreater, and a naphtha
hydrotreater. In reality, if this Battelle biomass gasifier plant were to be constructed,
these three units probably would be combined into a single unit which would
generate slightly different yields and have a reduced cost. However, the process
engineering and design effort required for the development of the model of such a
hydroprocessing unit was beyond the scope of this project.

In developing this ASPEN Plus model for the Battelle biomass gasifier/Fischer-
Tropsch synthesis/ combined-cycle power plant, several new individual plant
models had to be developed. Such models included the Battelle gasification plant,
a hydrogen production plant, and two syngas compression plants, one for the
syngas going to the Fischer-Tropsch synthesis area and one for the syngas going to
the combined-cycle plant.

The Bal:lele gasification plant model was developed based on the results reported
by Gray.! However, minor adjustments were made so that the resulting model is
both in mass and elemental balance. This model was designed only to predict the
comect flow rate of the syngas and slag production, and the composition of the
syngas produced. The combustor section of the Battelle gasifier was not modeled
rigorously.

The model for the hydrogen production plant was developed by using an equilibrium
model to represent hydrogen production in a CO shift reactor.

Aspen Plus multistage compressor models were used to simulate the two new
syngas compression plants.

In addifion, three other plant models were developed by modifying previously
developed meodels from the coal liquefaction study. A wood drying plant model was
developed by extensively modifying the previously developed ASPEN model for the
coal grinding and drying plant, and a simplified hydrocarbon recovery plant model
was developed from the more comprehensive model used in the coal liquefaction
study. A combined-cycle power plant mode!l was developed by modifying the
parameters in the previous utility plant model to reflect the power production and
utilities consumption for the combined-cycle power plant as determined by a
separate GateCycle simulation model study.”

% GateCycle computer simulation program, Power Cycle Simulation Software, Enter Software
Company, Menlo Park, CA.



For the case where the plant processes 3550 tons/day of maple wood chips
containing 37.9% water, the model predicts that 382 bbl/day of gasoline and 775
bbl/day of diesel blending stocks will be produced.s In addition, about 85.8 MW of
surplus power will be exported. The plant will have a total installed cost of about
142 million dollars and employ about 212 workers. This cost estimate has an
accuracy of +/- 30%; the same as that of the previous cost estimates. Appendix B
contains a complete material balance and cost breakdown for the facility.

This report contains descriptions of the individual plant models as well as detailed
instructions for its use. Recommendations are given both for improving the plant
design and extending and improving the ASPEN Plus simulation model.

8 Equivalent to 183,750 Ibs/hr or 2205 tons/day of moisture free wood.



1.0 INTRODUCTION

A conceptual design and ASPEN Plus process flowsheet simulation model was
developed for a Battelle biomass-based gasification, Fischer-Tropsch (F-T)
liquefaction and combined-cycle power plant. The plant design and model is an
extension of that which was developed by Mitretek for the Battelle biomass
gasification plant in 1996." This study was done to support the research and
development program of the National Renewable Energy Laboratory (NREL) in the
thermochemical conversion of biomass to liquid transportation fuels using current
state-of-the-art technology. The Mitretek study investigated the use of two biomass
gasifiers; the RENUGAS gasifier being developed by the Institute of Gas
Technology, and the indirectly heated gasifier being developed by Battelle
Columbus. The Battelle Memorial Institute of Columbus, Ohio indirectly heated
biomass gasifier was selected for this model development because the syngas
produced by it is better suited for Fischer-Tropsch synthesis with an iron-based
catalyst for which a large amount of experimental data are available **

The current ASPEN Plus process simulation model was developed in the same
spirit as those models which previously were developed for indirect coal liquefaction
under DOE contract no. DE-AC22-91PC90027¢ In this study, Bechtel with Amoco
as a subcontractor developed a conceptual baseline design and several alternative
designs for indirect coal liquefaction facilities. In addition, ASPEN Plus process
flowsheet simulation models were developed for each of designs. These models
were used to perform several parametric studies to investigate various alternatives
for improving the economics of indirect coal liquefaction.

In a similar manner, the Battelle biomass gasifier/Fischer-Tropsch synthesis/
combined-cycle power plant model developed under this project was designed to be
a research guidance tool, and not a detailed process design tool. However, the
model does contain some process design features, such as sizing the F-T synthesis
reactors. It was designed only to predict the effects of varying some process and
operating conditions on the overall plant material and utility balances. It also
predicts the effect of operations on the capital cost and operating labor
requirements.

This ASPEN Plus model for the Battelle biomass gasifier/Fischer-Tropsch synthesis/
combined-cycle power plant model was developed under the premise that it would

! Gray, D., Tomlinson G. and M. Berger, “Techno-Economic Assessment of Biomass Gasification
Technologies for Fuels and Power,” Report MP 96W0000065, Mitretek Systems, McLean, VA,
January, 1996.

2J.C. Kuo et al (Mobil), “Slurry Fischer-Tropsch/Mobil Two-Stage Process of Converting Syngas to
High Octane Gasoline,” DOE Contract DE-AC22-80PC30022, Final Report, June, 1983.

#J.C. Kuo et al (Mobil), “Two-Stage Process for Conversion of Synthesis Gas to High Quality
Transportation Fuels,” DOE Contract DE-AC22-83PC6019, Final Report, October, 1985.

4 Topical Report, “Baseline Design/Economics for Advanced Fischer-Tropsch Technology,” Volume
IV, Process Flowsheet (PFS) Models, DOE contract no. DE-AC22-91PC90027, Bechtel Corporation,
October, 1994.



use as much as possible of the previously developed ASPEN Plus indirect coal
liquefaction model. As a result of this constraint, the model contains three small
hydroprocessing units; a wax hydrocracker, a distillate hydrotreater, and a naphtha
hydrotreater. In reality, if this Battelle gasifier plant were to be constructed, these
three units probably would be combined into a single unit which would generate
slightly different yields and have a reduced cost. However, the process engineering
and design effort required for the development of the model of such a
hydroprocessing unit was beyond the scope of this project.

The use of this process flowsheet simulation model requires the ASPEN Plus
process simulation program which is available from ASPEN Technology, Inc.,
Cambridge, MA.

The following sections provide more information on the individual plant models in
the Battelle gasification, Fischer-Tropsch liquefaction and combined-cycle power
plant model. Section 2 provides an overall description of the model, descriptions of
the modeling techniques and parameters used for calculating the utilities
consumptions, operating labor and capital cost for each plant, and the general input
parameters for all the Fortran user block models. Sections 3, 4 and 5 provide
detailed information on the ASPEN plant models in Areas 100, 200 and 300, the
three key ISBL areas of syngas preparation, Fischer-Tropsch synthesis and product
upgrading, respectively. Section 6 discusses the OSBL and utilities plants. Section
7 provides more details on the overall model, and Section 8 discusses the model
results for the base design case. Section 9 provides operating instructions for
executing the model. Section 10 contains a summary of this work and
recommendations for enhancing and extending the ASPEN Plus process simulation
model.

Appendix A contains the complete listing of the ASPEN Plus input file for this
Battelle gasifier/Fischer-Tropsch synthesis/combined-cycle power plant model.
Appendix B contains the full listing of the management summary report generated
by the model for the base case (maximum liquids production case) where all the
syngas from the Battelle gasifier goes the Fischer-Tropsch synthesis area for
conversion to liquid products.



2.0 MODEL DESCRIPTION

Figure 2.1 is a simplified diagram showing the overall configuration of the Fischer-
Tropsch/combined-cycle coproduction plant with the Battelle indirectly heated
biomass gasifier. The wet maple wood chips containing about 38 wt% moisture are
dried to about 23.8 wt% moisture in Plant 115. The dried wood chips are sent to the
Battelle gasifier (Plant 116) which produces a syngas with about a 0.5 H,/CO molar
ratio. The char leaving the gasifier with the sand is burned in the combustor to heat
the recirculating sand and supply the heat for gasification. The hot syngas is
washed and cooled in a spray tower. The syngas cooling and clean up operations
are an integral part of Plant 116.

The washed and cooled syngas is compressed in Plant 117 to about 360 psia and
sent to the sulfur polishing plant in which any residual sulfur (as H2S) is absorbed
on zinc oxide and removed. In the maximum liquids production case, all of the
syngas goes to the Fischer-Tropsch (F-T) synthesis area; most of which goes to the
F-T synthesis reactor. However, a small portion (about 1%) is split off for hydrogen
production. The F-T synthesis is carried out in a slurry-bed reactor using an iron-
based catalyst. This catalyst has water-gas shift activity for making hydrogen, and
thus, a separate CO shift reactor is not needed to raise the Hy/CO ratio of all the
syngas to the stoichiometric value of slightly above 2.0 for the F-T synthesis. The
unconverted syngas leaving the F-T reactor system is cooled to condense and
remove liquids and then is sent to the high-pressure fuel gas system. The liquid
product streams leaving the F-T synthesis area are sent to Plant 204 (not shown
specifically, but included in the Product Recovery and Upgrading block) where the
raw F-T liquids are separated into low-pressure fuel gas, naphtha, distillate and wax
streams.

The small amount of syngas bypassing the F-T synthesis plant is sent to a CO shift
reactor (Plant 113) to produce hydrogen for use in the product upgrading area. The
hydrogen-rich gas from the CO shift reactor and a hydrogen-rich gas stream from
the naphtha reformer are purified by pressure swing absorption in Plant 205 (not
shown specifically, but included in the Product Recovery and Upgrading block) and
sent to the product upgrading area.

Figure 2.2 is a schematic block flow diagram of the product upgrading area. This is
a simplified version of that used in the baseline case of the coal liquefaction study.’
This area consists of five major plants. Plant 301 is the wax hydrocracking plant
which cracks the raw F-T wax into naphtha, distillate and fuel gas. The distillate
hydrotreater (Plant 302) and the naphtha hydrotreater (Plant 303) hydrotreat the
raw F-T distillate and naphtha to stabilize them by saturating the olefins. The
distillate product is sent to diesel blending. The C7+ naphtha product from Plant
303, along with the naphtha produced by the wax hydrocracker, is sent to the
naphtha reforming plant (Plant 304) where they are catalytically reformed into a
high-octane gasoline blending component. Plant 304 also produces a hydrogen-
rich gas stream that is sent to Plant 205 for hydrogen recovery. The pentane/

3
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hexane stream from Plant 303 is sent to Plant 306, a C5/C6 isomerization plant to
increase its octane number and produce a high quality gasoline blending
component.

All the low-pressure fuel gas is compressed to 100 psia in Plant 119 and used for
in-plant heating. In the maximum liquids production case, an insufficient amount of
low-pressure fuel gas is available and some high-pressure fuel gas (unconverted
syngas from Plant 201) has to be diverted from going to the combined-cycle power
plant to supplement the low-pressure fuel gas for in-plant heating.

In addition, the model contains a feature where essentially all or a portion of the
cooled and washed syngas leaving the Battelle biomass gasifier can be sent directly
to the combined-cycle power plant after being compressed to 250 psia in Plant 118,
the combined-cycle syngas compression plant. This feature allows using the model
to compare liquids production versus power production.

Table 2.1 contains a list of the various ISBL process plant models within the ASPEN
Plus process flowsheet simulation model for the Battelle gasification, Fischer-
Tropsch liquefaction, and combined-cycle power plant. The plant numbering
system developed for the baseline coal liquefaction ASPEN Plus process simulation
model has been retained wherever practical, and consequently, the plant numbering
system is not sequential. Plants 113, 115, 116, 117, 118, and 119 are newly
developed plants for this Battelle biomass gasifier plant model. Plant 204N is a
modified version of the original Plant 204 Hydrocarbon Recovery Plant model
(which was developed for the baseline coal liquefaction case), and to avoid
confusion, it has been renamed Plant 204N.

Table 2.2 shows the OSBL plants. In addition to the above ISBL process plant
models, a simplified model was developed for the one of the OSBL plants, the
combined-cycle power plant (Plant 31). This model was developed based on a
more detailed combined-cycle plant simulation using the GateCycle simulation
model.” All the other OSBL plants shown in Table 2.2 are accounted for in the
ASPEN Plus model in a very simplified manner.

> GateCycle computer Simulation Program, Power Cycle Simulation Software, Enter Software
Company, Menlo Park, CA.
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Table 2.1

ASPEN Plus ISBL Plant Models

Plant Number Description
108 Sulfur Polishing
113 Hydrogen Production (CO Shift)
115 Wood Drying
116 Battelle Gasification
117 Fischer-Tropsch Syngas Compression
118 Combined-Cycle Syngas Compression
119 Combined-Cycle Fuel Gas Compression
201 Fischer-Tropsch Synthesis
204N NREL Hydrocarbon Recovery
205 Hydrogen Recovery (PSA)
301 Wax Hydrocracking
302 Distillate Hydrotreating
303 Naphtha Hydrotreating
304 Naphtha Reforming
306 C5/C6 Isomerization

Tthe previous report contains detailed descriptions of the general features of the
ASPEN Plus process simulation models® Consequently, only a portion of this
information is repeated here for the convenience of the reader. Although that
information was prepared for the original ASPEN models using the ASPEN/SP
process flowsheet simulation program, the information also applies to this model
which uses the ASPEN Plus process flowsheet simulation program. However, two
significant changes have been made to the component list. First the three non-
conventional coal components have been replaced with three new non-conventional
components, WOOD, SLAG and CHAR. Secondly, the hydrocarbon component list
has been expanded by the addition of twelve new components to better characterize
the raw C20+ Fischer-Tropsch wax. These new components are normal eicosane
(CooH22), 1-eicosene (C1gH20), eight pseudo-components representing mixtures of
70% olefins and 30% paraffins in the C21 through C29 carbon range (C210P
through C290P), and a C30+ Fischer-Tropsch wax component (C30WAX).



Table 2.2

ASPEN Plus OSBL Plants

Plant Number Description
19 Relief and Blowdown System
20 Tankage
21 Interconnecting Piping
22 Product Shipping
23 Tank Car/Truck Loading
24 Ash Disposal
25 Catalyst and Chemical Loading
30 Electrical Distribution System
31 Steam and Power Generation
32 Raw, Cooling and Potable Water
33 Fire Protection System
34 Sewage and Effluent Water Treatment
35 Instrument and Plant Air Facilities
36 Purge and Flush Oil System
37 Solid Waste Management
40 General Site Preparation
41 Buildings
42 Telecommunications
43 Distributed Control System and Software

2.1 Process Calculations

For some plants, standard ASPEN Plus process simulation models do the process
calculations, and for others, Fortran user block models are used. Standard ASPEN
Plus models were used to do the process calculations when they were best suited
for the task. However, in all cases a Fortran user block model still is used to do the
utilities and capital cost calculations. All the Fortran user block models were
programmed with a common user interface so that they appear similar to the user.
However, the process calculation section in each Fortran user block differs
depending on the specific plant. While any of the seventy REAL input parameters
discussed in the following subsections may be changed by the user, generally only
the first twenty are process-specific, i.e., values that the user may normally change
in the input file specifications. These are reserved for process related items, such
as conversions and separation ratios. Additional information on these parameters is
provided in the following subsections that describe the individual plant models. The
remaining REAL parameters control the utilities consumptions, plant costs, etc. and
are not normally changed in the input file.



Some of the output streams leaving the Fortran user block models are setto a
default temperature of 70°F and a default pressure of 15 psia. These may be
changed to more appropriate values for the specific simulation by the use of a
FLASH-SPECS sentence in the block paragraph which calls the user Fortran block
model. Any outlet stream conditions specified in the FLASH-SPECS sentence will
override the default values set in the Fortran user block model. For example, the
following FLASH-SPECS sentence will set the outlet temperature of the FLUE-GAS
stream to 110°F and 50 psia and cause ASPEN to calculate the appropriate stream
properties (enthalpy, entropy, etc.) at these conditions.

FLASH-SPECS STRM = FLUE-GAS KODE =2 TEMP =100 PRES =50

2.2 Utilities Calculations

The Fortran user block models have been programmed to calculate the following
eleven plant utility requirements.

Power consumption in kilowatts

900 psig / 1000 F steam consumption in Mlbs/hour*
360 psig / 440 F steam consumption in Mlbs/hour*
600 psig / 650 F steam consumption in Mlbs/hour
600 psig saturated steam consumption in Mlbs/hour
150 psig saturated steam consumption in Mlbs/hour
50 psig steam saturated consumption in Mlbs/hour
Fuel consumption in MM BTU/hour

Cooling water consumption in Mgal/hour

Process water consumption in Mgal/hour

Nitrogen consumption in MM SCF/hour of nitrogen

e
RPEoo~NooArwNE

* Plant 166, the Battelle gasification plant, actually produces 975 psig / 750°F
steam and 360 psig / 530°F steam. For consistency with the other ASPEN
Plus models, these steams have not been renamed. However, they are
treated correctly where they are consumed in the combined-cycle power
plant model.

If desired, additional utility consumptions (or productions) can be added. Such
additional utilities might be condensate, boiler feed water or a steam at another
pressure.

Each plant's utility requirement is modeled as a linear function of a key flow rate.
This may be either the total flow rate of a specific feed or product stream, or the flow
rate of the major component in a specific feed or product stream. For example, the
key flow rate for the wood drying plant is the flow rate of the moisture free wood
product stream in Mlbs/hr, and the key flow rate for the hydrogen recovery plant is
the useable hydrogen production rate (flow rate of hydrogen in the hydrogen-rich

9



product gas stream) in MM SCF/hr of hydrogen. Utilities requirements are
calculated by Equation 2.2.1.

U=A+B*Fo (Eq. 2.2.1)
Where:

I = Subscript designating a specific utility in the above listed order

U; = Consumption of utility i

Fo = Total key flow rate for all duplicate plants in appropriate units
such as MM SCF/hour or MIbs/hour

A; = Constant for the calculation of utility i
Bi = Constant for the calculation of utility i

The sign convention used for all utilities is that positive values represent utilities
that are imported to (consumed by) the plant, and negative values represent utilities
that are exported from (produced by) the plant.

The numerical values for the A and B; parameters for each utility are input
parameters to each Fortran user block model. The user supplied parameters for the
utilities calculations are REAL parameters 21 through 42. REAL(21) and REAL(22)
are the A and B constants for the power consumption, respectively. REAL(23) and
REAL(24) are the A and B constants for the 900 psig / 1000 F steam consumption,
respectively. Similarly, REAL(25) and REAL(26) are for the 360 psig / 440 F steam
consumption; REAL(27) and REAL(28) are for the 600 psig / 650 F steam
consumption; REAL(29) and REAL(30) are for the 600 psig saturated steam
consumption; REAL(31) and REAL(32) are for the 150 psig saturated steam
consumption; REAL(33) and REAL(34) are for the 50 psig saturated steam
consumption; REAL(35) and REAL(36) are for the plant fuel consumption; REAL(37)
and REAL(38) are for the cooling water consumption; REAL(39) and REAL(40) are
for the process water consumption; and REAL(41) and REAL(42) are for the
nitrogen consumption.

All utility parameters must be on a consistent basis with respect to the values for
any unit specific parameters that are supplied for the process calculation section.

2.3 Operating Labor
Dedicated operating labor for each process plant is modeled as a linear function of

the number of operating trains or plants. An equation similar to Equation 2.2.1 is
used to calculate the number of dedicated operators and boardmen for each

10



process plant. No dedicated operators are allowed for a spare plant. After the
number of dedicated operators for the entire complex have been determined, the
total number of operators, extra operators, foremen, and maintenance workers are
calculated by applying a multiplicative factor to account for them.

For example, if a single Fischer-Tropsch plant train of Plant 201 requires five
dedicated operators per day, then the complete eight operating train plant would
require eight times as many dedicated operators or forty operators per day.

The numerical values for the A and B; parameters for the dedicated operating labor
are input parameters to each Fortran user block model. Parameter REAL(49) is the
constant factor for the number of dedicated plant operators per day, and REAL(50)
is the number of dedicated plant operators per day per operating train. The number
of extra, OSBL operators, foremen and maintenance workers per dedicated plant
operator is set as variable XOF (eXtra Operator Function) in the inline Fortran block
SUMNREL.

2.4 Capital Costs

The ISBL field cost for each plant is calculated as a function of plant capacity. After
the total ISBL field cost for all plants in the complex has been calculated, the total
installed cost of each plant is calculated by allocating an appropriate amount of
OSBL, home office, engineering, and contingency costs to each plant based on the
total ISBL field cost of all the individual plants in the complex.

The ISBL field cost for each plant except for Plant 201 (the Fischer-Tropsch
synthesis plant) is calculated as a function of the key flow rate by Equations 2.4.1
through 2.4.3. The key flow rate may be either the total flow rate of a specific feed
or product stream or the flow rate of the major component in a specific feed or
product stream. For example, the key flow rate for the coal cleaning plant is the
clean coal product stream rate in Mlbs/hr, and the key flow rate for the hydrogen
recovery plant is the useable hydrogen production rate (flow rate of hydrogen in the
hydrogen-rich product gas stream) in MM SCF/hr of hydrogen.

COST = FCOST + (N - 1) * SCOST (Eq. 2.4.1)

FCOST=A+B* (R /(N*RFo))" (Eq. 2.4.2)

SCOST = F * FCOST (Eq. 2.4.3)
Where:

COST = Total ISBL field cost of all duplicate trains

FCOST = ISBL field cost of the first train
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SCOST = ISBL field cost of each subsequent duplicate train after the first one
N = Total number of duplicate trains, including spares

Fo = Total key flow rate of all duplicate trains in appropriate units, such as
MM SCF/hour or Mlbs/hour

RFo = Reference key flow rate of a single train in appropriate units, such as
MMSCF/hour or Mlbs/hour. This flow rate is used to scale the ISBL
field cost of a single train as a function of train capacity

A, B, E and F = Constants for the calculation of the ISBL field cost of a single
train as a function of train capacity

In the above capital cost equation, constant A is the fixed ISBL field cost
associated with a single train. The sum of constants A and B is the ISBL field cost
of a single train of capacity RFo. Thus, constant B is the variable ISBL field cost of
a single train of capacity RFo. Constant E is the train cost scaling exponent.
Constant F is the cost reduction factor for the construction of duplicate trains after
the first one.

A special costing algorithm is used to calculate the cost of Plant 201, the Fischer-
Tropsch synthesis plant. This costing algorithm is based on detailed size and
weight calculations of the Fischer-Tropsch reactor vessels, and from the vessel
weight, the uninstalled vessel cost is calculated. From this, the cost of the installed
vessel (including closely associated accessories) and the cost of the peripheral
equipment associated with each reactor are calculated. All other equipment in the
plant are then calculated using a modified form of the above described general cost
scaling equation.

For those situations when the size and weight of the Fischer-Tropsch reactor
vessels are not calculated, the general cost scaling equations may be used to
calculate the cost of Plant 201.

The Fortran user block model will calculate the required number of duplicate trains
or operating units in the plant from the total plant capacity and the specified
maximum and minimum single train capacities. However, each Fortran user block
model allows the user to specify the number of operating duplicate trains as an
input parameter. When this number is supplied, that value will be used, and the
calculation of the number of duplicate operating trains will be bypassed.

When the maximum capacity of a single operating train within a plant is not

specified (i.e.; a zero or negative value is supplied), the total ISBL field cost will be
calculated based on a single train.
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The numerical values for the plant costing parameters, number of duplicate
operating trains, and number of spare trains are input parameters to each Fortran
user block model. Parameter INT(3) is the specified number of duplicate operating
trains, excluding spares, and parameter REAL(58) is the number of spare trains. If
INT(3) has a value of zero, the model will calculate the number of duplicate
operating trains based on the specified maximum capacity of a single train. If
INT(3) has a positive value, that value will be the number of duplicate operating
trains that will be used to calculate the total ISBL field cost.

Parameter REAL(51) is the reference capacity of a single operating train for the
calculation of the ISBL field cost, expressed as the key flow rate in MM SCF/hour or
Mibs/hour. Parameters REAL(52) and REAL(53) are the maximum and minimum
capacities, respectively, of a single operating train for which these costing
parameters are applicable, expressed in the same manner as parameter REAL(51).
Parameters REAL(54) through REAL(57) set the A, B, E and F parameters in
Equations 2.4.2 and 2.4.3 for the calculation of the total ISBL field cost of the plant
as a function of capacity. The units of all REAL plant cost parameters, Mlbs/hr, etc.,
must be consistent with the REAL parameters specified for the process calculations.

2.5 Fortran User Block Model Input Parameters

The ASPEN program allows values to be passed to and from Fortran user block
models via parameters specified in the input files. There are two types of
parameters, integer and real (floating point). The NINT= phrase of the PARAM
sentence in the input file specifies the number of integer parameters, and the
NREAL= phrase specifies the number real parameters. The values of the integer
parameters are specified in the INT sentence, and the values of the real parameters
are specified in the REAL sentence.

The Fortran user block model will calculate the required number of duplicate trains
or operating units from the total plant capacity and the specified maximum and
minimum single unit capacities. However, each Fortran user block model allows the
user to specify the number of operating duplicate plants as an input parameter.
When the number of operating duplicate plants is supplied as an input parameter,
that value will be used, and the calculation of the number of operating duplicate
plants will be bypassed.

When the maximum capacity of a single train or operating unit within a plant is not
specified (i.e., a zero or negative value is supplied), the total plant cost will be
calculated based on a single unit. Operating labor requirements are calculated as a
function of the number of units in each plant.

Table 2.3 describes the input parameters that are common to all of the Fortran user
block models. The models have at least four integer input parameters and up to 70
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real input parameters. Additional information on these parameters is provided in the
following subsections that describe the individual plant models.

All of the Fortran user block models have four common integer input parameters,
INT(1) through INT(4). The first integer parameter, INT(1), is the user block
summary report control switch which controls the printing of the three sections of the
user block summary report. When INT(1) has a value of zero, all three sections of
the summary report are printed. When it has a value of one, only the stream report
and utilities report sections are printed. When it has a value of two, only the stream
report section is printed. When it has a value of three or more, the entire user block
model summary report is not printed.

The second integer parameter, INT(2), is the user Fortran block summary report
destination control switch. When INT(2) has a value of zero, the summary report
will be written to the normal ASPEN report file. When it has a value of one, the user
block summary report will be written to a separate summary report file for each
plant. This file name will begin with the letters ICL followed by some numbers and
possibly some letters to identify the specific plant or option, and have a filespec of
REP. Thus, the separate summary report file for Plant 108 is ICL108.REP and the
separate report file for Plant 115 is ICL115.REP.

The third integer parameter, INT(3), is the number of operating duplicate trains,
excluding spares. When INT(3) has a positive value, it is the number of operating
duplicate trains that will is used in the calculation of the ISBL field cost of the plant.
When INT(3) is zero, the number of operating duplicate trains will be calculated
based on the specified maximum train capacity given in parameter REAL(52).

The fourth integer parameter, INT(4), controls how much additional information is
written to the history file for debugging purposes. When INT(4) has a value of zero,
no information except any warning or error messages are written to the history file.
When INT(4) has a value of one or greater, some additional information will be
written to the history file. In general, the amount of information written to the history
file increases as the value of INT(4) increases. Normally, INT(4) should be set
either to zero so that no additional information is written to the history file, or to one
so that only the master subroutine entry and exit messages are written to the history
file.
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Table 2.3
General Fortran User Block Model Input Parameters

Parameter Description

Integer Parameters

INT(1) User block summary report control switch.
0 => Write the complete user block summary report.
1 => Skip the capital cost portion of the summary report.
2 => Skip the capital cost and utilities portions of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.

0 => Write the user block summary report to the normal ASPEN output
report file.

1 => Write the user block summary report to a separate user block
output report file.

INT(3) Number of operating duplicate trains, excluding spares. If INT(3) =0, the
minimum number of operating duplicate trains, excluding spares, will be
determined so that the capacity of each train does not exceed the
maximum train capacity specified by parameter REAL(52). If INT(3) > 0,
the number of operating duplicate trains, excluding spares.

INT(4) History file additional output control switch.

0 => Write no additional output to the history file.
1 => Write only the subroutine entry and exit messages to the history file.
2 => Write some additional output to the history file.
3-5 => Write some more additional output to the history file. Larger values
will generate more additional output.

Real Parameters

REAL(1)- Model specific parameters. These parameter locations are reserved
REAL(20) for items which are specific to each Fortran user block model, such as
conversion, component distribution factors, etc.
REAL(21) Constant factor for the power consumption, kw.
REAL(22) Power consumption per CAP unit, kw/(CAP units).
REAL(23) Constant factor for the 900 psig / 1000°F steam consumption, Mibs/hr.
REAL(24) 900 psig / 1000°F steam consumption per CAP unit,
(Mlbs/hr)/(CAP units).
REAL(25) Constant factor for the 360 psig / 440°F steam consumption, Mlbs/hr.
REAL(26) 360 psig / 440°F steam consumption per CAP unit,
(Mlbs/hr)/(CAP units).

- Continued on Next Page -
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Table 2.3 (Continued)
General Fortran User Block Model Input Parameters

Parameter Description

REAL(27)
REAL(28)

Constant factor for the 600 psig / 650°F steam consumption, Mibs/hr.
600 psig / 650°F steam consumption per CAP unit,

(Mlbs/hr)/(CAP units).

Constant factor for the 600 psig saturated steam consumption, Mlbs/hr.
600 psig saturated steam consumption CAP unit, (Mlbs/hr)/(CAP units).
Constant factor for the 150 psig saturated steam consumption, Mlbs/hr.

REAL(29)
REAL(30)
REAL(31)

REAL(32)

REAL(33)
REAL(34)

REAL(35)
REAL(36)
REAL(37)
REAL(38)
REAL(39)
REAL(40)
REAL(41)
REAL(40)

REAL(42) -
REAL(48)

REAL(49)
REAL(50)
REAL(51)
REAL(52)
REAL(53)

REAL(54)

REAL(55)

150 psig saturated steam consumption per CAP unit,
(Mlbs/hr)/(CAP units).

Constant factor for the 50 psig saturated steam consumption, Mibs/hr.
50 psig saturated steam consumption per CAP unit,
(Mlbs/hr)/(CAP units).

Constant factor for the plant fuel consumption, MM BTU/hr.
Plant fuel consumption per CAP unit, (MM BTU/hr)/(CAP units).
Constant factor for the cooling water consumption, Mgal/hr.
Cooling water consumption per CAP unit, (Mgal/hr)/(CAP units).
Constant factor for the process water consumption, Mgal/hr.
Process water consumption per CAP unit, (Mgal/hr)/(CAP units).
Constant factor for the nitrogen consumption, MM SCF/hr.
Nitrogen consumption per CAP unit, (MM SCF/hr)/(CAP units).

Future use.

Constant factor for the number of dedicated operators per day.
Number of dedicated operators per day per operating train.
Reference capacity of a single train as defined by the key flow rate in
CAP units for the calculation of the ISBL field cost of a single train as
a function of train capacity.

Maximum size of a single train as defined by the key flow rate in
CAP units.

Minimum size of a single train as defined by the key flow rate in

CAP units.

Constant A in the plant ISBL field cost equation, the fixed capital cost
of a single plant in MM $.

Constant B in the plant ISBL field cost equation, the variable capital
cost of a single plant having the key flow rate specified in variable
REAL(51) in MM $.

- Continued on Next Page -
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Table 2.3 (Continued)
General Fortran User Block Model Input Parameters

Parameter Description

REAL(56) Constant E in the plant ISBL field cost equation, the plant cost scaling
exponent.

REAL(57) Constant F in the plant ISBL field cost equation, the cost reduction
factor for the construction of duplicate trains after the first one.

REAL(58) Number of spare trains.

REAL(59) -
REAL(70) Future use.

NOTE: The plant capacity as used in the various calculations is defined as a key
flow rate. This key flow rate may be either the total flow rate of a specific
stream or the flow rate of the main component in a specific stream. This
flow rate is expressed in an appropriate set of units such as MM SCF/hr,
Mibs/hr, or MM SCF/hr of hydrogen. In this generalize table, this set of
units is called CAP units since the key flow rate item and appropriate
units are not known.
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The first twenty REAL (floating point) parameters, REAL(1) through REAL(20), are
used to specify the conversions, component distributions, etc. necessary for the
calculation of the output stream flow rates and compositions in each model.

The next twenty-eight REAL parameters, REAL(21) through REAL(48), are used to
calculate the utilities consumptions or productions for this plant as a linear function
of the plant capacity expressed as the flow rate of a key stream.

The next two REAL parameters, REAL(49) and REAL(50), are used to calculate the
number of dedicated plant operators per day as a function of the number of
operating plants or trains.

The next 10 REAL parameters, REAL(51) through REAL(60), are used to calculate
the number of duplicate operating units, the capacity of each, and the total ISBL
field cost of the entire plant.

The final 10 REAL parameters, REAL(61) through REAL(70), are reserved for future
use or for specific use within a model.

2.6 Management Summary Report

As discussed previously, the user can select several levels of reporting by setting
model specific integer parameters in the input files. In addition, the standard
ASPEN Plus stream reports, history reports, etc. may be modified or expanded. A
customized management summary report was designed for this project which
summarizes the operations of the entire complex. The total model specific output
report starts with the one-page management summary report, and is followed by a
short summary for each plant of the key streams and components, costs, utilities
and manpower requirements that may be of interest in evaluating various wood
liquefaction scenarios.

An example of the complete management summary report containing all the
individual plant summary reports is given in Appendix B. This sample report was
generated by the ASPEN Plus process simulation model for the Battelle biomass
gasification/ Fischer-Tropsch synthesis/combined-cycle power plant model for the
maximum liquids production case (All of the syngas going to Area 200 for F-T
synthesis.).
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3.0 INDIVIDUAL PLANT MODELS IN AREA 100

Area 100, the syngas preparation area, contains seven process plants. Figure 2.1
is a block flow diagram showing the various ASPEN models in Area 100. This
processing area receives the wet wood chips, dries and gasifies them to produce
syngas which is compressed before being sent on for further processing. In
addition, this area contains a CO shift reactor for producing the hydrogen required
for processing in Area 300, the product upgrading area.

The following subsections present a brief process description, followed by a
discussion of the Fortran user block model for each of these seven plants.
Calculation methods are discussed, and the plant-specific model input parameters
to be set by the user in the ASPEN Plus input file are listed for each model.

Area 100 is the only processing area of this process simulation model where solids
may be present. The entering WOOD stream must be of ASPEN Plus stream class
MIXNC or MIXNCPSD and contain two substreams; one being a mixed substream of
conventional components, and the other being a substream containing solid non-
conventional components. All material streams entering and leaving the simulation
blocks for Plants 115 and 116 must be of the ASPEN Plus stream class MIXNC or
MIXNCPSD. All entering and intermediate material streams associated with these
two plants also must be of stream class MIXNC or MIXNCPSD. The syngas stream
leaving Plant 116 passes through ASPEN stream class changer block P116C to
convert it to a stream containing a single mixed substream of conventional
components (ASPEN Plus stream class CONVEN). This change to stream class
CONVEN simplifies the subsequent ASPEN process block models and speeds up
the simulation.

Each of the following ASPEN Plus models (which will be discussed in numerical
order) was developed to simulate the specific plant only to provide sufficient detail
to determine the major output streams, utilities consumptions, ISBL cost and
number of operators as a function of the input streams.

3.1 Plant 108 -- Sulfur Polishing Plant

Plant 108, the sulfur polishing plant, removes the sulfur compounds from the
washed syngas leaving the Battelle biomass gasification plant (Plant 116) after
compression in Plant 117 before it goes either to the Fischer-Tropsch synthesis
plant or to the CO shift plant as shown in Figure 2.1. This sulfur removal is
necessary because sulfur compounds can poison the Fischer-Tropsch synthesis
catalyst. The sulfur is removed in fixed bed reactors filled with zinc oxide (ZnO)
pellets that react with the sulfur to form solid zinc sulfide (ZnS). The zinc oxide is
permanently consumed and periodically replaced with fresh material.
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Since the sulfur content of the syngas entering the sulfur polishing plant is
significantly higher than that of the baseline coal design, the cost of this plant was
recalculated to reflect this situation. A proportionately larger reactor volume was
used to provide a one year cycle life between changes of the zinc oxide adsorbent.
The remainder of the plant cost, namely furnaces and heat exchangers, was
apportioned according to the syngas flow rate. The annual zinc oxide cost also was
adjusted to reflect the high sulfur content of the syngas produced by the Battelle
biomass gasification plant.

Plant 108 is modeled by two ASPEN process blocks. Block P108F is a Fortran user
block model that has a single input stream and generates an identical single output
stream. Block P108S is a standard ASPEN SEP block that quantitatively removes
all sulfur from the entering syngas stream and places it in a waste stream (stream
108S3). This waste stream is equivalent to the capture of the sulfur by the zinc
oxide that is eventually discarded. The clean syngas in stream 108S2 is sent to the
Fischer-Tropsch reactors in Area 200 for conversion to liquid products. All streams
associated with Plant 108 are of the MIXED stream class.

A separation process is used to simulate the removal of the sulfur compounds from
the syngas by reaction with solid zinc oxide to produce solid zinc sulfide. Since only
small amounts of sulfur in the parts per million range enter the sulfur polishing plant,
the byproduct production also is small and insignificant compared to that in the
entering syngas. Consequently, any byproduct production is ignored. Thus, this
simple physical separation model adequately represents the sulfur polishing plant.

The Fortran user block model for Plant 108 only calculates the utilities
consumptions and ISBL cost of the plant as a function of the entering syngas flow
rate. This model requires no special user input parameters other than the general
Fortran user block model input parameters discussed in Section 2.5.

3.2 Plant 113 -- CO Shift Reactor (Hydrogen Production Plant)

Plant 113, the CO shift reactor or hydrogen production plant, is a new plant for this
Battelle gasification plant model. The purpose of this plant is to produce hydrogen
for use by the hydroprocessing processes in the product upgrading area, Area 300.
The hydrogen that is produced here is recovered and purified in Plant 205, the
hydrogen recovery plant. This plant utilizes the water-gas shift reaction to react the
carbon monoxide in the entering syngas with water to produce hydrogen and carbon
dioxide.

In this plant, a small portion of the compressed sulfur-free syngas is mixed with
steam and heated to 675°F before entering a high temperature shift converter to
react the carbon monoxide with water to produce hydrogen and carbon dioxide.
The exiting gas is cooled by steam generation, air cooling and water cooling before
going to the hydrogen recovery plant.
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Plant 113 is modeled by seven ASPEN process blocks. Block P113S1 splits off
some of the compressed sulfur-free syngas from Plant 108 into stream 113S1 for
hydrogen production in Plant 113. The remainder of the syngas in stream 113S2
goes to the F-T synthesis plant. The syngas in stream 113S1 is mixed with 360
psig / 440°F steam and heated to 675°F in block P113H1. The heated mixture
enters block P113R, an ASPEN REQUIL equilibrium reactor model, where the
water-gas shift reaction occurs. A 50°F approach to equilibrium is used in this
reactor model. The reactor effluent is cooled in three steps in process blocks
P113H2, P113H3 and P113S2. P113H2 cools the effluent to 480°F represents the
generation of 360 psig / 440°F steam. P113H3 cools the effluent to 150°F and
represents a combination of BFW preheat and air coolers. P113S2 simultaneously
cools the gas to 100°F with cooling water and separates the condensed water.
Block P113F is a Fortran user block model which predicts the utilities consumptions
and ISBL field cost of the plant as a function of flow rate of the dried and shifted
syngas product in stream 113SS8. Stream 113S10 leaving block P113F goes to
Plant 205 for hydrogen recovery.

The Fortran user block model for Plant 113 only predicts the utilities consumptions
and ISBL cost of the plant as a function of the dry shifted syngas product rate. This
model requires no special user input parameters other than the general Fortran user
block model input parameters discussed in Section 2.5.

3.3 Plant 115 -- Wood Drying Plant

Plant 115, the wood drying plant, is a new plant for this Battelle gasification plant
model. Figure 3.1 is a schematic block flow diagram of the ASPEN Plus model for
the wood drying and Battelle biomass gasification plants, Plants 115 and 116.

This plant model is based on the design which Gray used in his study." Maple wood
chips containing 37.9 wt% moisture are dried to 23.8 wt% moisture in rotary drum
dryers before going to the Battelle biomass gasifier. A furnace using bleed gas,
unconverted carbon or tar is used to heat the wood for drying. Gray reports the exit
temperature of the dried maple wood chips to be about 400°F. In another study,
Breault and Morgan report a temperature of 155°F for dried poplar wood chips.’
Therefore, the exit temperature of the dried wood chips was arbitrarily reduced to
220°F for this study.

In addition, the energy input used by Gray is excessively low compared to that of
Breault and Morgan. Consequently, an energy balance calculation was made
around the wood drying plant, and the energy consumption parameter in the

® Breault, R and D. Morgan, “Design and Economics of Electricity Production from an Indirectly
Heated Biomass Gasifier,” Tecogen, Inc., Waltham, MA, October 22, 1992.
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Figure 3-1

SCHEMATIC BLOCK DIAGRAM OF THE ASPEN MODEL OF
THE WOOD DRYING AND BATTELLE GASIFICATION PLANT
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ASPEN model is based on this energy balance. The electric power consumption is
that reported by Gray. The ISBL plant cost for the wood drying plant is that given by
Gray also.

A single ASPEN Fortran user block model is used to represent the wood drying
plant. This model is a derivative of the one which was developed for coal grinding
and drying for the baseline indirect coal liquefaction design and the direct coal
liquefaction study.*’ As such, it is more sophisticated than necessary and also can
model a wood cleaning operation which may produce up to three grades of wood
product. This model is used here only for mass balance purposes, and
consequently, does not model a wood cleaning operation. Complete instructions on
the use of this model for wood cleaning are similar to those that were previously
given for coal cleaning.” Consequently, only the necessary parameters for wood
drying will be discussed.

Fortran user block model P115F requires one input stream and four output streams.
These streams must be of ASPEN Plus stream class MIXNC or MIXNCPSD. The
first output stream, stream 115S1 is the dried wood stream, and stream 115S4 is the
water removed during drying. Streams 115S2 and 115S3 are not used, but must be
present to satisfy the requirements of the Fortran user block model.

This model will work with any number of conventional components and non-
conventional components. The wood to be cleaned must be the first non-
conventional component listed in the input file.

In addition, the model requires the following seventeen plant-specific REAL
parameters besides those discussed in Section 2.5. For simplicity, the following
description will relate to the use of the model for wood drying only, and not for wood
cleaning.

REAL(1) =Setto 1.0
REAL(2) =Setto 0.0
REAL(3) =Setto 1.0
REAL(4) =Setto 0.0
REAL(5) =Setto 1.0
REAL(6) = Setto 0.0
REAL(7) =Setto 1.0
REAL(8) =Setto 0.0
REAL(9) =Setto 1.0
REAL(10) = Setto 0.0
REAL(11) = Setto 1.0
REAL(12) = Setto 0.0
REAL(13) = Setto 1.0

! Topical Report, “Direct Coal Liquefaction Baseline Design and System Analysis,” Task V Topical
Report, Process Simulation Model for Baseline and Options, DOE contract number DE-AC22-
90PC89857, Bechtel Corporation, December, 1992.
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REAL(14) = Set to 0.0

REAL(15) = Moisture content of the dried wood product expressed on a dry
wood basis, wt%.

REAL(16) = Set to 3.0 - Moisture content of the middlings wood product
expressed on a dry wood basis, wt%.

REAL(17) = Set to 10.0 - - Moisture content of the refuse stream expressed
on a dry wood basis, wt%.

3.4 Plant 116 -- Battelle Biomass Gasification Plant

Plant 116, the Battelle biomass gasification plant, is a new plant for this ASPEN
model. This plant model is based on the design and material balance that Gray
used in his study." Maple wood chips which were dried to 23.8 wt% moisture are
gasified in the Battelle indirectly heated biomass gasifier. The mass balance
reported by Gray was adjusted slightly to make it both in mass and elemental
balance.

For modeling purposes, the tar/C2+ component reported by Gray is represented by
a mixture of ethylene (CoHj), benzene (CgHg), and C1gH2g (1-nonene). This
requires slightly more moles than those used by Gray (406.3 vs. 404), but this
representation does give an exact elemental balance, and the difference in the
number of moles is insignificant. A higher molecular weight olefin could have been
used to represent the heaviest portion of the tar and get an exact mole match, but 1-
nonene was selected because it is the highest olefin presently available in the
ASPEN Plus data bank.

This model of the Battelle gasification plant concentrated was developed primarily
to predict the correct flow rates and composition of the syngas stream leaving the
gasifier. It does not model the combustion section of the unit or the sand flow
between the gasification and combustion sections. In order to reproduce the slag
flow rate used by Gray', an appropriate amount of char is called slag.
Consequently, the elemental composition of this ‘so called’ slag stream is not
correct.

