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SYSTEM AND :METHOD FOR INTEGRATED GASIFICATION ~ONTROL 

BACKGROUND.OF rim INVENTION . 

I. Field of the Invention· 

The present invention relates to gasification, and m~re p8rticularly to a system and 

method for integrated gasification control. 

II. Related Art 

Gasification is among the cleanest and most efficient te<:hriologies for.the production 

of power, chemicals and industrial gases from hydrocarbon feedstocks. such as co8I, heavy 

oil~ and petroleum ~oke. Simply stated, gasification converts hydrocarbon feedstocks into 

clean synthesis gas, or syngas, composed primarily of hydrogen (Hi) and c~brin ~C>noxide 

20 (CO). Jn a gasification plant, the feedstock is mixed with oxygen (~) and they are injected 

into a gasifier. Inside the gasifier, the feedstock and the 0 2are subjected to a high-temperature 
. . 

and a high-pressure. As a result, the feedstock and the 02 break down into syngas. 

Jn addition to H2 and CO, the syngas contains other gases in small quantities, such as 

ammonia, methane and hydrogen sulfide (H2S): As much as 99% or more of the H2S present 

25 in the syngas can be recovered and converted to elemental sulfur form and used in the 

fertilizer or chemical industry. Ash and any metals are removed in a slag-like state, and the 
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syngas is cleansed of paniculates. The clean syngas is then used for generating electricity and 

producing industrial chemicals and gases. 

Gasification allows refineries to self-generate power and produce additional products. 

Thus, gasification offers greater efficiencies, energy savings, and a cleaner environment. For 

5 example, a gasification plant at a refinery in El Dorado, Kansas converts petroleum coke ancf' 

refinery wastes into electricity and steam, making the refinery entirely self-sufficient for its 

energy needs and significantly reducing waste and coke handling costs. For these reasons, 

gasification has increasingly ~ecome popular among refmers worldwide. Currently, there are 

several hundred gasification plants in operati~n worldwide. 

10 The operation of the gasification plant requires various control systems to control .the .. 

gasifier and other equipments connected thereto. Currently, gasifi~ation plants utilize 

independent controllers, for example, propo~onal integral derivative (PID) controllers, to 

independently control various processes in th~ .gasification plant. The indepen_~ent controllers 

operate separately and do not interact with each other. As a consequence, the .desired setpoint 

15 at each controller must be entered separately. Unfortunately, independent controllers often 

provide poor response, which results in increased wear and tear of the gasifier and other 

associated equipments. Specifically, poor controller response can damage a gasifier refractory 

vessel (a layer of bricks in the gasifier designed to keep heat inside the gasifier) and 

thermocouple temperature sensors that measure the temperatures in the gasifier. Poor 

20 controller response also leads to gasifier shut downs and "off-spec" syngas that does not meet 

required specifications. 

For these reasons, a need has been recognized for an integrated control system that 

will control various critical components of the gasification plant. An integrated control 
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system should improve the reliability of the gasification plant by reducing gasifier shut downs 

~d maximizing run-time. Also. an integrated control system should reduce wear and tear of 
.·· .·,; 

· the gasifier and other associated components. 

SUMMARY OF THE INVENTION . 

The present invention is directed tow~ an integrated control_ system (ICS). for a 
... . . .;··:· ' ..... 

_gasification plant. The res controls the operation of_a gasifier and other critical components 

of a gasification plant. The present invention incre~es the performance of a gasification plant 
~ =· 

by controlling the operation of a gasifier and ~ther critic~ components by an integ:rated 

10 controller, rather than by several indepe~dent controllers. 
·. ·'.\ 

. The ICS is a sub-system of a larger distributed co~trol system that controls the 
~ . ·I. : : .·.· . . . . ·: : : ·. . .. ·.I·_:; L;. 

operation of the gasification plant. Briefly stated, the ICS controls the following: 
. .··. . ' . . 

' . 

(i) oxygen to carbon {O/C) ratio in_a_gasffi.'er; 

15 (ii) syngas demand or the desired output o_f a gasifier; 

{iii) load constraints; 

(iv) moderator flow into a gasifier; 

{v) air separation unit (ASU); 

(vi) oxygen header vent valves; and 

20 (vii) syngas header pressure. 

. . ~ .• 
~ ... ;. : 

~: :._1. 

The ICS provides safer operation and increased equipment life of the gasifier and 

other critical components by controlling the O/C ratio. Optimum hydrocarbon conversion 

occurs when the O/C ratio is controlled. According to the present invention, the O/C ratio is 

25 controlled by controlling the oxygen and carbon flow rates into the gasifier. 
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The syngas demand is determined from a demand setpoint value and a demand signal. 

The demand signal is produced by macro conversion of a carbon flow rate. 

The load constraints are determined from a feed pump setpoint value, a feed pump 

PV/SP, where PV/SP is the actual power to the desired power ratio, an oxygen valve position, 

5 and an oxygen vent/recycle value. 

The flow of moderators (steam) into the gasifier is controlled by adjusting one or more 

oxygen line steam valves and carbon line steam ·valves. Jf recycled black-water is also used as 

a moderator, the black-water flow is controlled by adjusting the speed of a black-water pump. 

The oxygen discharge from the ASU is controlled by adjusting an oxygen compressor 

10 inlet valve. The amount of oxygen vented throuih oxygen header vent valves is controlled by 

adjusting the position of.tl!e vent valves. The syngas header pressure is controlled by tbiee 

methods: a high pressure control; a low pressure control; and a "low low" pressure control. 

The present invention provides a method for controlling an oxygen to carbon. (0/C) 

ratio in a gasification plant. The method comprises the steps of: determining ~, ~yngas demand 

15 based on load constraints, the SYngas demand being ~presentative of a des~ .<?utput of a 

g~ifier; determining· oxygen and carbon setpoint values based on an oxygen to carbon (0/C) 

ratio setpoint value and the syngas demand, and adjusting oxygen and carbon valves in the 

gasification plant based on the oxygen and carbon setpoint values, respectively. 