TEN ASPEN process blocks are used to model the Battelle indirect gasifier. Figure
3.1 is a schematic block flow diagram of the ASPEN Plus model for the wood drying
and Battelle gasification plants, Plants 115 and 116. This model concentrates on
producing the correct amount and composition of the syngas and does not attempt
to represent the combustor section or the circulating sand. As such, it only predicts
the correct amount of the solid slag waste product stream, and does not try to
adequately represent its elemental composition.

The entering dried wood stream and all intermediate streams in the ASPEN model

of the Battelle biomass gasifier before block P116C1 are of ASPEN Plus stream
class MIXNC or MIXNCPSD. The final three washed syngas streams (streams
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116S7, 116S8 and 116S9) are of ASPEN Plus stream class CONVEN and contain
only a single substream of conventional components. These streams were
converted to ASPEN Plus stream class CONVEN containing only a single
substream of conventional components in order to simplify the modeling of the
downstream processing steps.

The entering dried wood stream is decomposed in Fortran user block model P116D
into a pseudo gaseous wood chip stream (stream 116S1) and a solids stream of
char (stream 116S11) that is burned in the combustor (block P116S2). The P116D
decomposition block also converts all the sulfur in the wood feed to H,S. Block
P116S2 simulates the slag production in the gasifier by producing a slag product
stream (stream SLAG) and a stream that is burned in the combustor (stream
116S12) which will eventually leave as flue gas. As mentioned previously, this
SLAG product stream has the correct flow rate, but not the correct elemental
composition.

Steam is added to the pseudo gaseous wood chip stream in mixing block P116M1
and fed to two sequential RSTOICH reactor blocks (blocks P116R1 and P116R2).
Two RSTOICH reactor blocks are necessary to handle the sequential reactions in
the gasifier reaction model. The first reactor block, block P116R1, is a carbon
burner which converts the carbon in the feed to the desired products. The second
reactor block, block P116R2, converts any remaining oxygen to water. Blocks
P116H1 and P116H1 represents the syngas cooler blocks which cool the syngas
and generate the 975 psig / 750°F and 360 psig / 530°F steams. Streams 116Q1
and 116Q2 are heat streams which represent the heat transferred to the 975 psig /
750°F and 360 psig / 530°F steams, respectively. Block P116S1 simulates the
water quench tower (which washes and cools the syngas stream) by a simple
ASPEN component separator SEP block. The inlet water stream going to the
guench tower is not modeled, and consequently, the flow rate of the cooled and
condensed waste water stream, stream 116S5, is under predicted. Stream 116S6 is
the cooled and washed syngas stream which goes to ASPEN Plus class changer
block P116C1 which changes its stream class from ASPEN Plus stream class
MIXNC to stream class CONVEN.

Block P116S3 is an ASPEN FSPLIT flow splitter block that allows the switching of
the washed and cooled syngas stream between Fischer-Tropsch synthesis and
power generation in the combined-cycle plant. Stream 116S8 goes to the
combined-cycle syngas compression plant, and stream 116S9 goes to the Fischer-
Tropsch syngas compression plant. For the maximum liquids production case, the
split fraction in block P116S3 is set to 0.0 to send all the syngas to Fischer-Tropsch
synthesis. A value of 0.5 will split the syngas evenly between Fischer-Tropsch
synthesis and combined-cycle power generation. Because of a quirk in the ASPEN
Plus program itself, the model will not function with a value of 1.0 for the split
fraction. However, it will function with a value of 0.999 which will send essentially
all the syngas to the combined-cycle power plant and approximate the all power
production case. If a pure all power production case is desired, one easily can be
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constructed by removing all the processing steps related to the Fischer-Tropsch
synthesis and product upgrading operations.

Fortran user block P116D also calculates the utilities consumptions and ISBL cost
of the Battelle indirectly heated biomass gasification plant. The ISBL plant cost is
based on that of Gray with the addition of the syngas water wash tower.

The Fortran user block model for Plant 116 only predicts the utilities consumptions
and ISBL cost of the plant as a function of the entering dry wood flow rate. This
model requires no special user input parameters other than the general Fortran user
block model input parameters discussed in Section 2.5.

3.5 Plant 117 -- Fischer-Tropsch Syngas Compression Plant

Plant 117, the Fischer-Tropsch syngas compression plant, is a new plant for this
Battelle gasification plant model. This plant simulates the multistage compression
of the cooled and washed syngas from the atmospheric pressure Battelle
gasification plant to 360 psia for F-T synthesis after sulfur removal in Plant 108.

The F-T syngas compression plant is modeled by two ASPEN process blocks, block
P117F and block P117C1. Fortran user block P117F calculates the utilities
consumptions and ISBL field cost of Plant 117 as a function of the entering dry
syngas flow rate. Block P117C1 simulates a five-stage polytropic compressor with
interstage cooling and water removal from the interstage coolers. Stream 117S2 is
the compressed syngas stream going to the sulfur removal plant. Streams KO1,
KO2, KO3 and KO4 are four condensed water streams leaving the four interstage
coolers.

The Fortran user block model for Plant 117 only predicts the utilities consumptions
and ISBL cost of the plant as a function of the entering syngas flow rate. This
model requires no special user input parameters other than the general Fortran user
block model input parameters discussed in Section 2.5.

3.6 Plant 118 -- Combined-Cycle Syngas Compression Plant

Plant 118, the combined-cycle syngas compression plant, is a new plant for this
Battelle gasification plant model. This plant simulates the multistage compression
of the cooled and washed syngas from the atmospheric pressure Battelle
gasification plant to 250 psia for electricity production in the combined-cycle power
plant.

The combined-cycle syngas compression plant is modeled by two ASPEN process

blocks, block P118F and block P118C1. Fortran user block P118F calculates the
utilities consumptions and ISBL field cost of Plant 118 as a function of the entering
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dry syngas flow rate. Block P118C1 simulates a four-stage polytropic compressor
with interstage cooling and water removal from the interstage coolers. Stream
118S2 is the compressed syngas stream going to the combined-cycle power plant.
Streams KOS5, KO6 and KO7 are the condensed water streams leaving the three
interstage coolers.

The Fortran user block model for Plant 118 only predicts the utilities consumptions
and ISBL cost of the plant as a function of the entering syngas flow rate. This
model requires no special user input parameters other than the general Fortran user
block model input parameters discussed in Section 2.5.

3.7 Plant 119 -- Fuel Gas Compression Plant

Plant 119, the fuel gas compression plant, is a new plant for this Battelle
gasification plant model. This plant simulates the multistage compression of the
low-pressure fuel gas from the Fischer-Tropsch synthesis area and the product
upgrading areas, (process Areas 200 and 300) to 100 psia for in-plant heating.

The fuel gas compression plant is modeled by two ASPEN process blocks, block
P119F and block P119C1. Fortran user block P119F calculates the utilities
consumptions and ISBL field cost of Plant 119 as a function of the entering dry fuel
gas flow rate. Block P119C1 simulates a two-stage polytropic compressor with
interstage cooling and water removal from the interstage cooler. Stream 119S2 is
the compressed syngas stream going to the combined-cycle power plant. Stream
KO8 is the condensed water stream from the single interstage cooler.

The Fortran user block model for Plant 119 only predicts the utilities consumptions
and ISBL cost of the plant as a function of the entering syngas flow rate. This
model requires no special user input parameters other than the general Fortran user
block model input parameters discussed in Section 2.5.

3.8 General Comments on Area 100
There is one additional ASPEN mixing block in Area 100 that has not been
described. Block A100M1 is the waste water mixing block which mixes streams

113S9, 116S5, KO1, KO2, KO3, KO4, KO5, KO6, KO7, and KO8 to produce stream
100WATER which contains the total waste water produced in Area 100.
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4.0 INDIVIDUAL PLANT MODELS IN AREA 200

Area 200, the Fischer-Tropsch synthesis area, contains three process plants. This
processing area takes the clean syngas from Plant 108 and processes it to produce
hydrogen, fuel gas, light gaseous products, liquids and wax in the Fischer-Tropsch
synthesis plant. Plant 204N, the hydrocarbon recovery plant recovers the liquid
hydrocarbon products and separates them into separate streams for further
processing in Area 300, the product upgrading area, to gasoline and diesel fuel
blending components. Plant 205, the hydrogen recovery plant, recovers the
hydrogen produced by Plant 113, the CO shift reactor, and Plant 304, the naphtha
reformer, for use by the hydroprocessing plants in Area 300.

Figure 4.1 is a block flow diagram showing the various ASPEN models and
their interconnecting streams used to simulate Area 200. Eighteen ASPEN Plus
blocks are used to simulate these three process plants.

The following subsections present a brief process description, followed by a
discussion of the Fortran user block model for each of these three plants.
Calculation methods are discussed, and the plant-specific parameters to be set by
the user in the ASPEN Plus input file are listed for each model.

All streams in the Area 200 section of the model are of ASPEN Plus stream class
CONVEN and have only one substream containing only conventional components.
No solid non-conventional components may be present in this processing area.
Each of the following models was developed to simulate the specific plant only to
provide sufficient detail to determine the major output streams, utilities
consumptions, ISBL cost and number of operators as a function of the input
streams. Utility balances are developed based on the detailed design, and their
consumptions calculated as linear functions of plant capacity.

4.1 Plant 201 -- Fischer-Tropsch Synthesis Plant

Plant 201, the Fischer-Tropsch synthesis plant, converts the syngas from Area 100
in a single slurry-bed F-T reactor into hydrocarbon products. As shown in Figure
4.1, twelve ASPEN process blocks are used to simulate Plant 201. Block P201M1
mixes the cleaned unshifted syngas from Plant 113 (stream 113S2) with steam
(stream 201S2). Not shown in the figure is an inline Fortran block, called
SETUP201 which sets the flow rate of the inlet steam stream, stream H20TO201, to
maintain a specified H,O to CO ratio in the F-T reactor inlet stream. Fortran user
block P201F models the slurry phase F-T reactions, predicts the utilities
consumptions and productions for the entire F-T plant, sizes the slurry bed F-T
reactors, and optionally, prints an equipment list for Plant 201. Block P201S1 is an
ASPEN flash block which does an equilibrium flash calculation on the total reactor
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Figure 4-1
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effluent to generate vapor and liquid streams. Thus, blocks P201F and P201S1
together simulate the slurry-bed Fischer-Tropsch reactor and generate the two
reactor effluent streams. Not shown in Figure 5.1 is inline Fortran block SETUP21A
which sets the temperature in Flash block P201S1 to be the same as that in the
P201F reactor block.

The liquid reactor effluent stream, stream 201S31, is cooled in heat exchanger
block P201H2 and then flashed in block P201S5, the primary wax vapor separator.
The overhead vapor stream, stream 201S33, is further cooled in heater block
P201H3, the F-T wax vapor cooler and flashed in block P201S6. The overhead
stream, stream 201S7, goes to low-pressure fuel gas, the bottoms wax stream,
stream 201S5, goes to Plant 204 for further purification, and stream 201S37 is
waste water.

The hot vapor overhead stream leaving the F-T slurry-bed reactor, stream 20154, is
cooled in block P201H1 and sent to separator blocks P201S2, P201S3, and
P201S4. These separator blocks generate two oxygenates streams, streams 201S6
and 201S9, a waste water stream, stream 201S6, a liquid hydrocarbons stream,
stream 201S10, and a vapor stream, stream 201S11. The liquid hydrocarbons
stream goes to Plant 204N for further product separation, and the unconverted
syngas vapor stream goes to high-pressure fuel gas.

The Fortran user block model for Plant 201 is the most sophisticated of all the
Fortran user block models. This block model consists of thirteen Fortran
subroutines. It models the F-T reactions and predicts the yields, predicts the
utilities consumptions and productions for the entire F-T plant, sizes the slurry bed
F-T reactors, and optionally, prints an equipment list for the entire Plant 201.

This empirical yields model contains the F-T yield correlations that were developed
from the Mobil data and documented in the Second Quarterly Progress Report for
January-March, 19922 This reactor yields model is elementally balanced. It
requires four model specific input parameters; the desired F-T wax yield, the
percent hydrogen conversion, the mole fraction olefins in the C7-C20 olefin/paraffin
hydrocarbons, and the temperature approach to equilibrium of the water-gas shift
reaction.

The user specified F-T wax yield must be between 9.6 and 76.0 wt% wax.
According to the Mobil data, the F-T reactor temperature controls the wax yield, the
specification of the wax yield indirectly specifies the reaction temperature. Thus,
the F-T reactor temperature is calculated from the wax yield by the following
equation:

T=275-0.4375 * WAX

8 Quarterly Report, “Baseline Design/Economics for Advanced Fischer-Tropsch Technology,”
Quarterly Report for Jan. — March 1992, DOE contract no. DE-AC22-91PC90027, Bechtel
Corporation, 1992.
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where T is the F-T reactor temperature in Celsius, and WAX is the C20+ wax yield
in wt%.

The properties of the wax will change as the wax yield changes. The density,
boiling point and average molecular weight of the wax will increase as the wax yield
increases. Unfortunately, since the C30 + WAX is being handled in the ASPEN
Plus model as a single conventional pseudocomponent called C30WAX, its basic
properties (gravity, molecular weight and boiling point) have to be supplied before
the simulation model can be executed. Therefore, a manual iteration around the
model is required to set the properties of the C30WAX pseudocomponent in the
components section of the ASPEN input file to those C30+ wax properties
calculated by the F-T reactor model. These C30+ wax properties are reported on
the first page of the Plant 201 summary report. Failure to do this will cause the
model to incorrectly predict the vapor-liquid split of the wax in block P201S1. An
incorrect split here will influence the subsequent calculations.

The specification of the percent hydrogen conversion is equivalent to specifying the
carbon monoxide conversion since the two are related by the stoichiometry of the
F-T reactions. The specified hydrogen conversion should be between 20 and 70%.
In addition to the specified hydrogen conversion, the model reports both the carbon
monoxide conversion and the overall syngas conversion.

The third user input parameter, the mole fraction olefins in the C7-C19 olefin/
paraffin hydrocarbons, specifies the amount of olefinicity in the C7-C19 material.
This parameter specifies the mole fraction of olefins in the C7-C19 material. The
same olefin fraction is used for each carbon number. At present, the Fischer-
Tropsch yield model uses this same value for the mole fraction of olefins in the wax
(C20 plus material).

The fourth and final yields model input parameter, the temperature approach to
equilibrium of the water-gas shift reaction, specifies the effectiveness of the Fischer-
Tropsch catalyst for the water-gas shift reaction.

This Fortran user block model also has the capability of sizing the slurry bed F-T
reactors using the Bechtel model that is documented in the final report for the
"Slurry Reactor Design Studies" project with slightly different values of some
parameters.’ After the model calculates the reactor size, it also can calculate the
reactor weight and approximate its ISBL field cost. Thus, this reactor sizing and
costing model requires the following twelve additional input parameters.

1. Number of spare slurry bed Fischer-Tropsch reactors in the entire plant
that are not associated with a specific train. (This parameter must have
an integer value.)

° Final Report, “Slurry Reactor Design Studies,” Slurry vs. Fixed Bed Reactors for Fischer-Tropsch
and Methanol, DOE contract no. DE-AC22-89PC89867.
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2. Number of parallel slurry bed Fischer-Tropsch reactors per plant train.
(This parameter must have an integer value.)

3.  Fischer-Tropsch slurry bed inlet gas velocity in cm/sec (between 5 and
20 cm/sec)

4. Fischer-Tropsch catalyst concentration in the slurry in wt % (between 10
and 45 wt%)

5.  Fischer-Tropsch catalyst makeup rate in percent of catalyst inventory per
day. Note that a change in this item also requires a corresponding
change in the annual catalyst cost supplied in inline Fortran block
SUMNREL.

6. Temperature of the steam generated in the tubes of the Fischer-Tropsch
slurry bed reactor in degrees Fahrenheit

7. Pressure of the steam generated in the tubes of the Fischer-Tropsch
slurry bed reactor in psig

8. Weight of the reference Fischer-Tropsch slurry bed reactor in thousands
of pounds for the reactor vessel cost calculation

9. Cost of the reference Fischer-Tropsch slurry bed reactor vessel in
millions of dollars

10. ISBL cost of the reference Fischer-Tropsch slurry bed reactor system
including its closely associated items in millions of dollars

11. ISBL cost of the peripheral equipment associated with each reference
Fischer-Tropsch slurry bed reactor system

12. ISBL cost of the other equipment in millions of dollars in a single
Fischer-Tropsch plant train that is not covered in the above costs

Although this Fortran user block model only simulates the slurry-bed Fischer-
Tropsch reactor, it has the optional capability of printing an equipment list with
approximate sizes for all the pieces of major equipment within Plant 201. The
model does not do detailed equipment sizing calculations for any pieces of
equipment other than the F-T reactors. Instead, it estimates the sizes of the other
pieces based on flow rates relative to those of the baseline coal liquefaction design
case.

This Fortran user block model requires one plant-specific INTEGER parameter in
the input file in addition to those discussed in Section 2.5. This INTEGER
parameter, INT(5), controls the sizing and costing of the F-T reactors and the
printing of the detailed equipment list for the plant. When the detailed sizing
calculations for the F-T reactors are not done, the cost of Plant 201 will be
calculated by the general cost scaling equation that is used for all the other plants.
The INT(5) switch controls all these options.

INT(5) = Switch to control the equipment sizing and costing for this
plant. When the F-T reactors are sized, the plant costs are
calculated based on the reactor sizing results; otherwise, they are
based on the overall cost model that is used for all the other plants.
0 => Do NOT size the F-T reactors and use the special costing
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method based on the reactor sizes. Cost the plant based on
the total plant cost equation constants in the REAL(51) -
REAL(58) parameters.

1 => Write the reactor sizing results to the plant summary report
file.

2 => Also write the sizes of the other pieces of major equipment
in this plant based on the baseline design to the plant
summary report file.

3 => Also write the sizes of the other pieces of major equipment
in this plant using wax filters for the catalyst/wax separation to
the plant summary report file.

In addition, the model requires the following plant-specific REAL parameters
besides those discussed in Section 2.5.

REAL(1) = Desired wax yield in wt%. (Valid values are between 9.6
and 76 wt% wax)

REAL(2) = Hydrogen conversion in %. (Valid values are between 20
and 90%)

REAL(3) = Mole fraction olefins in the C7-C19 olefin/paraffin hydrocarbons.

REAL(4) = Future use.

REAL(5) = Future use.

REAL(6) = Future use.

REAL(7) = Temperature approach of the water-gas shift reaction in Celsius.

REAL(8) = Future use.

REAL(9) = Fischer-Tropsch reactor pressure drop in psi.

REAL(10) = Number of spare slurry-bed Fischer-Tropsch reactors in the
entire plant not associated with a specific plant train. (This
parameter must have an integer value.)

REAL(11) = Number of parallel slurry-bed Fischer-Tropsch reactors per plant
train. (This parameter must have an integer value.)

REAL(12) = Fischer-Tropsch slurry bed inlet gas velocity in cm/sec.
(between 5 and 20 cm/sec) Note that a change in this parameter
also requires a corresponding change to the annual catalyst cost
in the inline Fortran block which summarizes the model results
for the entire complex.

REAL(13) = Fischer-Tropsch catalyst concentration in the slurry in wt %.
(between 10 and 45 wt%)

REAL(14) = Fischer-Tropsch catalyst makeup rate in percent of catalyst
inventory per day.

REAL(15) = Temperature of the steam generated in the tubes of the slurry-
bed Fischer-Tropsch reactor in degrees Fahrenheit.

REAL(16) = Pressure of the steam generated in the tubes of the slurry-bed
Fischer-Tropsch reactor in psig.

REAL(59) = Weight of the reference slurry-bed Fischer-Tropsch reactor
vessel in thousands of pounds for the ISBL reactor cost
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calculation.

REAL(60) = Cost of the reference slurry-bed Fischer-Tropsch reactor vessel
in millions of dollars having the weight given in REAL(59).

REAL(61) = ISBL cost of a single slurry-bed Fischer-Tropsch reactor system
and its closely associated accessories in millions of dollars for a
reactor vessel having the weight given above in REAL(59).
(Such items include the foundation, instrumentation, piping, etc.)

REAL(62) = ISBL cost of the peripheral equipment in millions of dollars
associated with each slurry-bed Fischer-Tropsch reactor vessel
having the weight given above in REAL(59). (Such items maybe
cyclones, hydroclones, steam drums, etc.)

4.2 Plant 204N -- Hydrocarbon Recovery Plant

Plant 204N, the hydrocarbon recovery plant, recovers the C5+ naphtha, distillate
and wax fractions for further processing. All C4 and lighter material is sent to low-
pressure fuel gas because it is not economic to recover the C3 and C4 material for
further processing at the low rates of this design. This version of Plant 204 is
significantly different than that of the baseline coal design which uses cryogenic
recovery to recover the C3 and C4 material. Hence, this plant has been renamed
Plant 204N to distinguish it from the more comprehensive Plant 204 of the baseline
coal case.

As shown in Figure 4.1, three ASPEN blocks are used to model the hydrocarbon
recovery plant. Block P204M2 combines all the feed to Plant 204N into a single
stream, stream 204S17, which goes to user Fortran block 204NF. User Fortran
user block P204NF predicts the utilities consumptions and ISBL cost of Plant 204N
as a function of the entering flow rate. This combined hydrocarbon stream is now
separated in block P204S3, which represents a series of fractionation towers, into a
low-pressure fuel gas stream, three streams for further processing in Area 300 and
a wastewater stream. Stream 204S21 is the low-pressure fuel gas stream. Stream
201S22 is a C5+ naphtha stream that goes to the naphtha hydrotreater. Stream
204S23 is a distillate stream that goes to the distillate hydrotreater. Stream 204S24
is the wax hydrocracker feed stream, and stream 204S25 is a wastewater stream.

The Fortran user block model for Plant 204N has a single input stream and
produces a single identical output stream. This Fortran model predicts the utilities
consumptions and estimates the ISBL cost of the plant as a function of the entering
flow rate. This model requires no special user input parameters other than the
general Fortran user block model input parameters discussed in Section 2.5.
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4.3 Plant 205 -- Hydrogen Recovery Plant

Plant 205, the hydrogen recovery plant, provides high purity hydrogen for use in
Area 300, the product upgrading area. Hydrogen is recovered from the CO shift
reactor effluent in Plant 113 and the hydrogen-rich gas produced in the naphtha
reforming plant (Plant 304) in a PSA (pressure swing absorption) unit.

As shown in Figure 4.1, three ASPEN blocks are used to model the hydrogen
recovery plant. Mixer block P205M1 combines the cooled shift reactor outlet gas
stream from Plant 113 and the hydrogen-rich gas from the naphtha reforming plant
into a single stream, stream 205S13. ASPEN separator block P205S3 simulates the
PSA portion of Plant 205. Fortran user block P205F calculates the utilities
consumptions and ISBL cost of Plant 205 as a function of the hydrogen production
rate in stream 205S3. The reject material from the PSA unit (block P205S3) goes to
low-pressure fuel gas. An ASPEN design specification controls the split fraction in
block P113S13 so that the hydrogen production from block P205S3 matches the
hydrogen consumption in the product upgrading area.

The Fortran user block model for Plant 205 has a single input stream and produces
a single identical output stream. This Fortran model predicts the utilities
consumptions and estimates the ISBL cost of the plant as a function of the hydrogen
production rate. This model requires no special user input parameters other than
the general Fortran user block model input parameters discussed in Section 2.5.

4.4 General Comments on Area 200

There are two additional ASPEN mixing blocks in Area 200 that have not been
described. Block A200M1 is the fuel gas mixing block which mixes streams 201S7,
204S21 and 205S14 to create a stream called 200FUEL which contains the total
amount of low-pressure fuel gas produced in Area 200. Block A200M2 is the waste
water mixing block which mixes streams 201S6, 201S9, 201S25, 201S37, and
204S25 to produce stream 200WATER which contains the total wastewater
produced in Area 200.

The hydrogen production from Plant 205 is adjusted by ASPEN design specification
H2MAKE so that it exactly satisfies the hydrogen demand in Area 300.
Convergence block HZMAKE converges design specification H2ZMAKE using the
SECANT method which is a modified linear approximation method. Convergence
block HZMAKE, which contains some processing blocks from Areas 100, 200 and
300, balances the hydrogen production against the hydrogen demand by adjusting
the amount of syngas withdrawn by block P113S1 before the F-T synthesis reactor
and sent to the CO shift reactor of Plant 113, the hydrogen production plant.
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5.0 INDIVIDUAL PLANT MODELS IN AREA 300

Area 300, the Fischer-Tropsch product upgrading area, contains five process
plants. These are standard petroleum refining units which use conventional
technologies to upgrade the hydrocarbons produced in Area 200 to high quality
transportation fuel blending stocks.

Figure 5.1 is an ASPEN block flow diagram showing the various ASPEN models and
their interconnecting streams used to simulate Area 300, the product upgrading and
refining area. Ten ASPEN Plus blocks are used to simulate these five process
plants. This model is not process rigorous in that it only employs Fortran user block
models containing empirical, elementally balanced yield models to simulate all of

the conversion processes and predict the utilities consumptions and ISBL costs of
the plants. Not shown in this figure are four inline Fortran blocks which set the flow
rates of the makeup hydrogen streams to the three hydroprocessing plants (Plants
301, 302 and 303) and the C5/C6 isomerization plant (Plant 306).

The following subsections present a brief process description, followed by a
discussion of the Fortran user block models for the five product upgrading plants
in this model. Calculation methods are discussed, and the user specified plant-
specific parameters in the input file are listed for each model.

All streams in the Area 300 section of the model are of the ASPEN stream class
CONVEN and have only one substream containing only conventional components.
No solid non-conventional components may be present in Area 300. Each of the
following models was developed to simulate the specific plant only to provide
sufficient detail to determine the major output streams and their qualities, utilities
consumptions, ISBL cost and number of operators as a function of the input
streams. Utility balances are developed based on the detailed design, and utility
consumptions are calculated as linear functions of plant capacity.

Area 300 contains three small individual hydroprocessing units for hydrocracking
the wax and for hydrotreating the raw Fischer-Tropsch distillate and naphtha.
These three units are a carry over from the baseline coal design that produced
high-quality gasoline and distillate blending stocks in essentially a small petroleum
refinery. For this case, a single hydroprocessing unit that only produces a
stabilized syncrude, which would be upgraded elsewhere in a conventional
petroleum refinery, may be more appropriate. However, the development of a
process design for such an unit was beyond the scope of this project.
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Figure 5-1

ASPEN BLOCK FLOW DIAGRAM FOR AREA 300 - NREL PRODUCT UPGRADING
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5.1 Plant 301 -- Wax Hydrocracking Plant

Plant 301, the wax hydrocracking plant, catalytically cracks the Fischer-Tropsch wax
produced in Plant 201 in a high-pressure hydrogen environment to yield more
desirable naphtha and distillate products.

As shown in Figure 5.1, the ASPEN block flow diagram, two ASPEN Plus process
blocks are used to simulate Plant 301. ASPEN mixer block P301M mixes the wax
product stream from Plant 204N, stream 204S24, with a makeup hydrogen stream,
stream 300S1, and produces the total plant feed stream. Block P301F is the
Fortran user block model that simulates the behavior of the entire wax
hydrocracking plant and generates five product streams. Stream 301S1, which
contains the C4 and lighter material, goes low-pressure fuel. Stream 301S2is a
C5/C6 stream that goes to the C5/C6 isomerization plant. Stream 301S3 is the C7+
naphtha stream that goes to Plant 304, the naphtha reformer, for further upgrading.
Stream 30154 is the distillate product stream that goes to diesel blending. Stream
301S5 is a water stream that goes to the waste water treatment plant. Not shown in
Figure 5.1 is an inline Fortran block, called SETUP301, which sets the flow rate of
the inlet hydrogen stream as a function of the flow rate of the wax feed stream.

The Fortran user block model in ASPEN block P301F was developed to represent
the generic single-stage, fixed-bed wax hydrocracker. It generates elementally
balanced yields and properties of the following four pseudocomponents which
represent the hydrocracked product.

C7-300HC, the C7 through 300°F boiling range hydrocracked naphtha
3-350HC, the 300-350°F boiling range hydrocracked heavy naphtha
350-5HC, the 350-500°F boiling range hydrocracked product
500+HC, the hydrocracked product boiling above 500°F

HownNPE

This empirical, elementally balanced yields model

Calculates the pounds of wax and other liquids to be converted.

Calculates the hydrogen consumption based on an internally stored

value, and adjusts it, if necessary, if insufficient hydrogen has been

supplied.

Stoichiometrically converts all the entering oxygen to water.

Calculates the light ends yields using internal yield distribution factors.

Calculates the total hydrocrackate yield by difference.

Distributes the total hydrocrackate yield among the four hydrocrackate

pseudocomponents called C7-300HC, 3-350HC, 350-5HC and 500+HC

using internal yield distribution factors.

7. Calculates the elemental composition of the total hydrocrackate so that
an elemental balance is maintained. Because insufficient information is
available on how the elemental composition of the hydrocracked product

o0k w
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varies with boiling point, the elemental composition of each boiling range
fraction is set to the average elemental composition.

8. Estimates the densities, Research octanes, motor actanes, blending
octanes, RVP, pour point, and cetane index of the various boiling range
products, as appropriate. Because no reliable blending octane
correlations could be found, the Research and motor blending octanes
are set to their pure component values. Sets the benzene, aromatics and
olefins contents of the gasoline blending components to zero.

This Fortran user block model also contains component distribution factors to
simulate the product fractionation section and generate the five product streams; a
C4 and lighter gas stream, a C5/C6 stream, a naphtha product stream, a diesel
product stream, and a waste water stream. These component distribution factors
specify the fraction of each component leaving in a given product stream. This
section of the Fortran user block model is equivalent to an ASPEN SEP block
model.

In addition, this Fortran user block model predicts the utilities consumptions,
number of dedicated plant operators and ISBL plant cost as a function of capacity.

In the future, this Fortran user block model can be improved and extended by

1. Adding correlations to predict the elemental composition of the
hydrocracked products as a function of boiling range.

2. Adding correlations to predict the pseudocomponent blending properties.

3. Improving the prediction of the properties and compositions of the
products as new information becomes available.

This model requires no special user input parameters other than the general Fortran
user block model input parameters discussed in Section 2.5.

5.2 Plant 302 -- Distillate Hydrotreating Plant

Plant 302, the distillate hydrotreating plant, catalytically hydrotreats the Fischer-
Tropsch distillate boiling range material produced in Plant 201 under a hydrogen
environment to yield a high quality diesel blending component.

As shown in Figure 5.1, two ASPEN Plus process blocks are used to simulate Plant
302. ASPEN mixer block P302M mixes the distillate product stream from Plant 204,
stream 204S23, with a makeup hydrogen stream, stream 300S2, and produces the
total plant feed stream. Block P302F is the Fortran user block model that simulates
the behavior of the entire distillate hydrotreating plant and generates three product
streams. Stream 302S1, which contains the C4 and lighter material, goes to low-
pressure fuel. Stream 302S2 is the distillate product stream that goes to diesel
blending. Stream 302S3 is a water stream that goes to the waste water treatment
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plant. Not shown in Figure 5.1 is an inline Fortran block, called SETUP302, which
sets the flow rate of the inlet hydrogen stream as a function of the flow rate of the
distillate feed stream.

The Fortran user block model in ASPEN block P302F was developed to represent a
generic fixed-bed diesel hydrotreater. It generates elementally balanced yields and
properties of the following two pseudocomponents which represent the hydrotreated
product.

1. 350-5HT, the 350-500°F boiling range hydrotreated product
2. 500+HT, the hydrotreated product boiling above 500°F

This empirical, elementally balanced yields model

=

Calculates the pounds of distillate feed to be hydrotreated.

2. Calculates the hydrogen consumption based on an internally stored
value, and adjusts it, if necessary, if insufficient hydrogen has been
supplied.

3. Calculates the light ends yields using internal yield distribution factors
and hydrogenates all C4 and lighter olefins to the corresponding
saturated paraffin compound.

4. Calculates the water production by converting an internally specified

amount of oxygen in the feed to water.

Calculates the total hydrotreated product yield by difference.

Distributes the total hydrotreated product yield among the two

hydrotreated product pseudocomponents called 350-5HT and 500+HT

using internal yield distribution factors.

7. Calculates the elemental composition of the total hydrotreated product so
that an elemental balance is maintained. Because insufficient
information is available on how the elemental composition of the
hydrotreated product varies with boiling point, the elemental composition
of each boiling range fraction is set to the average elemental
composition.

8. Estimates the densities, pour point and cetane index of the two

hydrotreated pseudocomponent products.

o o

This Fortran user block model also contains component distribution factors to
simulate the product fractionation section and generate the three product streams; a
C4 and lighter gas stream, a diesel product stream and a waste water stream.
These component distribution factors specify the fraction of each component
leaving in a given product stream. This section of the Fortran user block model is
equivalent to an ASPEN SEP block model.

In addition, this Fortran user block model predicts the utilities consumptions,
number of dedicated plant operators and ISBL plant cost as a function of capacity.
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In the future, this Fortran user block model can be improved and extended by

1. Adding correlations to predict the elemental composition of the
hydrotreated products as a function of boiling range.

2. Adding correlations to predict the pseudocomponent diesel blending
properties.

3. Improving the prediction of the properties and compositions of the
products as new information becomes available.

This model requires no special user input parameters other than the general Fortran
user block model input parameters discussed in Section 2.5.

5.3 Plant 303 -- Naphtha Hydrotreating Plant

Plant 303, the naphtha hydrotreating plant, catalytically hydrotreats the Fischer-
Tropsch naphtha produced from Plant 204N under a hydrogen environment to yield
a saturated naphtha that is further processed in the naphtha reformer to make a
high octane gasoline blending component.

As shown in Figure 5.1, two ASPEN Plus process blocks are used to simulate Plant
303. ASPEN mixer block P303M mixes the naphtha product stream from Plant 201,
stream 204S24, with a makeup hydrogen stream, stream 300S1, and produces the
total plant feed stream. Block P303F is the Fortran user block model that simulates
the behavior of the entire naphtha hydrotreating plant and generates four product
streams. Stream 303S1, which contains the C4 and lighter material, goes to low-
pressure fuel. Stream 303S2 is a C5/C6 stream that goes to the C5/C6
isomerization plant. Stream 303S3 is the C7+ gasoline stream that goes to Plant
304, the naphtha reformer, for further upgrading. Stream 303S4 is a water stream
which goes to the waste water treatment plant. Not shown in Figure 5.1 is an inline
Fortran block, called SETUP303, which sets the flow rate of the inlet hydrogen
stream as a function of the flow rate of the naphtha feed stream.

The Fortran user block model in ASPEN block P303F was developed to represent a
generic single-stage, fixed-bed naphtha hydrotreater. It generates elementally

balanced yields and properties of the following two pseudocomponents which
represent the hydrotreated product.

1. C7-300HT, the C7 through 300°F boiling range hydrotreated naphtha
2. 3-350HT, the 300-350°F boiling range hydrotreated heavy naphtha

This empirical, elementally balanced yields model

1. Calculates the pounds of naphtha to be hydrotreated.
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2. Calculates the hydrogen consumption based on an internally stored
value, and adjusts it, if necessary, if insufficient hydrogen has been
supplied.

3. Calculates the light ends yields using internal yield distribution factors
and hydrogenates all C4 and lighter olefins to the corresponding
saturated paraffin compound.

4. Calculates the C5 and C6 yields by hydrogenating all the C5 and C6
olefins to the corresponding saturated paraffin, calculates the C5 and C6
paraffin production by cracking, and distributes them among the
appropriate iso and normal paraffins.

5. Calculates the water production by converting an internally specified

amount of oxygen in the feed to water.

Calculates the total hydrotreated product yield by difference.

Distributes the total hydrotreated product yield among the two

hydrotreated product pseudocomponents called C7-300HT and

3-350HT using internal yield distribution factors.

8. Calculates the elemental composition of the total hydrotreated product so
that an elemental balance is maintained. Because insufficient
information is available on how the elemental composition of the
hydrotreated product varies with boiling point, the elemental composition
of each boiling range fraction is set to the average elemental
composition.

8. Estimates the densities and pour points of the two boiling range
products, as appropriate.

NOo

In addition, this Fortran user block model predicts the utilities consumptions,
number of dedicated plant operators and ISBL plant cost as a function of capacity.

This Fortran user block model also contains component distribution factors to
simulate the product fractionation section and generate the four product streams; a
C4 and lighter gas stream, a C5/C6 stream, a naphtha product stream, and a waste
water stream. These component distribution factors specify the fraction of each
component leaving in a given product stream. This section of the Fortran user block
model is equivalent to an ASPEN SEP block model.

In the future, this Fortran user block model can be improved and extended by

1. Adding correlations to predict the elemental composition of the
hydrotreated products as a function of boiling range.

2. Adding correlations to predict the pseudocomponent blending properties.

3. Adding correlation extending the prediction of the properties and
compositions of the products as new information becomes available.

This model requires no special user input parameters other than the general Fortran
user block model input parameters discussed in Section 2.5.
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5.4 Plant 304, Naphtha Catalytic Reforming Plant

Plant 304, the naphtha catalytic reforming plant, catalytically reforms the
hydrocracked naphtha produced in Plant 301 and the hydrotreated naphtha
produced in Plant 303 to yield a high octane gasoline blending component. The
C5+ product produced by this plant is represented by a single pseudocomponent
called REFORMAT.

As shown in Figure 5.1, two ASPEN Plus process blocks are used to simulate Plant
304. ASPEN mixer block P304M mixes the hydrocracked naphtha product stream
from plant 301, stream 301S3, and the hydrotreated naphtha product stream from
Plant 303, stream 303S3 to produce the total plant feed stream. Block P304F is the
Fortran user block model that simulates the behavior of the entire naphtha

reforming plant and generates three product streams. Stream 304S1, is the C5+
reformate product stream which goes to gasoline blending. Stream 304S2 is a C2
and lighter gas stream that goes to Plant 205 for hydrogen recovery. Stream 304S3
is a C3/C4 stream that goes to low-pressure plant fuel.

The Fortran user block model in ASPEN block P304F was developed to represent a
complete UOP low-pressure CCR catalytic reforming plant. It generates the yields
and properties of the REFORMAT pseudocomponent that represents the entire C5+
reformate product that goes to gasoline blending.

This empirical, elementally balanced yields model

1. Calculates the pounds of C7+ naphtha to be reformed.

2. Calculates appropriate yield distribution factors as a function of the
specified C5+ reformate octane number to be produced.

3. Calculates the light ends yields using the above calculated yield
distribution factors.

4. Calculates the reformate (REFORMAT pseudocomponent) yield by
difference.

5. Calculates the elemental composition of the REFORMAT pseudo-
component so that an elemental balance is maintained.

6. Estimates the densities, Research octanes, motor octanes, blending
octanes, RVP, benzene concentration, aromatics concentration and
olefins concentration of the REFORMAT pseudo- component. Because
no reliable blending octane correlations could be found, the Research
and motor blending octanes are set to their pure component values.

This Fortran user block model also contains component distribution factors to
simulate the product fractionation section and generate the three product streams; a
C2 and lighter gas stream, a C3/C4 stream, and the reformate product stream.
These component distribution factors specify the fraction of each component
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leaving in a given product stream. This section of the Fortran user block model is
equivalent to an ASPEN SEP block model.

In addition, this Fortran user block model predicts the utilities consumptions,
number of dedicated plant operators and ISBL plant cost as a function of capacity.

In the future, this Fortran user block model can be improved and extended by

1. Adding correlations to predict the REFORMAT pseudocomponent
blending properties.

2. Improving the correlations that predict the properties and compositions of
the REFORMAT pseudocomponent as new information becomes
available.

The Fortran user block model for Plant 304 requires the following plant-specific
REAL parameter besides the general Fortran user block input parameters
discussed in Section 2.5.

REAL(1) = Clear Research octane number of the C5+ reformate
product. Only RONC values between 88 and 101 are
allowed.

5.5 Plant 306 -- C5/C6 Isomerization Plant

Plant 306, the C5/C6 isomerization plant, isomerizes low octane straight chain C5
and C6 paraffins to higher octane branched isoparaffins. The mixed C5/C6 product
produced by this plant is represented by a single pseudocomponent called
ISOMERAT.

As shown in Figure 5.1, two ASPEN Plus process blocks are used to simulate Plant
306. ASPEN mixer block P306M mixes the C5/C6 paraffin naphtha product stream
from plant 301, stream 301S2, the C5/C6 paraffin product stream from Plant 303,
stream 303S2, and a makeup hydrogen stream, stream 300S6, to produce the total
plant feed stream, stream 306S3. Block P306F is the Fortran user block model
which simulates the behavior of the entire C5/C6 isomerization plant and generates
two product streams. Stream 306S1, is a C4 and lighter gas stream which goes to
low-pressure fuel. Stream 306S2 is the higher octane C5/C6 isomerate product
stream that goes to gasoline blending. Not shown in Figure 5.1 is an inline Fortran
block, called SETUP306, which sets the flow rate of the inlet hydrogen stream as a
function of the total C5 and C6 paraffin feed rate.

The Fortran user block model in ASPEN block P306F was developed to represent

the complete once-through UOP Penex C5/C6 catalytic isomerization plant. It
generates the component yields leaving the unit.
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This empirical, elementally balanced yields model

=

Calculates the amount of entering C5 and C6 paraffins to be converted.

2. Calculates the light ends yields using the internal yield distribution
factors based on the amount of entering normal butane.

3. Calculates the net C5/C6 isomerate yield (represented by the single
pseudocomponent ISOMERAT) by difference.

4. Calculates the properties of the ISOMERAT component.

5. Calculates the elemental composition of the ISOMERAT pseudo-
component

6. Passes any components in the feed other than those which react to the
total product.

7. Writes a warning message to the history file if insufficient hydrogen has

been supplied.

This Fortran user block model also contains component distribution factors to
simulate the product fractionation section and generate the two product streams; a
C4 and lighter gas stream and the C5/C6 isomerate product stream. This section of
the Fortran user block model is equivalent to an ASPEN SEP block model.

In addition, this Fortran user block model predicts the utilities consumptions,
number of dedicated plant operators, and ISBL plant cost as a function of capacity.

This model requires no special user input parameters other than the general Fortran
user block model input parameters discussed in Section 2.5.

5.6 General Comments on Area 300

There are three additional mixing blocks in Area 300 that are not related to any
specific plant. Block A300M1 combines the distillate product streams from Plants
301 and 302 into a diesel blending component. Block A300M2 combines the
reformed naphtha product from Plant 304 and the C5/C6 isomerate from Plant 306
into a C5+ gasoline blending component. The waster water mixing block A300M3,
which is not shown in Figure 5.1, mixes streams 301S5, 302S3 and 30354 to
produce stream 300WATER which contains the total waste water produced in Area
300.

There is one recycle stream between Areas 200 and 300. The hydrogen-rich C2
and lighter gas stream from the naphtha reforming plant (stream 304S2) is sent to
Plant 205 for hydrogen recovery. ASPEN convergence block REFMH2 converges
this recycle loop using stream 304S2 as the tear stream by the Wegstein method.

As discussed in Section 4.4, the hydrogen production from Plant 205 is adjusted by

ASPEN design specification H2ZMAKE so that it exactly satisfies the hydrogen
demand in Area 300. Convergence block HZMAKE converges design specification
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H2MAKE using the SECANT method which is a modified linear approximation
method. Convergence block H2ZMAKE, which contains some processing blocks
from Areas 100, 200 and 300 and the REFMH2 convergence block, balances the
hydrogen production against the hydrogen demand by adjusting the amount of
syngas split off in block 113S1 that goes to Plant 113, the CO shift reactor to
produce hydrogen which is recovered in Plant 205, the hydrogen recovery plant.
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6.0 THE UTILITIES AND OSBL PLANTS MODELS

The only one of all the OSBL plants that is modeled in other than a simple linear
model is Plant 31, the power plant. The power plant model is designed to consume
all the fuel gas produced within the complex and use this energy to balance the
steam consumptions and productions from all the other plants by either making or
consuming steam, as required, and using the remaining fuel gas and steam to
produce electricity in a combined-cycle power plant, which is shown schematically
in Figure 6.1.

The power plant model first balances the steam demands against the steam
availability and consumes as much plant fuel as required by the other plants. Any
excess plant fuel as well as any excess steam goes to the combined-cycle power
plant. As shown in Figure 6.1, the combined-cycle power plant consists of a gas
turbine, a three-stage steam turbine, and a HRSG (heat recovery, steam
generation) system. The hot flue gases leaving the gas turbine are sent to the high
pressure steam generation section of the HRSG which generates 965 psig / 850F
steam from BFW (boiler feed water) and the 975 psig / 750°F steam generated by
the Battelle gasification plant. This 965 psig / 850°F steam is sent to the high
pressure steam turbine from which a small amount of 650 psig / 735F steam is
extracted. This extreacted steam is sent to a de-superheater where it is mixed with
BFW to produce 650 psig / 650°F steam for use in some process plants.