The present invention provides a method for determining an oxygen setpoint value in 

20 a gasification plant. The method comprises the steps of: multiplying an oxygen setpoint value 

by a carbon flow rate to generate an oxygen setpoint high limit; determining an oxygen · · 

demand constrained by a carbon flow rate at a low selector from a syngas demand and the 

oxygen setpoint high limit; multiplying the oxygen setpoint high limit by a predetermined 

factor to generate an oxygeq setpoint low limit, and detennining a constrained oxygen 
.. 

25 setpoint value at a high selector from the oxygen setpoint low limit and the oxygen demand 

constrained by the carbon flow rate. 
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The present invention provides a method for determining a carbon setpoint valu~ in a 
. -

. gasification plant. The method comprises the steps of: determining a carbon setJ>oint low limit 

at a high selector from an oxygen flow rate and a syngas demand; multiplying the oxygen . 

flow rate by a predetermined factor to generate a carbon setpoint high limit; d~termining a 

5 constrained carbon setpoint value at a low selector from the carbon setpoint high limit and the 

carbon setpoint low limit; and dividing the constrained carbon setpoint by a 0/C ratio setpoint 

to generate the carbon control setpoint value. -

The present invention provides a method for controlling an oxygen flow in a 

gasification plant. The method comprises the steps of: calculating a compensated oxygen flow 

10 from an oxygen flow rate and oxygen temperature at a flow compensator; ~onv~~ng the 

compensated oxygen flow to a molar oxygen flow at a molar converter; multipl~g the molar 

oxygen flow by an oxygen purity value to generate an oxygen flow signal; receiving the 

oxygen flow signal and an oxygen control setpoint value at a PID controller and generating a 

PID controller output signal; velocity limiting the PIO controller output signal _at a velocity 

15 limiter; and adjmtlng an oxygen valve using the velocity limited PID controller output signal. 

The present invention provides a method for controlling a carbon flow· in a 

gasification plant. The method comprises the steps of: calculating a carbon flow rate from a 

charge pump speed; selecting an actual carbon flow rate from an inferred carbon flow rate and 

a measured carbon flow rate at a signal selector; converting the carbon flow rate to a molar 

20 carbon flow rate at a molar converter; generating a carbon flow signal from the molar carbon 

flow rate, a velocity limited slurry concentration and a velocity limited carbon content; 

generating a carbon pump speed signal at PIO controller using the carbon flow signal and a 

carbon control setpoint value; and adjusting the speed of a carbon pump by the carbon pump 

speed signal. 

25 The present invention provides a method for controlling moderators in a gasification 

plant. The method comprises the steps of: generating a compensated oxygen line steam flow 
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signal at a first flow co~pensator from an oxygen line steam flow rate, a steam temperature 

and a steam pressure; generating a compensated carbon line steam flow signal at a second 

flow compensator from a carbon lirie steam flow rate, the steam pressure and the steam 

temperature; adding the compensated oxygen line steam flow signal and the compensated 

· S carbon line steam flow signal· at a first adder to generate a total steam flow signal; 

determining a total moderator flow from the total steam flow signal and a recycled black­

water flow; dividing the total moderator flow by the carbon flow at a first divider to 

determine a moderator/carbon ratio; determining a desired oxy~en line steam rate from the 

moderator/carbon ratio signal and a moderator/carbon setpoint value at a ratio C<?ntroller; 

10 determining an oxygen line steam valve signal from the desired oxygen line steam rate and 

the oxygen line steam flow signal; adjusting an oxygen line steam valve by the oxygen line 

steam valve signal; determining a carbon line steam valve signal from the compensated. _ 

carbon line steam flow signal and a carbon line ~am flo\V setpoint value; an~ a~justing a . 

15 

carbon line steam ·valve by the carbon line ste~ yal_ve signal .. 

The presentinvention·provide$ .a method for controlling an air separatjon unit (ASU) 
. _. ·.";1~·· . . 

that provides oxygen to a gasification plant. The method comprises the steps of: comparing .. 

oxygen valve positions of a plurality of gasifiers that are operating simultaneously at a high.· .. 

selector, and outputting a value x; calculating F(x) = 0.002x + 0.08, where F(x) > 0.99, and x 

is the output of the high selector; and calculating F(y) = 0.002y + 0.81. where F(y) > 1.0, and 

20 y is the oxygen valve position of a selected gasifier. 

The present invention provides a method for controlling high pressure of a syngas 

header in a gasification plant. The method coinprises the steps of: receiving a syngas header 

flow rate, a syngas header temperature and a syngas header pressure signal at a flow 

compensator, and calculating a compensated syngas header flow; and calculating a syngas 

25 header flare vent valve bias from the compensated syngas header flow. the syngas header 

temperature, and a maximum allowable flow through a syngas header valve. 
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The present invention provides a program storage device readable by a machine, _ . -
tangibly embodying a program of instructions executable by the machine to pezform method 

steps of controlling an oxygen to carbon (0/C) ratio in a gasification plant, the gasification . 

plant converting oxygen and hydrocarbon feedstock into syngas composed primarily of 

5 hydrogen (H:z) and carbon monoXide (CO), the method steps comprising: determining a 

syngas demand based on load constraints, the syngas demand being representative of a 

desired output of a gasifier; determining oxygen and carbon setpoint values based on an 

oxygen to carbon (0/C) ratio setpoint value and the syngas demand, and adjusting oxygen and 

carbon valves in the gasification plant based on the oxygen and carbon setpoint values, 

10 respectively. 