The intermediate pressure section of the HRSG consumes the excess 360 psig /
530°F and 360 psig / 440°F steams produced in the process areas and generates
360 psig / 625°F steam for the intermediate pressure steam turbine. The low
pressure section of the HRSG consumes the excess 50 psig staurated steam
produced in the process areas and generates 50 psig / 305°F steam for the low
pressure steam turbine.

The ASPEN Plus model of the combined-cycle power plant is a very simplified one
which was developed to match a more detailed simulation which was performed
using the GateCycle simulation model.” In addition, the ASPEN model contains
provisions for bringing in a specified amount of natural gas to supplement the plant
fuel if desired. The cost of the power plant is calculated based on the electric power
production using a simplified exponential cost scaling equation.

The utilities consumptions for all the OSBL plants are calculated based on a linear
function of plant capacity as measured by the wood feed rate. The total OSBL plant
costs are calculated by ratio to the total ISBL plant cost. This is equivalent to using
a constant fraction of the ISBL cost for the OSBL cost.
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The raw water makeup rate is calculated as a linear function of the total cooling
water circulation rate within the complex since the majority of the water loss is
through evaporation at the cooling towers.

The annual catalyst and chemicals cost is calculated as a linear function of the

gasoline and diesel production. However, when the catalyst makeup rate to the
Fischer-Tropsch synthesis plant is changed from the design value of 0.5 %/day,
manual adjustments must be made to account for the new catalyst makeup rate.

All the above described calculations related to the utilities plant and the OSBL
plants are performed in an inline Fortran block called SUMNREL. Besides doing all
of the above calculation, this inline Fortran block writes the plant summary report
and an ASCII file containing the key model results for transfer to a LOTUS
spreadsheet economics model.
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7.0 OVERALL PROCESS SIMULATION MODEL

7.1 Overall Description

The overall process simulation model for the Battelle biomass-based gasification/
Fischer-Tropsch synthesis/combined-cycle power plant basically is the combination
of the previously discussed flowsheets, shown schematically in Figures 2.1, 2.2, 4.1
and 5.1 for process Areas 100, 200 and 300.

In this model, two streams flow between Area 100 and Area 200. Stream 113S2 is
the major portion of the compressed, sulfur-free syngas that goes to the Fischer-
Tropsch synthesis plant, Plant 201. The second is stream 113S10, the hydrogen-
rich stream from leaving the CO shift reactor that goes to Plant 205, the hydrogen
recovery plant. There are no recycle streams which flow from Area 200 to Area
100.

Several streams flow between Area 200 and Area 300. Three hydrocarbon product
streams and four hydrogen streams flow from Area 200 to Area 300. However,
there is one recycle stream which flows back to Area 200 from Area 300, and that is
stream 304S2, the hydrogen-rich product gas from the naphtha reforming plant,
Plant 304, that goes to the hydrogen recovery plant. ASPEN convergence block
REFMH2 converges this recycle loop by the Wegstein method using stream 304S2
as the tear stream.

The hydrogen produced by Plant 205 is used in Plants 301, 302, 303 and 306. The
amount of hydrogen produced in Plant 113 and recovered by Plant 205 is controlled
by the syngas feed rate to Plant 113, which is set by the split fraction in the ASPEN
stream splitter block P113S1. Since Plant 205 produces essentially pure hydrogen,
it Is not necessary to connect the hydrogen streams within the ASPEN model. After
the total hydrogen consumption in Plants 301, 302, 303 and 306 is known, it is only
necessary to make Plant 205 produce the correct amount of hydrogen by adjusting
the split fraction in block P113S1. An ASPEN design specification around portions
of Areas 100, 200 and 300 balances the hydrogen production against the hydrogen
consumption. Design specification H2ZMAKE varies the split fraction in block
P113S1 so that the hydrogen produced by Plant 205 in stream 205S3 matches the
hydrogen consumption by the other plants. Convergence block H2ZMAKE converges
this design specification using the SECANT method which is a modified linear
approximation method.

There are two additional ASPEN mixing blocks in the model that are not shown on
any of the previous flow diagrams. Block A400M1 is the total low-pressure fuel gas
mixing block which mixes the total low-pressure fuel gas produced by Area 200 in
stream 200FUEL with the low-pressure fuel gas produced by Area 300. Block
A400M2 generates the total amount of low-pressure and high-pressure fuel gas
produced by the entire plant and generates stream FUEL-GAS.
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7.2 Input File Description

Appendix A contains a listing of the ASPEN input file for the Battelle gasification/
Fischer-Tropsch synthesis/combined-cycle plant model. This input file contains all
the specifications and commands for simulating the base design case. This section
will not provide a detailed description of the entire input file, but will only discuss a
few interesting sections of the code since the input file is well commented.

Several pure component physical properties are loaded in the components section
to override and/or supplement those in the data bank to provide a consistent set of
properties. The properties of the conventional wax and oxygenate pseudo-
components (C30WAX, OXVAP, OXHC and OXH20) may be modified by the
Fortran user block model for Plant 201, the F-T synthesis plant. When the specified
wax yield in Plant 201 is changed, the compositions and molecular weights of these
components may change, and for absolute rigor, the molecular weights calculated
by the F-T reactor model should be entered here and the simulation should be
rerun. Pure components with modified properties are used to represent lumped
components such as the C9A (the C9 aromatics), and the boiling range fractions
such as the 350-5HC (the hydrocracked product boiling between 350 and 500 F).

Since the solid non-conventional pseudocomponents only can be present in Area
100, the syngas preparation area, the DEF-STREAMS paragraph defines all
streams as conventional streams except for those in Area 100 which may contain
solids and the single heat stream (Stream 113Q1) leaving the CO shift reactor.

Nine inline Fortran blocks are used to set the flowrates of the minor input streams to
various plants, maintain temperature uniformity, calculate the overall utilities
balance, calculate the blended product properties, and write the executive summary
portion of the report. Fortran block SETUP21A forces the temperature of flash block
P201S1 to be the same as that of the Fischer-Tropsch synthesis reactor effluent
stream since this block represents the vapor-liquid split within the slurry-bed
Fischer-Tropsch reactor.

Fortran block SUMNREL controls the final summarizing calculations and calls six
subroutines to do these calculations. This block calculates the properties of the
blended gasoline and diesel products, utilities consumptions of the OSBL plants,
simulates Plant 31 (the utilities plant), reports the overall utilities balance, total plant
cost, and catalyst and chemicals cost. It also writes the summary portion of the
plant summary reports and the ICL.PRN output file for transfer of the principal
model results to a spreadsheet economics model.

The major portion of the input file contains the input for the ASPEN unit operation

and Fortran user block models. These input items are grouped according to
process area. Within each area, the models for each plant are ordered numerically.
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Within each plant, the individual models are ordered alphabetically by block name
whenever more than one block model is required for a given plant.

There is one ASPEN design specification (DES-SPEC) in the simulation. Design
specification H2ZMAKE balances the hydrogen production in Plant 113 and recovery
in Plant 205 with the hydrogen consumption in Area 300. Design specification
H2MAKE adjusts the hydrogen recovery from Plant 205 to match the consumption in
the other plants by varying the syngas feed rate to the hydrogen production plant,
Plant 113. This design specification should function correctly over the expected
range of model operations and require no adjustments by the user.

Although ASPEN will select tear streams and determine a calculation sequence, the
input file contains a specified tear stream and a calculation sequence. These items
are shown near the end of the input file listing in Appendix A.

This calculation sequence is a modification of one that ASPEN originally
determined. The modifications were made to make it easier to follow and
understand. The complete calculation sequence consists of one main sequence
called ENTIRE and six subsequences, AREA100A, AREA100B, AREA200A,
AREA200B, AREA300 and FINAL. Sequence ENTIRE controls the ordering of the
other six subsequences and the HZMAKE and REFMH2 convergence blocks.
Convergence block H2ZMAKE, which varies the amount of syngas going to produce
hydrogen, contains almost all of the process blocks following the syngas generation.
Convergence block REFMH2 controls the balancing of the recycle hydrogen stream
from the naphtha reformer going to the hydrogen recovery plant in Area 200.

Subsequence AREA100A contains the calculation sequence for the syngas
generation by Plants 115, 116, 117, and 108. This sequence contains the first
ASPEN blocks to be executed. Subsequence AREA100B, which contains the
calculations around Plant 113, the hydrogen production plant, and subsequence
AREAZ200A are the first two subsequences in convergence block H2ZMAKE. The
REFMH2 convergence loop is executed next. It contains subsequences AREA200B
and AREA300. Both convergence block HZMAKE and convegence block REFMH2
end following the execution of subsequence AREA300. When the two convergence
blocks are satisified, subsequence FINAL is executed. This subsequence contains
those blocks which may be executed after the entire model has converged, such as
the blocks which calculate the total output stream flow rates and properties, and
generate the final report.
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8.0 SIMULATION MODEL RESULTS FOR THE BATTELLE BIOMASS GASIFIER
/| F-T SYNTHESIS / COMBINED-CYCLE PLANT MODEL

The output generated by the ASPEN Plus process simulation model that is of
interest to the user is contained in several output files; the standard ASPEN report
file (the ABCD.REP file), the ASPEN history file (the ABCD.HIS), the plant summary
report file (the ALL.REP file), and the ASCII transfer file (the ICL.PRN file). Since
ASPEN uses the characters of the input file name before the period to name its
output files, the letters ABCD in the previous sentence are used to designate these
first characters.

The standard ASPEN Plus report file basically reports how the simulation
progressed and contains the block and stream reports. The stream report contains
the flow rates, compositions and properties of all the streams as specified in the
STREAM-REPORT paragraph. The ASPEN Plus history file is a history of the
progress of the ASPEN input translation and execution steps. This file contains a
listing of the input file, details on the component properties and thermodynamic
models which are being used, and the calculation sequence which will be employed.
It also can contain some supplemental output information generated by the Fortran
user block models.

Supplemental output generated by individual plant Fortran user block models as
specified by the INT(4) input parameter are printed to the history file. Near the end
of this file, the calculated properties of the gasoline and diesel products are printed
by inline Fortran block SUMNREL. The Fortran user block model for the Fischer-
Tropsch synthesis plants also prints additional details of the slurry-bed reactor
sizing and costing calculations.

Appendix B contains a listing of the entire Plant Summary Report file. This file is
produced in addition to the above described standard ASPEN output files. The
Plant Summary Report file was developed to summarize the individual plant
operations in a standard format on a single page whenever possible. The first page
of this report is the title page of the report.

The second page contains the management summary report which summarizes the
entire model results on a single page. A summary of the major plant input and
output streams is given at the top of the page. The middle section of the page
provides a summary of the individual plants. This includes the number of operating
and spare plants, the number of dedicated operators, the ISBL cost, and the total
installed plant cost. The total installed cost includes an apportioned amount for the
OSBL cost, home office cost, fees, and contingency. The total number of operators,
foremen and maintenance workers are given at the bottom of the page.

As shown on this page for the case where the plant processes 3550 tons/day of
maple wood chips containing 37.9% water, the model predicts that 382 bbl/day of
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gasoline and 775 bbl/day of diesel blending stocks will be produced.” In addition,
about 85.8 MW of surplus power will be exported. The plant will have a total
installed cost of about 142 million dollars and employ about 212 workers. This cost
estimate has an accuracy of +/- 30%; the same as that of the previous cost
estimates that were developed for the coal based designs. The Management
Summary Report shown on page B-3 of Appendix B contains a complete material
balance and plant by plant cost breakdown for the facility.

The remainder of the report contains short summaries (a single page whenever
possible) of the individual plant operations and an overall utilities summary table.
Generally, these plant reports summarize the inlet and outlet stream flows, utilities
consumptions or productions, and the ISBL field cost.

The plant summary report for Plant 201, the Fischer-Tropsch synthesis plant is four
pages when all the output options are requested. The first page contains the
component flow rates in the inlet and outlet streams. The conversion expressed in
three different ways (as hydrogen conversion, carbon monoxide conversion, and
overall syngas conversion) is shown at the top of the second page. Below this are
the results of the reactor sizing and costing calculations. More details of the reactor
sizing and costing calculations are given near the end of the standard ASPEN
history output file (ABCD.HIS) in case they are needed. The utilities consumptions
or productions and the ISBL field cost are given at the bottom of the page.

The third and fourth pages contain a listing of the major pieces of equipment in the
entire Plant 201 and their approximate sizes, whenever possible. These equipment
sizes are based on a proration of the baseline coal liquefaction plant design, and
are not the results of detailed sizing calculations for the Battelle gasification plant
situation. For either very small or very large capacity plants, the user may wish to
adjust the number of spare items or the amount of parallel capacity in some plant
sections.

In certain cases, the following warning message may be printed after the plant
costing information.

WARNI NG - THE ABOVE PLANT COSTS MAY BE | N ERRCR SI NCE THE CALCULATED
TRAIN SI ZE | S BELONTHE SPECI FIED M NIMM TRAI N SI ZE.

This message is designed to warn the user that the cost calculations for this plant
are based on an extrapolation of a plant cost that is quite removed from the current
case, and the predicted cost could be erroneous. No accuracy claims can be made
for the plant cost when this warning message is displayed. For example, the cost
basis of Plant 301, the wax hydrocracking plant, was developed for a plant
processing about 285,000 Ibs/hr of wax feed, and for this Battelle gasification plant
design, only processing about 9,000 Ibs/hr of wax feed are being processed.

’ Equivalent to 183,750 Ibs/hr or 2205 tons/day of moisture free wood.
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Consequently, the plant cost predicted by the model should be used with extreme
caution.

A utilities summary table is given an the end of the Plant Summary Report. This
table shows the steam, power, fuel, cooling water, process water and nitrogen
consumptions or productions of the individual process and OSBL plants. The
others line item contains the total utilities consumptions or productions for all the
OSBL plants except Plant 31, the steam and power generation plant, which is
shown separately.
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9.0 DETAILED OPERATING INSTRUCTIONS

These instructions are for executing the Battelle biomass gasifier/Fischer-Tropsch
synthesis/combined-cycle power plant model described in this report using PC
Version 9.2 of ASPEN Plus. Minor changes may be required to the previously
described ASPEN Plus input and Fortran files if other versions of ASPEN Plus or
other implementations of ASPEN (such as ASPEN/SP) are to be used.

In order to run the ASPEN Plus computer program (Version 9.2) and simulate the
Battelle gasification plant design, the following are required.

Hardware Requirements

An IBM compatible personal computer with the following:
Intel Pentium main processor, or equivalent

A minimum of 16 Mbytes of RAM

A minimum of 80 Mbytes of available hard disk space
VGA graphics capability

Windows 95 operating system

A mouse

ouhkwnNnE

Software Requirements

For simulating this Battelle biomass gasification plant model, the following software
files are required.

1. NREL3.INP - The ASPEN Plus input file for simulating the Battelle
gasification/Fischer-Tropsch synthesis/combined-cycle power plant.

2.  NRELF1.FOR, NRELF2.FOR and NRELF3.FOR - Fortran source code
files for the ASPEN user block models required for simulating the Battelle
gasifier/Fischer-Tropsch synthesis/combined-cycle power plant.

The NRELF1.FOR file contains the Fortran subroutines for Area 100:; file
NRELF2.FOR contains the Fortran subroutines for Area 200; and file
NRELF3.FOR contains the Fortran subroutines for Area 300.

3. OTHERI.FOR - Additional Fortran source code required by the user block
models in the above ICLFOR.FOR file. This file is identical to the
OTHERI.FOR file used in the indirect coal liquefaction plant models.

4. ICLRPT.BAT - A batch file for combining the individual plant summary report
files together into a single management summary report file.
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5. ICLSTART.REP - The cover page for the management summary report file
that is produced by the ICLRPT.BAT file.

Appendix A contains a listing of the NREL3.INP file, the input file for the Battelle
biomass gasification/Fischer-Tropsch synthesis/combined-cycle power plant model.

The proprietary ASPEN Plus general purpose, process simulation software program
should be installed as recommended by the program vendor, ASPEN Technology,
Inc., Cambridge, MA.

The ASPEN Plus model of the Battelle biomass gasification/Fischer-Tropsch
synthesis/combined-cycle power plant is executed as follows.

1. Enter MSDOS.

2. Load all of the required files, listed above, into the same subdirectory from
which ASPEN Plus will be run.

3.  Compile all the filename.FOR Fortran files to create filename.OBJ files by
typing
ASPCOMP filename<Enter>
for each of the filename.FOR files. Once compiled, the Fortran file does not
need to be recompiled unless the Fortran source code file, filename.FOR, has
been changed. Itis not necessary to use the .FOR filespec with the
ASPCOMP command.

4.  Execute the ASPEN Plus process simulation model by typing
ASPEN NRELS3 <Enter>

NOTE: NREL3.INP in the input file which simulates the Battelle
gasifier/Fischer-Tropsch synthesis/combined-cycle plant model. The PC
filespec (.INP) does not need to be entered. When other cases that are
contained in different input files are to be simulated, enter the appropriate
input file name.

The ASPEN Plus process simulation program will now execute generating
numerous output files. These will include several ASPEN Plus system
generated files having the same first portion of the file name as the input file.
Of primary interest are the NREL3.REP file (the standard ASPEN Plus report
file) and the NREL3.HIS file (the standard ASPEN Plus history file) which
contains supplemental information.

The model will also generate several ICL???.REP files containing the block
model summary reports. For example, the block model summary report for
Plant 201 will be called ICL201.REP. In addition, the model will generate two
other files called ICLSUM.REP and ICL.PRN. The ICL.PRN file is the file
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used to transfer the process simulation model results to a spreadsheet
economics model.

5.  Execute the ICLRPT.BAT file to combine all the individual plant summary
report files into the combined summary report file called ALL.REP file by
typing

ICLRPT <Enter>
This ALL.REP file then may be viewed or printed, as desired. When the
ICLRPT command is executed, each of the ICL??7?.REP files for the individual
plants are erased as they are copied into the ALL.REP file.

Making another ASPEN run using either the same input file or another one having
the same filename will cause ASPEN Plus to overwrite all the standard ASPEN
output files. Therefore, to retain these files for future scrutiny, they should either be
renamed or copied to another subdirectory. The same is true with the ALL.REP file.
Rerunning the ICLRPT.BAT will overwrite any existing ALL.REP file. Thus, to retain
this file for future scrutiny, it also should either be renamed or copied to another
subdirectory.

During execution of a simulation, ASPEN Plus generates numerous output files
having the same filename as the input file with different filespecs which are
retained. After running several different simulation models, these files can start to
fill the available hard disk space. The ASPEN Plus file called GETRIDOF will
remove all the files generated by ASPEN Plus for a given job except the input
(*.INP) file. This clean-up file is executed by the command GETRIDOF ABCD
where ABCD.INP is the input file that generated all the output files. It is not
necessary to add the .INP filespec to the flename when using the GETRIDOF
command.
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10.0 SUMMARY AND RECOMMENDATIONS

10.1 Summary

A conceptual design and ASPEN Plus process flowsheet simulation model was
developed for a Battelle biomass-based gasification, Fischer-Tropsch (F-T)
liuefaction and combined-cycle power plant. This model was developed in a
similar manner to those coal liquefaction models that were developed under DOE
contract DE-AC22-91PC90027. As such, this process flowsheet simulation model
was designed to be a research guidance tool and not a detailed process design
tool. However, it does contain some process design features, such as sizing the
F-T synthesis reactors. This model was designed only to predict the effects of
various process and operating changes on the overall plant heat and material
balances, utilities, capital and operating costs.

The ASPEN Plus model for this Battelle biomass-based gasification/Fischer-
Tropsch synthesis/combined-cycle power plant was developed using as much as
possible of the existing ASPEN indirect coal liquefaction models. No new designs
and models were to be developed for the product upgrading and refining units.
Those from the baseline coal liquefaction case were be used. As a result of this
constraint, the model contains three small hydroprocessing units; a wax
hydrocracker, a distillate hydrotreater, and a naphtha hydrotreater. In reality, if this
plant were to be constructed, these three units probably would be combined into a
single unit that would generate slightly different yields and have a substantially
reduced cost. However, the process engineering and design effort required for the
development of such a hydroprocessing unit model was beyond the scope of this
project.

The current ASPEN Plus model was developed based on a plant design that
originally was developed by Mitretek for the Battelle biomass gasification plant in
1996." This study was done to support the research and development program of
the National Renewable Energy Laboratory (NREL) in the thermochemical
conversion of biomass to liquid transportation fuels using current state-of-the-art
technology. The Mitretek study investigated the use of two gasifiers, and the
Battelle indirectly heated biomass gasifier was selected for this model development
study because the syngas produced by it is better suited for Fischer-Tropsch
synthesis with an iron-based catalyst.

This model can be used to study the effects of plant size, syngas conversion, and
Fischer-Tropsch synthesis product distribution on the yields and cost of the plant. It
also can be used to study the trade off between power production and liquids
production.

This model does not do detailed simulations of the wood drying plant and the
Battelle gasification plant. Both of these plants are modeled by empirical models
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which concentrate on matching the reported composition and flow rate of the main
product streams from each plant; namely, the dry wood and syngas streams. More
detailed simulation models of these plants were not developed because such model
development requires significant effort that was beyond the scope of this project,
and insufficient data were available to support such development.

Starting with an empirical model is standard procedure for any significant
development project. As the project progresses and more data become available,
the model then is enhanced and extended to add other features as desired. The
following section provides some specific recommendations for extending and
enhancing the model.

10.2 Recommendations

This section expands on the general recommendations discussed in the previous
sections and provides the following specific recommendations for possible future
study.

1. Extend the model of the Battelle biomass gasification plant to more rigorously
represent the gasification and combustion sections including the transfer of the
heat transfer media (sand) between the two sections.

2. Extend the model of the syngas spray tower cooling section to account for the
wash water and predict the wash water consumption.

3. Develop a more detailed model of the combined-cycle power plant and HRSG
(heat recovery and steam generation) section to provide better integration of the
steam balance with the other sections of the plant and better reflect the effects of
changes in processing conditions.

4. Develop yields, a conceptual engineering design, and simplified ASPEN model
for a single hydroprocessing unit which will process the Fischer-Tropsch
synthesis products into a stable, transportable syncrude for further processing
into finished products elsewhere.

5. Develop a model of a Battelle gasification/combined-cycle power plant only by
removing those sections of the current model which deal with the Fischer-
Tropsch synthesis. This model should provide a starting point for evaluating the
Battelle biomass gasifier for power applications under various conditions.

6. Investigate other means of sulfur removal from the raw syngas produced by the
Battelle gasifier to see if they are more economic.
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Appendix A

Input File Listing
of the
ASPEN Plus Process Flowsheet Simulation
Model of the Battelle Biomass-Based Gasification,

Fischer-Tropsch Liguefaction and Combined-Cycle Plant



; FILE NREL3.INP - Renuabl e Energy Gasifier Coproduction Plant.
1I'I TLE ' NREL3. I NP - Renuabl e Energy Gasifier Coproduction Pl ant'

DESCR PTI ON &
"TH S ASPEN PLUS I NPUT FI LE, SI MLLATES BATTELLE S RENUABLE ENERGY
GAS| FI ER PROCESSI NG MAPLE WOOD CH PS COUPLED W TH A ONCE THROUGH
FI SCHER- TROPSCH SYNTHESI S PLANT, A FULL PRCDUCT UPGRADI NG AREA,
AND A PONER COPRCDUCTI ON PLANT.  TH S MCDEL WAS DEVELCPED FOR
THE DCE UNDER DCE CONTRACT NUMBER DE- AC22- 93PC91029, REFINING AND
END USE STUDY OF COAL LIQUDS. PORTIONS WERE ORI G NALLY DEVELCPED
UNDER DE- AC22- 91PC90027, BASELI NE DESI GV ECONOM CS FOR ADVANCED
FI SCHER- TROPSCH TECHNOLOGY. THESE ARE BECHTEL JOBS 22439 AND 21655,
RESPECTI VELY. "

Fi nal Version - Novenber 6, 1997 - For issue to DCE.
Last Revised - Qct 31, 1997 - To set the paraneters for the
conbi ned- cycl e power plant based on the GateCycl e simulation.

; This model sinulates a Battelle gasifier processing maple

; wood chi ps with the associ ated wood drying plant and gasifier
; outl et quench systemfollowed by an iron-based Fi scher-Tropsch
; pl ant and a product upgradi ng area.

0 Block P116S3 controls the split of the cool ed syngas between the
Fi scher-Tropsch synthesis section and the conbi ned-cycl e power
section. Nornal fraction of stream 116S8 value is 0.0 (all syngas
to F-T), but nmaximumvalue is 0.9995 at base fl ow rate because
hi gher val ues causes ASPEN to have cal cul ati on probl ens.

IN-UN TS ENG
DI AGNCSTI CS
H STORY PROP- LEVEL=2
RUN- CONTRCL  MAX- TI ME=5000 MAX- ERRORS=500
; In ASPEN PLUS Trace=yes prints FORTRAN tracebacks in Hstory file
SYS- CPTI ONS TRACE=YES

Physi cal Property Data

Use t he Peng- Robi nson Equation-of-state with the Rackett equation for
[iquid density.
PRCPERTI ES PENG ROB  G_OBAL

Conponent s

C30WAX is the C30 and heavier F-T wax.

;PG DEF API-METH C30WAX NBP=1128.3 API=36.42 MA742.6992
; Adjust the C30WAX (C30+ wax) boiling point to get a better
; approxinmation of the flash characteristics of the C30WAX by
; subtracting 154 degrees fromthe boiling point calculated in
; subroutine USRM21 of the Pl ant 201 nodel. C201CP thru C29CP
; and the wax are 70 nole %ol efins.
PC DEF APl - METH C30WAX NBP=974.3  API=36.42 MA742.6992
PC DEF APl - METH Q21CP NBP=672.2 APl =45.24 MA295. 1675
PC DEF APl - METH C22CP NBP=694.2 APl =44.68 MA£309. 1943
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PG DEF APl - METH Q3CP  NBP=715.
PG DEF APl - METH Q40P  NBP=735.
PG DEF APl - METH Q5CP  NBP=754.
PG DEF APl - METH Q6CP  NBP=773.
PG DEF APl -METH Q7CP  NBP=791.
PG DEF APl - METH Q8CP  NBP=808.
PG DEF APl - METH Q9CP  NBP=825.

APl =44, 23 MAE323. 2211
APl =43. 83 MAE337. 2479
APl =43. 45 MAE351. 2747
APl =43. 07 MA£365. 3015
APl =42. 69 MAE379. 3283
APl =42. 42 MAE393. 3351
APl =41. 87 MA407. 3891

oMW

; PURECOWP i s the D PPR dat a bank.
DATABANKS PURECOWP

COPONENTS 2 2 /f 2 N2/ @@ @2/ RS H2S/ COCO/ C2 O /H20 20 &
NH3 HBN/ HCL HCL / CC# / HON N/ SULFUR SULFUR / &
C5Cs/ G4 G4/ QH4 @2H4 | @2H6 @2He /| C3H6 C3HB-2 /1 &
C3H8 C3H8 / I CAH8 C4H8-5 / NCAHB CAHB-1 / | CAH10 C4HL10-2 / &
NCAHLO C4H10-1 / C5HIO0 C5HL0-2 / NCBH12 C5H12-1 / &
| G5H12 CoH12-2 / OBHL2 G6HL2-3 / NC6H14 CoH14-1 / &
| G6H14 C6H14-2 / C7H14 CrH14-7 / C7H1I6 C7/H16-1 / &
C8H16 C8H16-16 / C8H18 C8H18-1 / COHL8 COH18-3 / &
COH20 COH20-1 / C10H20 Cl10H20-5 / ClOH22 C10H22-1 / &

Cl1H22 Cl1H22-2 / Cl1H24 Cl1H24 / Cl2H4 Cl2H4-2 | &
Cl2H26 Cl2H26 / C13H26 Cl13H26-2 / C13H28 C13H28 / &
Cl4H28 Cl4H28-2 / Cl4H30 Cl4H30 / C15H30 C15H30-2 / &
Cl5H32 C15H32 / C16H32 Cl6H32-2 / Cl6H34 Cl6H34 / &
Cl7H34 Cl7H34-D1 / Cl7H36 Cl7H36 / C18H36 Cl18H36-1 / &
Cl8H38 C18H38 / C19H38 Cl19H38-D1 / C19H40 C19H40 / &
C20H40 C20H40-D1 / C20H42 C20H42 /| &
ALKYLATE C8H18-13 / | SOVERAT C6H14-4 / REFCRVAT C6H14-4 / &
C7- 300HC C9H20-1 / 3-350HC C11H24 / 350-5HC CL3H28 / &
500+HC C19H40 / &
C7- 300HT C9H20-1 / 3-350HT Cl1H24 / 350-5HT CL3H28 / &
500+HT Cl9H40 / &
; kygenates (Approxi mate as ethanol and 1-pentanol and change sone
;  properties, as required.
OXVAP C2H6O 2 /| OXHC G5H120-1 /| OXH2O Q2H6O- 2 /| &
; Napht henes
C5N C5H10-1 / O6N G6H12-1 / C7N CrH14-6 / C8N C8H16-8 / &
CON C9H18-1 / CION CLOH20-1 / &
Aromati cs
Cl10AP represents the Cl0 plus aromatics. ClOA (n-butyl -benzene)
will be used to represent this conpound with sone physi cal
properties properties changed to n-pentyl - benzene.
C6A C6H6 / CrA C7THB / CBA C8H10-1 / C9A COH12-1 / &
CLOAP ClOH14-1 /
;  Pseudoconponent s
Q1CP | Q20P /| Q3CP /| 4CP | @5CP 1 @60P /1 &
Q7CP | Q80P / C9CP / C30WAX / &
;  Non-conventional conponents
WD / SLAG/ CHAR

PRCP- DATA
IN-UNLTS SI

Load sone heat of formation val ues cal cul ated from D PPR data for
the CQ1CP - Q9CP ol efin/paraffins (70 nmol e% ol efi ns) the C30WAX,
and ot her |unped conponents. The Q1CP thru C30WAX val ues were
calculated fromprelimnary APl TDB data on 3/27/95 in the

spr eadsheect COWPSC. XLS.

PRCP- LI ST DHFCRM / DGFORM  ; in Joul es/ Kg-nol e

PVAL CQ21CP - 3. 909E+8 / 1. 831E+8

A-3



PVAL Q2CP -4. 129E+8 / 1. 912E+8
PVAL Q3CP -4. 352E+8 / 1. 982E+8
PVAL CQ4CP -4.581E+8 / 2. 061E+8
PVAL C25CP -5. 051E+8 / 2. 127E+8
PVAL CQ6CP -5. 293E+8 / 2. 204E+8
PVAL Q7CP -5. 540E+8 / 2. 273E+8
PVAL CQ8CP -5. 791E+8 / 2. 341E+8
PVAL Q9CP -6. 047E+8 / 2. 407E+8
PVAL C30WAX -1. 217E+9 / 4. 082E+8
PVAL OXVAP -2. 7T27E+8 [/ -1.948E+8
PVAL OXHC - 3. 182E+8 [/ -1.555E+8
PVAL OXH20 - 2. 393E+8 /[ -1.710E+8
PVAL C10AP -3.3810E+7 / 1.5358E+8

Reset the nol ecul ar weights to be consistent with the foll ow ng
el enental atom c weights used in Version 8 (of ASPEN SP).
H=1. 0079, C=12.011, 0O=15.9994, N=14.0067, S=32.06 and O =35. 453.

Set the specific gravities of the foll owi ng conponents to those
given in the APl Technical Data Book - Petrol eum Refining.
For ASPEN PLUS, the values for SG were converted to nolar standard
vol unme by the formula: VLSTD = MW (1000. * SGQ

SG

PRCP- LI ST MV [ WLSTD [/

PVAL H2 2. 0158 /[ .006719 [/ .3
PVAL N2 28. 0134 /[ .03461 |/ .8094
PVAL 2 31. 9988 /[ .02804 /| 1.1412
PVAL H2S 34. 0758 [/ .04252 | .8014
PVAL CO 28. 0104 /[ .093368 / .3
PVAL C2 44. 0098 /[ .053802 / .818
PVAL H20O 18. 0152 / * / *
PVAL NH3 17. 0304 / * / *
PVAL HCL 36. 4609 / * / *
PVAL C 12. 011 / * / *
PVAL HCN 27. 0256 / * / *
PVAL COS 60. 0704 / .058893 / 1.02
PVAL G4 16. 0426 / * / *
PVAL CH4 28. 0536 [ .077927 | .36
PVAL CH6 30. 0694 / * / *
PVAL C3H6 42. 0804 /[ .080769 [/ .521
PVAL C3H8 44.0962 / * / *
PVAL | CAH8 56. 1072 /[ .09331 / .6013
PVAL NCAHS 56. 1072 [/ .093434 |/ .6005
PVAL | C4H10 58. 1230 / * / *
PVAL NC4HL10 58. 1230 / * / *
PVAL C5H10 70. 1340 / * / *
PVAL NC5H12 72.1498 / * / *
PVAL | C5H12 72.1498 / * / *
PVAL CoH12 84. 1608 / * / *
PVAL NCo6H14 86. 1766 / * / *
PVAL | CoH14 86. 1766 / * / *
PVAL C7H14 98. 1876 [ .139968 / 7015
PVAL C7HL6 100. 2034 / .145602 / 6882
PVAL C8H16 112. 2144 |/ .156005 / 7193
PVAL C8H18 114.2302 / .16157 [ .707
PVAL COH18 126.2412 |/ .172085 / 7336
PVAL COH20 128.2570 |/ .177666 [/ 7219
PVAL C10H20 140.2680 / .188355 / 7447
PVAL Cl10H22 142.2838 |/ .193794 |/ 7342
PVAL Cl1H22 154.2948 | .204608 / 7541
PVAL Cl1H24 156. 3106 / .209954 / 7445
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PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL

Set the OXHC MNto the val ue cal cul ate

PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL

Load

OXHC

OXHC
OXH20
ALKYLATE
| SOVERAT
REFCRVAT
C7- 300HC
3- 350HC
350-5HC
500+HC
C7- 300HT
3- 350HT
350- 5HT
500+HT

the liquid sul fur (SULFUR) physical

168. 3216
170. 3374
182. 3484
184. 3642
196. 3752
198. 3910
210. 4020
212.4178
224. 4288
226. 4446
238. 4556
240. 4714
252. 4824
254. 4982
266. 5092
268. 5250
280. 5360
282.5518
70. 1340

84. 1608

98. 1876

112. 2144
126. 2412
140. 2680
78.1134

92. 1402

106. 1670
120. 1938
148. 2474
50. 92108
89. 41356

86. 23993
45. 55642
114. 2302
81. 45
106. 17
128. 26
156. 31
184. 36
268. 52
128. 26
156. 31
184. 36
268. 52

~N NN NN NN NN NN NN NN NN NN NN N N N N N N N~~~

/

/

/
/
/
/
/
/
/
/
/
/
/
/

. 220605
. 226302
. 236847
. 242043
. 25342

. 259912
. 269677
. 275081
. 286006
. 291359
. 301843
. 308415
. 31867

. 325445
. 334895
. 341244
. 351505
. 356622
. 092245
. 107416
. 126726
. 141667
. 158177
. 174593
. 088474
. 105387
. 121417
. 138424
. 171801
. 064539
110387

. 106469
. 057739
. 160436
. 124732
. 137526
. 177645
. 209812
. 24194
. 34119
. 182187
. 212956
. 24194
. 34119

L N N .

/

. 763

. 71527
. 7699
. 7617
. 7749
. 7633
. 7802
L7722
. 7847
L7772
.79
L7797
. 7923
. 782

. 7958
. 7869 ;api
. 7981 ; 45.80
. 7923 ; 47.10
. 78603
. 7835
. 7748
. 7921
. 7981
. 8034
. 8829
. 8743
. 8744
. 8683
. 8629
. 789
.81

d by the Plant 201 nodel, and
use that val ue when cal cul ati ng the VLSTD val ue.

/
/
/
/
/
/
/
/
/
/
/
/
/

.81

. 789
. 712
. 653
L772
. 722
. 745
. 762
. 787
. 704
. 734
. 762
. 787

properties as taken from

D PPR - MNadjusted to be consistent with ASPEN
PRCP- LI ST

PVAL

SULFUR

PRCP- LI ST

PVAL

SULFUR

PRCP- LI ST

PVAL

SULFUR

PRCP- LI ST

PVAL

SULFUR

MN /

MJP /

0.0 / 0.2624 /

DEXORY

TC

/

/ PC
32.06 / 1313.0 / 1.8208E+7 / 0.15800 / 0.2640
OVEGA / B

DHFCRM

2. 3825E+8 / 2. 7880E+8

CPl G
2. 5639E+4

717. 82

/ vC |/ ZC

-7.9870 4.7860E-3 -9.5700E-7 0.0 0.0 &
273.15 1500.0 0.0 87.113 1.0

Load sone remai ning properties for CLOAP (the Cl0 and heavier
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; aromatics from D PPR

PRCP- LI ST TC / PC / VC / ZC
PVAL C10AP 679.9 /| 2.6040E+6 / 0. 5500 / 0.2530
PRCP- LI ST OVEGA / B

PVAL C10AP 0.4378 / 478. 6

PRCP- LI ST CPl G

PVAL C10AP 155572.9 -899.678 6.0311757 -0. 0109494 8. 82107D-6 &
-2.68786D-9 230.0 1000.0 0.0 684.474666 1.0

Conmponent s i n the dat abanks have the atom c nunber and type of
atons stored in the data bases. Load values for the non-data
bank (conventional) conponents and overide those for the
oxygenates. The C30WAX has a MNof 742.699 and is 84.9419
wt % car bon, 14.3372 wt % hydrogen, and 0. 7209 wt % oxygen. The
ol efin/paraffin pseudoconponents are 70 nol e% ol ef i ns.

PRCP- LI ST ATOMNO / NOATGM

PVAL C30WAX 6 18 / 52.524 105.648 0.335
PVAL OXVAP 618 / 2.43 5.69 1.00
PVAL OXHC 618 / 4.78 11.14 1.10
PVAL OXH20 618 / 1.95 5.77 1.02
PVAL Q1CP 618 [/ 21 42.6 O
PVAL Q2CP 618 [/ 22 4.6 O
PVAL Q3CP 618 / 23 46.6 O
PVAL CQ4CP 618 [/ 24 48.6 O
PVAL C25CP 618 [/ 25 50.6 O
PVAL CQ6CP 618 / 26 52.6 O
PVAL Q7CP 618 [/ 27 54.6 O
PVAL CQ8CP 618 / 28 56.6 O
PVAL Q9CP 618 [/ 29 58.6 O

NG- COMPS WOOD PROXANAL ULTANAL SULFANAL
NG COWPS SLAG PROXANAL ULTANAL SULFANAL
NG COWPS CHAR PROXANAL ULTANAL SULFANAL

NG- PRCPS WOOD ENTHALPY HCOALGEN /DENSITY  DCQALI GI
NG PROPS SLAG ENTHALPY HOOALGEN /DENSITY  DCHAR GT
NG PRCPS CHAR ENTHALPY HCOALGEN /DENSITY  DCHARI GI

DEF- STREAMS OONVEN ALL /

M XNC WETWOOD 115S1 115S2 115S3 11584 &
116S11 116S12 SLAG H20OTOL16 116S1 116S2 116S3 1164 &
116S4A 116S4B 116S5 116S6 100WATER /

HEAT 113QL 116QL 116Q2

Fl owsheet

Area 100 - Syngas Preparation Area

FLONSHEET A100

Bl ock P115F is the user Fortran bl ock nodel for the Wod Drying Plant.
Stream VETWODCD is the inlet wet wood chip stream

; Stream 115S1 is the dried wood stream
; Stream 11582 is the mddlings stream
; Stream 115S3 is the refuse stream
; Stream 1154 is the renoved water stream
BLOCK P115F IN = WETWOCOD QUT = 11581 11552 115S3 1154



Bl ock P116D is the user Fortran bl ock nodel for the start of the
equi l i briumnodel for Plant 116, the Batelle Gasification Pl ant.
Thi s bl ock deconposes the wood to conventional components and
produces the char product stream

Stream 115S1 is the dried mapl e wood chip feed stream

Stream 116S1 is the intermedi ate deconposed (pseudo gaseous)
wood chip stream

Stream 116S11  is the solids (char) product streamleaving the

gasifier, part of which is consumred in the
gasi fier conbustor section, and part of which is
the solids waste stream

BLOCK P116D IN = 115S1 QUT = 116S1 116S11

Bl ock P116S2 produces the solids waste stream (slag) and a char
streamwhich is burned in the conbustor. This block sets the
correct waste solids streamflow rate, but does not set the
correct conpositional analysis of this SLAG stream

Stream 116S11 is the char streamthat is burned in the
conbust or section of the gasifier.

St ream SLAG is the solids waste product slag stream

BLOCK P116S2 |IN = 116S11 QUT = 116S12 SLAG

Bl ock P116Mis a mxer to mx the gasified deconposed wood chip
streamwith the other gasifier feed streans.
Stream H2OTOL16 is the steamfeed streamto the gasifier.
Stream 116S2 is the mxed total gasifier overhead stream
BLOCK P116M IN = 116S1 H2OTOL16 QUT = 116S2

Bl ocks P116R1 and P116R2 are two RSTA CH reactors which nodel the
yi el ds produced by the Battelle gasifier as given in the Mtretek
Report MP 96WD000065, January 1996. The tar is represented by a
m xture of benzene and C10H20. An RA BBS equilibriumreactor nodel
could not be adjusted to natch the gasifier yields.

Bl ock P116Rl is the first-stage carbon burner reactor which converts
sonme of the pseudo C (carbon) to CO G2, methane, ethylene and
tar CLOH20) to match the adjusted Mtretek yields.

Stream 116S3 is the first-stage reactor outlet stream

BLOCK P116RL IN = 116S2 QUT = 116S3

Bl ock P116R2 is the second-stage reactor which converts the
remai ni ng oxygen to water.

Stream 1164 is the hot second-stage reactor outlet stream

BLOCK P116R2 |IN = 116S3 Qur = 1164

Bl ock P116HL is the first-stage Battelle gasifier effluent cooler
whi ch cools the gas to 800 F producing 990 psia, 750 F steam
Stream 1164A is the effluent gas cooled to 800 F.

BLOCK P116HL [N = 1164 QUT = 116S4A 116QL

Bl ock P116H2 is the second-stage Battelle gasifier effluent cooler
whi ch cools the gas to 580 F producing 530 F steam
Stream 1164B is the effluent gas cooled to 590 F.

BLOCK P116H2 [IN = 116$4A QUT = 1164B 116Qx

Bl ock P116Sl1 is the water quench section which washes and cool s
hot syngas stream This splitter block ignores the quench water.
Stream 1164B i s the cool ed second-stage reactor outlet stream
Stream 116S5 is the cool ed and condensed waste water stream
Stream 116S6 is the cool ed and washed syngas stream

BLOCK P116S1 IN = 1164B QUT = 116S5 116S6



Bl ock P116Cl changes the streamclass of the syngas stream | eavi ng
Plant 116 to an ASPEN stream of stream cl ass CONVEN
Stream 116S6 is the cool ed and washed syngas stream (class M XNC).
Stream 116S7 is the cool ed and washed syngas stream (cl ass CONVEN).
BLOCK P116ClL IN = 116S6 Qur = 116S7

Bl ock P116S3 splits the cool ed and washed syngas streaminto a
streamgoing to F-T liquefaction and a fuel gas stream
Stream 116S7 is the cool ed and washed syngas stream (cl ass CONVEN).
Stream 116S8 is the syngas streamgoing to fuel gas.
Stream 116S9 is the syngas streamgoing to F-T synthesis.
BLOCK P116S3 |IN = 116S7 QUT = 116S8 116S9

Bl ock P117F is the user FORTRAN bl ock nodel for the cost and
utilities of the F-T syngas conpression plant.
Stream 116S9 is the syngas streamgoing to F-T synthesis.
Stream 117S1 is the identical cool |ow pressure syngas stream
BLOCK P117F IN = 11639 aur = 117s1

Bl ock P117Cl conpresses the washed syngas to F-T synthesis pressure.
Stream 117S1 is the | ow pressure syngas stream
Stream 117S2 is the conpressed syngas stream
Streans KOL, K2, KO3 AND KX are water knock out streans.

BLOCK P117ClL IN = 117S1 QUT = 117S2 KOL K2 KB K&

Bl ock P118F is the user FORTRAN bl ock nodel for the cost and
utilities of the conbined-cycl e syngas conpression pl ant.
Stream 116S8 is the syngas streamgoing to the conbi ned-cycle

power plant.
Stream 118S1 is the identical cool |ow pressure syngas stream

BLOCK P118F IN = 116S8 Qur = 118S1

Bl ock P118Cl conpresses the washed syngas to the conbi ned-cycl e
power plant.

Stream 118S1 is the | ow pressure syngas stream

Stream 118S2 is the conpressed syngas stream

Streans Kb, KOG, and KO7 are water knock out streans.
BLOCK P118ClL IN = 118S1 QUT = 118S2 Kb KO KO7

Bl ock P108F is the user Fortran bl ock nodel for Plant 108, the

Sul fur Polishing Plant, for the utilities and cost cal cul ati ons.
Stream 117S2 is the conpressed syngas streamfromPlant 117.
Stream 108S1 is an internal streamwhich is the sanme as the

conpressed syngas streamfromPlant 117.

Bl ock P108S is the separator block for the Plant 108, the Sul fur

Pol i shing Plant, which simulates the separation in the ZnO beds by

generating a waste stream containing the sorbed naterial.
Stream 108S2 is the sweet (polished) syngas outl et stream
Stream 108S3 is the waste naterial (OOS and H2S) sorbed on the

Zn0O beds.
BLOCK P108F IN = 11732 QUT = 108S1
BLOCK P108S IN = 108S1 QUT = 108S3 108S2

Bl ock P113Sl1 splits off some of the conpressed Battell e syngas
after sulfur renoval in Plant 108 to go to Plant 113 for hydrogen
production with the remainder going to the F-T synthesis plant.
Stream 108S2 is the sweet (polished) syngas outl et stream
Stream 113S1 is the conpressed Battel e syngas streamgoing to
Plant 113 for hydrogen production.
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Stream 113S2 is the remai ni ng conpressed Battel e syngas stream
going to the F-T synthesis plant, Plant 201.
BLOCK P113S1 I N = 108S2 QUT = 113S1 11382

Bl ock P113HL heats the conpressed Battelle gasifier syngas stream
to the shift reactor inlet tenperature.
Stream 113S1 is the conpressed Battel e syngas streamgoing to
Plant 113 for hydrogen production.
Stream H2OTOL13 is the water (steam) feed stream
Stream 113S3 is the heated syngas gas feed streamgoing to
the COshift reactor of Pl ant 113.
BLOCK P113HL |IN = 113S1 H2O0TOL13 QUT = 113S3

Bl ock P113R is the REQU L equilibriumreactor nodel for the CO
shift reactor of P ant 113.
Stream 113S3 is the heated syngas gas feed streamgoing to
the COshift reactor of Pl ant 113.
Stream 1134 is the COshift reactor vapor effluent stream
Stream 113S5 is the COshift reactor liquid effluent stream
BLOCK P113R IN = 113S3 QUT = 11334 113S5 113Q1

Cool the shift reactor effluent to 100 F in 3 steps.
Step 1 to make 360 psig steamat 440 F - Cool to 480 F
Step 2 - Air cool to 150 F - (preheat BFWhere al so?)
Step 3 - Water cool to 100 F and fl ash

Bl ock P113H2 cools the CO shift reactor effluent to 480 F.
BLOCK P113H2 [N = 1134 QUT = 113S6

Bl ock P113H3 cools the reactor effluent to 150 F.
BLOCK P113H3 IN = 113S6 Qur = 113S7

Bl ock P113S2 simul taneously cools the shift reactor effluent

effluent streamto 100 F with cooling water and separates it

into a vapor and condensate (nostly water) stream
Stream 113S7 is the partially cooled shift reactor effluent stream
Stream 113S8 is the cooled GO shift reactor effluent vapor stream
Stream 113S9 is the cooled GO shift reactor effluent |iquid stream

BLOCK P113S2 IN = 113S7 QUT = 113S8 1139

Bl ock P113F is the Fortran user block for Plant 113 which
calculates the utilities consunptions and plant cost.
Stream 113S8 is the reheated CO reactor effluent vapor stream
Stream 113S9 is the reheated CO reactor effluent vapor stream
leaving P113F. It is identical to stream 113S8.
BLOCK P113F IN = 113S8 QUT = 113S10

CGeneral Area 100 output mxer for the waste water.
BLOCK A100ML | N=113S9 116S5 KOL K2 KB KO4 Kb K6 KO7 KB &
OUT=100WATER

Area 200 - Fischer-Tropsch Synthesis Area

FLOWSHEET A200

Plants 201 - The F-T reactor and product separation facilities.

BLOCK P201ML | N=113S2 H2OTQ201 QUT=201S3

BLOCK P201F I N=201S3 Qur=201521

BLOCK P201S1 | N=201S21 QUT=201%4 201S31
BLOCK P201HL | N=2014 QuT=201522



B

BLOCK P201S2 | N=201S22 QUT=201S6 201S23

BLOCK P201S3 | N=201S23 QUT=2015S24 201S10 201S25
BLOCK P201$4 |1 N=201S24 QUT=201S11 201S9

BLOCK P201H2 |1 N=201S31 QUT=201S32

BLOCK P201S5 | N=201S32 QUT=201S33 201S34

BLOCK P201H3 | N=201S33 QUT=201S35

BLOCK P201S6 | N=201S35 QUT=201S7 201S36 201S37
BLOCK P201M2 | N=201S34 201S36 QUT=201S5

Plant 204 - The 'sinpified hydrocarbons recovery plant.

Bl ocks P204M2 and P204S3 simulate the F-T product fractionation.
BLOCK P204M2 | N=201S5 201S10 QUT=204S17

Bl ock P204NF is the Fortran user block for the NREL hydrocarbon
recovery plant. This is NOT the same as the DCE P204F Fortran bl ock.
BLOCK P204NF | N=204S17 QUT=204518

BLOCK P204S3 | N=204S18 QUT=204S21 204S22 204S23 204S24 204S25
Plant 205 - The hydrogen recovery plant.

BLOCK P205ML | N=113S10 304S2 QUT=205S13
BLOCK P205S3 | N=205S13 QUT=205S14 205S15
BLOCK P205F I N=205S15 QUT=205S3

CGeneral Area 200 output mxers for |ow pressure fuel gas and
sour water.

BLOCK A200ML | N=201S7 204S21 205S14 QUT=200FUEL
BLOCK A200M2 | N=201S6 201S9 201S25 204S25 201S37 QUT=200WATER

Area 300 - Product Upgrading Area

LONBSHEET A300

Bl ock P301Mis the feed mxer for Plant 301, the wax hydrocracki ng
pl ant .
Stream 300S1 is the nmakeup hydrogen stream
Stream 204S24 is the wax feed stream
Stream 301S6 is the total feed streamto the wax hydrocracking
pl ant .
Bl ock P301F is the Pl ant 301 wax hydrocracking plant.
Stream 301S6 is the total plant feed stream
Stream 301S1 is the first plant effluent stream the C4 and
l'i ghter gases.
Stream 301S2 is the second plant effluent stream the C5 and (6s.
Stream 301S3 is the third plant effluent stream the Cr7+ gasoline.
Stream 3014 is the fourth plant effluent stream distillate.
Stream 301S5 is the fifth plant effluent stream the sour water.
Plant P302Mis the feed mxer for the distillate hydrotreater.
Stream 204S23 is the liquid feed streamfromthe F-T reactor | oop.
Stream 300S2 is the make-up hydrogen feed stream
Stream 3024 is the total distillate hydrotreater feed stream
Plant P302F is the distillate hydrotreater.
Stream 302S1 is the &G4 and lighter gas product stream
Stream 302S2 is the hydrotreated distillate (diesel) stream
Stream 302S3 is the sour water stream
Plant P303Mis the feed mxer for the naphtha hydrotreater.
Stream 204S22 is the liquid feed streamfromthe F-T reactor | oop.
Stream 300S3 is the make-up hydrogen feed stream
Stream 303S5 is the total naphtha hydrotreater feed stream
Pl ant P303F is the naphtha hydrotreater.
Stream 303S1 is the &4 and |ighter gas product stream
Stream 303S2 is the C5 and C6s stream
Stream 303S3 is the hydrotreated naphtha (gasoline) stream
Stream 3034 is the sour water stream
Bl ock P304Mis the feed mxer for Plant 304, the naphtha reformng

A-10



pl ant .
Stream 301S3 is the naphtha streamfrom Pl ant 301, the wax
hydr ocr acker .
Stream 303S3 is the naphtha streamfrom Pl ant 303, the napht ha
hydrotreater.
Bl ock P304F is the Pl ant 304 naphtha reform ng plant.
Stream 3044 is the total plant feed stream
Stream 304S2 is the first plant effluent stream the C and
l'i ghter gases.

Stream 304S3 is the second plant effluent stream the C3 and C4s.

Stream 304S1 is the third plant effluent stream the refornate.
Bl ock P306Mis the feed mxer for Plant 306, the C5/C6
i soreri zation plant.

Stream 301S2 is the C5/ C6 streamfrom Pl ant 301, the wax

hydr ocr acker .

Stream 303S2 is the C5/ C6 streamfrom Pl ant 303, the napht ha

hydrotreater.

Stream 300S6 i s the make-up hydrogen stream
Bl ock P306F is the Plant 306 C5/C5 isomerization plant.

Stream 306S3 is the total plant feed stream

Stream 306S1 is the first plant effluent stream the C4 and

l'i ghter gases.

Stream 306S2 is the second plant effluent stream the isonerate.
Bl ock A300ML is the gasoline pool product mxer for streans from
Pl ants 304 and 306.

Stream 304S1 is the reformate streamfromthe cat refornmer.

Stream 306S2 is the isonerate streamfromthe C5/C6 i som

Stream GASCLI NE i s the conbi ned gasol i ne product stream
Bl ock A300M2 is the diesel pool product mxer for distillate from
Plants 301 and 302.

Stream 3014 is the distillate streamfromthe wax hydrocracker.

Stream 302S2 is the distillate streamfromthe dist hydrotreater.

Stream D ESEL is the conbi ned di esel product stream

BLOCK P301M I N = 204524 300S1 QJT = 301S6

BLOCK P301F IN = 301S6 QUT = 301S1 301S2 301S3 3014 301S5
BLOCK P302M I N = 204523 300S2 QuT = 3024

BLOCK P302F IN = 302%4 QUT = 302S1 302S2 302S3
BLOCK P303M I N = 204522 300S3 QUT = 303S5

BLOCK P303F I N = 303S5 QUT = 303S1 303S2 303S3 3034
BLOCK P304M I N = 301S3 303S3 QUT = 3044

BLOCK P304F IN = 30434 QUT = 304S2 304S3 304S1
BLOCK P306M I N = 301S2 303S2 300S6 QUT = 306S3

BLOCK P306F I N = 306S3 QUT = 306S1 306S2

CGeneral Area 300 output mxers for the GASCOLI NE bl endi ng conponent,
D ESEL bl endi ng conponent, the total |ow pressure fuel gas from
Areas 200 and 300, and the sour water produced in Area 300.

BLOCK A300ML | N = 304S1 306S2 QUT = GASOLI NE

BLOCK A300M2 I N = 3014 30252 QUT = DI ESEL

BLOCK A300MB | N = 200FUEL 301S1 302S1 303S1 304S3 306S1 &
QUT = 3009

BLOCK A300M4 I N = 301S5 302S3 3034 QUT=300WATER

Bl ock P119F is the user FORTRAN bl ock nodel for the cost and
utilities of the fuel gas conpression plant which conpresses the
| ow pressure fuel gas fromthe F-T synthesis and product upgrading
areas for in-plant use.
Stream 116S8 is the fuel gas streamgoing to in-plant use.
Stream 119S1 is the identical cool |ow pressure fuel gas stream
BLOCK P119F I N = 3009 Qur = 11951
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Bl ock P119Cl conpresses the | ow pressue fuel gas fromthe F-T
synthesi s and product upgrading areas for in-plant use.
Stream 119S1 is the | ow pressure fuel gas stream
Stream 119S2 is the conpressed fuel gas streamfor in-plant use.
Streans KB is a water knock out stream

BLOCK P119Cl IN = 119S1 QUT = 119S2 KO8

Final Cal cul ati ons:

Bl ock AMOOML cal cul ates the total fuel gas production all areas.
BLOCK AA00ML | N=118S2 119S2 201S11 QUT=FUEL- GAS

St reans

NOTE: The PROXANAL vector contains a four conponent ' proxinate'
anal ysi s consisting of:
1. Misture 2. Fixed Carbon 3. Volatiles 4. Ash
The ULTANAL vector contains a seven conponent 'ultimate'
anal ysis (on a noisture-free basis) consisting of:
1. Ash 2. Carbon 3.  Hydrogen 4. N trogen
5. Chlorine 6. Sulfur 7. xygen
The SULFANAL vector contains a three conponent sul fur type
anal ysi s consisting of:
1. Pyritic 2. Sulfatic 3. Oganic

SET the conposition and flow rate of the wet wood chip stream

STREAM WETWOCD

SUBSTREAM M XED TEMP = 72.0 PRES

14.7
MASS- FLONV H2O  112058.

SUBSTREAM NC TEMP = 72.0 PRES = 14.7

MASS- FLON WDOD 183750. / SLAG 1.0E-12 / CHAR 1.0E-12
Set the properties of the dried mapl e wood chi ps from " Techno-
Econom ¢ Assessment of Bi omass Gasifivation Technol ogi es for
Fuel s and Power", Mtretek Report MP96WO00065, Jan. 1996.
ASSUME a PROXANAL and SULFANAL anal ysi s.
COWP- ATTR WOOD  PROXANAL (0.0 29.5 70.0 0.5) /
ULTANAL (0.50 49.54 6.11 0.10 0.0 0.02 43.73) /
SULFANAL (0.0 0.0 0.02)
Fake the SLAG properties.
COWP- ATTR SLAG PROXANAL (0.0 96.75 0.0 3.25) /
ULTANAL (3.25 89.20 7.48 0.0 0.0 0.07 0.0) /
SULFANAL (0.0 0.0 0.07)
Set the average properties of the CHAR based on that in major CHAR
streamand that entrained in the vapor.
COWP- ATTR CHAR PROXANAL (0.0 96.75 0.0 3.
ULTANAL (3.25 89.20 7.48
SULFANAL (0.0 0.0 0.07)

25) /

0.0 0.0 0.07 0.0) /
INNTIAL GUESS for the total water (steam) flowto the CO shift
reactor of Pl ant 113.

STREAM H20TC113

SUBSTREAM M XED TEMP = 440.0 PRES = 375.0
MOLE- FLONV H20 400. 0

INNTIAL GUESS for the flowrate of the steamstreamto Plant 116,
the wood gasification plant. Fortran bl ock SETUP116 sets the
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; required streamflowrate to Plant 116 as a function of the dry
; (moisture-free) wood feed rate.
STREAM H20TCOL16
SUBSTREAM M XED TEMP = 600.0 PRES = 500. 0
MASS- FLONV H20O 100. 0

; INITIAL GUESS for stream H2OTQ201 - The steamto the F-T reactor.
; Oiteria: Keep FT reactor syngas conversion to 82%
; (i.e., GO+ H2 conversion on nol e basis)
STREAM H20TCR01
SUBSTREAM M XED TEMP=240. 0 <F> PRES=325.0
MOLE- FLON H20 317.0
; INNTIAL GUESS for the H2 make-up to P301, the wax hydrocracker.
STREAM 300S1
SUBSTREAM M XED TEMP = 100.0 PRES = 120.0
MASS- FLOWV H2 128.0
; INNTIAL GUESS for the H2 make-up to P302, the distillate hydrotreater.
STREAM 300S2
SUBSTREAM M XED TEMP = 100. 0 PRES = 600. 0
MASS- FLOWV H2 24.0
; INNTIAL GUESS for the H2 make-up to P303, the naphtha hydrotreater.
STREAM 300S3
SUBSTREAM M XED TEMP = 100. 0 PRES = 600. 0
MASS- FLOWV H2 35.
; INNTIAL GUESS for the H2 make-up to P306, the C5/C6 isonerization
; plant.
STREAM 300S6
SUBSTREAM M XED TEMP = 100. 0 PRES = 100. 0
MASS- FLONV H2 2.0
; INNTIAL GUESS for stream 304S2 - The hydrogen rich gas from Pl ant
; 304, the naphtha reforner.
STREAM 304S2
SUBSTREAM M XED TEMP=100. <F> PRES=100.
MOLEFLOV H2 64.1 / C# 2.1 / QH 3.1

FORTRAN Bl ocks

FORTRAN bl ock to set the correct water (stean), flowrate to the
CO Shift reactor of Plant 113 as a function of the entering QO fl ow
FORTRAN SETUP113
DEFI NE GCO MOLE- FLON  STREAME113S1 COVPONENT=CO
DEFI NE GO N MOLE- FLOWV  STREAMF113S1 COVPONENT=H20
DEFI NE GO MOLE-FLON STREAMEH20TOL13  COVPONENT=H20
FORTRAN bl ock to set the correct water (stean) flowrate to the
CO shift reactor in Plant 113 to obtain a given RO GO ratio
entering the CO shift reactor.
Set the desired INLET water to COratio.
RATIO = 7.0
Find the required noles of water for this inlet COrate.
X = RATIO * GO
Set the required nake-up steamrate.
GO =X - GRAN
IF ( GRO.LE 0.0D0 ) GH0 = 0. 0001

TTOTOTOOOO0
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; FORTRAN bl ock to set the steamflowrate to the Battelle gasifier

; as a function of the dry (noisture-free) wood flow rate.

FORTRAN SETUP116
DEFI NE WOCDFD NASS- FLON STREAME115S1 SUBSTREAMENC  COVPONENT=WOCD
DEFI NE STML16 STREAM VAR STREAMEH2OTOL16 VAR=NASSFLOWN

C FORTRAN bl ock to set the steamflowrate to the Battelle gasifier

C as a function of the noisture-free wood fl ow rate.

F STML16 = WOCDFD * 10769. 0D0 / 183750. 0D0

; FORTRAN bl ock to set the make-up steamrate to the F-T reactors in

; Plant 201 as a function of the total nolar inlet GO flowrate.

; NOTE A change in this ratio will require a conpensating change in

; the 360 psi steam consunption for Plant 201.

FORTRAN SETUP201

DEFI NE COA MOLE- FLON STREAME108S2  COVPONENT=CO

DEFI NE HRQA MOLE- FLON STREAME108S2 COVPONENT=H20

DEFI NE STTC?1 STREAM VAR STREAMFH2OTQR01 VAR=MOLEFLOW

FORTRAN bl ock to set the make-up steamrate to the F-T reactors

in Plant 201 based on the total nolar inlet COflowrate.

NOTE: A change in this ratio will require a conpensati ng change
in the 360 psi steam consunption for Plant 201.

STTQ21 = (CQA) * 5405.0 / (92245.25 + 8860. 65)

STTQ21 = (COA) * (11087.4875D0/ 101099. 363D0) - H2QA

IF (STTQ21 .LE. 0.001D0) STTCR1 = 0.001DO0

TTMTOO0O00

FORTRAN bl ock to set the tenperature of flash block P201S1 to be the
sane as that of P201F, the F-T reactor, since block P201S1 sinul ates

the internal

FORTRAN SETUP21A
DEFI NE TS21 STREAM VAR STREAMF201S21  VARI ABLE=TEMP
DEFI NE TP201 BLOCK- VAR BLOCK=P201S1

ToOO0O0O

B

o000

DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE

WAXFD

MASS- FLOV
MASS- FLOV
MASS- FLOWV
MASS- FLOWV
MASS- FLOV
MASS- FLOV
MASS- FLOV
MASS- FLOV
MASS- FLOV
MASS- FLOV
MASS- FLOV
MASS- FLOV
MASS- FLOV

STREAMF204S524
STREAMF204S524
STREAMF204S24
STREAMF204S524
STREAMF204S524
STREAMF204S24
STREAMF204S24
STREAMF204S24
STREAMF204S24
STREAMF204S24
STREAMF204S24
STREAMF204S24
STREAMF204S24

the F-T reactor,
F-T slurry reactor vapor/liquid

F-T slurry reactor vapor/liquid equilibriumcalculations.

SENTENCE=PARAM VAR ABLE=TEMP
FORTRAN bl ock to force the tenperature of flash bl ock P201S1 to
the sanme as that of P201F,
simul ates the internal
equi | i brium cal cul ati ons.
TP201 = TS21

si nce bl ock P201S1

Fortran bl ock SETUP301 sets the nake-up hydrogen flow rate to

Pl ant 301 based on the feed rate of the crackabl e conmponents (OXHC

and the Cl0 and heavi er conponents) in the feed.
ORTRAN SETUP301
COWMMON / USRFT2/ PROP(5, 7)
This Fortran bl ock sets the inlet hydrogen flowrate to
Plant 301 (the wax hydrocracker) based on the feed rate of
t he crackabl e conponents (OXHC and
conponents) in the feed.

the Cl10 and heavi er

COVPONENT=C30WAX
COVPONENT=C29CP
COVPONENT=C28CP
COVPONENT=C27CP
COVPONENT=C26CP
COVPONENT=C25CP
COVPONENT=C24CP
COVPONENT=C23CP
COVPONENT=C22CP
COVWPONENT=C21CP
COMPONENT=C20H42
COMPONENT=C20H40
COMPONENT=C19H40
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DEFI
DEFI
DEFI
DEFI
DEFI
DEFI
DEFI
DEFI
DEFI
DEFI
DEFI
DEFI
DEFI
DEFI
DEFI
DEFI
DEFI
DEFI
DEFI
DEFI
DEFI

NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE

Tot al

HC190
HC18P
HC180
HC17P
HC170
HC16P
HC160
HC15P
HC150
HC14P
HC140
HC13P
HC130
HC12P
HC120
HC11P
HC110
HC10P

MASS- FLOW
MASS- FLOW
MASS- FLOW
MASS- FLOW
MASS- FLOW
MASS- FLOW
MASS- FLOW
MASS- FLOW
MASS- FLOW
MASS- FLOW
MASS- FLOW
MASS- FLOW
MASS- FLOW
MASS- FLOW
MASS- FLOW
MASS- FLOW
MASS- FLOW
MASS- FLOW
HC100 NASS- FLOW
HOXHC INASS- FLOW
H2TGB1 NMASS- FLOW
al |

STREAMF204S24
STREAMF204S24
STREAMF204S24
STREAMF204S24
STREAMF204S24
STREAMF204S24
STREAMF204S24
STREAMF204S24
STREAMF204S24
STREAMF204S24
STREAMF204S24
STREAMF204S24
STREAMF204524
STREAMF204S24
STREAMF204S24
STREAMF204S524
STREAMF204S24
STREAMF204524
STREAMF204S24
STREAMF204524
STREAME300S1

COMPONENT=C19H38
COMPONENT=C18H38
COMPONENT=C18H36
COMPONENT=C17H36
COMPONENT=C17H34
COMPONENT=C16H34
COMPONENT=C16H32
COMPONENT=C15H32
COMPONENT=C15H30
COMPONENT=C14H30
COMPONENT=C14H28
COMPONENT=C13H28
COMPONENT=C13H26
COMPONENT=C12H26
COMPONENT=C12H24
COVPONENT=C11H24
COVPONENT=C11H22
COMPONENT=C10H22
COMPONENT=C10H20
COVPONENT=0XHC
COMPONENT=H2

the crackabl e conponents in the feed.

CC = WAXFD + HC29 + HC28 + HC27 + HZX26 + HC25 + HCX24 + HC23
1 + HC2 + HCR21 + HCR20P + HC200 + HC19P + HC190 + HCl18P

2 + HC180 + HC17P + HC170 + HCl6P + HC160 + HC15P + HC150

3 + HCl4P + HC140 + HC13P + HC130 + HC12P + HC120 + HC11P

4 + HC110 + HC1OP + HC100 + HOXHC

H2T1 = 0.0135 * CC

MMM O

; Fortran bl ock SETUP302 sets the make-up hydrogen rate to Plant 302
; based on the liquid feed rate.
FORTRAN SETUP302
DEFI NE FDDI ST STREAM VAR STREAME204S23  VAR=MASS- FLOW
DEFI NE H2TCB2 MASS-FLON  STREAME300S2  COVPONENT=H2
C This Fortran bl ock sets the inlet hydrogen flowrate to Pl ant 302
C (the distillate hydrotreater) based on the liquid feed rate.
C Set the make-up hydrogen rate.
F H2TGB2 = FDDI ST * 724.0D0 / 91905. 000

; Fortran bl ock SETUP303 sets the nmake-up hydrogen rate to Plant 303
; based on the liquid feed rate.
FORTRAN SETUP303
C This Fortran bl ock sets the inlet hydrogen flowrate to Pl ant 303
C (the naphtha hydrotreater) based on the liquid feed rate.
DEFI NE FDNAP  STREAM VAR STREAME204S22  VAR=NMASS- FLOW
DEFI NE H2TGB3 MASS-FLON  STREAME300S3  COVPONENT=H2
C Set the make-up hydrogen rate.
F H2TOB3 = FDNAP * 1466.0D0 / 98696. 000

;. FORTRAN bl ock to set the flowrate of the H2 inlet streamto Pl ant
; 306 (stream 300S6) based on the total C5 and G6 paraffin feed rate
;in streans 301S2 and 303S2.

FORTRAN SETUP306

DEFI NE X5N
DEFI NE X5
DEFI NE X6N
DEFI NE X6l
DEFI NE Y5N
DEFI NE Y5I
DEFI NE Y6N

MASS- FLOWV
MASS- FLOWV
MASS- FLOWV
MASS- FLOWV
MASS- FLOWV
MASS- FLOWV
MASS- FLOWV

STREAME301S2
STREAME301S2
STREAME301S2
STREAME301S2
STREAM=303S2
STREAM=303S2
STREAM=303S2

COVPONENT=NC5H12
COVPONENT=| C5H12
COVPONENT=NC6H14
COVPONENT=| C6H14
COVPONENT=NC5H12
COVPONENT=| C5H12
COVPONENT=NC6H14
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DEFI NE Y6l NMASS- FLON STREAME303S2  COVPONENT=Il C5H14
DEFI NE H2TCB6 NMASS- FLON STREAM=300S6  COVPONENT=H2
FORTRAN bl ock to set the inlet hydrogen flowrate to Pl ant 306
(the C5/ 6 isomerization plant) based on the total C5 and C6
paraffin flowin the feed streans.
X = X5N + X5I + X6N + X6l + Y5N + Y5 + Y6N + Y6I
H2TGB6 = X * (77.0 / 54035.0 )

TTmOoOO0n

Fortran bl ock to calculate the properties of the gasoline and
di esel fuel products, calculate utilities, and wite the summary
reports.
ORTRAN SUWNREL
COMMON / USRI C1/ PLNTI D(44), UTIL(44,15), CAPCST(44,7), CPCST(44,5)
COMMON / USR03/ FIN(5,4), FQUT(20,4), PGAS, PPVWR
DI MENSI ON DI STR(20), PCOUT(35), VOLQUT(20), WQUT(20)
CHARACTER * 6 PLNTID
See subroutine USRA44 for the definition of the itens in COWON
bl ock /USRI Cl/, and see subroutine USRI S7 for the definition of
the itenms in COWON bl ock /USRCO3/.

B

oOoOo0Ommm

DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE

a3
ac
a4
ac
€\ 03]
GREF
a so
GALK
D1350
D1500
D2350
D2500
REFUSE
FGH2
FG2S
FGCO
FGC1
FGC20
FG22
FGC30
FGC3

MASS- FLOW STREAMEGASCLT NE
MASS- FLOW STREAM=GASCLT NE
MASS- FLOW STREAM=GASCLT NE
MASS- FLOW STREAMEGASCLT NE
MASS- FLOW STREAM=GASCLT NE
MASS- FLOW STREAM=GASCLT NE
MASS- FLOW STREAM=GASCLT NE
MASS- FLOW STREAM=GASCLT NE
MASS- FLOW STREAMEDI ESEL
MASS- FLOW STREAMEDI ESEL
MASS- FLOW STREAMEDI ESEL
MASS- FLOW STREAMEDI ESEL
MASS- FLOW STREAME115S3
MASS- FLOW STREAMEFUEL - GAS
MASS- FLOW STREAMEFUEL - GAS
MASS- FLOW STREAMEFUEL - GAS
MASS- FLOW STREAMEFUEL - GAS
MASS- FLOW STREAMEFUEL - GAS
MASS- FLOW STREAMEFUEL - GAS
MASS- FLOW STREAMEFUEL - GAS
MASS- FLOW STREAMEFUEL - GAS

FG G40 NVASS- FLOW STREAMEFUEL - GAS
FAGNCAO NMVASS- FLOW STREAMEFUEL - GAS

FA
FGNC4
FGEC50
FA G
FGNC5
FG360
FA G
FGNGC6
FGC/O
FGC7

FGEC80
FGC8

FGE290
FG29

MASS- FLOW STREAMEFUEL - GAS
MASS- FLOW STREAMEFUEL - GAS
MASS- FLOW STREAMEFUEL - GAS
MASS- FLOW STREAMEFUEL - GAS
MASS- FLOW STREAMEFUEL - GAS
MASS- FLOW STREAMEFUEL - GAS
MASS- FLOW STREAMEFUEL - GAS
MASS- FLOW STREAMEFUEL - GAS
MASS- FLOW STREAMEFUEL - GAS
MASS- FLOW STREAMEFUEL - GAS
MASS- FLOW STREAMEFUEL - GAS
MASS- FLOW STREAMEFUEL - GAS
MASS- FLOW STREAMEFUEL - GAS
MASS- FLOW STREAMEFUEL - GAS

FGC100 NASS- FLOW STREAMEFUEL - GAS

FGC10

MASS- FLOW STREAMEFUEL - GAS

FGC110 NASS- FLOW STREAMEFUEL - GAS

FCC11

MASS- FLOW STREAMEFUEL - GAS

COMPONENT=C3H8
COMPONENT=I C4H10
COMPONENT=NC4AH10
COMPONENT=I C5H12
COMPONENT=NC5H12
COMPONENT=REFCRVAT
COMPONENT=I SOVERAT
COMPONENT=ALKYLATE
COMPONENT=350- 5HC
COMPONENT=500+HC
COMPONENT=350- 5HT
COMPONENT=500+HT
SUBSTREAMENC  COVPONENT=WDCD
COMPONENT=H2
COMPONENT=H2S
COMPONENT=CO
COMPONENT=CH4
COVPONENT=C2H4
COMPONENT=C2H6
COMPONENT=C3H6
COMPONENT=C3H8
COMPONENT=I C4H8
COMPONENT=NC4H8
COMPONENT=I C4H10
COMPONENT=NC4AH10
COMPONENT=C5H10
COMPONENT=I C5H12
COMPONENT=NC5H12
COMPONENT=C6H12
COMPONENT=I C6H14
COMPONENT=NC6H14
COMPONENT=C7H14
COMPONENT=C7H16
COMPONENT=C8H16
COMPONENT=C8H18
COMPONENT=C9H18
COMPONENT=C9H20
COMPONENT=C10H20
COMPONENT=C10H22
COMPONENT=C11H22
COMPONENT=C11H24
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DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE
DEFI NE

FGC120 NVASS- FLOW STREAMEFUEL - GAS
FGC12 NASS- FLOW STREAMEFUEL- GAS
FGC130 NMASS- FLOW STREAMEFUEL - GAS
FGC13 NASS- FLOW STREAMEFUEL- GAS
FGC140 NASS- FLOW STREAMEFUEL - GAS
FGC1l4 NASS- FLOW STREAMEFUEL- GAS
FGC150 MVASS- FLOW STREAMEFUEL - GAS
FGC15 NASS- FLOW STREAMEFUEL- GAS
FGC160 MASS- FLOW STREAMEFUEL - GAS
FGC16 NASS- FLOW STREAMEFUEL- GAS
FGC170 NMASS- FLOW STREAMEFUEL - GAS
FGC17 NASS- FLOW STREAMEFUEL- GAS
FGC180 NMASS- FLOW STREAMEFUEL - GAS
FGC18 NASS- FLOW STREAMEFUEL- GAS
FGC190 NASS- FLOW STREAMEFUEL - GAS
FGC19 NASS- FLOW STREAMEFUEL- GAS
FGC200 NMASS- FLOW STREAMEFUEL - GAS
FGC20 NASS- FLOW STREAMEFUEL- GAS
FG221 NASS- FLOW STREAMEFUEL- GAS
FG222 NASS- FLOW STREAMEFUEL - GAS
FG223 NASS- FLOW STREAMEFUEL - GAS
FGZ224 NASS- FLOW STREAMEFUEL - GAS
FG225 NASS- FLOW STREAMEFUEL - GAS
FG226 NASS- FLOW STREAMEFUEL- GAS
FG227 NASS- FLOW STREAMEFUEL - GAS
FG228 NASS- FLOW STREAMEFUEL - GAS
FG229 NASS- FLOW STREAMEFUEL - GAS
FGOXV NASS- FLOW STREAMEFUEL - GAS
FGOXHC NMASS- FLOW STREAMEFUEL - GAS
FGMX  NMASS- FLOW STREAMEFUEL - GAS
WOODI N MASS- FLOW STREAMFWETWOCD
SLAG  NASS- FLOW STREAMESLAG
X21S3 STREAM VAR STREAME201S3
X21521 STREAM VAR STREAMF201S21
X20100 MOLE- FLOW STREAME201S3
X201W MOLE- FLOW STREAME201S3
H25S13 MOLE- FLONV STREAME205S13
F25S13 STREAM VAR STREAM=205S13
HBY205 NMASS- FLOWV STREAME205S3
H301  NMASS-FLOW STREAM=300S1
H302  NMASS- FLOW STREAM=300S2
H303  NMASS-FLOW STREAM=300S3
H306  NMASS- FLOW STREAM=300S6

H2S108 NMASS- FLOW

STREAMVF108S1

COMPONENT=C12H24
COMPONENT=C12H26
COMPONENT=C13H26
COMPONENT=C13H28
COMPONENT=C14H28
COMPONENT=C14H30
COMPONENT=C15H30
COMPONENT=C15H32
COMPONENT=C16H32
COMPONENT=C16H34
COMPONENT=C17H34
COMPONENT=C17H36
COMPONENT=C18H36
COMPONENT=C18H38
COMPONENT=C19H38
COMPONENT=C19H40
COMPONENT=C20H40
COMPONENT=C20H42
COVPONENT=C21CP
COVPONENT=C22CP
COMPONENT=C23CP
COVPONENT=C24CP
COMPONENT=C25CP
COMPONENT=C26CP
COVPONENT=C27CP
COMPONENT=C28CP
COMPONENT=C29CP
COMPONENT=OXVAP
COMPONENT=0OXHC
COMPONENT=C30WAX

SUBSTREAMENC  COVPONENT=WDCD
SUBSTREAMENC COMPONENT=CHAR

VAR=MCOLE- FLOWV
VAR=MCOLE- FLOWV
COMPONENT=CO
COMPONENT=H20
COMPONENT=H2
VAR=MCOLE- FLOWV
COMPONENT=H2
COMPONENT=H2
COMPONENT=H2
COMPONENT=H2
COMPONENT=H2
COMPONENT=H2S

Fortran bl ock SUMWREL to calculate the properties of the gasoline
and di esel fuel products, calculate utilities, performthe final
calculations, and wite the overall summary reports.

Set the SULFUR, LPG and purchased C4s streamflows to zero.
SULFUR = 0.

XLPG = 0.

PG4S = 0.

If the wood drying plant is nodified to produce a refuse stream
renove the ';' on the above 'DEFI NE REFUSE...' statenent and
remove the followi ng line which sets the REFUSE rate to zero.

REFUSE = 0.0

OO0OTOOOOTTMTOOOO000

Set NPURE equal to the nunber of pure conponents that can be
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770

772

present in the gasoline stream
NPURE = 5

Set XTRA to the nunber of extra operators, OSBL operators,
forenen, and nai ntenance workers per dedi cated plant operator.

XTRA = (42.0 + 60.0 + 88.0 + 523.0) / 375.0

Set the LOSBL and LPLANT switches, as appropriate, to duplicate
the Bechtel OSBL, and first vs. Nth plant costing | ogic.
Currently LCSBL is not being used.

LOSBL = 0 - Use baseline case OSBL costing | ogic.
LOSBL =1 - Use option case OSBL costing | ogic.
LPLANT = 0 - Use first plant engineering costing |ogic.
LPLANT =1 - Use Nth plant engineering costing | ogic.
LCSBL = 0O

LPLANT = 0O

Set up the conponent flow rates and distribution factors
(DSTR = 1 nmeans a gasol i ne conponent, and DI STR = 2 neans a
di esel conponent).
DO 770 J =1, 20

DISTR(J) =0.0

WIQUT(J) = 0.0
CONTI NUE
WQUT(1) = G SO
DISTR(1) = 1.0
WQUT(2) = GALK
DISTR(2) = 1.0
WQUT(3) = GREF
DISTR(3) = 1.0
WQUT(6) = DL350
DI STR(6) = 2.0
WIQUT(7) = DL500
DISTR(7) = 2.0
WQUT(10) = D2350
DI STR(10) = 2.0
WQUT(11) = D2500
DISTR(11) = 2.0
POOUT(1) = GC3
POOUT(2) = G ¢4
POOUT(3) = GNC4
POOUT(4) = A G5
POOUT(5) = GNG5
DO 772 J = 6, 35

POOUT(J) = 0.0D0
CONTI NUE

Set the inlet dry wood feed rate in Mbs/hr.
FIN(1,1) = 0.001D0 * WOCDI N

The outl et LPG (purchased) butanes, dry refuse, dry SLAG and
sul fur streans, all in Mbs/hr.

FQUT(1,1) = 0.001D0 * XLPG
FQUT(2,1) = -0.001D0 * PCAS
FQUT(7,1) = 0.001D0 * REFUSE
FQUT(8,1) = 0.001D0 * SLAG

FOUT(12,1) = 0.001D0

*
n
C
o
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Set the output switch for subroutine USRIS1 to wite the

bl ended gasol i ne and di esel

KTEST = 4

Cal |

subroutine USRI S1 to cal cul ate the overall

di esel
CALL USRI S1 (KTEST, NPURE, DI STR PCOUT, VOLQUT, WQUT)

Cal cul ate the Fuel

stream fl ows and properties.

| oner heats of conbustion fromthe API
Sumthe heats of conbustion in MBTUs/ hr

after the total

FG =
+

MOUOWD>OO~NOUAWN R
++ 4+ A+ A+

'r|
®
I

Set up the utilities consunptions for all

51

14

. 469* FG12

. 426* FQ22

. 468* FG\NC4
. 304*FA G5
. 232* FG\NC6
. 098* FAC8

. 019*FCC10
. 964* FQC12
. 925*FCC14
. 894* FCC16
. 872* FCC18
. 854* FGC20
. 766* FGC24
. 745* FQ228

927*FAOXHC + 6.

0. 001*FG

except Plant 31,
wood feed rate to the conpl ex.
PLNTI D(43) = ' OTHERS
The el ectric power in KW
UTIL(43,1) = WOODIN * ( 14908.0 / 1547933.0) * O.
The steans, 900 psig/ 1000 F, 360 psig/440 F, 600 psig/ 650 F,

O

R

+

the utilities plant,

600 psig saturated,

all in Mbs/hr.

UTI L(43,2) = WOCDI N
UTI L(43,3) = WCDI N
UTI L(43,4) = WCDI N
UTI L(43,5) = WOCDI N
UTI L(43,6) = WOCDI N
UTIL(43,7) = WOCDI N
Fuel , cooling water,
UTi L(43,8) = 0.
uriL(43,9) = 0.0
UTIL(43,10) = 0.0
UTIL(43,11) = 0.0
UTi L(43,12) = 0.0
UTIL(43,13) = 0.0
UTIL(43,14) = 0.0
UTI L(43,15) = 0.0

Set up the field cost in M (BLCST),
power production in KW (BLPWR),

(BLCEXP)

[
© ©

534* FGLS

has been cal cul at ed.
4. 344* FQOO
. 675*FAC30
.589*F3@ 4
. 495* FA\NC5
. 202* FQAC70
. 964* FAC90
. 914*FQC110 +
. 879* FQAC130 +
. 853* FAC150 +
. 834*FQC170 +
. 818*FQC190 +
. 787*FA221
. 761* FAC25
. 741*FQC29

++ + + +

=+

=+
=+
=+

. 501*FCC1

. 918*FQAC3

. 657 FONCA

. 105* FA&C60
. 158* FGC7

. 055* FA29

. 988*FCC11

. 942* FQC13

. 909* FGC15

. 883* FCC17

. 863* FCGC19

. 7183*FQC22

. 758* FGC26

. 700* FGMX

+ A+ A+ A+ o+

properties to the Hstory file.

gasol i ne and

Gas production in MM BTUs/ hr using the
Techni cal
and convert to

Dat a Book.

MM BTUs/ hr

. 281*FA220

. 341*FF 40
. 187*FQAC50
.202*FA &6

. 000* F&Z80O

. 936* FGC100
. 895*FCC120
. 865* FCC140
. 844* FC160
. 826* FC180
. 810* FGC200
. 776* FGC23

. 754* FGC26

. 525* FQOXV

the OSBL plants

as a function of the

150 psig saturated,

E o R

( 73.0 / 1547933.
( 219.0 / 1547933.
( 66.0 / 1547933.
( -34.0 / 1547933.
( -17.0 / 1547933.
(-214.0 / 1547933.

process water,

ni t rogen

and 50 psi g saturated,

o
N—r
EE I

coocooo

and 4 future use.

cost scal i ng exponent

circulation rate in Mal/hr (BLCW of the Plant 31,

cycl e plant,

BLCST = 17.3
BLCEXP = 0.75
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800

BLCOW = 1543. 8
BLPWR = 109923.

Set a specified mni mum anmount of purchased natural gas in
MMVBTUs/ hr in case the user may wish to force a natural gas
pur chase.

PGAS = 0.0D0

Call subroutine USRA44 to calculate the Wilities plant, P ant 31.
Set the energy efficiency to power production for the conbi ned
cycle plant in Kwatts/ (MM BTUs/ hr) to match the base case.
desi gn case.

EFFP = BLPWR / 877.285

INTL =0

INT2 = 1

| PASS = 4

KTEST = 3

CALL USRA44 (BLCEXP, BLCST, BLCW BLPWR EFFP, FG | NT1, |NT2,
1 | PASS, KTEST)

Cal cul ate the raw water makeup rate in MM gal /day per |bs/hr
as a function of the total cooling water circulation rate within
t he conpl ex.
TOTCW = 0. 0D0
DO 774 J =1, 44
TOTCW = TOTCW + UTI L(J,9)
CONTI NUE
RWATER = 10042.0 * 60.0 * 24.0 * 1.0E-6 * TOTCW/ 14325.88

Set the catalyst and chemcals cost in M. Calculate it as

a function of the sulfur going to Plant 108, the raw water

make-up rate, the syngas flowrate to the F-T synthesis

reactor in Plant 201, and the gasoline plus distillate product.
For the base design case, the F-T catal yst nakeup rate is 0.5%

of the catal yst inventory per day, which cost 417.708 M/ year.

Adjust this 417.708 Mp catal yst cost as appropriate in the

fol | owi ng equation when the F-T catal yst nmakeup rate (REAL(14)

in block P201F) is changed.

Cal cul ate the total annual catal yst and chenicals cost in M.
CANDC = 1.406467*H2S108/ 17. 7963 + 0. 316069* RMATER/ 1. 338 +

1 0. 413159* X21S3/ 6641. 671 +

2 0. 031350* ( FQUT( 3, 4) +FQUT(4, 4) )/ 1156. 5

Open the separate output file called I CL501. REP to contain the
utilities summary report.

NQUT = 62

OPEN (UNI T=62, FILE="1CL501. REP', STATUS=" UNKNOM ,

1 ACCESS='" SEQUENTI AL', FORME' FORVATTED )

WR TE (NQUT, 800)

FORMAT statenent 800 will print across a page on a PC because
it contains the PC top-of-formcharacter (ASCI| character 012)
between two quote narks ( i.e., "TOF).

FORMAT ('
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")

Call subroutine USRT44 to summarize the utilities for all
pl ant s.

KTEST = 3

CALL USRT44 (FG |INT1, |INT2, |PASS, KTEST, NQUT)

G ose the output file on logical unit 62 containing the utilities
summary report.
CLOSE (UN T=NOUT, STATUS=' KEEP')

Qpen the separate output file called ICLSUM REP to contain the
overall plant summary report.