The present invention provides a program storage device readable by a machine, 

tangibly embodying a program of instructions e~ecutable by the machine to perfo~ method 

steps of determining an oxygen setpoint value in a gasification plant, the gasification plant 

converting oxygen and hydrocarbon feedstock into syngas composed primarily of Jiydrogen 

15 (H2) and carbon monoxide (CO), the method steps comprising: multiplying an oxygen 
.. 

setpoint value by a carbon flow rate to generate an oxygen setpoint high limit; determining an 

oxygen demand constrained by a carbon flow rate at a low selector from a syngas demand and 

the oxygen setpoint high limit; multiplying the oxygen setpoint high limit by a predetermined 

factor to generate an oxygen setpoint low limit, and determining a constrained oxygen 

20 setpoint value at a high selector from the oxygen setpoint low limit and the oxygen demand 

constrained by the carbon flow rate. 

The present invention provides a program storage device readable by a machin~ 

tangibly embodying a program of instructions executable by the machine to perform method 

steps of determining a carb':>n setpoint value in a gasification plant, the gasification plant 

25 converting oxygen and hydrocarbon feedstock into syngas composed primarily of hydrogen 

(H2) and carbon monoxide (CO), the method steps comprising: determining a carbon setpoint 
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low limit at a high selector from an oxygen flow rate and a syngas ·demand; multiplying the 

oxygen flow rate by a predetermined factor to generate a carbon setpoint high limit; 

detes;mining a constrained carbon _setpoint value at a low selector from the carbon setpoint 

high limit and the carbon setpoint low limit; and dividing the constrained carbon setpoint by a 
.. · 

S OIC ratio setpoint to generate the carbon control setpoint value. 
. ... · .... 

The present invention provides a program storage device readable by a machine, 

tangibly embodying a program of instructions executable by the machine to p~rform method 
. . 

steps of controlling an oxygen flow in a gasification plant, the gasification plant converting 

oxygen and hydrocarbon feedstock into syngas composed.primarily of hydrogen (H2) and 

10 carbon monoxide (CO), the method steps comprising: calculating a compensated _oxygen flow 

from an oxygen flow rate and oxygen temperature at a flow compensator; converting the 

compensated oxygen flow to a molar oxygen flow at a molar converter; multiplying the molar 

oxygen flow by an oxygen purity value to generate an oxygen flow signal; receiving the 

oxygen flow signal and an oxygen control setpoint value at a PID controller aµd gc;nerating a 
. . . . . ·~ 

15 PID controller output signal; velocity limiting the PID controller output signai'.at a velocity 

liiniter; and adjusting an oxygen valve using the velocity limited PID controll~ <>.Utput signal. 

The present invention provides a program storage device readable by a machine, 

tangibly embodying a program of instructions executable by the machine to perform method 

steps of controlling a carbon flow in a gasification plant, the gasification plant converting 

20 oxygen and hydrocarbon feedstock into syngas composed primarily of hydrogen (H2) and 

carbon monoxide (CO), the method steps comprising: calculating a carbon flow rate from a 

charge pump speed; selecting an actual carbon flow rate from an inferred carbon flow rate and 

a measured carbon flow rate at a signal selector; convening the carbon flow rate to a molar 

carbon flow rate at a molar t<:>nverter; generating a carbon flow signal from the molar carbon 

25 flow rate, a velocity limited slurry concentration and a velocity limited carbon content; 

generating a carbon pump speed signal at PID controller using the carbon flow signal and a 
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carbon control setpoint value; and adjusting the speed of a carbon pump by the carbon pump 

speed signal. 

The present invention provides a program storage device readable by a machine, 

tangibly embodying a program of instroctions executable by the machine to perform method 

S steps of controlling moderators. in a gasificatio~ plant, the gasification plant converting 

oxygen and hydrocarbon fee~tock into syngas composed primarily of hydrogen (Hi) and 

carbon monoxide (CO), the method steps comprising: generating a compe11sated oxygen line 

steam flow signal at a first flow compensator from an oxygen line steam flow rate, a steam 

temperature and a steam pressure; generating a, compensated carbon line steam flow signal at 

l O a second flow compensator from a carbon line steam flow rate, the steam pressure and the 

steam temperature; adding the compensated oxygen line steam flow signal and_the 

compensated carbon line ste~ flow signal at a first adder. to generate a total steam flow 

signal; detennining a total moderator flow from the total steam flow signal and ~ recycled 

black-water flow; dividing the total moderator fl~w by the carbon flow at a ~rstdivider to 

15 determine a moderator/carbon ratio; determining a desired oxygen line steam rate from the 

~oderator/carbon ratio signal and a moderator/carbon setpoint value at a ratio controller; 

· determining an oxygen line steam valve signal from the desired oxygen line steam rate and 

the oxygen line steam flow signal; adjusting ail oxygen line steam valve by the oxygen line 

· steam valve signal; determining a carbon line steam valve signal from the compensated 

20 carbon line steam flow signal and a carbon line steam flow setpoint value; and adjusting a 

carbon line steam valve by the carbon line steam valve signal. 

The present invention provides a program storage device readable by a machine, 

tangibly embodying a program of instructions executable by the machine to perform method 

steps of controlling an air separation unit (ASU) that provides oxygen to a gasification plant, 

25 the gasification plant converting the oxygen and hydrocarbon feedstock into syngas composed 

primarily of hydrogen CH2) and carbon monoxide (CO), the method steps comprising: 
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comparing oxygen valve positions of a plurality of gasifiers that are operating simultaneously 

at a high selector, and outputting a value x; calculating F(x) = 0.002x + 0.08, where F(x) > 

0.99, and xis the output of the high selector; and calculating F(y) = 0.002y + 0.81, where 

F(y) > to. and y is the oxygen v8lve position· of a selected gasifier. 

S The present invention provides a program storage device readable by a machine, 

tangibly embodyi~g a program. of instructions executable by the machine to ~rform method 

steps of controlling high pressure of a syngas header in a gasification plant. the syilgas header 

transporting syngas from a gasifier, the gasification plant converting oxygen and hydrocarbon 

feedstock into the syngas composed primarily of hydrogen (H2) and carbon monoxide (CO), 

10 the method steps comprising: receiving a syngas header flow rate, a syngas beader 

temperature and ~ syngas header pressure signal at a flow compensator, and calculating a 

compensated syngas header flow; and-calculating a syngas header flare veDJ: valve bias from 

the compensated syngas header flow~ the syngas header temperature, and a :maximum 

allowable flow through- a syngas header valve: ,· 

15 

20 

. ~ •·. ~· . 