NQUT = 62

OPEN (UNI T=62, FILE="1CLSUM REP' , STATUS=" UNKNOM ,

1 AGCCESS=' SEQUENTI AL', FORMF' FORVATTED )

Call subroutines USRIS7 to wite the top of the first page of the
overall plant summary report.
CALL USRI S7 (NQUT, RWATER)

Call subroutines USRI S3 to calculate the total plant cost and
wite the bottomof first page of the overall plant sunmary
report.

Set the total installed ISBL field costs in MM for the base
case for all the ISBL plants, the individual CSBL plants
except Plant 31, and calculate the total installed cost of all
these CSBL plants. The installed field cost for Plant 31 was
cal cul ated previously as a function of power production in
subrouti ne USRA44.

G SBL = 61. 313

CP19 = 0.279
CP20 = 1.955
CcP21 = 1.706
P22 = 0.353
CP23 = 0.586
P24 = 1.373
CP25 = 0.047
CP30 = 7.346
CP32 = 10.091
CP33 = 0.576
CP34 = 6.949
CP35 = 0.690
CP36 = 0.365
CP37 = 0.183
CP40 = 1.565
CP41 = 1.064
CP42 = 0.146
CP43 = 1.064
COSBL = CP19 + CP20 + CP21 + CP22 + CP23 + CP24 + CP25 + CP30

+ CP32 + CP33 + CP34 + CP35 + CP36 + CP37 + CP40
+ CP41 + CP42 + CP43
CALL USRI S3 (CANDC, O SBL, COSBL, LOSBL, LPLANT, NQUT, XTRA)

G ose the output file on logical unit 62 containing the overall
pl ant summary report.
CLOSE (UN T=NOUT, STATUS=' KEEP')

Open the separate output file called ICL. PRN to contain the nodel
predictions for transfer to the spreadsheet econom cs nodel .
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NOUT = 62
OPEN (UNI T=62, FILE="1CL. PRN, STATUS=" UNKNOMW |,
1 AGCCESS=' SEQUENTI AL', FORMF' FORVATTED )

Call subroutine USRIS4 to wite the output file called I CL. PRN
to transfer the nodel results to the spreadsheet econom cs nodel .
CALL USRI S4 (CANDC, NQUT, RMTER, XTRA)

G ose the output file on logical unit 62 containing the file for
transfering the results to the spreadsheet econom cs nodel .
CLOSE (UN T=NQUT, STATUS=' KEEP')

If IFLONis set equal to or greater than 1, wite some stream
flows to a separate file for more accuracy.
| FLOW= 1
IF ( IFLON.CGE 1) THEN
NX = 62

CPEN (UN T=NX, FILE='| CLTEST2. REP', STATUS=' UNKNOM |,
1  ACCESS=' SEQUENTIAL', FORVE' FORVATTED )
WR TE (NX, 781) X21S3, X21S21
781 FORMVAT ( 2X, ' MOLE FLOWOF STREAM 201S3 = ', 1PE17.6 /
1 2X ' MOLE FLONOF STREAM 201S21 = ', 1PEL7.6 )
WR TE (NX, 782) X201C0, X201W
782 FORMAT ( / 2X, 'CO MOLE FLONIN STREAM 201S3 = ', 1PEI8.8 /
1 2X, 'H2O MOLE FLOWIN STREAM 201S3 = ', 1PE18.8 )
WR TE (NX, 783) O SBL, COSBL
783  FORVAT ( /
12X ' FOR THE BASE DESI GN PLANT SIZE ' /
23X, 'TOTAL | NSTALLED COST OF THE I SBL PLANTS = ', 1PE18.8 /
3  3X, ' TOTAL I NSTALLED COST OF THE OSBL PLANTS = ', 1PE18.8 )
X = H25S13 / F25S13
WR TE (NX, 784) X
784  FORMAT ( / 2X, 'MOLE FRACTION H2 IN PSA UNIT FEED =', F8.3)
HUSED = H301 + H302 + H303 + H306
HDIF = HUSED - HBY205
WR TE (NX, 785) HUSED, HBY205, HDIF

MTMTTMTTMTTTMTTMT T T T TMTTTTTMTTTTTMTTTTTTTTTTTTOOOTTOoOO0O0OTOoOO00OTT

785  FORVAT ( / 2X, 'H2 CONSUWED IN AREA 300 =', F12.2 /
1 2X, 'H2 MADE | N PLANT 205 =, Fl2.2 /
2 2X, ' D FFERENCE, LBS/ HR =, Fl12.2)
WRI TE (NX, 786) H2S108, X21S3, RWATER, CANDC
786  FORVAT ( / 2X, 'H2S MOLE FLOWIN STREAM 108S1 ="', 1PE18.8 /
1 2X, ' MOLE FLOW CF STREAM 201S3 = ', 1PE22.6 /
2 2X, ' MAKE- UP WATER RATE, MMGAL/ DAY ', E21.6 /
2 2X, " ANNUAL CATALYST COST, M/ YEAR, E21.6)
WRI TE (NX, 787) C SBL, COSBL
787 FORVAT ( / 2X, 'CSIBL AND COSBL = ', 2F12.4 )
CLCBE (UN T=NX, STATUS=' KEEP' )
ENDI F

Unit Qperation Bl ocks

Area 100 - Syngas Preparation Area

Bl ock A100ML conbines all the water produced in Area 100 into a
singl e stream

LOCK AL100ML M XER
DESCRI PTI ON " AREA 100 TOTAL WASTE WATER M XER'

QU= = mr ettt
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PARAM PRES=20.

0

NPHASE=1 PHASE=L

; Plant 108 - The Sul fur Polishing Plant - user Fortran bl ock USRI 8.
BLOCK P108F USER
SUBRCQUTI NE MODEL = USRI8 REPORT = USRI 8
DESCRI PTI ON ' PLANT 108 - SULFUR PCLI SHI NG PLANT Wi l/ Cost Model'
PARAM NI NT = 4

| NT( 2)

| NT( 3)
| NT( 4)

INT 0 1 0
REAL(1) -
REAL( 20)
REAL( 21)
REAL( 22)
REAL( 23)
REAL( 24)
REAL( 25)
REAL( 26)
REAL( 27)
REAL( 28)
REAL( 29)
REAL( 30)
REAL( 31)
REAL( 32)

REAL( 33)

REAL( 34)

The fol | ow

The fol |l owi ng
INT(1) = User

1
o
@

NREAL = 70

4 integer paraneters are:

bl ock summary report control switch.

Wite the conpl ete user bl ock summary report.
Skip the capital cost portion of the sunmary
report.

Skip the capital cost and utilities portions

of the summary report.

Skip witing the entire user block sumary report.
bl ock summary report destination control switch.
Wite the user block sunmary report to the normnal
ASPEN SP out put report file.

Wite the user block sunmary report to a separate
user bl ock output report file on logical unit 62
called 1CL108. REP.

Nunber of duplicate plants.

story file additional output control switch.

=>
=>

=>

=>

1
ng

Wite no additional output to the history file.
Wite the only the subroutine entry and exit
nmessages to the history file.

Wite some additional output to the history file.
Wite some nore additional output to the history
file. Larger values generate nore internedi ate
out put .

70 real paraneters are:

Future use.

Constant factor for the power consunption, kw
Power consunption per MM SCH hr of inlet syngas,
kw (MM SCH hr of syngas)

Constant factor for the 900 psig / 1000 F steam
consunption, Mbs/hr.

900 psig / 1000 F steam consunption per MMV SCF hr
of inlet syngas, (Mbs/hr)/(MJ SCF hr of syngas).
Constant factor for the 360 psig / 440 F steam
consunption, Mbs/hr.

360 psig / 440 F steam consunption per MV SCF hr
of inlet syngas, (Mbs/hr)/(MJ SCF hr of syngas).
Constant factor for the 600 psig / 650 F steam
consunption, Mbs/hr.

600 psig / 650 F steam consunption per MV SCF hr
of inlet syngas, (Mbs/hr)/(MJ SCF hr of syngas).
Constant factor for the 600 psig saturated steam
consunption, Mbs/hr.

600 psig saturated steam consunption per MM SCH hr
of inlet syngas, (Mbs/hr)/(MJ SCF hr of syngas).
Constant factor for the 150 psig saturated steam
consunption, Mbs/hr.

150 psig saturated steam consunption per MV SCF hr
of inlet syngas, (Mbs/hr)/(MJ SCF hr of syngas).
Constant factor for the 50 psig saturated steam
consunption, Mbs/hr.

50 psig saturated steam consunption per MM SCF hr
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REAL( 35)
REAL( 36)
REAL(37)
REAL( 38)
REAL( 39)
REAL( 40)
REAL( 41)
REAL( 42)
REAL(43) -
REAL( 48)
REAL( 49)
REAL( 50)

REAL( 51)

REAL( 52)
REAL( 53)

REAL( 54)
REAL( 55)
REAL( 56)
REAL( 57)
REAL( 58)
REAL(59) -
REAL( 70)

of inlet syngas, (Mbs/hr)/(MJ SCF hr of syngas).
Constant factor for the plant fuel consunption,
MM BTU hr.

Plant fuel consunption per MM SCH hr of inlet
syngas, (MM BTU hr)/ (MM SCFH hr of syngas).
Constant factor for the cooling water consunption,
Myal / hr.

Cool i ng wat er consunption per MM SCH hr of inlet
syngas, (Mal/hr)/ (M SCH hr of syngas).

Constant factor for the process water consunption,
Myal / hr.

Process water consunption per MM SCH hr of inlet
syngas, (Mal/hr)/ (M SCH hr of syngas).

Constant factor for the nitrogen consunption,

MM SCF/ hr of N2.

N trogen consunption per MM SCH hr of inlet syngas,
(MM SCH hr of N2)/(MV SCF/ hr of syngas).

Future use.

Constant factor for the nunber of operators per
day, oper ators/day.

Nunber of operators per day per train,
(operators/day)/train.

Ref erence syngas feed rate to a single train in
MM SCF/ hr of inlet syngas for the cal cul ati on of
the 1SBL field cost of a single train as a function
of train capacity.

Maxi mum si ze of a single train as defined by the
gas feed rate in MM SCH hr of inlet syngas.

M ni mum si ze of a single train as defined by the
gas feed rate in MM SCH hr of inlet syngas.
Constant Ain the plant ISBL field cost equation.
Constant Bin the plant ISBL field cost equation.
Constant Ein the plant ISBL field cost equation.
Constant F in the plant ISBL field cost equation.
Nunber of spare trains.

Fut ure use.

The foll owi ng REAL paraneters represent Plant 108, the sul fur
polishing plant for Illinois No. 6 coal.
Future use (10 itens)
REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

Power 900/ 1000 F steam 360/440 F steam
0.0 0.0 0.0 0.0 0.0 0.0 &
600/ 650 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Pl ant fuel Cool i ng H2O
0.0 0.0 0.0 1.38582550 0.0 0.0 &
Process H20 N trogen

0.0 0.0 0.0 0.0 &

Future Use (6 itens)

0.0 0.0 0.0 0.0 0.0 0.0 &

per s/ day (Qpers/day)/train

0. 0. &

Ref Fl ow Max Flow Mn Fl ow

2.439471 3.5 0. 30 &

Pl ant cost equation constants.

A B

E F Spar es Future use (2 itens)
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0.0 2.48884 0.60 1.0 0.0 0.0 0.0 &
; Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

SEP bl ock to renove the material that is sorbed on the ZnO beds in
the Sul fur Polishing Plant and put it in the waste stream Stream
108S3.

e R

LOCK P108S SEP
DESCR PTI ON ' PLANT 108 - SULFUR PCLI SH NG PLANT'
FRAC SUBS = M XED STREAM = 108S3 &
COWS =H N @ HSGC G2 NH3 H20 HOL G5 &

FRACS = 0.00.00.01.00.00.00.00.00.0100.0
FLASH SPECS  108S2 TEMP=430.0 PRES=326.7 /
108S3 TEMP=100.0 PRES=14.7

Plant 113 - The CO Shift Reactor Plant Wility/Cost Mdel - user
Fortran USRI 13. The input and output is the dried and shifted
syngas product stream
LOCK P113F USER

SUBRQUTI NE MDEL = USRI 13  REPORT = USRI 13

DESCRI PTI ON ' PLANT 113 - OO SH FT REACTOR PLANT'

PARAM NINT = 4 NREAL = 70
; The following 5 integer paraneters are:
; INT(1) = User block summary report control switch
; 0 => Wite the conpl ete user block sunmary report.
; 1 => Skip the capital cost portion of the summary
; report.
; 2 => Skip the capital cost and utilities portions
; of the summary report.
; 3 => Skip witing the entire user bl ock sumrary report.
; bl ock summary report destination control switch
; 0 => Wite the user block summary report to the normnal
; ASPEN SP out put report file.
; 1 => Wite the user block summary report to a separate
; user bl ock output report file on logical unit 62
; called 1CL113. REP
; I NT(3) Number of operating duplicate trains, excluding spares.
; [f INT(3) = 0, the m ni numnunber of duplicate

o R

| NT( 2)

1
&
@

trains will be determned so that the capacity
of each train does not exceed the maxi numtrain
capacity specified by vari able REAL(52).
[f INT(3) > 0, the nunber of duplicate trains.
Hstory file additional output control swtch
0 => Wite no additional output to the history file.
1 =>Wite the only the subroutine entry and exit
nmessages and the detail ed reactor sizing
information to the history file.
2 => Wite the el emental bal ance infornati on and somne
additional output to the history file.
3-5 => Wite sone nore additional output to the history
file. Larger values generate nmore internedi ate
out put .

| NT( 4)

INT 0 1 0 1

The following 70 real paraneters are:

REAL(1) -
REAL(20) = Future use.
REAL (21) Constant factor for the power consunption, kw
REAL ( 22) Power consunption per MM SCH hr of syngas product,

kw (MM SCH hr of syngas)

REAL(23) = Constant factor for the 900 psig / 1000 F steam
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REAL( 24)
REAL( 25)
REAL( 26)
REAL( 27)
REAL( 28)
REAL( 29)
REAL( 30)
REAL(31)
REAL(32)
REAL( 33)
REAL( 34)
REAL( 35)
REAL( 36)
REAL(37)
REAL( 38)
REAL( 39)
REAL( 40)
REAL( 41)
REAL( 42)
REAL(43) -
REAL ( 48)
REAL( 49)
REAL( 50)

REAL( 51)

REAL( 52)

REAL( 53)

REAL( 54)
REAL( 55)
REAL( 56)
REAL( 57)
REAL( 58)

consunption, Mbs/hr.

900 psig / 1000 F steam consunption per MV SCF hr
of syngas product, (M bs/hr)/ (M SCF hr of syngas).
Constant factor for the 360 psig / 440 F steam
consunption, Mbs/hr.

360 psig / 440 F steam consunption per MV SCF hr
of syngas product, (M bs/hr)/ (M SCF hr of syngas).
Constant factor for the 600 psig / 650 F steam
consunption, Mbs/hr.

600 psig / 650 F steam consunption per MV SCF hr
of syngas product, (M bs/hr)/ (M SCF hr of syngas).
Constant factor for the 600 psig saturated steam
consunption, Mbs/hr.

600 psig saturated steam consunption per MM SCH hr
of syngas product, (Mbs/hr)/ (M SCF hr of syngas).
Constant factor for the 150 psig saturated steam
consunption, Mbs/hr.

150 psig saturated steam consunption per MV SCF hr
of syngas product, (Mbs/hr)/ (M SCF hr of syngas).
Constant factor for the 50 psig saturated steam
consunption, Mbs/hr.

50 psig saturated steam consunption per MMV SCF hr
of syngas product, (Mbs/hr)/ (M SCF hr of syngas).
Constant factor for the plant fuel consunption,
MM BTU hr.

Pl ant fuel consunption per MM SCH hr of syngas
product, (MJ BTU hr)/ (M SCH hr of syngas).
Constant factor for the cooling water consunption,
Myal / hr.

Cool i ng wat er consunption per MM SCH hr of syngas
product, (Mal/hr)/ (M SCF hr of syngas).

Constant factor for the process water consunption,
Myal / hr.

Process water consunption per MM SCH hr of syngas
product, (Mal/hr)/ (M SCF hr of syngas).

Constant factor for the nitrogen consunption,

MM SCF hr of N2.

N trogen consunption per MM SCF hr of syngas
product, (MM SCF hr of N2)/(MV SCF hr of syngas).

Future use.

Constant factor for the nunber of operators per
day, oper ators/day.

Nunber of operators per day per train,
(operators/day)/train.

Ref erence syngas production rate of a single train
in MM SCFH hr of dried syngas product for the
calculation of the I1SBL field cost of a single
train as a function of train capacity.

Maxi mum si ze of a single train as defined by the
syngas production rate in MM SCH hr of dried syngas
product .

M ni mum si ze of a single train as defined by the
syngas production rate in MM SCH hr of dried syngas
product .

Constant Ain the plant ISBL field cost equation.
Constant Bin the plant ISBL field cost equation.
Constant Ein the plant ISBL field cost equation.
Constant F in the plant ISBL field cost equation.
Nunber of spare trains.
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REAL(59) -

REAL(70) = Future use.
The following utilities parameters are based on the ASPEN
simul ation of the plant.

Future use (10 itens)
REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
; Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

; Power 900/ 1000 F steam 360/440 F steam
0.0 2466. 561 0.0 0.0 0.0 74.03609 &
; 600/ 650 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
; 50 satd steam Pl ant fuel Cool i ng H2O
0.0 0.0 0.0 20.98057 0.0 28.53518 &
; Process H20 N trogen
0.0 0.0 0.0 0.0 &
; Future Use (6 itens)
0.0 0.0 0.0 0.0 0.0 0.0 &
; per s/ day (Opers/day)/train
0 4. &

; The fbl | owi ng cost paraneters are based on the Howe- Baker quote
; for this plant.
; Ref Flow Max Flow Mn Fl ow

0. 0399462 0.08 0.01 &

; Pl ant cost equation constants.

; A B E F Spar es Future use (2 itens)
0.0 0.715 0.65 1.0 0.0 0.0 0.0 &

; Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
; Block P113HL heats the inlet syngas to the GO shift reator inlet
;  tenperature.
BLOCK P113H1L HEATER
DESCR PTION ' P113H1 - The CO Shift Reactor Inlet Syngas Heater'
PARAM TEMP=675. <F> PRES=- 5.
;. Block P113H2 cools the CO shift reactor effluent streamto 480 F
; making 360 psig - 440 F steam
BLOCK P113H2 HEATER
DESCRI PTI ON ' P113H2 - The Shift Reactor Effluent Steam Generator'
PARAM TEMP=480. <F> PRES=- 5.
;. Block P113H3 cools the shift reactor effluent streamfrom480 F
: to 150 Fwith air - also can nake BFW here.
BLOCK P113H3 HEATER
DESCRI PTI ON ' P113H3 - The Shift Reactor Effluent Air Cool er'
PARAM TEMP=150. <F> PRES=- 5.
: Plant 113R - The GO shift reactor of Plant 113.
BLOCK Pl113R REQUIL
DESCRI PTION ' THE CO SH FT REACTCR OF PLANT 113
PARAM NREAC=1 DUTY=0. PRES=-15. NPHASE=1 NAXI T=500
STQC1 O-1*/ RO-1*/ HR1*/ R 1*
TAPP- SPEC 1 +50.0

; Block P113S1 splits off some of the conpressed Battelle syngas to
; go to Plant 113 for hydrogen production with the remnai nder going
; tothe F-T synthesis plant in stream P113S2.
BLOCK P113S1 FSPLIT

DESCRI PTI ON ' THE PLANT 113 SYNGAS SPLI TTER
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FRAC STREAMF113S1  VAL=0. 02
; Block P113S2 sinul taneously cools and separates the GO shift reactor
; effluent streaminto a vapor and condensate (nostly water) stream
BLOCK P113S2  FLASH2
DESCRI PTI ON ' THE P113 CO SH FT REACTOR EFFLUENT OOCLER & SEPARATCR
PARAM TEMP=100 <F> PRES=-5
; Plant 115 - Wod Drying Plant; User Fortran Mdel USRI 15
BLOCK P115F USER
SUBRQUTI NE MODEL = USRI 15 REPORT = USRI 15
DESCRI PTI ON ' PLANT 115 - WOCD DRYI NG PLANT
NOTES: 1. This nodel treats the plant fuel as a utility, and does
not do the conbustion and vent gas cal cul ati ons since
no significant extra know edge woul d be gai ned.
2. This nodel was adapted froma coal cleaning and drying
nodel and was nodified to include wood cl eani ng.
PARAM NINT = 4 NREAL = 70
The following 5 integer paraneters are:
INT(1) = User block summary report control swtch
0 => Wite the conpl ete user block sunmary report.
1 => Skip the capital cost portion of the summary
report.
2 => Skip the capital cost and utilities portions
of the summary report.
3 => Skip witing the entire user bl ock sumrary report.
bl ock summary report destination control switch
0 => Wite the user block summary report to the normnal
ASPEN SP out put report file.
1 => Wite the user block summary report to a separate
user bl ock output report file on logical unit 62.
Number of operating duplicate trains, excluding spares.
[f INT(3) = 0, the m ni numnunber of duplicate
trains will be determned so that the capacity
of each train does not exceed the maxi numtrain
capacity specified by vari able REAL(52).
[f INT(3) > 0, the nunber of duplicate trains.
Hstory file additional output control swtch
0 => Wite no additional output to the history file.
1 =>Wite the only the subroutine entry and exit
nmessages to the history file.
=> Wite sonme additional output to the history file.
=> Wite sonme nore additional output to the history
file. Larger values generate nore internedi ate
out put .

| NT( 2)

1
&
@

| NT( 4)

AN

I NT(3)
: 3-

INT 0 1 0 1
The following 70 real paraneters are:

; REAL (1) = Fraction of carbon in the inlet wood | eavi ng

; in the dried wood product stream

; REAL ( 2) = Fraction of carbon in the inlet wood | eavi ng

; in the mddlings stream

; REAL ( 3) = Fraction of hydrogen in the inlet wood | eavi ng
; in the dried wood product stream

; REAL (4) = Fraction of hydrogen in the inlet wood | eavi ng
; in the mddlings stream

; REAL ( 5) = Fraction of nitrogen in the inlet wood | eavi ng
; in the dried wood product stream

; REAL ( 6) = Fraction of nitrogen in the inlet wood | eavi ng
; in the mddlings stream

; REAL(7) = Fraction of chlorine in the inlet wood | eavi ng
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REAL( 8)

REAL( 9)

REAL( 10)
REAL(11)
REAL(12)
REAL( 13)
REAL( 14)
REAL( 15)
REAL( 16)
REAL(17)
REAL(18) -
REAL( 20)
REAL( 21)
REAL( 22)
REAL( 23)
REAL( 24)
REAL( 25)
REAL( 26)
REAL( 27)
REAL( 28)
REAL( 29)
REAL( 30)
REAL(31)
REAL(32)
REAL( 33)
REAL( 34)
REAL( 35)
REAL( 36)
REAL(37)
REAL( 38)

REAL( 39)

in the dried wood product stream

Fraction of chlorine in the inlet wood | eaving

in the mddlings stream

Fraction of sulfur in the inlet wood | eaving

in the dried wood product stream CPTIONAL - See
Note 2.

Fraction of sulfur in the inlet wood | eaving

in the mddlings stream CPTIONAL - See Note 2.
Fraction of oxygen in the inlet wood | eaving

in the dried wood product stream

Fraction of oxygen in the inlet wood | eaving

in the mddlings stream

Fraction of ash in the inlet wood | eaving

in the dried wood product stream

Fraction of ash in the inlet wood | eaving

in the mddlings stream

Moi sture content of the dried wood product on a dry
basis, w%

Moi sture content of the mddlings on a dry

basis, w%

Moi sture content of the refuse on a dry basis, w%

Future use.

Constant factor for the power consunption, kw
Power consunption per Mbs/hr of dry wood,

kw (M bs/ hr).

Constant factor for the 900 psig / 1000 F steam
consunption, Mbs/hr.

900 psig / 1000 F steam consunption per M bs/hr of
dry wood, (Mbs/hr)/(Mbs/hr).

Constant factor for the 360 psig / 440 F steam
consunption, Mbs/hr.

360 psig / 440 F steam consunption per M bs/hr of
dry wood, (Mbs/hr)/(Mbs/hr).

Constant factor for the 600 psig / 650 F steam
consunption, Mbs/hr.

600 psig / 650 F steam consunption per M bs/hr of
dry wood, (Mbs/hr)/(Mbs/hr).

Constant factor for the 600 psig saturated steam
consunption, Mbs/hr.

600 psig saturated steam consunpti on per M bs/hr of
dry wood, (Mbs/hr)/(Mbs/hr).

Constant factor for the 150 psig saturated steam
consunption, Mbs/hr.

150 psig saturated steam consunption per M bs/hr of
dry wood, (Mbs/hr)/(Mbs/hr).

Constant factor for the 50 psig saturated steam
consunption, Mbs/hr.

50 psig saturated steam consunption per M bs/hr of
dry wood, (Mbs/hr)/(Mbs/hr).

Constant factor for the plant fuel consunption,
MM BTU hr.

Plant fuel consunption per Mbs/hr of dry wood,
(MM BTU hr)/ (M bs/ hr).

Constant factor for the cooling water consunption,
Myal / hr.

Cool i ng water consunption per Mbs/hr of dry

wood (Myal /hr)/ (M bs/hr).

Constant factor for the process water consunption,
Myal / hr.



REAL(40) = Process water consunption per Mbs/hr of dry
wood, (Mal /hr)/ (M bs/hr).

REAL(41) = Constant factor for the nitrogen consunption,
MM SCF/ hr of N2.

REAL(42) = Ntrogen consunption per Mbs/hr of dry wood,
(MM SCH hr of N2)/(Mbs/hr).

REAL(43) -

REAL(48) = Future use.

REAL(49) = Constant factor for the nunber of operators per
day, oper ators/day.

REAL(50) = Nunber of operators per day per train,
(operators/day)/train.

REAL(51) = Reference flowrate of the dry wood of a single

trainin Mbs/hr for the cal culation of the capital
cost of a single train as a function of train
capacity.

REAL(52) = Maxinmumsize of a single train as defined by the
flowrate of the dry wood in Mbs/hr.

REAL(53) = Mninmumsize of a single train as defined by the
flowrate of the dry wood in Mbs/hr.

REAL(54) = Constant Ain the plant costing equation.
REAL(55) = Constant B in the plant costing equation.
REAL(56) = Constant E in the plant costing equation.
REAL(57) = Constant F in the plant costing equation.
REAL(58) = Nunber of spare trains.
REAL(59) -
REAL(70) = Future use.

NOTES:

1. In the above, the termdry wood means noi sture-free
(absolutely dry) wood, and not that material in the wood
product streamwhich still contains some noisture.

2. If both the sulfur distribution factors, REAL(9) and REAL(10),
are zero and a SULFANAL was supplied, the sulfur will be
distributed anong the products as fol |l ows.

a. The ORGANIC sul fur will be distributed in the sane
proportions as the carbon is distributed.

b. The PYRITIC and SULFATE sul fur will be distributed in the
sane proportions as the ash is distributed.

3 The following utilities and cost are based on the Mtretek

report.

FCP FCM FHP  FHM FNP  FNM
REAL 1.0 0.0 1.0 0.0 1.0 0.0 &

FAP FAM FSP  FSM FOP FOM

1.0 0.0 1.0 0.0 1.0 0.0 &

FAP FAM

1.0 0.0 &

Percent water in the

Dried Wood M ddlings Refuse Future Use (3 itens)
31.2 3.0 10.0 0. 0. 0. &
Power 900/ 1000 F steam 360/440 F steam
0.0 13. 605442 0.0 0.0 0.0 0.0 &
600/ 650 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Pl ant fuel Cooling H2O
0.0 0.0 0.0 0.5436735 0.0 0.0 &
Process H20 N trogen

0.0 0.0 0.0 0.0 &

Future Use (6 itens)

0. 0. 0. 0. 0. O &

THE FOLLOW NG NUVBER OF OPERATORS ARE AN EDUCATED GUESS -
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; TO BE REFI NED AS THE TECHNOLOGY AND DESI GN ARE DEVELCPED.

; per s/ day (Qpers/day)/train
0. 8. &

; Ref Fl ow Max Flow Mn Flow
183. 750 185. 50.0 &

; Pl ant cost equation constants.

; A B E F Spar es Future use (2 itens)
0.0 12.12 0.70 1.0 0.0 0.0 0.0 &

; Future Use (10 itens)

0. 0. 0. 0. 0. 0. 0. 0. 0. O
; Set the tenperature and pressure of the outlet streans. These
; values will override the default values in subroutine USR 15.

FLASH SPECS STREAM = 11581 TP TEMP = 220. PRES = 14.7 [ &
STREAM = 11582 TP TEMP = 190. PRES = 14.7 [ &
STREAM = 11583 TP TEMP = 200. PRES = 14.7 [ &
STREAM = 1154 TP  TEMP = 210. PRES = 14.7

; Block P116Cl changes the streamclass of the syngas stream | eavi ng
; Plant 116 from an ASPEN stream of class M XNC to an ASPEN stream
; of stream cl ass CONVEN
BLOCK P116Cl1 CLCHNG

DESCRI PTI ON ' CHANGES STREAM CLASS OF CLEAN OCOCOLED SYNGAS STREAM

; Block P116D - User Fortran bl ock USRI 16 to deconpose the wood for
; use in the equilibriumwood gasification reactor nodel. 1In
; addition, for nodeling sinplicity, this block produces the char
; product stream
BLOCK P116D USER
SUBRQUTI NE MDEL = USRI 16  REPORT = USRI 16
DESCRI PTI ON ' PLANT 116 - WOCD DECOVPCSI TI ON BLOCK & UTI L/ COST MODEL'
PARAM NINT = 4 NREAL = 70
The followi ng 4 integer paraneters are:
INT(1) = User block summary report control switch.
0 => Wite the conpl ete user bl ock sunmary report.
1 => Skip the capital cost portion of the sunmary
report.
2 => Skip the capital cost and utilities portions
of the summary report.
3 => Skip witing the entire user bl ock sumrary report.

INT(2) = User block summary report destination control switch.
0 => Wite the user block summary report to the normnal
ASPEN SP out put report file.
user bl ock output report file on logical unit 62
called 1CL116. REP.
INT(3) = Nunber of duplicate plants.
INT(4) = Hstory file additional output control swtch.

; 1 => Wite the user block summary report to a separate
; 0 => Wite no additional output to the history file.
; 1 =>Wite the only the subroutine entry and exit
; nmessages to the history file.
; 2 => Wite sonme additional output to the history file.
; 3-5 => Wite sone nore additional output to the history
; file. Larger values generate nore internedi ate
; out put .
INT 0 1 0 2

The following 70 real paraneters are:

; REAL (1) = Wi ght percent carbon in the char.
; REAL ( 2) = Wi ght percent hydrogen in the char.
; REAL ( 2) = Wi ght percent oxygen in the char.
; REAL (4) = Wi ght percent chlorine in the char.
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REAL( 5)
REAL( 6)
REAL(7) -
REAL( 20)
REAL( 21)
REAL( 22)
REAL( 23)

REAL( 24)

REAL( 25)

REAL( 26)

REAL( 27)
REAL( 28)
REAL( 29)
REAL( 30)
REAL(31)
REAL(32)
REAL( 33)
REAL( 34)
REAL( 35)
REAL( 36)
REAL(37)
REAL( 38)
REAL( 39)
REAL( 40)
REAL( 41)
REAL( 42)
REAL(43) -
REAL( 48)
REAL( 49)
REAL( 50)

REAL( 51)

Wi ght percent sulfur in the char.
Percent char leaving in the gasified stream

Future use.

Constant factor for the power consunption, kw
Power consunption per Mbs/hr of dry wood,

kw (M bs/ hr of dry wood)

Constant factor for the 975 psig / 750 F steam
consunption, Mbs/hr.

975 psig / 750 F steam consunption per M bs/hr of
dry wood, (Mbs/hr)/(Mbs/hr of dry wood).

This steamgoes directly to the conbined cycle

pl ant for power production.

Constant factor for the 360 psig / 530 F steam
consunption, Mbs/hr.

360 psig / 530 F steam consunption per M bs/hr

of dry wood, (Mbs/hr)/(Mbs/hr of dry wood).
This steamgoes directly to the conbined cycle

pl ant for power production.

Constant factor for the 600 psig / 650 F steam
consunption, Mbs/hr.

600 psig / 650 F steam consunption per M bs/hr of
dry wood, (Mbs/hr)/(Mbs/hr of dry wood).
Constant factor for the 600 psig saturated steam
consunption, Mbs/hr.

600 psig saturated steam consunption per M bs/hr
of dry wood, (Mbs/hr)/(Mbs/hr of dry wood).
Constant factor for the 150 psig saturated steam
consunption, Mbs/hr.

150 psig saturated steam consunption per M bs/hr
of dry wood, (Mbs/hr)/(Mbs/hr of dry wood).
Constant factor for the 50 psig saturated steam
consunption, Mbs/hr.

50 psig saturated steam consunption per M bs/hr
of dry wood, (Mbs/hr)/(Mbs/hr of dry wood).
Constant factor for the plant fuel consunption,
MM BTU hr.

Plant fuel consunption per Mbs/hr of dry wood,
(MM BTU hr)/ (M bs/hr of dry wood).

Constant factor for the cooling water consunption,
Myal / hr.

Cool i ng water consunption per Mbs/hr of unit
feed, (Myal/hr)/(Mbs/hr of dry wood).

Constant factor for the process water consunption,
Myal / hr.

Process water consunption per Mbs/hr of unit
feed, (Myal/hr)/(Mbs/hr of dry wood).

Constant factor for the nitrogen consunption,

MM SCH hr of N2.

N trogen consunption per Mbs/hr of dry wood,
(MM SCH hr of N2)/(M bs/hr of dry wood).

Future use.

Constant factor for the nunber of operators per
day, oper ators/day.

Nunber of operators per day per train,
(operators/day)/train.

Reference feed rate to a single train in Mbs/hr
of dry wood for the calculation of the I1SBL field
cost of a single train as a function of train
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capacity.
REAL(52) = Maxinmumsize of a single train as defined by the
feed rate in Mbs/hr of dry wood.

REAL(53) = Mninmumsize of a single train as defined by the
feed rate in Mbs/hr of dry wood.

REAL(54) = Constant Ain the plant 1SBL field cost equation.

REAL(55) = Constant Bin the plant 1SBL field cost equation.

REAL(56) = Constant Ein the plant 1SBL field cost equation.

REAL(57) = Constant Fin the plant 1SBL field cost equation.

REAL(58) = Nunber of spare trains.

REAL(59) -

REAL(70) = Future use.

NOTES: 1. In the above, the termdry wood neans noi sture-free
(absolutely dry) wood.

2. The following utilities and cost are based on the Mtretek
report. The cost includes that of the | ow pressure syngas
wash tower which may be a poor estimate since it was
devel oped from Bechtel's high pressure wash tower design

for the Baseline coal |iquefaction case.
Char Conposition
% % %0 % CZ5)
REAL 94.8425 0.0 1.8345 0.0 0. 0708 &
; % char in gas Future use (4 itens)
0.0 0.0 0.0 0.0 0.0 &

; Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

; Power 975/ 750 F steam 360/ 530 F steam
0.0 41.90476 0.0 -0.442917 0.0 -0.119646 &
; 600/ 650 F steam 600 satd steam 150 satd steam
0.0 0. 0586068 0.0 0.0 0.0 0.0 &
; 50 satd steam Pl ant fuel Cool i ng H2O
0.0 0.0 0.0 0.0 0.0 0.0 &
; Process H20 N trogen
0.0 0.0 0.0 0.0 &
; Future Use (6 itens)
0.0 0.0 0.0 0.0 0.0 0.0 &

; THE FOLLON NG NUMBER OF OPERATCORS ARE AN EDUCATED GUESS -
; TO BE REFI NED AS THE TECHNOLOGY AND DESI GN ARE DEVELCPED.

; per s/ day (Qpers/day)/train
0. 16. &

; Ref Fl ow Max Flow Mn Flow
183. 750 185. 20.0 &

; Pl ant cost equation constants.

; A B E F Spar es Future use (2 itens)
0.0 15.65 0.70 1.0 0.0 0.0 0.0 &

; Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
; The followi ng FLASH SPECS sentence to force ASPEN SP to flash the
;  effluent streans.
FLASH SPECS  STREAMF116S1 TP TEMP=400.0 PRES=14.7 |/
STREAME116S11 TP TEMP=400.0 PRES=14.7

Bl ock P116HL is the first-stage Battelle gasifier effluent cooler
whi ch cools the gas to 800 F producing 990 psia, 750 F steam
Stream 116S4A is the effluent gas cooled to 1050 F.

LOCK P116HL HEATER
PARAM TEMP=800. <F>

o R

; Block P116H2 is the second-stage Battelle gasifier effluent cooler
; whi ch cools the gas to 580 F produci ng 530 F steam
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; Stream 1164B is the effluent gas cooled to 590 F.
BLOCK P116H2 HEATER
PARAM  TEMP=580. <F>
; Block P116Mis a mxer to mx the gasified deconposed wood stream
; with the other gasifier feed streans.
BLOCK P116M M XER
DESCRI PTI ON ' PLANT 116 - WOCD GASI FI ER | NLET STREAM M XER

; Blocks P116Rl and P116R2 are two RSTA CH reactors which nodel the

;  yields produced by the Battelle gasifier as given in the Mtretek

; Report MP 96VW000065, January 1996. The tar is represented by a

; mxture of benzene and CIOH20. An RA BBS equilibriumreactor nodel
; could not be adjusted to match the reported gasifier vyields.

Bl ock P116Rl is the first-stage carbon burner reactor which converts
sonme of the pseudo C (carbon) to CO G2, methane, ethylene and
tar CLOH20) to match the adjusted Mtretek vyields.
Stream 116S3 is the first-stage reactor outlet stream
BLOCK P116R1L RSTAC
DESCRI PTI ON ' PLANT 116 - FI RST PRELI M NARY GASI FI ER (C BURNER) REACTCR
PARAM TEMP = 1595 PRES = 14.7 KCDE = 2

STAOCH 1 MXeh C -1 / H -2 | G#4 1
STAOCH 2 MXeb C -2 /| H -2 |/ @QH4 1
STAOCH 3 MXeb C -10/ H2 -10 / Cl0H20 1
STAOCH 4 MXeDh C -6 / H2 -3 [/ GA 1
STAOCH 5 MXebh C -1 / @ -1 [/ Qa® 1
STAOCH 6 MXeb C -2 / @ -1 [ @ 2
CONV 1 MXED C 0.179501289
CONV 2 MXED C 0.145844798
CO\V 3 MXED C 0.028064877
CONV 4 MXED C 0.001507811
CONV 5 MXED C 0.074418243
CONV 6 MXED C 0.570662982

; Block P116R2 is the second-stage reactor which converts the
; remai ni ng oxygen to water.
BLOCK Pl116R2 RSTAC
DESCRI PTI ON ' PLANT 116 - 2ND GASI Fl ER REACTCR
PARAM TEMP = 1595 PRES = 14.7 KCDE = 2
STAOCH 1 MXeED H -2/ @ -1 / HO 2
CONV 1 MXED @ 1.0
; Block P116Sl1 is the water quench section which washes and cool s the
; hot syngas stream This splitter block ignores the quench water.
BLOCK P116S1 SEP
DESCRI PTI ON ' SEP BLOCK SI MULATI ON OF WATER QUENCH SECTI ON
FRAC SUBSTREAM = M XED STREAM = 116S5 COWP = H20 C10H20 C6A &
FRACS = 0.5463226 0.99 1.0 /
SUBSTREAM = NC STREAMF116S5 COWP = CHAR FRACS = 1.0
; NOIE, Syngas vapor streamoutlet tenperature increased by 5 degrees
; fromMtretek value to naintain an all vapor stream
FLASH SPECS  116S5 TEMP=165.0 PRES=14.7 /
116S6 TEMP=156.0 PRES=14.7

; Block P116S2 produces the solids waste stream (slag) and a char
; streamwhich is burned in the conbustor. This block sets the
; correct waste solids streamflow rate, but does not set the

; correct comnpositional analysis of the SLAG stream

BLOCK P116S2 FSPLIT



DESCRI PTI ON "PLANT 116 SOLI DS WASTE STREAM RECOVERY BLOCK!
Frac streanrSLAG val =0. 679360
; Block P116S3 splits the cool ed and washed syngas streaminto a
; streamgoing to F-T liquefaction and a fuel gas stream
BLOCK P116S3 FSPLIT
DESCRI PTI ON "PLANT 116 SYNGAS SPLI TTER TO LI QUEFACTI ON ANDY OR FUEL"
; Set the fraction of the inlet gas going to fuel and to the conbi ned-
; cycle power plant section in stream 116S8 (Use val =0.0 to send all
; the syngas to F-T synthesis).
Frac streanv116S8 val =0.0
; Block P117Cl conpresses the washed syngas to F-T synthesis pressure.
BLOCK P117C1 MCOVPR
DESCRI PTI ON ' PLANT 117 - FT SYNTHESI S SYNGAS COVWPRESSCR
PARAM NSTAGE=5 TYPE=POLYTRCPI C PRES=360.0 COWPR NPHASE=2
FEEDS 117S1 1
PRCDUCTS 117S2 5/ KOL 1/ K2 2/ KB 3/ KA 4
COWR- SPECS 1 PEFF=0.76 MEFF=0.95 / 2 PEFF=0.76 MEFF=0.95 /
3 PEFF=0.76 MEFF=0.95 / 4 PEFF=0.76 MEFF=0.95 /
5 PEFF=0.75 MEFF=0.95
COOLER- SPECS 1 TEMP=115. PDRCP=5.0 / 2 TEMP=115. PDRCP=5.0 /
3 TEMP=115. PDRCP=5.0 / 4 TEMP=115. PDROP=5.0 /
5 DUTY=0.0 PDRCP=0.0
; Plant 117 - The F-T Synthesis Syngas Conpression Plant Fortran Cost/
; Wilities nodel - Fortran bl ock USRI 17.
BLOCK P117F USER
SUBRQUTI NE MODEL = USRI 17 REPORT = USRI 17
DESCRI PTI ON ' PLT 117 - F-T SYNGAS COVPRESSI ON PLANT UTI L/ COST MODEL'
PARAM NINT = 4 NREAL = 70
The followi ng 4 integer paraneters are:
INT(1) = User block summary report control switch.
0 => Wite the conpl ete user bl ock sunmary report.
1 => Skip the capital cost portion of the sunmary
report.
2 => Skip the capital cost and utilities portions
of the summary report.
3 => Skip witing the entire user bl ock sumrary report.

INT(2) = User block summary report destination control switch.
0 => Wite the user block summary report to the normnal
ASPEN SP out put report file.
user bl ock output report file on logical unit 62
called I1CL117. REP.
INT(3) = Nunber of duplicate plants.
INT(4) = Hstory file additional output control swtch.

; 1 => Wite the user block summary report to a separate
; 0 => Wite no additional output to the history file.
; 1 =>Wite the only the subroutine entry and exit
; nmessages to the history file.
; 2 => Wite sonme additional output to the history file.
; 3-5 => Wite sone nore additional output to the history
; file. Larger values generate nore internedi ate
; out put .
INT 0 1 0 1

The following 70 real paraneters are:

; REAL(1) -

; REAL(20) = Future use.

; REAL(21) = Constant factor for the power consunption, kw
; REAL(22) = Power consunption per MM SCH hr of dry syngas
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REAL( 23)

REAL( 24)

REAL( 25)

REAL( 26)

REAL( 27)

REAL( 28)

REAL( 29)

REAL( 30)

REAL( 31)

REAL( 32)

REAL( 33)

REAL( 34)

REAL( 35)
REAL( 36)
REAL(37)
REAL( 38)
REAL( 39)
REAL( 40)
REAL( 41)
REAL( 42)
REAL(43) -
REAL( 48)
REAL( 49)
REAL( 50)

REAL( 51)

REAL( 52)

conpressor feed, kw (MM SCH hr of dry feed)
Constant factor for the 900 psig / 1000 F steam
consunption, M bs/hr

900 psig / 1000 F steam consunption per MMV SCF hr
of dry syngas conpressor feed, (Mbs/hr)/ (M SCH hr
of dry feed).

Constant factor for the 360 psig / 440 F steam
consunption, M bs/hr

360 psig / 440 F steam consunption per MV SCF hr

of dry syngas conpressor feed, (Mbs/hr)/ (M SCH hr
of dry feed).

Constant factor for the 600 psig / 650 F steam
consunption, M bs/hr

600 psig / 650 F steam consunption per MV SCF hr

of dry syngas conpressor feed, (Mbs/hr)/ (M SCH hr
of dry feed).

Constant factor for the 600 psig saturated steam
consunption, M bs/hr

600 psig saturated steam consunption per MM SCH hr
of dry syngas conpressor feed, (Mbs/hr)/ (M SCH hr
of dry feed).

Constant factor for the 150 psig saturated steam
consunption, M bs/hr

150 psig saturated steam consunption per MV SCF hr
of dry syngas conpressor feed, (Mbs/hr)/ (M SCH hr
of dry feed).

Constant factor for the 50 psig saturated steam
consunption, M bs/hr

50 psig saturated steam consunption per MM SCF hr
of dry syngas conpressor feed, (Mbs/hr)/ (M SCH hr
of dry feed).

Constant factor for the plant fuel consunption,

MM BTU hr

Pl ant fuel consunption per MM SCF/ hr of dry syngas
conpressor feed, (MM BTU hr)/ (M SCH hr of dry feed).
Constant factor for the cooling water consunption
Myal / hr.

Cool i ng water consunption per MM SCH hr of dry syngas
conpressor feed, (Mpal/hr)/ (M SCF hr of dry feed).
Constant factor for the process water consunption
Myal / hr.

Process water consunption per MM SCH hr of dry syngas
conpressor feed, (Mal/hr)/ (M SCFH hr of dry feed).
Constant factor for the nitrogen consunption

MM SCF/ hr of N2.

N trogen consunption per MM SCH hr of dry syngas
conpressor feed, (MM SCF hr of N2)/ (MM SCH hr of
dry feed).

Future use.

Constant factor for the nunber of operators per
day, oper ators/day.

Nunber of operators per day per train,
(operators/day)/train.

Reference feed rate to a single train in

MM SCF/ hr of dry syngas conpressor feed for the
calculation of the I1SBL field cost of a single
train as a function of train capacity.

Maxi mum si ze of a single train as defined by the
feed rate in MM SCF hr of dry sungas conpressor feed.
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REAL(70) = Future use.
Future use (10 itens)
REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
; Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

; REAL(53) = Mninmumsize of a single train as defined by the

; feed rate in MM SCF hr of dry syngas conpressor feed.
; REAL(54) = Constant Ain the plant 1SBL field cost equation.

; REAL(55) = Constant Bin the plant 1SBL field cost equation.

; REAL(56) = Constant Ein the plant 1SBL field cost equation.

; REAL(57) = Constant Fin the plant 1SBL field cost equation.

; REAL(58) = Nunber of spare trains.

; REAL(59) -

; Power 900/ 1000 F steam 360/440 F steam
0.0 5448. 169 0.0 0.0 0.0 0.0 &
; 600/ 650 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
; 50 satd steam Pl ant fuel Cool i ng H2O
0.0 0.0 0.0 0.0 0.0 142.7704 &
; Process H20 N trogen
0.0 0.0 0.0 0.0 &
; Future Use (6 itens)
0.0 0.0 0.0 0.0 0.0 0.0 &
; per s/ day (Qpers/day)/train
0. 0. &
; Ref Flow Max Flow Mn Fl ow
0. 48426 0.5 0.05 &
; Pl ant cost equation constants.
; A B E F Spar es Future use (2 itens)
0.0 1.22206 0.65 1.0 0.0 0.0 0.0 &

; Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Block P118Cl conpresses the washed syngas going to the
;  conbi ned-cycl e power plant.
BLOCK P118Cl MCOVPR

DESCRI PTI ON ' PLANT 118 - OOMBI NED- CYCLE SYNGAS COVPRESSCOR

PARAM NSTAGE=4 TYPE=POLYTRCPI C PRES=250.0 COWPR NPHASE=2

FEEDS 118S1 1

PRCDUCTS 11852 4/ Kb 1/ KO6 2 / KO7 3

COWR- SPECS 1 PEFF=0.76 MEFF=0.95 / 2 PEFF=0.76 MEFF=0.95 /

3 PEFF=0.76 MEFF=0.95 / 4 PEFF=0.76 MEFF=0.95
COOLER- SPECS 1 TEMP=115. PDRCP=5.0 / 2 TEMP=115 PDROP=5.0 /
3 TEMP=115. PDRCP=5.0 / 4 DUTY=0.0 PDROP=0.0

; Plant 118 - The Conbi ned- Cycl e Syngas Conpression Plant Fortran Cost/
; Wilities nodel - Fortran bl ock USRI 18.
BLOCK P118F USER

SUBRQUTI NE MODEL = USRI 18 REPORT = USRI 18

DESCRI PTI ON ' PLT 118 - OC SYNGAS COWPRESS| ON PLANT UTI L/ COST MODEL'

PARAM NINT = 4 NREAL = 70
; The followi ng 4 integer paraneters are:
; INT(1) = User block summary report control switch.
; 0 => Wite the conpl ete user block sunmary report.
; 1 => Skip the capital cost portion of the sunmary
; report.
; 2 => Skip the capital cost and utilities portions
; of the summary report.
; 3 => Skip witing the entire user bl ock sumrary report.
; INT(2) = User block summary report destination control switch.
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| NT( 3)
| NT( 4)

INT 0 1 O
The follo
REAL(1) -
REAL( 20)
REAL(21)
REAL( 22)
REAL( 23)

REAL( 24)

REAL( 25)

REAL( 26)

REAL( 27)

REAL( 28)

REAL( 29)

REAL( 30)

REAL( 31)

REAL( 32)

REAL( 33)

REAL( 34)

REAL( 35)
REAL( 36)
REAL(37)
REAL( 38)

REAL( 39)

0 => Wite the user block summary report to the normnal
ASPEN SP out put report file.

1 => Wite the user block summary report to a separate
user bl ock output report file on logical unit 62
called 1CL118. REP.

Number of duplicate plants.

Hstory file additional output control swtch.

0 => Wite no additional output to the history file.

1 =>Wite the only the subroutine entry and exit
nmessages to the history file.

2 => Wite sonme additional output to the history file.

5 => Wite sonme nore additional output to the history
file. Larger values generate nore internedi ate
out put .

wing 70 real paraneters are:

Future use.

Constant factor for the power consunption, kw

Power consunption per MM SCH hr of dry syngas

conpressor feed, kw (MM SCH hr of dry feed)

Constant factor for the 900 psig / 1000 F steam

consunption, Mbs/hr.

= 900 psig / 1000 F steam consunption per MV SCF hr
of dry syngas conpressor feed, (Mbs/hr)/ (M SCH hr
of dry feed).

= Constant factor for the 360 psig / 440 F steam
consunption, Mbs/hr.

= 360 psig / 440 F steam consunption per MV SCF hr
of dry syngas conpressor feed, (Mbs/hr)/ (M SCH hr
of dry feed).

= Constant factor for the 600 psig / 650 F steam
consunption, Mbs/hr.

= 600 psig / 650 F steam consunption per MV SCF hr
of dry syngas conpressor feed, (Mbs/hr)/ (M SCH hr
of dry feed).

= Constant factor for the 600 psig saturated steam
consunption, Mbs/hr.

= 600 psig saturated steam consunpti on per MM SCH hr
of dry syngas conpressor feed, (Mbs/hr)/ (M SCH hr
of dry feed).

= Constant factor for the 150 psig saturated steam
consunption, Mbs/hr.

= 150 psig saturated steam consunpti on per MM SCH hr
of dry syngas conpressor feed, (Mbs/hr)/ (M SCH hr
of dry feed).

= Constant factor for the 50 psig saturated steam
consunption, Mbs/hr.

= 50 psig saturated steam consunption per MV SCF hr
of dry syngas conpressor feed, (Mbs/hr)/ (M SCH hr
of dry feed).

= Constant factor for the plant fuel consunption,
MM BTU hr.

= Plant fuel consunption per MM SCF/ hr of dry syngas
conpressor feed, (MM BTU hr)/ (M SCH hr of dry feed).

= Constant factor for the cooling water consunption,
Myal / hr.

= Cool i ng water consunption per MM SCH hr of dry syngas
conpressor feed, (Mpal/hr)/ (M SCF hr of dry feed).

= Constant factor for the process water consunption,
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Myal / hr.
REAL(40) = Process water consunption per MM SCH hr of dry syngas
conpressor feed, (Mal/hr)/ (M SCF hr of dry feed).
REAL(41) = Constant factor for the nitrogen consunption,
MM SCF hr of N2.
REAL(42) = Ntrogen consunption per MM SCFH hr of dry syngas
conpressor feed, (MM SCF hr of N2)/ (MM SCH hr of

dry feed).

REAL(43) -

REAL(48) = Future use.

REAL(49) = Constant factor for the nunber of operators per
day, oper ators/day.

REAL(50) = Nunber of operators per day per train,
(operators/day)/train.

REAL(51) = Reference feed rate to a single train in

MM SCF/ hr of dry syngas conpressor feed for the
calculation of the I1SBL field cost of a single
train as a function of train capacity.

REAL(52) = Maxinmumsize of a single train as defined by the
feed rate in MM SCF hr of dry sungas conpressor feed.

REAL(53) = Mninmumsize of a single train as defined by the
feed rate in MM SCF hr of dry syngas conpressor feed.

REAL(54) = Constant Ain the plant 1SBL field cost equation.

REAL(55) = Constant Bin the plant 1SBL field cost equation.

REAL(56) = Constant Ein the plant 1SBL field cost equation.

REAL(57) = Constant Fin the plant 1SBL field cost equation.

REAL(58) = Nunber of spare trains.

REAL(59) -

REAL(70) = Future use.

Future use (10 itens)
REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
; Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

; Power 900/ 1000 F steam 360/ 440 F steam
0.0 4944.930 0.0 0.0 0.0 0.0 &
; 600/ 650 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
; 50 satd steam Pl ant fuel Cool i ng H2O
0.0 0.0 0.0 0.0 0.0 132.8872 &
; Process H20 N trogen
0.0 0.0 0.0 0.0 &
; Future Use (6 itens)
0.0 0.0 0.0 0.0 0.0 0.0 &
; per s/ day (Qpers/day)/train
0. 0. &
; Ref Flow Max Flow Mn Fl ow
0.605325 0.65 0.05 &
; Pl ant cost equation constants.
; A B E F Spar es Future use (2 itens)
0.0 1.480051 0.65 1.0 0.0 0.0 0.0 &

; Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Block P119Cl conpresses the | ow pressure fuel gas produced in the
; F-T synthesis and product upgrading areas that goes to the fuel gas
; systemfor in-plant use.
BLOCK P119C1 MCOVPR
DESCRI PTI ON ' PLANT 119 - FUEL GAS COWPRESSCOR
PARAM NSTAGE=2 TYPE=POLYTRCPI C PRES=100.0 COWPR- NPHASE=2
FEEDS 119S1 1



PRCDUCTS 11982 2 / KGB 1
COWPR- SPECS 1 PEFF=0. 76 MEFF=0.95 / 2 PEFF=0.76 MEFF=0.95
COOLER- SPECS 1 TEMP=115. PDROP=5.0 / 2 DUTY=0.0 PDRCP=0.0

; Plant 119 - The Fuel Gas Conpression Plant Fortran Cost/

; Wilities node

- Fortran bl ock USRI 19.

BLOCK P119F USER
SUBRQUTI NE MODEL = USRI19  REPORT = USRI 19
DESCRI PTI ON ' PLT 119 - FUEL GAS COWPRESSI ON PLANT UTI L/ COST MODEL!
PARAM NINT = 4
The followi ng 4 integer paraneters are:
INT(1) = User block summary report control switch.

; 0 => Wite the conpl ete user block sunmary report.
; 1 => Skip the capital cost portion of the sunmary
; report.
; 2 => Skip the capital cost and utilities portions
; of the summary report.
; 3 => Skip witing the entire user bl ock sumrary report.
; INT(2) = User block summary report destination control switch.
; 0 => Wite the user block summary report to the normnal
; ASPEN SP out put report file.
; 1 => Wite the user block summary report to a separate
; user bl ock output report file on logical unit 62
; called 1CL119. REP.
; I NT(3) = Nunber of duplicate plants.
; INT(4) = Hstory file additional output control swtch.
; 0 => Wite no additional output to the history file.
; 1 =>Wite the only the subroutine entry and exit
; nmessages to the history file.
; 2 => Wite sonme additional output to the history file.
; 3-5 => Wite sone nore additional output to the history
; file. Larger values generate nmore internedi ate
; out put .
INT 0 1 0 1
; The following 70 real paraneters are:
; REAL(1) -
; REAL(20) = Future use.
; REAL(21) = Constant factor for the power consunption, kw
; REAL(22) = Power consunption per MM SCH hr of dry syngas
; conpressor feed, kw (MM SCH hr of dry feed)
; REAL(23) = Constant factor for the 900 psig / 1000 F steam
; consunption, Mbs/hr.
; REAL(24) = 900 psig / 1000 F steam consunption per MV SCF hr
; of dry syngas conpressor feed, (Mbs/hr)/ (M SCH hr
; of dry feed).
; REAL(25) = Constant factor for the 360 psig / 440 F steam
; consunption, Mbs/hr.
; REAL(26) = 360 psig / 440 F steam consunption per MV SCH hr
; of dry syngas conpressor feed, (Mbs/hr)/ (M SCH hr
; of dry feed).
; REAL(27) = Constant factor for the 600 psig / 650 F steam
; consunption, Mbs/hr.
; REAL(28) = 600 psig / 650 F steam consunption per MV SCH hr
; of dry syngas conpressor feed, (Mbs/hr)/ (M SCH hr
; of dry feed).
; REAL(29) = Constant factor for the 600 psig saturated steam
; consunption, Mbs/hr.
; REAL(30) = 600 psig saturated steam consunption per MV SCF hr

NREAL = 70

of dry syngas conpressor feed, (Mbs/hr)/ (M SCH hr
of dry feed).



REAL( 31)

REAL( 32)

REAL( 33)

REAL( 34)

REAL( 35)
REAL( 36)
REAL(37)
REAL( 38)
REAL( 39)
REAL( 40)
REAL( 41)
REAL( 42)
REAL(43) -
REAL( 48)
REAL( 49)
REAL( 50)

REAL( 51)

REAL( 52)
REAL( 53)

REAL ( 54)
REAL ( 55)
REAL ( 56)
REAL (57)
REAL ( 58)
REAL(59) -
REAL( 70)
Future

Future

Constant factor for the 150 psig saturated steam
consunption, Mbs/hr.

150 psig saturated steam consunption per MV SCF hr

of dry syngas conpressor feed, (Mbs/hr)/ (M SCH hr
of dry feed).

Constant factor for the 50 psig saturated steam
consunption, Mbs/hr.

50 psig saturated steam consunption per MM SCF hr

of dry syngas conpressor feed, (Mbs/hr)/ (M SCH hr
of dry feed).

Constant factor for the plant fuel consunption,

MM BTU hr.

Pl ant fuel consunption per MM SCF hr of dry syngas
conpressor feed, (MM BTU hr)/ (M SCH hr of dry feed).
Constant factor for the cooling water consunption,
Myal / hr.

Cool i ng water consunption per MM SCH hr of dry syngas
conpressor feed, (Mpal/hr)/ (M SCF hr of dry feed).
Constant factor for the process water consunption,
Myal / hr.

Process water consunption per MM SCH hr of dry syngas
conpressor feed, (Mal/hr)/ (M SCF hr of dry feed).
Constant factor for the nitrogen consunption,

MM SCF/ hr of N2.

N trogen consunption per MM SCH hr of dry syngas
conpressor feed, (MM SCF hr of N2)/ (MM SCH hr of

dry feed).

Future use.

Constant factor for the nunber of operators per

day, oper ators/day.

Nunber of operators per day per train,
(operators/day)/train.

Reference feed rate to a single train in

MM SCF/ hr of dry syngas conpressor feed for the
calculation of the I1SBL field cost of a single

train as a function of train capacity.

Maxi mum si ze of a single train as defined by the
feed rate in MM SCF hr of dry sungas conpressor feed.
M ni mum si ze of a single train as defined by the
feed rate in MM SCF hr of dry syngas conpressor feed.
Constant Ain the plant ISBL field cost equation.
Constant Bin the plant ISBL field cost equation.
Constant Ein the plant ISBL field cost equation.
Constant F in the plant ISBL field cost equation.
Nunber of spare trains.

Fut ure use.

use (10 itens)
REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

Power 900/ 1000 F steam 360/440 F steam
0.0 2305. 749 0.0 0.0 0.0 0.0 &
600/ 650 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Pl ant fuel Cool i ng H2O

0.0 0.0 0.0 0.0 0.0 12.6243 &
Process H20 N trogen

0.0 0.0 0.0 0.0 &



; Future Use (6 itens)

0.0 0.0 0.0 0.0 0.0 0.0 &
; Oper s/ day (Opers/day)/train
0. 0. &
; Ref Flow Max Flow Mn Fl ow
0. 0417 0.20 0.01 &
; Pl ant cost equation constants.
; A B E F Spar es Future use (2 itens)
0.0 0.54315 0.65 1.0 0.0 0.0 0.0 &

; Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Area 200 - Fischer-Tropsch Synthesis Area

; NOTE The maxi numsizes of the plants in Area 200, the F-T synthesis
; are are set soto maintain a 1:1 or 1:2 train relationship

; (when possible). The maxi mum pl ant sizes are slightly |arger

; (about 0.6% than the design nmaxi mumsize to all ow the nodel

; sone flexibility.

Bl ock A200ML conbines all the fuel gas produced in Area 200 into a
single stream
BLOCK A200ML M XER
DESCRI PTI ON " AREA 200 TOTAL FUEL GAS M XER'
PARAM PRES=20.0 NPHASE=1 PHASE=V
; Bl ock A200M2 conbi nes all the water produced in Area 200 into a
; single stream
BLOCK A200M2 M XER
DESCRI PTI ON " AREA 200 TOTAL SOUR WATER M XER'
PARAM PRES=20.0  NPHASE=1 PHASE=L
; Plant 201F - The F-T Synthesis Plant Mdel -user Fortran bl ock USRI 21.
BLOCK P201F  USER
SUBRQUTI NE MODEL = USRI 21  REPORT = USRI 21
DESCRI PTI ON ' PLANT 201 - FI SCHER TROPSCH SYNTHES| S PLANT'
PARAM NINT =5 NREAL = 70
; The following 5 integer paraneters are:
; INT(1l) = User block summary report control switch.
; 0 => Wite the conpl ete user block sunmary report.
; 1 => Skip the capital cost portion of the sunmary
; report.
; 2 => Skip the capital cost and utilities portions
; of the summary report.
; 3 => Skip witing the entire user block sumrary report.
; bl ock summary report destination control switch.
; 0 => Wite the user block summary report to the normnal
; ASPEN SP out put report file.
; 1 => Wite the user block summary report to a separate

1
&
@

| NT( 2)

user bl ock output report file on logical unit 62
called 1CL201. REP.
Number of operating duplicate trains, excluding spares.
[f INT(3) = 0, the m ni numnunber of duplicate
trains will be determned so that the capacity
of each train does not exceed the maxi numtrain
capacity specified by vari able REAL(52).
[f INT(3) > 0, the nunber of duplicate trains.
H story file additional output control swtch.
0 => Wite no additional output to the history file.

| NT( 3)

| NT( 4)
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1 =>Wite the only the subroutine entry and exit
nmessages and the detail ed reactor sizing
information to the history file.

2 => Wite the el emental bal ance infornati on and somne
additional output to the history file.

3-5 => Wite sone nore additional output to the history
file. Larger values generate nmore internedi ate
out put .

INT(5) = Switch to control the equi pnent sizing and costing
for this plant. Wen the F-T reactors are sized,
the plant costs are cal cul ated based on the reactor
sizing results; otherw se, they are based on the
overal |l cost nodel that is used for all the other
pl ant s.

0 => Do NOT size the F-T reactors and use the
speci al costing nethod based on the reactor
sizes. Cost the plant based on the tota
pl ant cost equation constants in the
REAL(51) - REAL(58) paraneters.

1 => Wite the reactor sizing results to the plant
summary report file.

2 => Asowite the sizes of the other pieces of
maj or equi prent in this plant based on the
basel i ne design to the summary report file.

3 => Also wite the sizes of the other pieces of
maj or equi pnent in this plant using wax
filters for the catal yst/wax separation

INT 0 1 0 2 2
The following 70 real paraneters are:

REAL (1) = Wax yield in weight percent. (Valid values are
between 9.6 and 76 wt % wax)

REAL ( 2) = H2 conversion, W%

REAL ( 3) = Mle fraction olefins in the C7-Cl9 ol efin/paraffin
hydr ocar bons.

REAL(4) = Future use.

REAL ( 6) = Future use.

REAL ( 6) = Future use.

REAL(7) = Tenperature approach in water gas shift reaction in
Cel si us degr ees.

REAL ( 8) = Future use.

REAL ( 9) = Reactor pressure drop, psi

REAL(10) = Nunber of spare F-T slurry bed reactors in the entire
pl ant not associated with a specific plant train
(MUST have an integer value).

REAL(11) = Nunber of F-T parallel slurry bed reactors per plant
train (MJST have an integer val ue).

REAL(12) = F-T reactor slurry bed inlet gas velocity, cnisec.

REAL(13) = F-T reactor catalyst concentration in the
slurry, wt%

REAL(14) = F-T catal yst nmakeup rate, %of catalyst inventory

per day. SEE NOTE 1.
REAL(15) = Tenperature of steamgenerated in tubes of the F-T
slurry bed reactor, F

REAL(16) = Pressure of steamgenerated in tubes of the F-T
slurry bed reactor, psig.

REAL(17) = Relative catalyst activity,; i.e., catalyst activity
relative to that of the baseline design case.

REAL(18) -

REAL(20) = Future use.

REAL(21) = Constant factor for the power consunption, kw
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REAL(22) =
REAL(23) =
REAL(24) =
REAL(25) =
REAL(26) =
REAL(27) =
REAL(28) =
REAL(29) =
REAL(30) =
REAL(31) =
REAL(32) =
REAL(33) =
REAL(34) =
REAL(35) =
REAL(36) =
REAL(37) =
REAL(38) =
REAL(39) =
REAL(40) =
REAL(41) =

REAL( 42)

REAL(43) -
REAL( 48)
REAL( 49)

REAL( 50)

SEE NOTES
REAL(51) =

REAL(52) =
REAL(53) =
REAL(54) =

REAL(55) =

Power consunption per MM SCH hr of gas feed,

kw (MM SCH hr of gas feed)

Constant factor for the 900 psig / 1000 F steam
consunption, Mbs/hr.

900 psig / 1000 F steam consunption per MV SCF hr
of gas feed, (Mbs/hr)/(MV SCFH hr of gas feed).
Constant factor for the 360 psig / 440 F steam
consunption, Mbs/hr.

360 psig / 440 F steam consunption per MV SCF hr
of gas feed, (Mbs/hr)/(MV SCFH hr of gas feed).
Constant factor for the 600 psig / 720 F steam
consunption, Mbs/hr.

600 psig / 720 F steam consunption per MV SCF hr
of gas feed, (Mbs/hr)/(MV SCFH hr of gas feed).
Constant factor for the 600 psig saturated steam
consunption, Mbs/hr.

600 psig saturated steam consunption per MM SCH hr
of gas feed, (Mbs/hr)/(MV SCFH hr of gas feed).
Constant factor for the 150 psig saturated steam
consunption, Mbs/hr.

150 psig saturated steam consunption per MV SCF hr
of gas feed, (Mbs/hr)/(MV SCH hr of gas feed).
Constant factor for the 50 psig saturated steam
consunption, Mbs/hr.

50 psig saturated steam consunption per MM SCF hr
of gas feed, (Mbs/hr)/(MV SCH hr of gas feed).
Constant factor for the plant fuel consunption,
MM BTU hr.

Pl ant fuel consunption per MM SCH hr of gas feed,
(MM BTU hr)/ (M SCF hr of gas feed).

Constant factor for the cooling water consunption,
Myal / hr.

Cool i ng water consunption per MM SCH hr of gas
feed, (Mal/hr)/ (M SCH hr of gas feed).

Constant factor for the process water consunption,
Myal / hr.

Process water consunption per MM SCH hr of gas
feed, (Mal/hr)/ (M SCH hr of gas feed).

Constant factor for the nitrogen consunption,

MMV SCH/ hr of N2.

N trogen consunption per MM SCH hr of gas feed,
(MM SCH hr of N2)/(MV SCF/ hr of gas feed).

Future use.

Constant factor for the nunber of operators per
day, oper ators/day.

Nunber of operators per day per train,
(operators/day)/train.

2 AND 3 REGARDI NG THE FCLLON NG COST PARAMETERS.
Reference gas feed rate to a single train in

MM SCF/ hr of gas feed for the cal culation of the
ISBL field cost of a single train as a function
of train capacity.

Maxi mum si ze of a single train as defined by the
gas feed rate in MM SCH hr of gas feed.

M ni mum si ze of a single train as defined by the
gas feed rate in MM SCH hr of gas feed.

Constant Ain the total plant 1SBL field cost
equati on.

Constant Bin the total plant 1SBL field cost
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equati on - SEE NOTE 3.
REAL(56) = Constant Ein the total plant I1SBL field cost

equation
REAL(57) = Constant Fin the total plant I1SBL field cost
equation
REAL(58) = Nunber of duplicate spare conplete plant trains.
REAL(59) = Reference weight of a single F-T slurry reactor
vessel in Mbs for the estimation of the cost
of a single reactor vessel as a function of weight.
REAL(60) = Cost of a single F-T slurry reactor vessel in

MVB havi ng the wei ght given above in REAL(59).

REAL(61) = 1SBL cost of a single F-T slurry bed reactor
systemand its closely associated accesories in
MV for a reactor vessel having the weight given
above in REAL(59). (Such itens include the
foundation, instrumentation, piping, etc.)

REAL(62) = |SBL cost of the peripheral equiprent in M
associated with each slurry bed F-T reactor vessel
havi ng the wei ght given above in REAL(59). (Such
itens nmay be cycl ones, hydrocl ones, steam druns,
etc.)

REAL(63) = |ISBL cost of all the other equiprment in MM in a
single F-T plant train not covered in the
previ ous two costs.

REAL(64) -

REAL(70) = Future use.

NOTES: The foll owi ng parameters are for the BASE Battell e gasifier
desi gn processi ng mapl e wood chi ps and were adapted from
those for the baseline Illinois No. coal case.

1. The baseline plant design has a nmakeup catal yst rate of 0.5%
of the catalyst inventory per day, which costs 10.51 MM/ year
If the catal yst nmakeup rate is changed, then the catal yst
and chemcals cost in inline Fortran bl ock SUVALT shoul d be
changed appropriately.

A so, to be absolutely rigorous, the I1SBL cost for Plant 201
shoul d be adjusted appropriately for the revised capacities
of the catal yst preparati on and di sposal sections. For the
basel i ne plant design, the I SBL cost of these sections is
3.94 M\ for all 8 trains, or 0.4925 MMb/train. Thus, if the
catal yst makeup rate is doubled and assumng a |inear cost/
capacity rel ationship, then the followi ng B cost paraneter
shoul d be increased by 0.4925 M. The sane adjustment al so
shoul d be nmade to the other equi prent parameter (REAL(63)).

2. There are two nethods for cal culating the cost of Plant 201
If the F-T reactor size is NOTI cal cul ated, the total |SBL
pl ant cost is calculated using the REAL(54) - REAL(58)
paraneters in the same nmanner as the other plants by the
general cost scaling equation. |If the F-T reactor size is
calculated, then a nore detailed nmethod is used which sizes
and costs the reactors, then adds the cost of the peripheral
equi prent associ ated with each reactor, and then finds the
cost of all the other itens in each train with the genera
cost scaling equation

3. The baseline plant design has 8 parallel Fischer-Tropsch
reactor trains, each train containing 3 reactors. In
addition there is one spare F-T reactor for all trains
giving a total of 25 F-T reactors. The installed |ISBL cost
of this spare reactor and its associ ated peripheral s and
rel ated equiprent is 6.07168 MMb. |In the total plant cost
scal i ng equati on using the REAL(54)-Real (58) paraneters,
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this cost is divided evenly anong all 8 parallel plant
trains. To convert the follow ng B cost paraneter, REAL(55),
to represent a plant design without this spare reactor,
reduce the B cost parameter (single train cost) by 6.07168/8
(or 0.75896) to 26.730915 MVb. The total plant cost scaling
fornmul ati on does not allow this spare reactor cost to be
part of the first train cost as does the nore detailed
costing procedure that is described above in note 2.

W % wax H2 Conv. Ml e Frac Aefins Future

REAL 50. 70. 48 0.7 0.0 &

; Future Future WSS Approach Tenp. Future

0.0 0.0 -140.0 0.0 &
; Rx pressure drop Spare reactors Reactors/train

21.0 0. 1. &
; Inlet gas velocity Cat concentration

10.0 22.5 &
; Cat makeup rate Steamtenperature  Steam pressure

0.5 438. 3 360.0 &
; Rel ative cat activity Future use (3 itens)

1.0 0.0 0.0 0.0 &
; Power 900/ 1000 F steam 360/ 440 F steam

0.0 108.65114 0.0 0.0 0.0 -51.10882 &
; 600/ 650 F steam 600 satd steam 150 satd steam

0.0 0.5153043 0.0 0.0 0.0 0.0 &
; 50 satd steam Pl ant fuel Cool i ng H2O

0.0 -0.124922 0.0 2.3422926 0.0 1.9600305 &
; Process H20 N trogen

0.0 0.2231290 0.0 0.0 &
; Future Use (6 itens)

0.0 0.0 0.0 0.0 0.0 0.0 &
; per s/ day (Qpers/day)/train

3. 5. &
; Ref Flow Max Flow Mn Fl ow

8.004977  8.053007 2.689672 &
; Total Plant Cost Single F-T
; Equati on Constants React or Vessel
; A B E F Spar es Vi ght Cost

0.0 27.489875 0.75 1.0 0.0 619.618 2.07 &
; ISBL Installed Cost of the Following Portions of the Pl ant:
; Single F-T Peri pheral Equi prent Q her Equi prrent
; React or for Each Reactor ina Single Train

4.954 1.11768 8. 515875 &

; Future use (7 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0
; The followi ng FLASH SPECS sentence forces ASPEN SP to flash the
; reactor effluent stream
FLASH SPECS  201S21 TP

i3| ock P201Hl1 Heat er
DESCRI PTI ON "P201HL - FT (ZSM5) REACTOR VAPCR COOLER!
PARAM TEMP=100. 0 <F> PRES=284.0

BLOCK P201HR HEATER
DESCR PTI ON "P201H2 - FT REACTCR WAX OOOLER'
PARAM TEMP=487. 6 <F> PRES=85. 0

BLOCK P201H3 HEATER
DESCR PTI ON "P201H3 - FT WAX VAPCR COCLER'
PARAM TEMP=100. 0 <F> PRES=75. 0



BLOCK P201ML M XER
DESCR PTI ON " PLANT 201 FEED M XER'

BLOCK P201MP M XER
DESCR PTI ON " PLANT 201 WAX PRODUCT M XER'

BLOCK P201S1 FLASHR
DESCR PTI ON "PLANT 201 F-T PR MARY REACTOR FLASH SEPARATOR'
PARAM TEMP=487. 6 <F> PRES=304. 0

BLOCK P201S2 SEP
DESCR PTI ON " PLANT 201 WATER SCLUBLE OXYCGENATES SEPARATCR!
FLASH SPECS STREAMF201S6 TEMP=100.0 <F> PRES=284. 0 NPHASE=1 PHASE=L /
STREAMF201S23 PRES=284. 0
FRAC SUBS=M XED STREAMF201S6 &
CaowPS OXH20 &
FRACS 1.0

Bl ock P201S3 FLASH3
DESCR! PTI ON " PLANT 201 VAPCR/ LI QU DY WATER SEPARATCR'
PARAM TEMP=100. 0 <F> PRES=284. 0

BLOCK P201$4 SEP
DESCR PTI ON " PLANT 201 VAPCR OXYCGENATES SEPARATOR'
FLASH SPECS STREAMF201S9 TEMP=100.0 <F> PRES=284. 0 NPHASE=1 PHASE=L /
STREAMF201S11 PRES=284. 0
FRAC SUBS=M XED STREAMF201S9 &
COMPS = 2 N2 @ H2S CO G2 H20 CCs5 G4 C@2H4 &
CHo C3H6 C3H8 | GAHB NCAHS | CAHLO &
NCAHLO C5H10 NCSH12 | G5H12 GoH12 NGGHL4 &
| G6H14 C7H14 C/H1I6 C8Hl6 C8H18 COHL8 &
COH20 ClO0H20 C10H22 Cl1H22 Cl1H24 C12H24 &
Cl2H26 Cl13H26 C13H28 Cl4H28 Cl4H30 C15H30 &
C15H32 Cl6H32 Cl6H34 Cl17H34 Cl7H36 Cl8H36 &
C18H38 Cl9H38 C19H40 C20H40 C20H42 Q1CP &
CQ20P C230P Q40P C250P Q26CP C27CP C28CP C29CP &
C5N 6N C7/N C8N CON C10N &
C9A Cl0AP C30WAX OXVAP OXHC OXH20 &
0.00.00.00.0 &

8
>
Q
>
8
>

FRACS =

.00.0 &

COLLooo0o0000
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COLLOo0o0o00000
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Ro O Ro Qo Ro Qo Ro Ro Ro

1.0 0.00.0

BLOCK P201S5 FLASHR
DESCR PTI ON " PLANT 201 PRI MARY WAX VAPCR SEPARATOR'
PARAM DUTY=0.0 PRES=85. 0

BLOCK P201S6 FLASH3
DESCRI PTI ON " PLANT 201 SECONDARY WAX VAPCR/ HZ WATER SEPARATOR!
PARAM TEMP=100. 0 <F> PRES=75.0
Bl ock P204NF - The NREL Hydrocarbon Recovery Plant - User Fortran
; bl ock nodel USRN\24.



BLOCK P204NF USER
SUBRQUTI NE MCDEL = USRN24  REPORT = USRN24

DESCRI PTI ON '
PARAM N NT =
The follo
INT(1) =

| NT( 2)

I NT(4)

I NT(3)
: 3-

INT 0 1 O
The follo
REAL(1) -
REAL( 20)
REAL(21)
REAL( 22)
REAL( 23)
REAL( 24)
REAL( 25)
REAL( 26)
REAL(27)
REAL( 28)
REAL( 29)
REAL( 30)
REAL( 31)

REAL( 32)

REAL( 33)

PLANT 204N - THE NREL HYDROCARBON RECOVERY PLANT'
4 NREAL = 70

wing 4 integer paraneters are:

User bl ock summary report control switch.

0 => Wite the conpl ete user block sunmary report.

1 => Skip the capital cost portion of the sunmary
report.

2 => Skip the capital cost and utilities portions
of the summary report.

3 => Skip witing the entire user block sumrary report.

User bl ock summary report destination control switch

0 => Wite the user block summary report to the normnal
ASPEN SP out put report file.

1 => Wite the user block summary report to a separate
user block output report file on logical unit 62
cal l ed 1 CL204. REP.

Number of operating duplicate trains, excluding spares.

[f INT(3) = 0, the m ni numnunber of duplicate

trains will be determned so that the capacity
of each train does not exceed the maxi numtrain
capacity specified by vari able REAL(52).

[f INT(3) > 0, the nunber of duplicate trains.

Hstory file additional output control swtch

0 => Wite no additional output to the history file.

1 =>Wite the only the subroutine entry and exit

nmessages to the history file.

=> Wite sonme additional output to the history file.

=> Wite sonme nore additional output to the history

file. Larger values generate nore internedi ate
out put .

2
5

wing 70 real paraneters are:

Future use.

Constant factor for the power consunption, kw

Power consunption per Mbs/hr of feed,

kw (M bs/ hr of feed)

Constant factor for the 900 psig / 1000 F steam

consunption, M bs/hr

= 900 psig / 1000 F steam consunption per M bs/hr
of feed, (Mbs/hr)/(Mbs/hr of feed).

= Constant factor for the 360 psig / 440 F steam
consunption, M bs/hr

= 360 psig / 440 F steam consunption per M bs/hr
of feed, (Mbs/hr)/(Mbs/hr of feed)

= Constant factor for the 600 psig / 650 F steam
consunption, M bs/hr

= 600 psig / 650 F steam consunption per M bs/hr
of feed, (Mbs/hr)/(Mbs/hr of feed).

= Constant factor for the 600 psig saturated steam
consunption, M bs/hr

= 600 psig saturated steam consunption per M bs/hr
of feed, (Mbs/hr)/(Mbs/hr of feed).

= Constant factor for the 150 psig saturated steam
consunption, M bs/hr

= 150 psig saturated steam consunption per M bs/hr
of feed, (Mbs/hr)/(Mbs/hr of feed).

= Constant factor for the 50 psig saturated steam
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consunption, Mbs/hr.

REAL(34) = 50 psig saturated steam consunption per M bs/hr
of feed, (Mbs/hr)/(Mbs/hr of feed).

REAL(35) = Constant factor for the plant fuel consunption,
MM BTU hr.

REAL(36) = Plant fuel consunption per Mbs/hr of feed,
(MM BTU hr)/ (M bs/ hr of feed).

REAL(37) = Constant factor for the cooling water consunption,
Myal / hr.

REAL(38) = Cooling water consunption per Mbs/hr of feed,
(Myal /' hr)/ (M bs/hr of feed).

REAL(39) = Constant factor for the process water consunption,
Myal / hr.

REAL(40) = Process water consunption per Mbs/hr of feed,
(Myal /' hr)/ (M bs/hr of feed).

REAL(41) = Constant factor for the nitrogen consunption,
M bs/ hr of N2.

REAL(42) = Ntrogen consunption per Mbs/hr of feed,
(Mbs/hr of N2)/(Mbs/hr of feed).

REAL(43) -

REAL(48) = Future use.

REAL(49) = Constant factor for the nunber of operators per
day, oper ators/day.

REAL(50) = Nunber of operators per day per train,
(operators/day)/train.

REAL(51) = Reference feed rate to a single train in Mbs/hr of

feed for the calculation of the ISBL field cost of
a single train as a function of train capacity.

REAL(52) = Maxinmumsize of a single train as defined by the
feed rate in Mbs/hr of total feed.

REAL(53) = Mninmumsize of a single train as defined by the
feed rate in Mbs/hr of total feed.

REAL(54) = Constant Ain the plant 1SBL field cost equation.

REAL(55) = Constant Bin the plant 1SBL field cost equation.

REAL(56) = Constant Ein the plant 1SBL field cost equation.

REAL(57) = Constant Fin the plant 1SBL field cost equati on.

REAL(58) = Nunber of spare trains.

REAL(59) -

REAL(70) = Future use.

NOTE: In the above, the termfeed neans the total feed stream
Future use (10 itens)

REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

Power 900/ 1000 F steam 360/ 440 F steam
0.0 0.87798 0.0 0.0 0.0 0.0 &
600/ 650 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Pl ant fuel Cool i ng H2O

0.0 0.057604 0.0 0.072767 0.0 0.06014 &
Process H20 N trogen

0.0 0.0 0.0 0.0 &

Future Use (6 itens)

0.0 0.0 0.0 0.0 0.0 0.0 &

per s/ day (Qpers/day)/train

0. 4. &

Ref Flow Max Flow Mn Fl ow

132. 89 200.0 13.0 &

Pl ant cost equation constants.

A B E F Spar es Future use (2 itens)
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0.0 2.1475 0.65 1.0 0.0 0.0 0.0 &
; Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

BLOCK P204M2 M XER
DESCRI PTI ON " PLANT 204 PRCDUCT FRACTI ONATI ON FEED M XER'
; Block P204S3 is the Plant 204 product fractionation systemfor the
; base once through wood case with conventional product upgrading.
BLOCK P204S3 SEP
DESCRI PTI ON " PLANT 204 PRCDUCT FRACTI ONATI ON SYSTEM - BASE CASE"
FLASH SPECS STREAM=204S21 TEMP=100. 0 <F> PRES=50.0
STREAMF204S22 TEMP=100. 0 <F> PRES=50.0
STREAMF204S23 TEMP=100. 0 <F> PRES=50.0
STREAMF204S24 TEMP=100. 0 <F> PRES=50.0
STREAMF204S25 TEMP=100. 0 <F> PRES=50.0
FRAC SUBSTREAMEM XED &
STREAM = 204321 &
COWS = H2 2 @ H2S OO 2 H2O CCs CH4 Q2H4 &
QH6 C3H6 C3HB | CAHB NCAH8 | CAH10 &
NCAHLO C5HLO0 NCS5H12 | C5H12 C6H12 NO6H1I4 &
| C6H14 C7HL4 C7HL6 C8H16 C3H18 COH18 &
COH20 ClO0H20 ClOH22 Cl1H22 CliH24 Cl2H24 &
Cl2H26 Cl3H26 Cl3H28 Cl4H28 C14H30 C15H30 &
Cl5H32 Cl6H32 Cl6H34 Cl7H34 Cl7H36 Cl18H36 &
Cl8H38 Cl9H38 Cl9H40 C20H40 C20H42 Q21CP &
C220CP C23CP 40P C25CP C26CP C27CP C28CP C29CP &
C5N C6N C7N C8N CI9N CION &
C9A Cl0AP C30WAX OXVAP OXHC OXH20 &
.80 0.151.01.0 1.0 &
&
0.0 0.0 &

/
/
/
/

8
>
Q
>
8
>

FRACS =
010

a1

CoooooooRrkEE
'c¥oXo¥oXoXoXoRoRoRoRo)
Coooooo0o0orRE
e¥eYoYoXoRoRoRaR)
coooooood
coococococooN
Cooooooo0orRE
CO0O0O0OOOWOO
A e Sl
'efeYe¥oYoRoRoRoRoRoRa)
Coooooo0oRrro
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00.00.0 /
STREAMF204S22 &
COWPS = H2 N2 @2 GO HO s G4 C2H4 &
CHo C3H6 C3H8 | GAHB NCAHS | CAHLO &
NCAHLO C5H10 NC5SH12 | CG5H12 GoH12 NGGHL4 &
| G6H14 C7H14 C/H1I6 C8Hl6 C8H18 COHL8 &
COH20 ClOH20 C10H22 Cl1H22 Cl1H24 C12H24 &
Cl2H26 Cl13H26 C13H28 Cl4H28 Cl4H30 C15H30 &
C15H32 Cl6H32 Cl6H34 C17H34 Cl7H36 Cl8H36 &
C18H38 Cl9H38 C19H40 C20H40 C20H42 Q1CP &
CQ20P C230P 40P C250P Q26CP C27CP C28CP C29CP &
C5N 6N C7/N C8N CON C10N &

)
»

C6A C7A CBA C9A ClO0AP C30WAX OXVAP OXHC OXH20 &
FRACS = 0.0 0.0 0.00.00.00.00.00.00.00.0 &

0.00.00.00.00.00.0 &

0.0 0.00258 0.64040 0.0 1.0 1.0 &
1.01.01.01.01.01.0 &
1.01.01.00.00.00.0 &
0.00.00.00.00.00.0 &
0.00.00.00.00.00.0 &
0.00.00.00.00.00.0 &

>
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0.00.00.00.00.00.00.00.0 &
0.00.00.00.00.00.0 &
0.00.00.00.00.00.00.0 0.48 0.0 /

STREAMF204S23 &
COMPS = 2 N2 @ H2S CO G2 H20 CCs G4 C@2H4 &
CHo C3H6 C3H8 | CGAHB NCAHS | CAHLO &
NCAHLO C5H10 NCSH12 | CG5H12 GoH12 NGGHL4 &
| G6H14 C7H14 C/H1I6 C8Hl6 C8H18 COHL8 &
COH20 ClOH20 C10H22 Cl1H22 Cl1H24 C12H24 &
Cl2H26 Cl3H26 C13H28 Cl4H28 Cl4H30 C15H30 &
Cl15H32 Cl6H32 Cl6H34 Cl17H34 Cl7H36 Cl8H36 &
C18H38 Cl9H38 C19H40 C20H40 C20H42 Q1CP &
CQ20P C230P 40P C250P Q26CP C27CP 28CP C29CP &
C5N 6N C7/N C8N CON C10N &
C8A COA CIL0AP C30WAX OXVAP OXHC OXH20 &
0.00.00.00.0 &

8
>
Q
>

FRACS =

.00.0 &
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.0 0.52 0.0 /
STREAMF204S24 &
COWPS = H2 N2 @@ GO HO s G4 C2H4 &
CHo C3H6 C3H8 | GAHB NCAHS | CAHLO &
NCAHLO C5H10 NCSH12 | G5H12 GoH12 NGGHL4 &
| G6H14 C7H14 C/H1I6 C8Hl6 C8H18 COHL8 &
COH20 ClO0H20 C10H22 Cl1H22 Cl1H24 C12H24 &
Cl2H26 Cl13H26 C13H28 Cl4H28 Cl4H30 C15H30 &
C15H32 Cl6H32 Cl6H34 Cl17H34 Cl7H36 Cl8H36 &
C18H38 Cl9H38 C19H40 C20H40 C20H42 Q1CP &
CQ20P C230P Q40P C250P Q26CP C27CP C28CP C29CP &
C5N 6N C7/N C8N CON C10N &

)
»

G6A C7A CB8A A Cl0AP C30WAX OXVAP OXHC OXH20 &
FRACS = 0.0 0.00.00.00.00.00.00.00.00.0 &

0.00.00.00.00.00.0 &
0.0 0.00.00.00.00.0 &
0.00.00.00.00.00.0 &
0.00.00.00.00.00.0 &
0.00.00.00.00.00.0 &
0.00.00.00.00.00.0 &
0.00.00.01.01.0 1.0 &
1.01.01.01.01.01.01.01.0 &
0.00.00.00.00.00.0 &
0.00.00.00.00.0 1.0 0.00.00.0

; Plant 205 - The H2 Recovery Plant - user Fortran bl ock USRI 25.