Further features and advantages of the present invention. as well as the structure and 

operation of the present invention, are described in detail below with reference to the 

accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings. like reference numbers generally indicate identical, functionally 

similar. and/or structurally similar elements. The drawings in which an element first appears 

is indicated by the leftmost digit(s) in the reference number. 

25 The present invention will be described with reference to the accompanying drawings, 

wherein: 
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FIG. l illustrates a gasification system in accordance with one embodiment of the 

present invention; 

FIG. 2 is a block diagram of a distributed control system in accordance with one 

5 embodiment of the present invention; 

FIG. 3 is a high-level block diagraM of aJi integraied control system (ICS) in 

accordance with one embo~t of the present invention; · 

FIG. 4 is a flow diagram of a method for controlling an oxygen to carbon (O/C) ratio 

in accordance with one embodiment of the present invention; 

10 FIG. 5 is a flow diagram of a method for calculating a syngas demand in accordance 

with one embodiment of the present invention; 

FIG. 6 is a flow diagram of a method for detennining load constraints in accordance 

with one embodiment of the present invention; 

FIG. 7 is a flow diagram of a method for deterinining an O/C setpoint value according 

15 to one embodiment of the present invention; 

FIG. 8 is a flow diagram of a method Jor calculating an oxygen setpoint value; 

FIG. 9 is a flow diagram of a method for determining a carbon' setpoint value; 

FIG. 10 is a flow diagram of a method for an oxygen· flow ccintroi; 

FIG. 11 is a flow diagram of a method for a carbon flow control; 

20 FIG. 12 is flow diagram of a method for a feed injector control; 

FIGS. 13A and 13B illustrate a flow diagram for controlling a moderator in the 

gasification system; 

FIGS. 14A and 14B illustrate a flow diagram for an air separation unit (ASU) control 

in accordance with one embodiment of the present invention; 

25 FIGS. ISA and lSB illustrate a flow diagram for controlling oxygen header vent 

valves; 
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FI<;i. 16 is a flow diagram of a method for a normal pressure control of a sYngas 
header; 

FIGS. 17 A and l 7B illustrate a flow diagram of a method for a high pressure control 

of the syngas header; 

5 FIG. 18 is a flow diagram of a method for a_ low .pressure control of the syngas header; 

FIG. 19 is a flow diagram of a method for gasification pressure control; 

10 

FIG. 20 is a flow diagram of a method for determining an automatic demand; and . . . .,. 

FIG. 21 illustrates a computer system cap1;1ble of ~arrying out the functionality of the 

present invention. 

DETAil..ED DESCRIPTION OF THE PREFERRED El\.mODil\llENTS 
- . 

FIG. 1 illustrates a gasification syste~ 100 in acc~~ce with one embodiment of the 

present invention. The gasification system 100 comprises an oxygen unit 104, a feedstock 

15 unit 108, a gasifier 112 and a sulfur remoy~r p 6. .. ~ .. 

The oxygen unit 104 cm1: be an air separatio~ unit (ASU) that ~ives air from the 

.• atmosphere and produces oxygen. ASUs are sold by various manufacturers. such as Praxair 

and Air Products. The oxygen unit 104 is typically connected to the gasifier_ 112 via one or 

more oxygen lines 120. 

20 Alternatively, the gasification system 100 may have a plurality of gasifiers 112. In 

such an arrangement, the plurality of gasifiers may be connected to an ASU via an oxygen 

header (a main line). The oxygen is distributed among the various gasifiers via the oxy~en 

header. 

The oxygen lines 120 terminate in one or more oxygen injectors in the gasifier 112. 

25 The oxygen injectors inject the oxygen into the gasifier 112. The oxygen lines 120 also 
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include one or more oxygen valves 124. The oxygen valves 124 are adjusted to control the 

fiow of oxygen to the gasifier 112. 

The feedstock unit 108 is connected to the gasifier 112 via one or more feed lines 128. 

The feedstock is supplied to the gasifier 112 via the feed lines 128~ The feed lines 128 

5 terminate in one or more feed injectors in the gasifier 112 that inject the feedstock into the 

gasifier 112. The feed lines 120 also include one or more feed valves 132. If gaseous 

feedstocks are used, the feed valves 132 are adjusted to control the flow of gaseous feedstock 

into the gasifier 112. In contrast, when solid or liqwd feedstocks are used, their flow is 

controlled by the speed of a variable speed charge pump. 

10 The gasification system 100 can be designed to process solids (for example, coal,· 

petroleum coke, plastic, robber), liquids (for example, heavy oil, orimulsion, refinery by­

products) or gases (for example, natural gas, refinery exhaust gas). Gaseous feed stocks are . 

directly fed into the gasifier 112, where they are mixed with the oxygen.· Liqwd feed stocks 

are generally pumped into the gasifier 112. 

15 In contrast, solid feedstocks are generally ground into fine particles and mixed with 

w_ater or waste oil to form a slurry prior to ~ing fed into the gasifier 112. The ·slun}r is then . 

pumped into the gasifier 112 by a slurry pump and is fed into the gasifier 112 by· the feed 

injectors. The slurry flow into the gasifier 112 can also be controlled by adjusting the speed of 

the slurry pump. 

20 Moderators, such as, steam and recycled black-water. are added to the feed stock and 

the oxygen prior to gasification. The addition of moderators increases the efficiency of the 

gasifier 112. Steam is typically supplied via steam lines. Black-water is the water collected 

from the bottom of the gasifier, and is pumped back into the gasifier as a moderator. 