BLOCK P205F USER
SUBRQUTI NE MODEL = USRI 25  REPORT = USRI 25
DESCRI PTI ON ' PLANT 205 - H2 RECOVERY PLANT UTI L/ COST MODEL
PARAM NINT = 4 NREAL = 70
The followi ng 4 integer paraneters are:
INT(1) = User block summary report control switch.
0 => Wite the conpl ete user block sunmary report.
1 => Skip the capital cost portion of the sunmary
report.



2 => Skip the capital cost and utilities portions
of the summary report.
3 => Skip witing the entire user block sumrary report.
INT(2) = User block summary report destination control switch.
0 => Wite the user block summary report to the normnal
ASPEN SP out put report file.
1 => Wite the user block summary report to a separate
user bl ock output report file on logical unit 62
cal l ed 1 CL205. REP.
I NT(3) = Nunber of duplicate plants.
INT(4) = Hstory file additional output control swtch.
0 => Wite no additional output to the history file.
1 =>Wite the only the subroutine entry and exit
nmessages to the history file.
2 => Wite sonme additional output to the history file.
3-5 => Wite sone nore additional output to the history
file. Larger values generate nore internedi ate
out put .
INT 0 1 0 1
The following 70 real paraneters are:
REAL(1) -
REAL(20) = Future use.
REAL(21) = Constant factor for the power consunption, kw
REAL(22) = Power consunption per MM SCH hr of H2 product,
kw (MM SCF/ hr of H2)
REAL(23) = Constant factor for the 900 psig / 1000 F steam
consunption, Mbs/hr.
REAL(24) = 900 psig / 1000 F steam consunption per MV SCF hr
of H2 product, (Mbs/hr)/(MV SCFH hr of H2).
REAL(25) = Constant factor for the 360 psig / 440 F steam
consunption, Mbs/hr.
REAL(26) = 360 psig / 440 F steam consunption per MV SCH hr
of H2 product, (Mbs/hr)/ (M SCFH hr of H2).
REAL(27) = Constant factor for the 600 psig / 650 F steam
consunption, Mbs/hr.
REAL(28) = 600 psig / 650 F steam consunption per MV SCH hr
of H2 product, (Mbs/hr)/ (M SCFH hr of H2).
REAL(29) = Constant factor for the 600 psig saturated steam
consunption, Mbs/hr.
REAL(30) = 600 psig saturated steam consunption per MV SCF hr
of H2 product, (Mbs/hr)/ (M SCFH hr of H2).
REAL(31) = Constant factor for the 150 psig saturated steam
consunption, Mbs/hr.
REAL(32) = 150 psig saturated steam consunption per MV SCF hr
of H2 product, (Mbs/hr)/(MV SCFH hr of H2).
REAL(33) = Constant factor for the 50 psig saturated steam
consunption, Mbs/hr.
REAL(34) = 50 psig saturated steam consunption per MV SCF hr
of H2 product, (Mbs/hr)/(MV SCFH hr of H2).
REAL(35) = Constant factor for the plant fuel consunption,
MM BTU hr.
REAL(36) = Plant fuel consunption per MM SCF hr of H2 product,
(MM BTU hr)/ (M SCFH hr of H2).
REAL(37) = Constant factor for the cooling water consunption,
Myal / hr.
REAL(38) = Cooling water consunption per MM SCF hr of H2
product, (Mal/hr)/ (M SCF hr of H2).
REAL(39) = Constant factor for the process water consunption,
Myal / hr.
REAL(40) = Process water consunption per MM SCH hr of H2
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product, (Mal/hr)/ (M SCF hr of H2).

REAL(41) = Constant factor for the nitrogen consunption,
MM SCF/ hr of N2.

REAL(42) = Ntrogen consunpti on per MM SCH hr of H2
product, (MM SCF hr of N2)/(MV SCF hr of H2).

REAL(43) -

REAL(48) = Future use.

REAL(49) = Constant factor for the nunber of operators per
day, oper ators/day.

REAL(50) = Nunber of operators per day per train,
(operators/day)/train.

REAL(51) = Reference feed rate to a single train in

MM SCF/ hr of H2 product for the calculation of the
ISBL field cost of a single train as a function of
train capacity.

REAL(52) = Maxinmumsize of a single train as defined by the
feed rate in MM SCF/ hr of H2 product.

REAL(53) = Mninmumsize of a single train as defined by the
feed rate in MM SCF/ hr of H2 product.

REAL(54) = Constant Ain the plant 1SBL field cost equation.

REAL(55) = Constant Bin the plant 1SBL field cost equation.

REAL(56) = Constant Ein the plant 1SBL field cost equation.

REAL(57) = Constant Fin the plant 1SBL field cost equation.

REAL(58) = Nunber of spare trains.

REAL(59) -

REAL(70) = Future use.

Future use (10 itens)
REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
; Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

; Power 900/ 1000 F steam 360/440 F steam
0.0 10.127878 0.0 0.0 0.0 178.04431 &
; 600/ 650 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
; 50 satd steam Pl ant fuel Cool i ng H2O
0.0 -178.04431 0.0 0.0 0.0 83.06312 &
; Process H20 N trogen
0.0 0.0 0.0 0.0 &
; Future Use (6 itens)
0.0 0.0 0.0 0.0 0.0 0.0 &
; per s/ day (Qpers/day)/train
0 1. &

; The fbl | owi ng cost paraneters are based on the Howe- Baker quote
; for this plant.
; Ref Fl ow Max Flow Mn Fl ow

0.0333333 0.1 0.01 &

; Pl ant cost equation constants.

; A B E F Spar es Future use (2 itens)
0.0 0. 585 0.55 1.0 0.0 0.0 0.0 &

; Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
; Block P205ML m xes the naphtha reformer off-gas with the Fischer-
; Tropsch | oop purge to produce the PSA unit feed.
BLOCK P205ML M XER
DESCRI PTI ON " PLANT 205 PSA UNT FEED M XER'

BLOCK P205S3 SEP

DESCR PTI ON " PLANT 205 PSA HYDROGEN RECOVERY SECTI ON!'
FLASH SPECS STREAMF205S15 TEMP=100.0 <F> PRES=280.0 /
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STREAMF205S14 TEMP=100. 0 <F> PRES=50.0
FRAC SUBSTREAM=EM XED STREAME205S15 &

COMPS = 2 N2 @ H2S CO G2 H20 CCs G4 C@2H4 &
CHo C3H6 C3H8 | CGAHB NCAHS | CAHLO &
NCAHLO C5H10 NCSH12 | CG5H12 GoH12 NG6HL4 &
| G6H14 C7H14 C7H1I6 C8Hl6 C8H18 COHL8 &
COH20 ClO0H20 C10H22 Cl1H22 Cl1H24 C12H24 &
Cl2H26 Cl3H26 C13H28 Cl4H28 Cl4H30 C15H30 &
C15H32 Cl6H32 Cl6H34 Cl17H34 Cl7H36 Cl8H36 &
C18H38 Cl9H38 C19H40 C20H40 C20H42 Q1CP &
CQ20P C230P 40P C250P Q26CP C27CP C28CP C29CP &
C5N 6N C7/N C8N CON C10N &
C6A C7A CBA C9A ClO0AP C30WAX OXVAP OXHC OXH20 &

FRACS = 0.80 0.00.00.00.00.00.00.00.00.0 &
0.00.00.00.00.00.0 &
0.00.00.00.00.00.0 &
0.00.00.00.00.00.0 &
0.00.00.00.00.00.0 &
0.00.00.00.00.00.0 &
0.00.00.00.00.00.0 &
0.00.00.00.00.00.0 &
0.00.00.00.00.00.00.00.0 &
0.00.00.00.00.00.0 &
0.00.00.00.00.00.00.00.00.0

Area 300 - Product Upgrading Area

; Block A300ML - The gasoline pool product m xer
BLOCK A300ML M XER
DESCRI PTI ON ' THE TOTAL GASCLI NE POOL PRCDUCT M XER
; Block A300M2 - The diesel pool product m xer
BLOCK A300M2 M XER
DESCRI PTI ON ' THE TOTAL DI ESEL POOL PRCDUCT M XER
; Bl ock A300MB conbi nes all the fuel gas produced in Areas 200 and
; Areas 300 into a single stream
BLOCK A300MB M XER
DESCRI PTI ON " A300MB - AREA 200 AND AREA 300 TOTAL FUEL GAS M XER'
PARAM PRES=20.0 NPHASE=1 PHASE=V

BLOCK A300M4 M XER
DESCRI PTI ON " AREA 300 TOTAL SOUR WATER M XER'
PARAM PRES=20. 0  NPHASE=2 ; PHASE=L
; Block P301F - The wax hydrocracki ng pl ant sinulation nodel.
BLOCK P301F USER2
SUBRQUTI NE MODEL = USRI 31  REPORT = USRI 31
DESCRI PTI ON ' PLANT 301 - THE WAX HYDROCRACKI NG PLANT'
PARAM NINT = 4 NREAL = 70
; The followi ng 4 integer paraneters are:
; INT(1) = User block summary report control switch.
; 0 => Wite the conpl ete user block sunmary report.
; 1 => Skip the capital cost portion of the sunmary
; report.
; 2 => Skip the capital cost and utilities portions
; of the summary report.
; 3 => Skip witing the entire user bl ock sumrary report.
; INT(2) = User block summary report destination control switch.

A-54



| NT( 3)

| NT( 4)

3-

INT 0 1 O
The follo
REAL(1) -

REAL( 20)
REAL( 21)
REAL( 22)
REAL( 23)
REAL( 24)
REAL( 25)
REAL( 26)
REAL( 27)
REAL( 28)
REAL( 29)
REAL( 30)
REAL( 31)
REAL( 32)
REAL( 33)
REAL( 34)
REAL( 35)
REAL( 36)
REAL( 37)
REAL( 38)

REAL( 39)

0 => Wite the user block summary report to the normnal
ASPEN SP out put report file.

1 => Wite the user block summary report to a separate
user bl ock output report file on logical unit 62
called 1CL301. REP

Number of operating duplicate trains, excluding spares.

[f INT(3) = 0, the m ni numnunber of duplicate

trains will be determned so that the capacity
of each train does not exceed the maxi numtrain
capacity specified by vari able REAL(52).

[f INT(3) > 0, the nunber of duplicate trains.

Hstory file additional output control swtch

0 => Wite no additional output to the history file.

1 =>Wite the only the subroutine entry and exit

nmessages to the history file.

=> Wite sonme additional output to the history file.

=> Wite sonme nore additional output to the history

file. Larger values generate nore internedi ate
out put .

2
5

wing 70 real paraneters are:

Future use.

Constant factor for the power consunption, kw

Power consunption per Mbs/hr of wax feed,

kw (M bs/ hr of wax feed)

Constant factor for the 900 psig / 1000 F steam

consunption, M bs/hr

= 900 psig / 1000 F steam consunption per MV SCF hr
of gas feed, (Mbs/hr)/(Mbs/hr of wax feed).

= Constant factor for the 360 psig / 440 F steam
consunption, M bs/hr

= 360 psig / 440 F steam consunption per MV SCF hr
of gas feed, (Mbs/hr)/(Mbs/hr of wax feed).

= Constant factor for the 600 psig / 650 F steam
consunption, M bs/hr

= 600 psig / 650 F steam consunption per M bs/hr
of wax feed, (Mbs/hr)/(Mbs/hr of wax feed).

= Constant factor for the 600 psig saturated steam
consunption, M bs/hr

= 600 psig saturated steam consunption per M bs/hr
of wax feed, (Mbs/hr)/(Mbs/hr of wax feed).

= Constant factor for the 150 psig saturated steam
consunption, M bs/hr

= 150 psig saturated steam consunption per M bs/hr
of wax feed, (Mbs/hr)/(Mbs/hr of wax feed).

= Constant factor for the 50 psig saturated steam
consunption, M bs/hr

= 50 psig saturated steam consunption per M bs/hr
of wax feed, (Mbs/hr)/(Mbs/hr of wax feed).

= Constant factor for the plant fuel consunption,
MM BTU hr

= Plant fuel consunption per Mbs/hr of wax feed,
(MM BTU hr)/ (M bs/ hr of wax feed).

= Constant factor for the cooling water consunption
Myal / hr.

= Cooling water consunption per Mbs/hr of wax feed,
(Myal / hr)/ (M bs/ hr of wax feed).

= Constant factor for the process water consunption

Myal / hr.



REAL(40) = Process water consunption per Mbs/hr of wax feed,
(Myal / hr)/ (M bs/ hr of wax feed).

REAL(41) = Constant factor for the nitrogen consunption,
MM SCF/ hr of N2.

REAL(42) = Ntrogen consunption per Mbs/hr of wax feed,
(MM SCH hr of N2)/ (M bs/hr of wax feed).

REAL(43) -

REAL(48) = Future use.

REAL(49) = Constant factor for the nunber of operators per
day, oper ators/day.

REAL(50) = Nunber of operators per day per train,
(operators/day)/train.

REAL(51) = Reference wax feed rate to a single train in

M bs/hr of wax feed for the cal cul ation of the
ISBL field cost of a single train as a function
of train capacity.

REAL(52) = Maxinmumsize of a single train as defined by the
wax feed rate in Mbs/hr of wax feed.

REAL(53) = Mninmumsize of a single train as defined by the
wax feed rate in Mbs/hr of wax feed.

REAL(54) = Constant Ain the plant 1SBL field cost equation.

REAL(55) = Constant Bin the plant 1SBL field cost equation.

REAL(56) = Constant Ein the plant 1SBL field cost equation.

REAL(57) = Constant Fin the plant 1SBL field cost equation.

REAL(58) = Nunber of spare trains.

REAL(59) -

REAL(70) = Future use.

NOTE: In the above, the termwax feed nmeans only the wax
conponent in the feed.
Future use (10 itens)
REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

Power 900/ 1000 F steam 360/ 440 F steam
0.0 6.9674174 0.0 0.0 0.0 0.7164078 &
600/ 650 F steam 600 satd steam 150 satd steam
0.0 0.2317790 0.0 0.0 0.0 0.0 &
50 satd steam Pl ant fuel Cool i ng H2O

0.0 -0.667242 0.0 0.3118481 0.0 0.0461450 &
Process H20 N trogen

0.0 0.0 0.0 0.0 &

Future Use (6 itens)

0.0 0.0 0.0 0.0 0.0 0.0 &

per s/ day (Qpers/day)/train

2. 8. &

Ref Flow Max Flow Mn Fl ow

284. 754 575.0 100.0 &

Pl ant cost equation constants.

A B E F Spar es Future use (2 itens)
0.0 43.559 0.55 1.0 0.0 0.0 0.0 &

Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Force ASPENto do a TP flash to calculate the outlet stream
ent hal pi es by the foll ow ng FLASH SPECS sent ence.
FLASH SPECS  301S1 TP  TEMP=100.0 PRES=80.0
301s2 TP  TEMP=150.0 PRES=60.0
301S3 TP  TEMP=200.0 PRES=40.0
3014 TP  TEMP=300.0 PRES=20.0
301S5 TP  TEMP=100.0 PRES=20.0



;. Block P301M -
BLOCK P301M M
DESCRI PTI ON '

: Plant 302 - Th

The wax hydrocracking plant feed m xer.
XER
THE WAX HYDROCRACKI NG PLANT FEED M XER

e Distillate Hydrotreater - user Fortran bl ock USRI 32.

BLOCK P302F USER
SUBRQUTI NE MCDEL = USRI 32  REPORT = USRI 32

DESCRI PTI ON '
PARAM N NT =
The follo
INT(1) =

| NT( 2)

| NT( 4)

I NT(3)
: 3-

INT 0 1 O
The follo
REAL(1) -
REAL( 20)
REAL(21)
REAL( 22)
REAL( 23)
REAL( 24)
REAL( 25)
REAL( 26)
REAL(27)
REAL( 28)
REAL( 29)

REAL( 30)

PLANT 302 - THE D STI LLATE HYDROTREATI NG PLANT'
4 NREAL = 70

wing 4 integer paraneters are:

User bl ock summary report control swtch.

0 => Wite the conpl ete user block sunmary report.

1 => Skip the capital cost portion of the summary
report.

2 => Skip the capital cost and utilities portions
of the summary report.

3 => Skip witing the entire user bl ock sumrary report.

User bl ock summary report destination control switch

0 => Wite the user block summary report to the normnal
ASPEN SP out put report file.

1 => Wite the user block summary report to a separate
user bl ock output report file on logical unit 62
call ed 1CL302. REP

Nunber of operating duplicate trains, excluding spares.

[f INT(3) = 0, the m ni numnunber of duplicate

trains will be determned so that the capacity
of each train does not exceed the maxi numtrain
capacity specified by vari able REAL(52).

[f INT(3) > 0, the nunber of duplicate trains.

Hstory file additional output control swtch

0 => Wite no additional output to the history file.

1 =>Wite the only the subroutine entry and exit

nmessages to the history file.

=> Wite sonme additional output to the history file.

=> Wite sonme nore additional output to the history

file. Larger values generate nmore internedi ate
out put .

2
5

wing 70 real paraneters are:

Future use.

Constant factor for the power consunption, kw

Power consunption per Mbs/hr of liquid feed,

kw (M bs/hr of liquid feed)

Constant factor for the 900 psig / 1000 F steam

consunption, Mbs/hr.

= 900 psig / 1000 F steam consunption per MV SCF hr
of gas feed, (Mbs/hr)/(Mbs/hr of liquid feed).

= Constant factor for the 360 psig / 440 F steam
consunption, Mbs/hr.

= 360 psig / 440 F steam consunption per MV SCF hr
of gas feed, (Mbs/hr)/(Mbs/hr of liquid feed).

= Constant factor for the 600 psig / 650 F steam
consunption, Mbs/hr.

= 600 psig / 650 F steam consunption per M bs/hr
of liquid feed, (Mbs/hr)/(Mbs/hr of liquid feed).

= Constant factor for the 600 psig saturated steam
consunption, Mbs/hr.

= 600 psig saturated steam consunption per M bs/hr

of liquid feed, (Mbs/hr)/(Mbs/hr of liquid feed).

A-57



REAL(31)
REAL(32)
REAL( 33)
REAL( 34)
REAL( 35)
REAL( 36)
REAL(37)
REAL( 38)
REAL( 39)
REAL( 40)
REAL( 41)
REAL( 42)
REAL(43) -
REAL( 48)
REAL( 49)
REAL( 50)

REAL( 51)

REAL( 52)
REAL( 53)

REAL( 54)
REAL( 55)
REAL( 56)
REAL( 57)
REAL( 58)
REAL(59) -
REAL( 70)

Constant factor for the 150 psig saturated steam
consunption, Mbs/hr.

150 psig saturated steam consunption per M bs/hr
of liquid feed, (Mbs/hr)/(Mbs/hr of liquid feed).
Constant factor for the 50 psig saturated steam
consunption, Mbs/hr.

50 psig saturated steam consunption per M bs/hr

of liquid feed, (Mbs/hr)/(Mbs/hr of liquid feed).
Constant factor for the plant fuel consunption,
MM BTU hr.

Pl ant fuel consunption per Mbs/hr of liquid feed,
(MM BTU hr)/ (M bs/hr of liquid feed).

Constant factor for the cooling water consunption,
Myal / hr.

Cool i ng water consunption per Mbs/hr of liquid
feed, (Myal/hr)/(Mbs/hr of liquid feed).

Constant factor for the process water consunption,
Myal / hr.

Process water consunption per Mbs/hr of liquid
feed, (Myal/hr)/(Mbs/hr of liquid feed).

Constant factor for the nitrogen consunption,

MM SCF hr of N2.

N trogen consunption per Mbs/hr of liquid feed,
(MM SCH hr of N2)/(Mbs/hr of liquid feed).

Future use.

Constant factor for the nunber of operators per
day, oper ators/day.

Nunber of operators per day per train,
(operators/day)/train.

Reference liquid feed rate to a single train in
M bs/hr of liquid feed for the cal cul ation of the
ISBL field cost of a single train as a function
of train capacity.

Maxi mum si ze of a single train as defined by the
liquid feed rate in Mbs/hr of liquid feed.

M ni mum si ze of a single train as defined by the
liquid feed rate in Mbs/hr of liquid feed.
Constant Ain the plant ISBL field cost equation.
Constant Bin the plant ISBL field cost equation.
Constant Ein the plant ISBL field cost equation.
Constant Fin the plant ISBL field cost equation.
Nunber of spare trains.

Fut ure use.

NOTE: In the above, the termliquid feed neans C5 and heavi er
hydr ocar bons and all oxygenated hydrocarbon conpounds.
Future use (10 itens)
REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

&
Power 900/ 1000 F steam 360/440 F steam
0.0 11.507899 0.00.0 0.0 0.0 &
600/ 650 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Pl ant fuel Cool i ng H2O
0.0 -0.032355 0.0 0.1266191 0.0 0.1210107 &
Process H20 N trogen
0.0 0.0 0.0 0.0 &

Future Use (6 itens)



0.0 0.0 0.0 0.0 0.0 0.0 &

; per s/ day (Qpers/day)/train
0. 4. &

; Ref Flow Max Flow Mn Fl ow
92.719 650. 0 50. &

; Pl ant cost equation constants.

; A B E F Spar es Future use (2 itens)
0.0 13.992 0.60 1.0 0.0 0.0 0.0 &

; Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
; Force ASPEN to do a TP flash to calculate the outlet stream
; enthal pies by the foll owi ng FLASH SPECS sent ence.
FLASH SPECS  302S1 TP  TEMP=100.0 PRES=50.0 /
30232 TP  TEMP=90.0 PRES=50.0 /
302S3 TP  TEMP=80.0 PRES=50.0
; Plant 302 - The feed mxer for the distillate hydrotreater.
BLOCK P302M M XER
DESCRI PTI ON ' THE DI STI LLATE HYDROTREATER FEED M XER
; Plant 303 - The Naphtha Hydrotreater - user Fortran bl ock USRI 33.
BLOCK P303F USER
SUBRQUTI NE MODEL = USRI 33  REPORT = USRI 33
DESCRI PTI ON ' PLANT 303 - THE NAPHTHA HYDROTREATI NG PLANT'
PARAM NINT = 4 NREAL = 70
The followi ng 4 integer paraneters are:
INT(1) = User block summary report control switch.

0 => Wite the conpl ete user block sunmary report.

1 => Skip the capital cost portion of the sunmary
report.

2 => Skip the capital cost and utilities portions
of the summary report.

3 => Skip witing the entire user bl ock sumrary report.

bl ock summary report destination control switch.

0 => Wite the user block summary report to the normnal
ASPEN SP out put report file.

1 => Wite the user block summary report to a separate
user bl ock output report file on logical unit 62
called 1CL201. REP.

Nunber of operating duplicate trains, excluding spares.

[f INT(3) = 0, the m ni numnunber of duplicate

trains will be determned so that the capacity
of each train does not exceed the maxi numtrain
capacity specified by vari able REAL(52).

[f INT(3) > 0, the nunber of duplicate trains.

Hstory file additional output control swtch.

0 => Wite no additional output to the history file.

1 =>Wite the only the subroutine entry and exit

nmessages to the history file.

=> Wite sonme additional output to the history file.

=> Wite sonme nore additional output to the history

file. Larger values generate nore internedi ate
out put .

1
&
@

| NT( 2)

I NT(4)

: I NT(3)
: 2
; 3-5
" INT 0 1 0 1

The following 70 real paraneters are:

; REAL(1) -

; REAL(20) = Future use.

; REAL(21) = Constant factor for the power consunption, kw
; REAL(22) = Power consunption per Mbs/hr of liquid feed,

kw (M bs/hr of liquid feed)
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REAL( 23)
REAL( 24)
REAL( 25)
REAL( 26)
REAL( 27)
REAL( 28)
REAL( 29)
REAL( 30)
REAL(31)
REAL(32)
REAL( 33)
REAL( 34)
REAL( 35)
REAL( 36)
REAL(37)
REAL( 38)
REAL( 39)
REAL( 40)
REAL( 41)
REAL( 42)
REAL(43) -
REAL( 48)
REAL( 49)
REAL( 50)

REAL( 51)

REAL( 52)
REAL( 53)

REAL( 54)
REAL( 55)
REAL( 56)
REAL( 57)
REAL( 58)
REAL(59) -

Constant factor for the 900 psig / 1000 F steam
consunption, Mbs/hr.

900 psig / 1000 F steam consunption per MMV SCF hr
of gas feed, (Mbs/hr)/(Mbs/hr of liquid feed).
Constant factor for the 360 psig / 440 F steam
consunption, Mbs/hr.

360 psig / 440 F steam consunption per MV SCF hr

of gas feed, (Mbs/hr)/(Mbs/hr of liquid feed).
Constant factor for the 600 psig / 650 F steam
consunption, Mbs/hr.

600 psig / 650 F steam consunption per M bs/hr

of liquid feed, (Mbs/hr)/(Mbs/hr of liquid feed).
Constant factor for the 600 psig saturated steam
consunption, Mbs/hr.

600 psig saturated steam consunption per M bs/hr

of liquid feed, (Mbs/hr)/(Mbs/hr of liquid feed).
Constant factor for the 150 psig saturated steam
consunption, Mbs/hr.

150 psig saturated steam consunption per M bs/hr

of liquid feed, (Mbs/hr)/(Mbs/hr of liquid feed).
Constant factor for the 50 psig saturated steam
consunption, Mbs/hr.

50 psig saturated steam consunption per M bs/hr

of liquid feed, (Mbs/hr)/(Mbs/hr of liquid feed).
Constant factor for the plant fuel consunption,

MM BTU hr.

Plant fuel consunption per Mbs/hr of liquid feed,
(MM BTU hr)/(Mbs/hr of liquid feed).

Constant factor for the cooling water consunption,
Myal / hr.

Cool i ng water consunption per Mbs/hr of liquid
feed, (Myal/hr)/(Mbs/hr of liquid feed).

Constant factor for the process water consunption,
Myal / hr.

Process water consunption per Mbs/hr of liquid
feed, (Myal/hr)/(Mbs/hr of liquid feed).

Constant factor for the nitrogen consunption,

MM SCF hr of N2.

N trogen consunption per Mbs/hr of |iquid feed,
(MM SCH hr of N2)/(Mbs/hr of liquid feed).

Future use.

Constant factor for the nunber of operators per
day, oper ators/day.

Nunber of operators per day per train,
(operators/day)/train.

Reference liquid feed rate to a single train in
M bs/hr of liquid feed for the cal cul ation of the
ISBL field cost of a single train as a function
of train capacity.

Maxi mum si ze of a single train as defined by the
liquid feed rate in Mbs/hr of liquid feed.

M ni mum si ze of a single train as defined by the
liquid feed rate in Mbs/hr of liquid feed.
Constant Ain the plant ISBL field cost equation.
Constant Bin the plant ISBL field cost equation.
Constant Ein the plant ISBL field cost equation.
Constant F in the plant ISBL field cost equation.
Nunber of spare trains.



; REAL(70) = Future use.
; NOTE: In the above, the termliquid feed neans C5 and heavi er
; hydr ocar bons and all oxygenated hydrocarbon conpounds.
; Future use (10 itens)
REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
; Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

; Power 900/ 1000 F steam 360/ 440 F steam
0.0 7.4342719 0.0 0.0 0.0 0.0 &
; 600/ 650 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
; 50 satd steam Pl ant fuel Cool i ng H2O
0.0 0.0 0.0 0.5744482 0.0 1.7215362 &
; Process H2O N trogen
0.0 0.0 0.0 0.0 &
; Future Use (6 itens)
0.0 0.0 0.0 0.0 0.0 0.0 &
; per s/ day (Opers/day)/train
0. 4. &
; Ref Flow Max Flow Mn Fl ow
99. 539 650. 0 50. &
; Pl ant cost equation constants.
; A B E F Spar es Future use (2 itens)
0.0 6.593 0.65 1.0 0.0 0.0 0.0 &

; Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
; Force ASPEN to do a TP flash to calculate the outlet stream
; enthal pies by the foll owi ng FLASH SPECS sent ence.
FLASH SPECS  303S1 TP  TEMP=100.0 PRES=50.0 /
30332 TP  TEMP=90.0 PRES=50.0 /
303S3 TP  TEMP=80.0 PRES=50.0 /
3034 TP  TEMP=80.0 PRES=50.0
; Plant 303M - The feed m xer for the naphtha hydrotreater.
BLOCK P303M M XER
DESCRI PTI ON ' THE NAPHTHA HYDROTREATER FEED M XER
; Block P304F - The naphtha reform ng plant sinulation nodel.
BLOCK P304F USER
SUBRCQUTI NE MODEL = USRI 34 REPORT = USRI 34
DESCRI PTI ON ' PLANT 304 - THE NAPHTHA REFCRM NG PLANT'
PARAM NINT = 4 NREAL = 70
The followi ng 4 integer paraneters are:
INT(1l) = User block summary report control switch.
=> Wite the conplete user block sumary report.
1 => Skip the capital cost portion of the sunmary
report.
2 => Skip the capital cost and utilities portions
of the summary report.
3 => Skip witing the entire user block sumrary report.
bl ock summary report destination control switch.
Wite the user block sunmary report to the normnal
ASPEN SP out put report file.
1 => Wite the user block summary report to a separate
user bl ock output report file on logical unit 62
cal l ed 1 CL304. REP.
Nunber of operating duplicate trains, excluding spares.
[f INT(3) = 0, the m ni numnunber of duplicate
trains will be determned so that the capacity
of each train does not exceed the maxi numtrain

| NT( 2)

1
&
@

o o
Il
\Y

| NT( 3)
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INT 0 1 O

The fol | ow

REAL( 1)
REAL(2) -
REAL( 20)

REAL( 21)
REAL( 22)
REAL( 23)
REAL( 24)
REAL( 25)
REAL( 26)
REAL( 27)
REAL( 28)
REAL( 29)
REAL( 30)
REAL(31)
REAL(32)
REAL( 33)
REAL( 34)
REAL( 35)
REAL( 36)
REAL(37)
REAL( 38)
REAL( 39)
REAL( 40)
REAL( 41)
REAL( 42)

REAL(43) -

capacity specified by vari able REAL(52).

INT(3) > 0, the nunber of duplicate trains.

story file additional output control swtch

=> Wite no additional output to the history file.

=> Wite the only the subroutine entry and exit
nmessages to the history file.

=> Wite sonme additional output to the history file.

=> Wite sonme nore additional output to the history
file. Larger values generate nmore internedi ate
out put .

1

ng 70 real paraneters are:

C5+ reformate RONC (cl ear Research octane nunber);

O\LY val ues between 88 and 101 are all owed.

Future use.

Constant factor for the power consunption, kw
Power consunption per Mbs/hr of C7+ feed,

kw (M bs/ hr of Cr7+ feed)

Constant factor for the 900 psig / 1000 F steam
consunption, M bs/hr

900 psig / 1000 F steam consunption per M bs/hr
of C7+ feed, (Mbs/hr)/(Mbs/hr of Cr+ feed).
Constant factor for the 360 psig / 440 f steam
consunption, M bs/hr

360 psig / 440 F steam consunption per M bs/hr

of C7+ feed, (Mbs/hr)/(Mbs/hr of Cr+ feed).
Constant factor for the 600 psig / 650 F steam
consunption, M bs/hr

600 psig / 650 F steam consunption per M bs/hr

of C7+ feed, (Mbs/hr)/(Mbs/hr of Cr+ feed).
Constant factor for the 600 psig saturated steam
consunption, M bs/hr

600 psig saturated steam consunption per M bs/hr
of C7+ feed, (Mbs/hr)/(Mbs/hr of Cr+ feed).
Constant factor for the 150 psig saturated steam
consunption, M bs/hr

150 psig saturated steam consunption per M bs/hr
of C7+ feed, (Mbs/hr)/(Mbs/hr of Cr+ feed).
Constant factor for the 50 psig saturated steam
consunption, M bs/hr

50 psig saturated steam consunption per M bs/hr
of C7+ feed, (Mbs/hr)/(Mbs/hr of Cr+ feed).
Constant factor for the plant fuel consunption,
MM BTU hr

Plant fuel consunption per Mbs/hr of Cr/+ feed,
(MM BTU hr)/ (M bs/hr of Cr7+ feed).

Constant factor for the cooling water consunption
Myal / hr.

Cool i ng water consunption per Mbs/hr of Cr+ feed,
(Myal / hr)/ (M bs/ hr of Cr+ feed).

Constant factor for the process water consunption
Myal / hr.

Process water consunption per Mbs/hr of C7+ feed,
(Myal / hr)/ (M bs/ hr of Cr+ feed).

Constant factor for the nitrogen consunption

MMV SCH/ hr of N2.

N trogen consunption per Mbs/hr of Cr+ feed,
(MM SCH hr of N2)/(Mbs/hr of Cr+ feed).



REAL (48) Fut ure use.

REAL (49) Constant factor for the nunber of operators per
day, oper ators/day.

REAL(50) = Nunber of operators per day per train,
(operators/day)/train.

REAL(51) = Reference C/+ feed rate to a single train in

M bs/hr of Cr7+ feed for the cal culation of the
ISBL field cost of a single train as a function
of train capacity.

REAL(52) = Maxinmumsize of a single train as defined by the
Cr+ feed rate in Mbs/hr of Cr+ feed.

REAL(53) = Mninmumsize of a single train as defined by the
Cr+ feed rate in Mbs/hr of Cr+ feed.

REAL(54) = Constant Ain the plant 1SBL field cost equation.

REAL(55) = Constant Bin the plant 1SBL field cost equation.

REAL(56) = Constant Ein the plant 1SBL field cost equation.

REAL(57) = Constant Fin the plant 1SBL field cost equation.

REAL(58) = Nunber of spare trains.

REAL(59) -

REAL(70) = Future use.

NOTE: In the above, the term C7+ feed nmeans the total of all
the Cr+ conponents in the feed.
RONC  Future use (9 itens)
REAL 95.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
; Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

; Power 900/ 1000 F steam 360/ 440 F steam
0.0 23. 487863 0.0 0.0 0.0 0.0 &
; 600/ 650 F steam 600 satd steam 150 satd steam
0.0 -0.176178 0.0 0.0 0.0 0.0 &
; 50 satd steam Pl ant fuel Cool i ng H2O
0.0 0.0 0.0 0.8688827 0.0 0.3589246 &
; Process H20 N trogen
0.0 0.0 0.0 0.0 &
; Future Use (6 itens)
0.0 0.0 0.0 0.0 0.0 0.0 &
; per s/ day (Qpers/day)/train
2. 8. &
; Ref Flow Max Flow Mn Fl ow
124. 873 750.0 50.0 &
; Pl ant cost equation constants.
; A B E F Spar es Future use (2 itens)
0.0 31.36 0.60 1.0 0.0 0.0 0.0 &

; Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
; Force ASPEN to do a TP flash to calculate the outlet stream
; enthal pies by the foll owi ng FLASH SPECS sent ence.
FLASH SPECS  304S2 TP  TEMP=100.0 PRES=50.0 /
304S3 TP  TEMP=120.0 PRES=40.0 /
304S1 TP  TEMP=150.0 PRES=30.0
; Block P304M - The naphtha reform ng plant feed m xer.
BLOCK P304M M XER
DESCRI PTI ON ' THE NAPHTHA REFORM NG PLANT FEED M XER
; Block P306F - The C5/ (6 isonerization plant simulation nodel.
BLOCK P306F USER
SUBROUTI NE MODEL = USRI 36  REPORT = USRI 36
DESCRI PTI ON ' PLANT 306 - THE C5/ C6 | SOVER ZATI ON PLANT'
PARAM NINT = 4 NREAL = 70



The fol |l owi ng

4 integer parameters are:

INT(1l) = User block summary report control switch.
0 => Wite the conpl ete user block sunmary report.
1 => Skip the capital cost portion of the summary

| NT( 2)

| NT( 3)

| f

| f

I NT(4)

2
3-5

INT 0 1 O

Hi
0
1

The fol | ow

REAL(1) -
REAL( 20)
REAL( 21)
REAL( 22)
REAL( 23)
REAL( 24)
REAL( 25)
REAL( 26)
REAL( 27)
REAL( 28)
REAL( 29)
REAL( 30)
REAL(31)
REAL(32)
REAL( 33)
REAL( 34)

REAL( 35)

1
o
@

report.

Skip the capital cost and utilities portions

of the summary report.

Skip witing the entire user block sumary report.
bl ock summary report destination control switch.
Wite the user block sunmary report to the normnal
ASPEN SP out put report file.

Wite the user block sunmary report to a separate
user block output report file on logical unit 62
cal l ed 1 CL306. REP.

Number of operating duplicate trains, excluding spares.

INT(3) = 0, the m ni mum nunber of duplicate
trains will be determned so that the capacity

of

each train does not exceed the maxi mumtrain

capacity specified by vari abl e REAL(52).
INT(3) > 0, the nunber of duplicate trains.
story file additional output control switch.

Wite no additional output to the history file.
Wite the only the subroutine entry and exit
nmessages to the history file.

Wite some additional output to the history file.
Wite some nore additional output to the history
file. Larger values generate nmore internedi ate
out put .

g 70 real paraneters are:

Future use.

Constant factor for the power consunption, kw
Power consunption per Mbs/hr of C5/C5 feed,

kw (M bs/ hr of C5/ (6 feed)

Constant factor for the 900 psig / 1000 F steam
consunption, Mbs/hr.

900 psig / 1000 F steam consunption per M bs/hr
of G5/ 6 feed, (Mbs/hr)/(Mbs/hr of C5/C6 feed).
Constant factor for the 360 psig / 440 F steam
consunption, Mbs/hr.

360 psig / 400 F steam consunption per M bs/hr

of G5/ 6 feed, (Mbs/hr)/(Mbs/hr of C5/C6 feed).
Constant factor for the 600 psig / 650 F steam
consunption, Mbs/hr.

600 psig / 650 F steam consunption per M bs/hr

of G5/ 6 feed, (Mbs/hr)/(Mbs/hr of C5/C6 feed).

Constant factor for the 600 psig saturated steam
consunption, Mbs/hr.

600 psig saturated steam consunption per M bs/hr
of G5/ 6 feed, (Mbs/hr)/(Mbs/hr of C5/C6 feed).
Constant factor for the 150 psig saturated steam
consunption, Mbs/hr.

150 psig saturated steam consunption per M bs/hr
of G5/ 6 feed, (Mbs/hr)/(Mbs/hr of C5/C6 feed).
Constant factor for the 50 psig saturated steam
consunption, Mbs/hr.

50 psig saturated steam consunption per M bs/hr
of G5/ 6 feed, (Mbs/hr)/(Mbs/hr of C5/C6 feed).
Constant factor for the plant fuel consunption,

A-64



MM BTU hr.

REAL(36) = Plant fuel consunption per Mbs/hr of C5/ (6 feed,
(MM BTU hr)/ (M bs/hr of C5/ 6 feed).

REAL(37) = Constant factor for the cooling water consunption,
Myal / hr.

REAL(38) = Cooling water consunption per Mbs/hr of C5/C6 feed,
(Myal /hr)/ (M bs/hr of C5/C6 feed).

REAL(39) = Constant factor for the process water consunption,
Myal / hr.

REAL(40) = Process water consunption per Mbs/hr of C5/C6 feed,
(Myal / hr)/ (M bs/hr of C5/C6 feed).

REAL(41) = Constant factor for the nitrogen consunption,
MM SCF hr of N2.

REAL(42) = Ntrogen consunpti on per Mbs/hr of C5/ (6 feed,
(MM SCH hr of N2)/(Mbs/hr of C5/C6 feed).

REAL(43) -

REAL(48) = Future use.

REAL(49) = Constant factor for the nunber of operators per
day, oper ators/day.

REAL(50) = Nunber of operators per day per train,
(operators/day)/train.

REAL(51) = Reference C5/C6 feed rate to a single train in

M bs/hr of C5/C6 feed for the cal culation of the
ISBL field cost of a single train as a function
of train capacity.

REAL(52) = Maxinmumsize of a single train as defined by the
C5/ 6 feed rate in Mbs/hr of C5/C6 feed.

REAL(53) = Mninmumsize of a single train as defined by the
C5/ 6 feed rate in Mbs/hr of C5/C6 feed.

REAL(54) = Constant Ain the plant 1SBL field cost equation.

REAL(55) = Constant Bin the plant 1SBL field cost equation.

REAL(56) = Constant Ein the plant 1SBL field cost equation.

REAL(57) = Constant Fin the plant 1SBL field cost equation.

REAL(58) = Nunber of spare trains.

REAL(59) -

REAL(70) = Future use.

NOTE: In the above, the term C5/ (6 feed nmeans the total of only
the G5 and 6 paraffins in the feed.
Future use (10 itens)

REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 itens)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/ 1000 F steam 360/440 F steam
0.0 1.6944157 0.0 0.0 0.0 0.0 &
600/ 650 F steam 600 satd steam 150 satd steam
0.0 0.1105053 0.0 0.0 0.0 0.0 &
50 satd steam Pl ant fuel Cool i ng H2O
0.0 -0.018417 0.0 0. 0605937 0.0 0.0563577 &
Process H20 N trogen
0.0 0.0 0.0 0.0 &
Future Use (6 itens)
0.0 0.0 0.0 0.0 0.0 0.0 &
per s/ day (Qpers/day)/train
0. 4. &
Ref Flow Max Flow Mn Fl ow
54. 296 250.0 10.0 &
Pl ant cost equation constants.
A B E F Spar es Future use (2 itens)
0.0 7.273 0.62 1.0 0.0 0.0 0.0 &

Future use (10 itens)



0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Force ASPEN to do a TP flash to calculate the outlet stream
; enthal pies by the foll owi ng FLASH SPECS sent ence.