Referring again to FIG. l, the feedstock and the oxygen are then fed into the gasifier 

25 112 through the feed injectors. The gasifier 112 is a refractory lined vessel that is designed to 

withstand high temperature and high pressure. The gasifier 112 has no moving parts or any 
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atmospheric release points. In the gasifier 112, the feedstock and the oxygen mixture, or the 

"feed mix", are exposed to a temperature of approximately 2500 degrees F and a pressure of 

1?-P to approximately 1200 psi. Upon exposure to these extreme conditions, the feed mix 

breaks down into a gaseous mixture having two ~n components. H2 and c;:o. 1!lls gaseous . 

S mixture of mainly Ha and CO is known as the synthesis gas or "syngas." 

The syngas may be passed through a syngas scrubber where the syngas is ~sed. The . 

syngas contains heat that can be used to generate steam. 

The gaseous mixture also includes small quantities of hydrogen sulfide (H2S), 

ammonia, methane, and other by-products of the feed mix. The gaseous mixture is then 

10 passed through a sulphur remover 116 where H2S is removed from the gas._ 

The syngas is transported from the sulfur remover 116 by a syngas header 136. The 

syngas can be burned as a fuel to generate_power. Alternatively. the syngas is used to produce .. 

fertilizers, plastics and other chemicals. 

As stated before. the present invention is directed to an integrated control system for ... -

.is the gasification _plant 100. The integrated control system controls the gasifi~r .-H7 and other 

associated components, such as the ASU. the oxyg".n header, the syngas header and the 

moderator. -~ 

In one embodiment. the critical control system is a part of a distributed control system 

that controls the operation of the gasification system 100. FIG. 2 is a block diagram, of a 

· 20 distributed control system 200 that controls the operation of the gasification system 100. 

Referring now to FIG. 2, a distributed control network 204 forms the backbone of the 

distributed control system 200. One or more cathode ray tube (CRT) stations 208 are 

connected to the network 204. The CRT stations 208 display the current state of the 

gasification system 100. Operators monitor the operation of the gasifier 112 and other 

25 components via the CRT stations 208. 
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An application station 212 is connected to the network 204. Operators generally nm 

supervisory applications. e.g .• monitoring alarms. monitoring pumps, via the application 

station 212. 

An integrated control system (JCS) 216 is connected to the network 204. In one 

S embodiment, the ICS 216 comprises a computer microprocessor.and one or mo..-e random 

access memories (RAMs). The ICS 216 controls the operation of the gasifier 112 and other 

critical components of the gasification system 100. The RAM stores one or more programs 

specifically developed for the ICS 216. The computer microprocessor executes the programs 

stored in the RAMs. One or more input/output (1/0) cards are connected to_ the ICS 216. The 

10 1/0 cards provide an interface between the microprocessor and various sensors, valves and 

pump motor speed controllers. 

One or more non-critical control systems 220 are also connected to the network 204. 

The non-critical control systems 220 control the non-critical components of the gasification 

system 100. A communication gateway 224 is connected to the network 204. The gateway 

· 15 224 enables the network 204 to communicate with third party systems, for example, a safety 

· instrumentation system or an emergency shutdown system. 

FIG. 3 is a high-level block diagram of the ICS 216 in accordance with one 

embodiment of the present invention. Broadly, the ICS 216 comprises an oxygen to carbon 

(0/C) ratio control system 304, an ASU control system 308, a moderator control system 312, 

20 and a syngas header control system 316. Each of these systems is described in detail below. 

I. O/C Ratio Control 

Briefly stated, optimum hydrocarbon conversion occurs when the O/C ratio is 

25 controlled during gasification. Preferably, the O/C ratio must be continuously monitored and 

automatically controlled. Without continuous O/C control. the O/C ratio can become too high 
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or too low. If the O/C ratio becomes too high, the temperature inside the gasifier 112 varies 

widely, which reduces the gasifier's refractory life and tliermocouple life. On the other hand, 

·if the O/C ratio becomes too low, hydrocarbon conversion drops, thereby reducing the 

efficiency of the gasifier 112. A low O/C ratio also inaeases the amount of solids produced in 

5 the gasifier 112, which causes a gasifier shutdown if the solids are not removed quickly. -

The present invention provides a novel O/C ratio control that improves the 

performance of the gasifier 112. Also, the present invention provides safer_ operation and 

increased component life of the gasification system 100 by minimizing temperature variations 

in the gasifier 112. If an ASU is integrated with a gasification system 100, the O/C control 

10 system must be coupled to ~ compressor controls in the ASU for steady operation of the. 

gasifier 112 and the 0 2 compressor. 

Briefly stated, according to the present invention, the O/C ratio is determined by 

calculating the oxygen and carbon flow signal. FIG. 4 is a flow diagram of a method for 

controlling the O/C ratio in accordance with one embodiment of the presen,t invention. In a 
:.· 

15 step 404 a syngas demand is determined based on load constraints .. The s~~~~mand is, the 
.• • • ... ~ .. -.)Ii-..,·· 

desired output of the gasifier 112. The actual calculation of the syngas.demand is explained in 

detail in FIG. 5. The load constraints are limiting factors in the feed mix that limit the 

performance of the gasifier 112. The load constraint calculation is also exp~ained in greater 

detail in FIG. 6. 

20 In a step 408, an oxygen setpoint value is determined based on an O/C setpoint value 

and the syngas demand. The O/C setpoint value calculation is descn'bed in further detail later. 

In a step 412, a carbon setpoint value is determined based on the O/C setpoint value and the 

syngas demand. In a step 416, the oxygen flow is controlled by adjusting the oxygen valves. 

The oxygen valves are adju~ted based on the oxygen setpoint value. In a step 420, the carbon 

25 flow is adjusted based on the· carbon setpoint value. 
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(a) Syngas Demand Control 

FIG. 5 illustrates the step 404 (calculating the syngas demand) in further detail. In a 

•P 504, a carbon flow rate is conve~d to a ~d controller signal by a~ unit 
. . . . . . .., •·· . . . . . .. ···· .. · 

conversion. Alternatively, witb an integrated: ASU, an oxyg~ flow rate is conv~d to.a 
.,, . . •' . . . . . . . . . ~· .. . ..; ' . ·. . .. ~ ... - ~. i . 

5 demand controller signal by a macro unit convers:ion .to ~ ASU fluctuations. The 

demand controller signal is represented by a ~ure carbon mass flow i~ tons/day. ~ pure 

carbon mass flow is calculated from the follow~ng ~quation: 

m = (F) * (12.0l 1)*(2412000), 

where, 

10 m =pure carbon mass flow in tons/day, arid 

F = elemental slurry flo\V .~ lb-mollhollI'·· · · ' ... 

In one embodiment, the carbon flow'rate (tii~·hi~mental sluriy"flow) is riieasured by a 

~gnetic· meter or by a variable speed charge pump:!n a step sos, the demand controller 

signal and a demand controller setpoint value are recei~ed at a proportion3I integfaI derivative 

15 (PID) controller. The demand controller setpoint value is a desired value and is generally 

entered by an operator. 

The operation of a PID controller is well understood by persons skilled in the relevant 

art. The PID controller calculates an error signal that represents ·tlie difference between· a 
' ' . 

signal and a setpoint value (or a reference signal), and multiplies the error signal by a gain. 

20 The output of the PID controller is a value between 0.0 and 1.0 (0% to 100%). Particularly, 

the PIO controller calculates the error signal that represents the difference between the 

demand controller signal and the demand controller setpoint value, and multiplies the error 

signal by a gain. 
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W000/15737 PCT/US99/20012 

In a step 512, a signal selector receives. the output of the PID controller and an 

~omatic demand value. The determination of the autoinatic demand value is explained-in -

detail later. Depending on the operating mode of the psifier 112, the signal selector selects 

either the output of the PID controller or the automatic deriiarid value a5 the selected demand 

5 value. During a manual mode, the sign81 selector !elects the PID controller output. During an­

automatic mode, the signal selector selects the automatic demand vaJue. During .. an override 

mode. the signal selector selects the higher of tlie two inputs. 

In a step 516, a low selector receives the selected demand value, that is, the output of 

the signal selector, and a syngas demand ove~de value._ The detei;mination of the syngas 

10 demand override value is described later. The low selector selects the lower of the selected 

demand value and the syngas demand override value as a load constrained demand value. In a 

step 520. the load constrained demand value is converted to a bias signal. The bias signal_ has 

a value between -2% and +2% of a full scale, where the full scale correspo~ds between 0 and 

a maximum allowable elemental flow, where an elemental flow refers to flow in moles (1 

15 mole = 6.02 x 1<>23 molecules), rather than volumetric flow. ' .,. .~ •"•"!',r·~ .. 

· ................... :.- .. . 

Finally, in a step 524, the oxygen flow rate is biased by the bias signal. The biased 

oxygen flow rate is the syngas.demand.signal. 

(i) Load Constraints 

FIG. 6 is a flow diagram of the meth<;>d_for determining the load constraints or the 

20 "syngas demand override value" in accordance with one embodiment of the present 

invention. In a step 604, a high selector selects the highest value among the following values: 

(1) a feed pump setpoint value; (2) a feed pump power PV/SP, where PV/SP is the actual 

measured power to the maximum allowable power ratio; (3) an oxygen compressor power 

PV/SP; (4) a gasifier oxygen valve position value (this value is used only if an integrated 

25 ASU is not used); (5) a compressor suction vent valve position value or an oxygen pump 
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recycle valve position value (this value is used only if an integrated ASU is used); and (6) an 
. -

oxygen compressor suction valve position value {this value is only used if an integrated ASU 

is used). The high selector outputs the highest value as a constrained controller signal. 

In a step 608, a constrained controller setpoint value is multiplied by 98% (or 0.98) at 
~· 

·· S a multiplier. Although, 0.98 is the prefmed factor, other factors (e.g., 0.95, 0.90) inay also be 

used. 

The constrained controller setpoint value is the desired value and is entered by the 

operator. In a step 612. a PID controller receives the _co~strained controller signal from the 

high selector and the output fro?? the multiplier (98 % of the constrained controlle_r setpoint 

10 value). The output of the PJD controller is the syngas demand override value. 

2. O/C Setpoint Control 

FIG. 7 is a flow diagram of the method for detennining the O/C setpoint value 

according to one embodiment of the present invention: In a step 704~ the oxygen flow rate is 

divided by the ~arbon flow rate at a divider to obtain· the O/C ratio value_ 

15 However, if solid or gas _feedstocks are used, then the following; steps must be 

performed in addition to the step 704 described above. In a step 708, the measured O/C 

setp~int value from the step 704 is used to infer the gasifier temperature. In one embodiment, 

a linear interpolation method is used to infer the gasifier temperature. The inferred gasifier 

temperature is the vinual temperature signal. 

20 In a step 712, the operator uses the virtual temperature signal to select a virtual 

temperature setpoint value. In a step 716, the O/C ratio setpoint is interpolated from the 

vinual temperature setpoint value. 

3. Oxygen Setpoint Control 
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FIG. 8 is a flow diagram of a method for calculating the oxygen setpoint vilue in 

accordance with one embodiinent of the present invention. In a step 804, t~e O/C setpoint -

value is multiplied by the carbon flow rate at a first multiplier. The .output of the.first 

multiplier is a carbon flow rate in an oxyF.n basis (or an oxygen setpoint high limit). In a step 

: S . 808, the syngas demand signal (biased oxygen flow rate from step 524 in FIG .. 5). and the first-· 

multiplier output is received at a low selector. The low selector outputs an oxygen.demand 

constrained by the carbon flow rate. 

In a step 812, the output of the first multipiier, i.e., the oxygen setpoint hi.gh limit, is 

received at a second multiplier, where. it is further multiplied by a factor 0.98. The output of 

10 the second multiplier is an oxygen setpoint low limit. Although, the oxygen setpoint low limt 

is set at 98% of the oxygen setpoint high limit, it should be understood that other factors (e.g., 

95%, 90%) may also be used to set the oxygen setpoint high limit. 