FLASH SPECS  306S1 TP  TEMP=100.0 PRES=25.0 /

306S2 TP  TEMP=100.0 PRES=25.0

; Block P306M - The C5/ (6 isomerization plant feed m xer.
BLOCK P306M M XER

DESCRI PTI ON ' THE C5/ C6 | SOMER! ZATI ON PLANT FEED M XER

BLOCK A400ML M XER
DESCR PTI ON " TOTAL FUEL GAS M XER - G VES TOTAL PLANT FUEL GAS'
PARAM NPHASE=1 PHASE=V

Desi gn Specifications, Convergence and Sequenci ng

Desi gn spec to match the hydrogen production by Plant 205 to the

total hydrogen consunption by the product upgrading area, Area 300.
DES- SPEC H2MAKE
DEFI NE HBY205 NASS- FLON STREAM=205S3  COVPONENT=H2
DEFI NE H301 MASS- FLON STREAM=300S1  COVPONENT=H2
DEFI NE H302 MASS- FLONV STREAM=300S2  COVPONENT=H2
DEFI NE H303 MASS- FLONV STREAM=300S3  COVPONENT=H2
DEFI NE H306 MASS- FLONV STREAM=300S6 OOVPONENT=H2
C Thi s DES- SPEC nat ches the hydrogen production by Plant 205 to
C the total hydrogen consunption by the product upgrading area.
F HUSED = H301 + H302 + H303 + H306

SPEC HBY205 TO HUSED

TOL- SPEC 0. 01

VARY BLOCK-VAR BLOCK=P113S1 SENTENCE=FRAC VAR=FRAC &

| D1=113S1 ELEMENT=1
LIMTS 0.001 0.20

Desi gn Speci fications

Conver gence Bl ocks

Convergence bl ock for the DES- SPEC HZMAKE to bal ance the H2
production by Plant 205 with the consunption in Area 300.
CONVERGENCE H2VAKE SECANT

SPEC H2VAKE

; Convergence bl ock for the naphtha reformer hydrogen stream back to
; the Fischer-Tropsch | oop.
CONVERGENCE REFMH2 WEGSTE! N

TEAR 304S2

PARAM MAXI T=100

; Cal cul ati on Sequence

; NOTE: ASPEN PLUS V9.1 WANTS TO CHECK THE SEQUENCE | TSELF;

; BELOW THE SEQUENCE | S SPEC FI ED BY THE USER SO TH S NEXT
; PARA. |S NEED TO AVA D AN ERROR MESSAGE
CONV- CPTI ONS

PARAM CHECKSEQ=NO



; Specify the entire fl owsheet sequence.
SEQUENCE AREA100A P115F SETUP116 P116D P116S2
P116M P116R1  P116R2 P116H1 P116H2
P116S1 P116ClL P116S3 P117F P117Cl1 P108F P108S

&
&

éEQEI\CE AREA100B P113S1 SETUP113 P113H1 P113R P113H2 P113H3 &
P113S2 P113F

SEQUENCE AREA200A SETUP201 P201ML  P201F SETUP21A
P201S1 P201HL P201S2  P201S3  P201#4
P201H2 P201S5 P201H3  P201S6  P201M2 P204M2
P204NF P204S3

Ro Ro Ro

éEQEI\CE AREA200B P205ML P205S3 P205F

éEQEI\CE AREA300 SETUP301 P301M P301F SETUP302 P302M P302F &
SETUP303 P303M P303F P304M P304F &
SETUP306 P306M P306F

'SEQEI\CE FINAL P118F P118C1 A300M2 A300ML

&
A200ML A300MB P119F P119Cl A400ML &
AL00ML A200M2 A300M4 SUVNREL
SEQUENCE ENTI RE ( SEQUENCE AREA100A) &
H2MAKE &
( SEQUENCE AREAL00B) ( SEQUENCE AREA200A) &
REFM-2 &
( SEQUENCE AREA200B) ( SEQUENCE AREA300) &
( RETURN REFM-R2) &

(RETURN H2MAKE) ( SEQUENCE FI NAL)

Reporting

PRCP- SET HCAP CPMX PHASE=T UN TS=' BTU LB-R
PRCP- SET XPORT MUWK KMX PHASE=L

; THE ABOVE PROP- SETS, HCAP AND XPCRT, ARE CALLED FOR | N ALL STREAMS.
STREAM REPORT MASSFLOW MOLEFLOW ol ef rac NOZEROFLON &
PRCPERTI ES = HCAP XPCRT

; End of input file NREL3.INP



Appendix B

Listing of the
Management Summary Report
for the

Maximum Fischer-Tropsch Liquids Production Case
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CONTRACT NG&. DE- AC22- 91PC90027

AND DE- AC22- 93PC91029

PLANT SUMVARY REPCRTS



MANAGEMENT SUMVARY REPCRT

MAJCR | NPUT AND QUTPUT STREAMB

I NPUT MBS/ HR TONS/ DAY
DRY WOOD* 183. 750 2205.0
NATURAL GAS, MM SCH HR
RAW WATER NAKE- UP, MM GAL/ SD

QUTPUT MBS/ HR TONS/ DAY
BUTANES 0. 000 0.0
GASCLI NE 4.084 49.0
D ESEL 8.742 104.9
REFUSE* 0. 000 0.0
SLAGK 19. 192 230.3
SULFUR 0. 000 0.0
TOTAL 32.018 384.2

ELECTRI C PONER, MEGA- WH SD

0. 000
1.923

BBL/ DAY
0.
382.
775.

1156.

2060. 540

* THESE STREAM FLON RATES ARE ON A DRY BASI S.
NEGATI VE PRODUCT FLOAS DESI GNATE PURCHASED MATER! AL.

| SBL FI ELD AND TOTAL | NSTALLED CCSTS (1 NCLUDI NG OSBL COSTYS)

NUMBER OF PLANTS
PLANT CPERATI NG  SPARES
115
116
117
119
108
113
201
204N
205
301
302
303
304
306
TOTAL

RPRRRPRRRPRRRRRUORR
cfoNololoNoloNoloNoNoRoola)

(o]

CATALYST AND CHEM CALS, MW/ YEAR

DEDI CATED PLANT CPERATORS 73
EXTRA CPERATCRS, FOREMEN

AND NMAI NTENANCE WORKERS 139
TOTAL 212

12.
15.

POWOPRPOOOOONOD®

PLANT OCST, MM,

| SBL TOTAL
120 28. 078
650 36. 256
110 14. 155
546 1. 264
489 5. 766
715 1. 656
518 22. 050
507 1.176
583 1.351
509 15. 079
740 4. 030
528 1.224
628 8. 406
669 1.551
313  142.043
2. 305

DEDI CATED
CPERATCRS
8
16

[

=
WhrOPALAPROPFRPPMOMAOOO

~



PLANT 115 - SUWARY REPORT

WOCD DRYI NG PLANT

WOOD FEED
DRY WOOD, MBS HR 183. 750
WATER, MLBS/ HR 112. 058
OTHERS, MBS/ HR 0. 000
TOTAL, MBS HR 295. 808

WASTE WATER, MBS/ HR 54.728

ULTI MATE ANALYSI S, W%

CARBON 49. 54
HYDROGEN 6.11
N TROGEN 0.10
CHLORI NE 0.00
SULFUR 0. 02
OXYCGEN 43.73
ASH 0.50
TOTAL 100. 00

PLANT UTI LI TI ES CONSUMPTI ONS
PONER, KW
900 PSI @ 1000 F STEAM MBS HR
360 PSI G 440 F STEAM MBS HR
600 PSI G 650 F STEAM MBS HR
600 PSI G SATD STEAM MBS/ HR
150 PSI G SATD STEAM MBS HR
50 PSI G SATD STEAM MBS/ HR
PLANT FUEL, MM BTUS HR
COOLI NG WATER, MGAL/ HR
PROCESS WATER, MGAL/ HR
N TROGEN, MM SCF/ HR OF N2

TOTAL PLANT OPERATCRS DAY

DRI

ED WOCD M DDLI NGS
0. 000
0. 000

183. 750
57.330

241. 080

49. 54
6.11
0.10
0. 00
0. 02

43.73
0.50

100. 00

2500.

coocooo

O
coow®
[eoNoNo Nk
olololololololoNoNo)

@
o

0. 000

PLANT QCOSTI NG | NFORVATI ON

TOTAL NUMBER OF DUPLI CATE TRAI NS
VAXI MM SI ZE, MLBS/ HR DRY WOCD
M N MM SI ZE, MBS/ HR DRY WOCD
CAPACI TY, MBS/ HR DRY WOCD
PLANT | SBL FI ELD COST, M

1

185. 000
50. 000
183. 750
12. 120

coocoooo00

REFUSE
0. 000
0. 000
0. 000
0. 000

coocooo00
o
o



PLANT 116 - SUWARY REPCRT
WOOD GASI FI CATI ON PLANT

WOOD DECOVPCSI TI ON BLOCK FOR BATTELLE GASI FI ER MODEL
DRY WOCD FEED 183. 750 MLBS/ HR

TOTAL | NLET STREAM FLOW RATE 241. 080 MBS HR

IN THE FOLLON NG TABLE, THE 900 PSI G STEAM ACTUALLY |S 975 PSIG 750 F
STEAM AND THE 360 PSI G STEAM | S SUPERHEATED TO 530 F, NOT 440 F, AS SHOM.
THEY BOTH GO DI RECTLY TO THE COMBI NED CYCLE PLANT FCR PONER GENERATI ON.

PLANT UTI LI TI ES CONSUMPTI ONS
PONER, KW 7700.

900 PSI @ 1000 F STEAM MBS HR -81. 4
360 PSI G 440 F STEAM MBS HR -22.0
600 PSI G 650 F STEAM MBS HR 10.8
600 PSI G SATD STEAM MBS/ HR 0.0
150 PSI G SATD STEAM MBS HR 0.0
50 PSI G SATD STEAM MBS/ HR 0.0
PLANT FUEL, MM BTUS HR 0. 00
COOLI NG WATER, MGAL/ HR 0. 00
PROCESS WATER, MGAL/ HR 0. 00
N TROGEN, MM SCF/ HR OF N2 0. 00
TOTAL PLANT OPERATCRS DAY 16.0

PLANT QCOSTI NG | NFORVATI ON

TOTAL NUMBER OF DUPLI CATE TRAI NS 1
VAXI MM SI ZE, MLBS/ HR DRY WOCD 185. 000
M N MM SI ZE, MBS/ HR DRY WOCD 20. 000
CAPACI TY, MBS/ HR DRY WOCD 183. 750
PLANT | SBL FI ELD COST, M 15. 650



PLANT 117 - SUWARY REPCRT
F-T SYNGAS COVPRESSI ON PLANT

DRY SYNGAS RATE

PLANT UTI LI TI ES CONSUMPTI ONS
PONER, KW
900 PSI @ 1000 F STEAM MBS HR
360 PSI G 440 F STEAM MBS HR
600 PSI G 650 F STEAM MBS HR
600 PSI G SATD STEAM MBS/ HR
150 PSI G SATD STEAM MBS HR
50 PSI G SATD STEAM MBS/ HR
PLANT FUEL, MM BTUS HR
COOLI NG WATER, MGAL/ HR
PROCESS WATER, MGAL/ HR
N TROGEN, MM SCF/ HR OF N2

TOTAL PLANT OPERATCRS DAY

2.421

13191.

coocooo

w
S
[eoNoNe)Nol

coGio
ool lololololoNoNo)

©
o

MVI SCH hr

PLANT QCOSTI NG | NFORVATI ON

TOTAL NUMBER OF DUPLI CATE TRAI NS
MVAXI MM SI ZE, MM SCH HR
M N MM SI ZE, MM SCH HR

CAPACI TY, MM SCF/ HR
PLANT | SBL FI ELD COST, M

5
0. 500
0. 050

TOTAL
2.421
6. 110

FI RST
0. 484
1. 222

SUBSEQUENT
0. 484
1. 222



PLANT 119 - SUWARY REPCRT
FUEL GAS OOVPRESS| ON PLANT

DRY FUEL GAS RATE 0. 042 MM SCH/ hr

PLANT UTI LI TI ES CONSUMPTI ONS
PONER, KW
900 PSI @ 1000 F STEAM MBS HR
360 PSI G 440 F STEAM MBS HR
600 PSI G 650 F STEAM MBS HR
600 PSI G SATD STEAM MBS/ HR
150 PSI G SATD STEAM MBS HR
50 PSI G SATD STEAM MBS/ HR
PLANT FUEL, MM BTUS HR
COOLI NG WATER, MGAL/ HR
PROCESS WATER, MGAL/ HR
N TROGEN, MM SCF/ HR OF N2

ocoooooq
OQCOWOOOOOOOoO-

o000
coulo

TOTAL PLANT OPERATCRS DAY

©
o

PLANT QCOSTI NG | NFORVATI ON

TOTAL NUMBER OF DUPLI CATE TRAI NS 1
MVAXI MM SI ZE, MM SCH HR 0. 200
M N MM SI ZE, MM SCH HR 0. 010
CAPACI TY, MM SCF/ HR 0. 042
PLANT | SBL FI ELD COST, M 0. 546



PLANT 108 - SUWARY REPCRT
SULFUR PQOLI SH NG PLANT

TOTAL SYNGAS FEED 2.439 MM SCH hr

PLANT UTI LI TI ES CONSUMPTI ONS
PONER, KW
900 PSI @ 1000 F STEAM MBS HR
360 PSI G 440 F STEAM MBS HR
600 PSI G 650 F STEAM MBS HR
600 PSI G SATD STEAM MBS/ HR
150 PSI G SATD STEAM MBS HR
50 PSI G SATD STEAM MBS/ HR
PLANT FUEL, MM BTUS HR
COOLI NG WATER, MGAL/ HR
PROCESS WATER, MGAL/ HR
N TROGEN, MM SCF/ HR OF N2

o

COoo0o00o
OSOoomoo0O0O0O"

coow
coow

TOTAL PLANT OPERATCRS DAY

©
o

PLANT QCOSTI NG | NFORVATI ON

TOTAL NUMBER OF DUPLI CATE TRAI NS 1
MVAXI MM SI ZE, MM SCH HR 3. 500
M N MM SI ZE, MM SCH HR 0. 300
CAPACI TY, MM SCF/ HR 2.439
PLANT | SBL FI ELD COST, M 2.489



PLANT 113 - SUWARY REPCRT
CO SH FT REACTCR PLANT

CO SH FT REACTCR PLANT

DRI ED SYNTHESI S GAS PRODUCTI ON RATE 0. 040 MM SCH/ hr
DRI ED SYNTHESI S GAS HYDROGEN PURI TY 48. 035 MOLE %
DRI ED SYNTHESI S GAS HYDROGEN TO QO 28. 659 MOLAR RATI O

PLANT UTI LI TI ES CONSUMPTI ONS
PONER, KW
900 PSI @ 1000 F STEAM MBS HR
360 PSI G 440 F STEAM MBS HR
600 PSI G 650 F STEAM MBS HR
600 PSI G SATD STEAM MBS/ HR
150 PSI G SATD STEAM MBS HR
50 PSI G SATD STEAM MBS/ HR
PLANT FUEL, MM BTUS HR
COOLI NG WATER, MGAL/ HR
PROCESS WATER, MGAL/ HR
N TROGEN, MM SCF/ HR OF N2

©

coocowoQ

coro
oor ®:
SorRoOOCOOO"

TOTAL PLANT OPERATCRS DAY

E
o

PLANT QCOSTI NG | NFORVATI ON

TOTAL NUMBER OF DUPLI CATE TRAI NS 1
MAXI MM SI ZE, MM SCH HR 0. 080
M N MM SI ZE, MM SCH HR 0. 010
CAPACI TY, MM SCF/ HR 0. 040
PLANT | SBL FI ELD COST, M 0.715



PLANT 201 - SUMVARY REPCRT
FI SCHER- TROPSCH SYNTHESI S REACTCRS

REACTCR COVPONENT FLOW RATES, MBS/ HR AVERAGE API
COVPONENT I NLET QUTLET MOLE WI BP, F GRAVI TY
H2 3.135 0.925
N2 0.182 0.182
o 84.520 8. 485
(60 17. 318 81. 609
H0 6. 020 2. 006
a4 15. 227 15. 713
H 10. 817 11. 165
2H6 0. 000 0. 093
C3H6 0. 000 0. 463
C3H8 0. 000 0. 086
| CAH8 0. 000 0.024
NCAH8 0. 000 0. 458
| C4HL0 0. 000 0. 006
NC4HLO 0. 000 0.118
C5H10 0. 000 0. 468
NC5H12 0. 000 0. 144
| C5H12 0. 000 0. 016
G6H12 0. 000 0. 466
NC6HL4 0. 000 0. 143
| C6HL4 0. 000 0. 016
CrH14 0. 000 0.421
CrH16 0. 000 0.184
C8H16 0. 000 0. 399
C8H18 0. 000 0.174
CoH18 0. 000 0.372
COH20 0. 000 0.162
C10H20 0.021 0. 364
ClOH22 0. 000 0. 149
Cl1H22 0. 000 0.313
Cl1H24 0. 000 0. 136
Cl2H24 0. 000 0.283
Cl2H26 0. 000 0.123
C13H26 0. 000 0. 255
C13H28 0. 000 0.110
Cl4H28 0. 000 0.227
Cl4H30 0. 000 0. 098
C15H30 0. 000 0.202
C15H32 0. 000 0. 087
Cl6H32 0. 000 0.179
Cl6H34 0. 000 0.077
Cl7H34 0. 000 0.158
Cl7H36 0. 000 0. 068
Cl8H36 0. 000 0.138
Cl18H38 0. 000 0. 060
Cl9H38 0. 000 0.121
Cl19H40 0. 000 0. 052
C20H40 0. 000 0. 106
C20H42 0. 000 0. 046
c1cP 0. 000 0.152
c2cP 0. 000 0.153
c23cP 0. 000 0.154
40P 0. 000 0.154
c25CP 0. 000 0.154
c26CP 0. 000 0.154
7cP 0. 000 0.153
c28CP 0. 000 0.152
c9CP 0. 000 0.151
C30WAX 0. 000 7. 455 742. 699 1128.3 36. 42
OXVAP 0. 000 0.070 50. 921
OXHC 0. 000 0.453 86. 240
OXH20 0. 000 0.230 45. 556
TOTAL 137. 239 137. 239
TEMPERATURE, F 331.3 487.6
PRESSURE, PSI A 325.0 304.0

- COONTI NUED ON NEXT PAGE -



PLANT 201 - SUWARY REPCRT
FI SCHER- TROPSCH SYNTHESI S REACTCRS

( CONTI NUED)
F-T REACTOR CONVERS| ONS:!
HYDROGEN CONVERSI ON 70. 48
CARBON MONOXI DE CONVERSI N 89. 96
SYNGAS CONVERS| ON 83. 34
| NLET HYDROGEN TO CO RATI O 0. 5154
QUTLET HYDROGEN TO QO RATI O 1. 5155

FI SCHER- TROPSCH SLURRY BED REACTCR DESI GN

NUMBER CF F-T PLANT TRAINS = 1
NUVBER OF F-T REACTORS/ TRAIN 1
NUMBER OF SPARE F-T REACTCRS 0

THE FOLLOW NG VALUES ARE FCR 1 CF 1 OPERATING F-T SLURRY BED REACTCRS.

AVERAGE REACTOR TEMPERATURE, F 487.6
AVERAGE REACTOR PRESSURE, PSI A 315.0
REACTOR | NSI DE DI AMETER, FT 15.79
EXPANDED SLURRY BED HEl GHT ABOVE

BOTTCM TANGENT LINE, FT 61. 56
SUPERFI G AL GAS VELOCI TY, OM SEC 10. 000
RELATI VE CATALYST ACTIM TY 1. 000
CATALYST LQADI NG MBS 105. 102
CATALYST CONCENTRATI ON, W% 22.5
NUVBER CF STEAM TUBES 1165.
TOTAL REACTOR VEI GHT, MBS 606. 025
F-T REACTOR VESSEL COST, M8 2.025

COVPLETE REACTCR DESI GN | NFORVATION IS G VEN IN THE H STCRY FI LE.

PLANT UTI LI TI ES CONSUMPTI ONS
PONER, KW 27
900 PSI G 1000 F STEAM MBS/ HR 0
360 PSI G 440 F STEAM MBS/ HR 8
600 PSI G 650 F STEAM MBS/ HR 1.

0
0
0

'
[EnY
N

600 PSI G SATD STEAM MBS/ HR
150 PSI G SATD STEAM MBS/ HR
50 PSI G SATD STEAM MBS/ HR -
PLANT FUEL, MM BTUS/ HR 5.9
OCOCLI NG WATER, MAAL/ HR 4.9
PROCESS WATER MZAL/ HR 0.5
N TROGEN, MM SCF/ HR OF N2 0.0

o OCOPOWOOWOO"

TOTAL PLANT CPERATCRS/ DAY 8.

PLANT COSTI NG | NFORVATI ON

TOTAL NUMBER OF DUPLI CATE TRAI NS 1
MAXI MM S| ZE, MM SCH HR 8. 053
M N MM SI ZE, MM SCH HR 2.690
NUMBER OF F- T REACTCRS 1
CAPACI TY, MM SCF/ HR 2.520
PLANT | SBL FI ELD COST, MV$ 9.518

WARNI NG - THE ABOVE PLANT COSTS MAY BE I N ERRCR SI NCE THE CALCULATED
TRAIN SIZE | S BELON THE SPECI FIED M NI MUM TRAI N SI ZE.



This pl ant has

EQU PMENT SUMVARY

Plant 201 - Fischer-Tropsch Synthesis Pl ant

1 parallel

and O spare F-T reactor(s).

201G 15

* See the results of the detailed F-T slurry reactor cal cul ati ons.

Reactors and Vessel s

Syngas Hum difier

St eam Drum

Fi scher-Torpsch Slurry Reactor
Hydr ocl one Underfl ow Drum
Shut down Wax/ Cat al yst St orage
F-T Vapor 3-Phase Separ at or
Vapor xygenates Wash Col um
H gh Tenp F-T Liquid Separator
Low Tenp F-T Liquid Separ at or
Catal yst Pretreater

Pretreated Catal yst Feed Tank
Catal yst Pretreater OH KO Drum
Spent Cat al yst Wash Tank

RPRREPRRPRRRRR R R

Heat Exchangers

Equi pment Descri ption No.
Used Catal yst/VWax Slurry Heater 1
F-T Vapor Trim Cool er 1
F-T Vapor Air Cooler 1
Low Tenp Separator Feed Cool er 1
Wax Heat er 1
Catal yst Pretreater CH Cool er 1
Pretreater Feed/Effluent Exchngr 1
Fired Heaters
Equi pment Descri ption No.

Pretreater Grcul ation Gas Heater 1

Lengt h
(T-T, ft)

LOLOOO\IOOOU‘I@OO

Duty
(MM BTU hr)

Duty
(MM BTU hr)

trains with 1 F-T slurry reactors/train

D anet er
(ID, ft)

-b-bwaDI\J\II\JOO\I

2.
8
7
4
2.
1.
4
4
1
1
n

Type of
Exchanger
Shel | & Tube
Shel | & Tube

Ar-Fin

Shel | & Tube
Shel | & Tube
Shel | & Tube
Shel | & Tube



EQU PMENT SUMVARY (Conti nued)
Plant 201 - Fischer-Tropsch Synthesis Pl ant

This plant has 1 parallel trains with 1 F-T slurry reactors/train
and O spare F-T reactor(s).

Conpr essor s

Item Fl ow Rate Br ake
No. Equi prent Descri pti on No. (ACFM Hor sepower
201K-1  Pretreater Grcul ati on Gas Conpr 1 64 21
Punps
Item Fl ow Rate Br ake
No. Equi prent Descri pti on No. (v Hor sepower
201G1 Humdifier Water 2 11.0 0.3
201G2 F-T Reactor Boiler Feed Vater 2 2473.6 103.0
201G 3  Hydrocl one Underfl ow 2 5.3 1.5
201G 4 Catal yst/Wax Slurry Transfer 2 1998. 4 164. 3
201G5 \Wax Transfer 2 249.8 9.2
201G 6 F-T Liquid Separator Bottons 2 0.3 0.1
201G 8 \ax Pretreater Feed 2 9.2 1.8
201G9 Pretreater Liquid 2 0.5 0.5
201G 10 Makeup Catal yst Feed 2 3.7 1.0
201G 11 xygenates Vater Wash Col um 2 11.0 1.3
201G 13 Spent Catalyst Surry 2 2.0 0.1
Speci al Equi prrent
Item
No Equi prent Descri pti on No. Comments
201T-1  Cycl one Separ at or 1 2.1ft IDx 3.6 ft T-T
201T-2  Hydrocl one 1 42.4 GPM
201T-4  Kerr-MCGee RCSE Unit 1 1.1 MBPSD
201T-5  Makeup Cat Feed Hopper Baghouse 1 0.9sqft doth Area
201T-6  Makeup Catal yst Feed Hopper 1 7.9ft IDx 15.8 ft
201T-7  Catal yst Pretreater Baghouse 1 1.4sqft doth Area
201T-8 Spent Catalyst Filter 2 1.8 &M
201T-9 Holo-Flite Drier System 1 169.9 Lbs/hr

The above is based on a proration of the baseline plant design. For
either very snall or very large capacity plants, the user nmay wi sh to
adj ust the nunber of spare itenms or the amount of parallel capacity
in sone plant sections.



PLANT 204N - SUMVARY REPCRT
NREL HYDROCARBON RECOVERY PLANT

PLANT FEED RATE 14. 440 M bs/ hr

PLANT UTI LI TI ES CONSUMPTI ONS
PONER, KW
900 PSI @ 1000 F STEAM MBS HR
360 PSI G 440 F STEAM MBS HR
600 PSI G 650 F STEAM MBS HR
600 PSI G SATD STEAM MBS/ HR
150 PSI G SATD STEAM MBS HR
50 PSI G SATD STEAM MBS/ HR
PLANT FUEL, MM BTUS HR
COOLI NG WATER, MGAL/ HR
PROCESS WATER, MGAL/ HR
N TROGEN, MM SCF/ HR OF N2

w

coocoookr

[eoNeoNe Nolk
OCONUIIOOOOO-

coopr

TOTAL PLANT OPERATCRS DAY

E
o

PLANT COSTI NG | NFORVATI ON

TOTAL NUMBER OF DUPLI CATE TRAI NS 1
VAXI MM SI ZE, MLBS/ HR 200. 000
M N MM SI ZE, MBS/ HR 13. 000
CAPACI TY, MBS HR 14. 440
PLANT | SBL FI ELD COST, M 0. 507



PLANT 205 - SUWARY REPCRT
H2 RECOVERY PLANT

H2 PRCDUCT RATE 0. 033 MM SCH/ hr

PLANT UTI LI TI ES CONSUMPTI ONS
PONER, KW
900 PSI @ 1000 F STEAM MBS HR
360 PSI G 440 F STEAM MBS HR
600 PSI G 650 F STEAM MBS HR
600 PSI G SATD STEAM MBS/ HR
150 PSI G SATD STEAM MBS HR
50 PSI G SATD STEAM MBS/ HR
PLANT FUEL, MM BTUS HR
COOLI NG WATER, MGAL/ HR
PROCESS WATER, MGAL/ HR
N TROGEN, MM SCF/ HR OF N2

o

noocowo

oo ~NO-
CQOUIOLVWOOOWO-

convo

TOTAL PLANT OPERATCRS DAY

=
o

PLANT COSTI NG | NFORVATI ON

TOTAL NUMBER OF DUPLI CATE TRAI NS 1
MAXI MM SI ZE, MM SCFH/ HR OF H2 0. 100
MN MM SI ZE, MM SCFH/ HR CF H2 0. 010
CAPACI TY, MM SCF/ HR CF H2 0. 033
PLANT | SBL FI ELD COST, M 0. 583



COVPONENT
H2
C20H40
C20H42
c1cP
c2CP
c3CP
40P
50
c60P
Q7cP
c28CP
c9CP
C30WAX
TOTAL

TEMPERATURE, F
PRESSURE, PSI A

PRCDUCT FLOW RATES, MBS/ HR

NC5HL2

| C5H12
NC6H14

| CG6H14
C7- 300HC
3- 350HC
350-5HC
500+HC
TOTAL

TEMPERATURE, F
PRESSURE, PSI A

SAUR WATER
TEMPERATURE, F
PRESSURE, PSI A

PLANT 301 -

SUMVARY REPORT

WAX HYDROCRACKI NG PLANT

COVPONENT FLOW RATES, MBS HR

FEED
121
106
046
152
153
154
154
154
154
153
152
151
455
105

©NOOOO00000000

100.0
50.0

GASES
000
004
004
132
175
142
000
000
000
000
000
000
000
000
458

CO0O000000000000

100.0
80.0

0. 061
100.0
20.0

C5/ GBS
000
000
000
000
000
000
184
218
212
346
000
000
000
000
960

CO0O000000000000

150.0
60.0

GASCLI NE
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 292
. 415
. 000
. 000
. 707

POOORFRPROOOOO0OO0OO0OO0OO0OO0o

200.0
40.0

- CONTI NUED ON NEXT PACGE -

D STI LLATE
000
000
000
000
000
000
000
000
000
000
000
000
892
027
919

AP OOO0O00000000

300.0
20.0



WAX HYDROCRACKI NG PLANT -

( CONTI NUED)

HYDROCRACKED COVPONENT PRCPERTI ES:

SPEC FI C
GRAVI TY
0.7041
0. 7316
0. 7568
0. 7907

COVPONENT
C7- 300HC
3- 350HC
350-5HC
500+HC

POUR CETANE
PO NT, F I NDEX

-75.0
-57.0
0.0

57.5
68. 2
75.5

SUMVARY REPCRT

W % W % W %
BENZENE  AROMATI CS  OLEFI NS
0.0 0.0 0.0

0.0 0.0

PURE COMPONENT
RON MON
64.3 64. 3
64.3 64. 3

COVPONENT
C7- 300HC 1.8
3- 350HC 1.0
PLANT UTI LI TI ES CONSUMPTI ONS

PONER, KW

900 PSI @ 1000 F STEAM MBS HR

360 PSI G 440 F STEAM MBS HR

600 PSI G 650 F STEAM MBS HR

600 PSI G SATD STEAM MBS/ HR

150 PSI G SATD STEAM MBS HR

50 PSI G SATD STEAM MBS/ HR

PLANT FUEL, MM BTUS HR

COOLI NG WATER, MGAL/ HR

PROCESS WATER, MGAL/ HR

N TROGEN, MM SCF/ HR OF N2

TOTAL PLANT OPERATCRS DAY

w

cooNOOD

coon
coh~®:
OO0rO0O0O0OR MO

10.0

PLANT QCOSTI NG | NFORVATI ON

TOTAL NUMBER OF DUPLI CATE TRAI NS 1
VAXI MM SI ZE, MLBS/ HR 575. 000
M N MM SI ZE, MBS/ HR 100. 000
CAPACI TY, MBS HR 8. 984
PLANT | SBL FI ELD COST, M 6. 509

WARNI NG - THE ABOVE PLANT COSTS MAY BE | N ERRCR SI NCE THE CALCULATED

TRAIN SI ZE | S BELONTHE SPECI FIED M NIMM TRAI N SI ZE.



PLANT 302 - SUWARY REPORT
DI STI LLATE HYDROTREATER

FLOW RATES, MBS/ HR

COVPONENT FEED GASES D ESEL SAR H20
H2 0. 023 0. 000 0. 000 0. 000
H2O 0. 000 0. 000 0. 000 0. 045
cH 0. 000 0. 003 0. 000 0. 000
CHo 0. 000 0. 004 0. 000 0. 000
CH8 0. 000 0. 009 0. 000 0. 000
| CAHLO 0. 000 0. 004 0. 000 0. 000
NCAHLO 0. 000 0. 007 0. 000 0. 000
Cl1H22 0. 307 0. 000 0. 000 0. 000
CliH24 0.134 0. 000 0. 000 0. 000
Cl2H24 0. 281 0. 000 0. 000 0. 000
Cl2H26 0.122 0. 000 0. 000 0. 000
C13H26 0. 254 0. 000 0. 000 0. 000
C13H28 0. 110 0. 000 0. 000 0. 000
Cl4H28 0. 227 0. 000 0. 000 0. 000
Cl14H30 0. 098 0. 000 0. 000 0. 000
C15H30 0. 202 0. 000 0. 000 0. 000
C15H32 0. 087 0. 000 0. 000 0. 000
Cl6H32 0.179 0. 000 0. 000 0. 000
Cl6H34 0. 077 0. 000 0. 000 0. 000
Cl7H34 0. 158 0. 000 0. 000 0. 000
C17H36 0. 068 0. 000 0. 000 0. 000
C18H36 0. 138 0. 000 0. 000 0. 000
C18H38 0. 060 0. 000 0. 000 0. 000
C19H38 0.121 0. 000 0. 000 0. 000
C19H40 0. 052 0. 000 0. 000 0. 000
OXHC 0. 196 0. 000 0. 000 0. 000
350- 5HT 0. 000 0. 000 1.699 0. 000
500+HT 0. 000 0. 000 1.123 0. 000
TOTAL 2.894 0. 026 2.822 0. 045
TEMPERATURE, F 99.9 100.0 90.0 80.0
PRESSURE, PSI A 50.0 50.0 50.0 50.0
HYDROTREATED COMPONENT PRCPERTI ES

SPECI FI C POUR CETANE
COVPONENT GRAVI TY PO NT, F I NDEX
350- 5HT 0. 7533 -70.0 75.0
500+HT 0. 7797 -10.0 79.0

- CONTI NUED ON NEXT PACGE -



Di STI LLATE HYDROTREATER - SUMVARY REPORT
( CONTI NUED)

PLANT UTI LI TI ES CONSUMPTI ONS
PONER, KW
900 PSI @ 1000 F STEAM MBS HR
360 PSI G 440 F STEAM MBS HR
600 PSI G 650 F STEAM MBS HR
600 PSI G SATD STEAM MBS/ HR
150 PSI G SATD STEAM MBS HR
50 PSI G SATD STEAM MBS/ HR
PLANT FUEL, MM BTUS HR
COOLI NG WATER, MGAL/ HR
PROCESS WATER, MGAL/ HR
N TROGEN, MM SCF/ HR OF N2

cloloNoNoNoNV]
CQOUIOFRPROOOOO-

oo

TOTAL PLANT OPERATCRS DAY

E
o

PLANT QCOSTI NG | NFORVATI ON

TOTAL NUMBER OF DUPLI CATE TRAI NS 1
VAXI MM SI ZE, MLBS/ HR 650. 000
M N MM SI ZE, MBS/ HR 50. 000
CAPACI TY, MBS HR 2.871
PLANT | SBL FI ELD COST, M 1.740

WARNI NG - THE ABOVE PLANT COSTS MAY BE | N ERRCR SI NCE THE CALCULATED
TRAIN SI ZE | S BELONTHE SPECI FIED M NIMM TRAI N SI ZE.



FLOW RATES, MBS/ HR
COVPONENT
H2
H2O
cH
CHo
CH8
| CAHLO
NCAHLO
C5H10
NC5HL2
| C5H12
GoH12
NC6H14
| G6H14
CrH14
CrH16
C8H16
C8H18
CoH18
COH20
C10H20
Cl0H22
OXHC
C7- 300HT
3- 350HT
TOTAL

TEMPERATURE, F
PRESSURE, PSI A

SAQUR WATER

PLANT 303 - SUWARY REPORT
NAPHTHA HYDROTREATER

FEED GASES C5/ GBS
0. 030 0. 000 0. 000
0. 000 0. 000 0. 000
0. 000 0. 009 0. 000
0. 000 0. 033 0. 000
0. 000 0. 042 0. 000
0. 000 0. 006 0. 000
0. 000 0. 028 0. 000
0. 000 0. 000 0. 000
0. 012 0. 000 0. 029
0. 000 0. 000 0. 001
0.121 0. 000 0. 000
0. 040 0. 000 0. 152
0. 004 0. 000 0. 017
0. 217 0. 000 0. 000
0. 097 0. 000 0. 000
0. 288 0. 000 0. 000
0. 132 0. 000 0. 000
0. 325 0. 000 0. 000
0. 144 0. 000 0. 000
0. 346 0. 000 0. 000
0. 142 0. 000 0. 000
0.181 0. 000 0. 000
0. 000 0. 000 0. 000
0. 000 0. 000 0. 000
2.080 0.117 0.198
95. 8 100.0 90.0
50.0 50.0 50.0

0. 042

- CONTI NUED ON NEXT PACGE -

GASCLI NE

POPOOOOOOO0O000000000000000

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
342
381
723

80.0
50.0



PLANT 303 - SUMMARY REPCRT
NAPHTHA HYDROTREATER
( CONTI NUED)

PLANT UTI LI TI ES CONSUMPTI ONS
PONER, KW
900 PSI @ 1000 F STEAM MBS HR
360 PSI G 440 F STEAM MBS HR
600 PSI G 650 F STEAM MBS HR
600 PSI G SATD STEAM MBS/ HR
150 PSI G SATD STEAM MBS HR
50 PSI G SATD STEAM MBS/ HR
PLANT FUEL, MM BTUS HR
COOLI NG WATER, MGAL/ HR
PROCESS WATER, MGAL/ HR
N TROGEN, MM SCF/ HR OF N2

)]

coocoocok

cowpk
coulkr:
OSOWWOOOOO0O"

TOTAL PLANT OPERATCRS DAY

E
o

PLANT QCOSTI NG | NFORVATI ON

TOTAL NUMBER OF DUPLI CATE TRAI NS 1
VAXI MM SI ZE, MLBS/ HR 650. 000
M N MM SI ZE, MBS/ HR 50. 000
CAPACI TY, MBS HR 2. 050
PLANT | SBL FI ELD COST, M 0. 528

WARNI NG - THE ABOVE PLANT COSTS MAY BE | N ERRCR SI NCE THE CALCULATED
TRAIN SI ZE | S BELONTHE SPECI FIED M NIMM TRAI N SI ZE.



PLANT 304 - SUWARY REPCRT
NAPHTHA REFCRM NG PLANT

COVPONENT FLOW RATES, MBS/ HR

COVPONENT FEED C2- GASES C3/ A4S REFCRVATE
H 0. 000 0.118 0. 000 0. 000
HO 0. 000 0. 000 0. 000 0. 000
c# 0. 000 0.031 0. 000 0. 000
He 0. 000 0. 084 0. 000 0. 000
C3H8 0. 000 0. 000 0. 107 0. 000
| C4AHLO 0. 000 0. 000 0. 064 0. 000
NCAHLO 0. 000 0. 000 0. 080 0. 000
NC5HL12 0. 000 0. 000 0. 000 0. 000
| C5H12 0. 000 0. 000 0. 000 0. 000
NC6HL4 0. 000 0. 000 0. 000 0. 000
| C6HL4 0. 000 0. 000 0. 000 0. 000
Cr7-300HC 1.292 0. 000 0. 000 0. 000
3-350HC 0. 415 0. 000 0. 000 0. 000
C7- 300HT 1. 342 0. 000 0. 000 0. 000
3- 350HT 0.381 0. 000 0. 000 0. 000
REFORVAT 0. 000 0. 000 0. 000 2.946
OTHERS 0. 000 0. 000 0. 000 0. 000
TOTAL 3. 430 0. 233 0. 251 2.946
TEMPERATURE, F 141.9 100.0 120.0 150.0
PRESSURE, PSI A 40.0 50.0 40.0 30.0

REFORVATE COMPONENT PRCPERTI ES:
SPECI FI C GRAVI TY 0.7723
DENSI TY, LBS/BBL 270.13

RESEARCH OCTANE 95.0 BLENDI NG RON 95.0
MOTCR OCTANE 85.0 BLENDI NG MON 85.0
RVP, PSI 3.4
BENZENE, W% 0.7
AROVATI CS, W% 65.9

PLANT UTI LI TI ES CONSUMPTI ONS
PONER, KW
900 PSI G 1000 F STEAM MBS/ HR
360 PSI G 440 F STEAM MBS/ HR
600 PSI G 650 F STEAM MBS/ HR
600 PSI G SATD STEAM MBS/ HR
150 PSI G SATD STEAM MBS/ HR
50 PSI G SATD STEAM MBS/ HR
PLANT FUEL, MM BTUS/ HR
OCOCLI NG WATER, MEAL/ HR
PROCESS WATER MZAL/ HR
N TROGEN, MM SCF/ HR OF N2

[

.
coocococo®

OONWO"
OCOWMWOOOOHOOO-

corn

TOTAL PLANT CPERATCRS/ DAY

H
©
o

PLANT COSTI NG | NFORVATI ON

TOTAL NUMBER OF DUPLI CATE TRAI NS 1
MAXI MM S| ZE, MBS/ HR 750. 000
M N MM Sl ZE, MBS/ HR 50. 000
CAPACI TY, MBS/ HR 3.430
PLANT | SBL FI ELD COST, Mv$ 3.628

WARNI NG - THE ABOVE PLANT COSTS MAY BE I N ERRCR SI NCE THE CALCULATED
TRAIN SIZE | S BELON THE SPECI FIED M NI MUM TRAI N SI ZE.



PLANT 306 - SUWARY REPORT
C5/ G5 | SOVERI ZATI ON PLANT

COVPONENT FLOW RATES, MBS HR

COMPONENT FEED GASES | SOVERATE
H2 0. 002 0. 000 0. 000
N2 0. 000 0. 000 0. 000
@ 0. 000 0. 000 0. 000
H2S 0. 000 0. 000 0. 000
o 0. 000 0. 000 0. 000
o 0. 000 0. 000 0. 000
H20 0. 000 0. 000 0. 000
aos 0. 000 0. 000 0. 000
CH4 0. 000 0. 001 0. 000
c2H4 0. 000 0. 000 0. 000
C2H6 0. 000 0. 000 0. 000
C3H6 0. 000 0. 000 0. 000
C3H8 0. 000 0.014 0. 000
| CAHB 0. 000 0. 000 0. 000
NCAHB 0. 000 0. 000 0. 000
| CAHLO 0. 000 0. 006 0. 000
NCAHLO 0. 000 0. 000 0. 000
CSHLO 0. 000 0. 000 0. 000
NC5HL2 0.213 0. 000 0. 000
| C5HL2 0.218 0. 000 0. 000
CBHL2 0. 000 0. 000 0. 000
NOGHL4 0. 364 0. 000 0. 000
| O6HL4 0. 363 0. 000 0. 000
| SOVERAT 0. 000 0. 000 1.139
OTHERS 0. 000 0. 000 0. 000
TOTAL 1. 160 0. 021 1.139
TEMPERATURE, F 130. 9 100. 0 100. 0
PRESSURE, PSI A 50.0 25. 0 25. 0

| SOVERATE COVPONENT PROPERTI ES:

SPEQ FI C GRAVI TY 0. 6501

DENSI TY, LBS/BBL  227.40

RESEARCH OCTANE 81.7 BLENDING RON  81.7
MOTOR OCTANE 81.1 BLENDING MON  81.1
(RtM /2 81. 4

RWP, PS| 10. 8

- CONTI NUED ON NEXT PACGE -



C5/ C6 | SOVER! ZATI ON PLANT - SUMMVARY REPORT
( CONTI NUED)

PLANT UTI LI TI ES CONSUMPTI ONS
PONER, KW
900 PSI @ 1000 F STEAM MBS HR
360 PSI G 440 F STEAM MBS HR
600 PSI G 650 F STEAM MBS HR
600 PSI G SATD STEAM MBS/ HR
150 PSI G SATD STEAM MBS HR
50 PSI G SATD STEAM MBS/ HR
PLANT FUEL, MM BTUS HR
COOLI NG WATER, MGAL/ HR
PROCESS WATER, MGAL/ HR
N TROGEN, MM SCF/ HR OF N2

N

COoo0o00o
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TOTAL PLANT OPERATCRS DAY

E
o

PLANT QCOSTI NG | NFORVATI ON

TOTAL NUMBER OF DUPLI CATE TRAI NS 1
VAXI MM SI ZE, MLBS/ HR 250. 000
M N MM SI ZE, MBS/ HR 10. 000
CAPACI TY, MBS HR 1.158
PLANT | SBL FI ELD COST, M 0. 669

WARNI NG - THE ABOVE PLANT COSTS MAY BE | N ERRCR SI NCE THE CALCULATED
TRAIN SI ZE | S BELONTHE SPECI FIED M NIMM TRAI N SI ZE.



UTI LI TIES SUMVARY

PLANT PONER FUEL
NO KW MVBTUS/ HR
115 2500. 99. 900
116 7700. 0. 000
117 13191. 0. 000
119 97. 0. 000
108 0. 3.381
113 99. 0. 838
201 274. 5. 904
204N 13. 1.051
205 0. 0. 000
301 63. 2. 802
302 33. 0. 364
303 15. 1.178
304 81. 2.981
306 2. 0. 070
OTHERS 0. 0. 000
31 -109923. 614. 681
TOTAL - 85856 733. 148

COALI NG PROCESS
WATER WATER
MEAL/ HR MAAL/ HR

0. 00 0. 00
0. 00 0.00
345. 68 0. 00
0.53 0. 00
0. 00 0. 00
1.14 0. 00
4.94 0. 56
0. 87 0.00
2.75 0. 00
0.41 0. 00
0.35 0. 00
3.53 0. 00
1.23 0. 00
0. 07 0. 00
0.00 0. 00
1543. 80 -0.56
1905. 30* 0. 00

* = TOTAL COCLI NG WATER RECI RCULATI ON.

PLANT 900 PSIG 360 PSIG
NO 1000 F 440 F
115
116
117
119
108
113
201
204N
205
301
302
303
304
306
OTHERS
31
TOTAL

1
(o]

CPOLOOOOOOOO0O000ORO

ORPROOOOOOOOOOOOORMO
1
N

1
=
N
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[00]
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IN THE ABOVE TABLES, PGSl TI VE VALUES

-- STEAM MBS HR

600 PSIG 600 PSIG 150 PSIG
650 F SATD SATD
0.0 0.0 0.0
10.8 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
1.3 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
2.1 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
-0.6 0.0 0.0
0.1 0.0 0.0
0.0 0.0 0.0
-13.7 0.0 0.0
0.0 0.0 0.0

DESI GNATE NET CONSUMPTI ON,

AND NEGATI VE VALUES DESI GNATE NET PRODUCTI O\

FUEL GAS PRCDUCTI ON, MVBTUS/

HR

PURCHASED NATURAL GAS, MMVBTUS/ HR

ELECTR C PONER FCR SALE, MV
COOLI NG WATER, MGAL/ HR

PLANT FI ELD COST, Mvh

733. 148
0. 000
85. 856
1543. 80

17. 300

SATD

CRPOOCOOO0UOOOO00O000
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