In a step 816, the oxygen setpoint low .limit and the output of .the low selector, that is, 
· ... · .. ·.v ••. 

the oxygen demand cpnstrained by the carbon flow ~ate, are received at a high ~~lector. The 
. ·. . . ~- ···:r:L~~ -· 

15 high selector outputs a constrained oxygen setpoint value. Thus, the oxygen flow. rate is 
. . 

constrained between 98% and 100% of the carbon flow rate. In other words, the carbon flow 

rate leads the oxygen flow rate but by no more than 2%. It will be appare~t to one skilled in . 

the art that the oxygen flow rate ·can be constrained between other percentage values of the 

carbon flow rate. In other words, the carbon flow rate can be allowed to lead the oxygen flow 

20 rate by other percentage values. 

If an ASU is integrated with the gasification system I 00, then the following 

additionals steps also need to be performed. In a step 820, the equation F(x) = 0.002x + 0.81 

is solved. where F(x) > J .O_and x represents the oxygen valve position. F(x) is an oxygen 

setpoint modifier that is used· to drive the oxygen valves fully open, that is, out of control .. 

25 when.the oxygen is controlled at the ASU. 
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The oxygen valve position calculation is described later. In a step 824, F_(x) is 

multiplied by the output of the high selector, i.e., the constrained oxygen setpoint value, to· 

· obtain the oxygen control setpoint value. 

4. Ctirbon Setpoini Control 

-. 
. 5 According to the present invention, the carbon setpoint value is calculated from a 

constrained carbon setpoint and the O/C ratio setpoint FIG. 9 is a flow diagram of.a method 

for determining the carbon control· setpoint value. In a step 904, the oxygen flow rate and the 

syngas demand is received at a high selector. The high selector outputs a carbon set point low 

limit in an oxygen basis. In a step 908·, the oxygen flow rate is multiplied by 1.02 at a 
' . 

10 multiplier. The output of the multiplier is a carbon setpoint high Iimlt. It should be understood 

that the oxygen flow rate caii be multiplied by other numbers, e.g., 1,05, 1.1, to set the carbon 
. . ' 

setpoint high li~t. 

In a step 912. the carbon setp.oint high lhirlt~d the carbon setpoint low limit-are 

received at a low selector. The low selector outputs the constrained carbon setpoint. Fmally, 

15 in a step 916, the constrained carbon setpoint is divided by the O/C ratio setpoint an,d the 

carbon control setpoint value is obtained. 

S. Oxygen Flow Control 

The oxygen flow rate is controlled by adjusting the valve position in the 

oxygen lines. FIG. 10 is a flow diagram for the oxygen flow control. In a step 1004, 

20 the oxygen temperature, the oxygen pressure and the oxygen flow rate are received at 

a flow compensator. The oxygen temperature is measured from thermocouples in the 

oxygen lines. The oxygen pressure is measured by pressure transmitters in the oxygen 

lines. The oxygen flow rate is measured by oxygen flow transmitters in the oxygen 
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where, 

lines. The flow compensator corrects the oxygen flow based on pressure and 

temperature variations. 

The compensated oxygen flow is calculated 'by the following equation: 
. . ·,. . . . ··~ ' .. , .. : 

= compensated oxygen flow, 

= oxygen flow, 
·. :"' .. ... . 

- oxygen pressure in psig, ·· · .. ·. :: , -. : 

.:: .. _.,;. 

.. ·' 

= absolute pressure conversion.factor, prefer~bly 14.696 psig,, . 
= absolute oxygen desig1i" ~ure· fu psia, · ;; : :·: ;·:::' · ·• : :· · ·· : ' ·. 

= oxygen temperature in °F, .. ,. _, .. . . . · .. 

- absolute temperature conversion factor, preferably 459~69°F, and 

= absolute oxygen design temperature, in °R . 
···:·· .. · .· . · .. ·. 

' .. - ~ •. · ......... 
.. . :.: _.;;;.~ 

The flow compensator outputs a compens~ted: oxygen flow. In a step 1008, the 
• .. ~;. ... .;:.· . 

compensated oxygen flow is converted to a molar·oxygen flow. 

20 The oxygen flow is converted to a molar oxygen flow by the following equation: 

25 

F = q *(21379.5) 

where, 

q =volumetric oxygen flow in standard cubuc feet/hour (scsh), and 

F = elemental oxygen flow in lb-mol/hour. 
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In a step 1012. the molar oxygen flow is multiplied by the oxygen purity value at a 
. 

multiplier. The oxygen purity value (for example, 96%) is obtained from an oxygen purity · 

·analyzer. The multiplier outputs an oxygen flow signal. 

In a step 1016. the oxygen flow signal and an oxygen control setpoint value is 

S received at a PID controller. Jn a step 1020. the output of the PID con~~~r is received by -· 

two velocity limiters, an increase velocity limite~ and .a dec:rease velocio/ limiter. The output 

of the PID controller is rate limited by one of ~e two velocity limiters, depending on the rate 

of change of the output. If the output of the PID controller is increasing (i.e., positive rate of 

change), then it is rate limited by the increase velocity limiter. On the other hand, if the output 

10 of the PID controller is decreasing (i.e., negative rate of change), then it is rate limited by the 

decrease velocity limiter. 

~a step 1024, the output of the two.velocity limiters are received at~ si~ selector, 

and the signal ~elector selects one of the signals based on wh~ther the rate of ch~ge of the 
. .. .. . .. : .. ·...... . 

signal is positive or negative." If the output .of ~e PID controller is increasing, the signal 

· 15 selector selects th~:increas~ velocity limiter .. Ift!t~. output of the PIO controller is decre~ing, 
;~ ; 

the signal selector selects the decrease velocity limiter. The output of the signal selector is 

used to adjust the oxygen valve position. 

6. Carbon Flow Control 

According to the present invention, the carbon flow rate into the gasifier 112 is 

20 controlled by the carbon pump speed. Briefly stated, the carbon pump speed is controlled by a 

measured carbon flow rate and a desired carbon control setpoint. A PID controller is used to 

adjust the carbon pump speed. 

FIG. 11 is a flow diagram of a method for carbon flow controls. In a step 1104, the 

carbon flow rate is detennined from the charge pump speed. The carbon flow rate is 

25 calculated from the following equation: 
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q = q,.. (sis,.) 

where, 

q = chaige pump flow in~ 

q,. = charge pump design flow, · 

s =charge pump speed in~ and 

· .... , . 

. ;.i..· .. , : .. 

.• ... '·. 

s,. =charge pump design speed in iprii. 

PCT/US99/20012 

..... 

10 In a step 1108, a signal selector receives the inferred camoD. flow rat~ and the . ' 

.measured carbon flow rate. In one embodiment, the measured carbon flow rate" is" obtained 

from a magnetic flow meter. The signal selector selects" one of th~ siglials depending on the 

operating condition. The sign.31 selector outputs· the aetualcarboiiflow rate .. ···: '.., :; 

In a step 1112, the carbon flow rate is coii~~rted to a molar carbon flow rate at a molar. . 

15 ·converter.· For solid feedstodcs, the carbon fl~w rate is converted to a molar caJ:bon flow 'rate . . . · 

by the following equation: 
.. -.. .. ' . . ~·: 

F = [{( q*B.021))If12.011 *(0.017-D.OOqos6*Xst.,.,,J)] *(.Olxs~111ry)*(.Ol%0ke), 

20 where, 

F = elemental carbon flow in lb-mol/holir, 

q = sluny flow (represents the slurry pump speed), 

Xcolu = coke carbon concentraion. between 85% and 92%, and 

25 X11urry =slurry coke concentration, between 55% and 65%. 
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Wh~ liquid feedstocks are used, the carbon flow rate is converted to a molar carl?<>n 

flow rate by the following equation: 

F= (q •S1 •8.021112.011) * .01 *Xe . 

Where, 

Q = carbon flow in gal/min, 

F =elemental carbon flow in lb-mol/hr, 

S1 = specific gravity of carbon, and 

Xe= carbon content of the liquid. 

. . . : 

The molar conversion takes into account the velocity limited carbon content and the 

velocity limited slurry concentration. The velocity limited carbon content and the velocity 

limited slurry concentration is explained below.· 

First, the camon content is detemnned from the shipinent of the fe~dstock; e~g., coke. 
. . ·. . . . ' ··. ,·. ~ .. : . 

The carbon content is then velocity limited or "rate limited" by a velocity limiter. For 
. . i 

example, if the carbon content of the current shipment of the feedstock differs significantly, 

e.g., by 20%, from the carbon content of the previous shipment that was used in the gasifier, 
' - . 

then the velocity limiter limits the rate of change to, for example, .05% per minute. In other 

20 words, the velocity limiter informs the carbon flow controls that the carbon content is 

changing only at a rate of, for example, .05% per minute rather than a drastic sudden change 

of 20%. The slurry concentration is determined by lab analysis and is likewise rate limited. 

In a step 1116, the molar carbon flow rate is multiplied by the velocity limited sluny 

concentration at a first multiplier. In a step 1120, the first multiplier output is again multiplied 

25 by the velocity limited carbon· content at a second multiplier. The output of the second 

multiplier is a: carbon flow signal. In a step 1124, a PID controller receives the carbon flow 
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signal and the carbon control setpoint value and outputs the carbon pump speed.. The output 

of the PID controller is generally rate limited by a velocity limiter to protect the carbon pump. 

7. Feed Injector Orygen Control 

As noted befo~ the oxyg1:11 is supplied by the ASU to the gasifier. In one 

S embodiment of the present invention, an oxygen line is split into two lines prior to being fed 

into the gasifier 112. The two oxygen lines and a carbon line (from the feedstock unit) merge 

to fonn three concentric pipes in a feed injector. The center pipe supplies oxygen. The 

intennediate pipe surrounding the center pipe supplies feedstock. The outer pipe surrounding 

the intermediate pipe supplies oxygen. The oxygen is controlled by two valves. A center 
.. 

10 oxygen valve located prior to the split, that is, up-stream, and an annular oxygen valve located 

15 

in the concentric section, that is, down-stream, of the pipe. 

FIG. 12 is flow diagram for feed injector controls. In a step 1204, an annul~ oxygen 

split value is detennined. The annular oxygen split value is given by F(x) =, ~;;e, where x is 
. . . . . . ·- ~- .. "'t.~... . 

the oxygen split setpoint value. The oxygen split setpolnt value is_ the percentage (e.g., 30%) 

of the to~ oxygen that is flowing in the center line. If x= 30%, then F(x) = 1·"."'".0·~,;=0.7. 

In a step 1208, the oxygen split setpoint value is multiplied by the compensated 

oxygen flow signal at a first multiplier. The first multiplier outputs the oxygen ~etpoint value. 

In a step 1212, the annular oxygen split signal is multiplied by the compensated oxygen flow 

signal· at a second multiplier and an annular oxygen setpoint value is obtained. In a step 1216, 

20 the oxygen split signal is subtracted from the oxygen flow signal to obtain the annular oxygen 

flow signal. The oxygen flow signal is measured by transmitters in the oxygen line. In a step 

1220, the annular oxygen flow signal and the annular oxygen setpoint is received at a PID 

controller. The PIO controfl~r outputs an annular oxygen valve position. In a step 1224, the 

oxygen flow signal and the oxygen setpoint value is received at a PID controller that outputs a 

25 center oxygen valve position. 
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8. Moderator Controls 

As stated before, in a gasification process, m~tors are added to the oxygen and the 

feedstocks before they are fed into the gasifier 112. In the present invention, steam is added fo 

5 the oxygen and the feedstock. Optionally, recycled black-water may be added to the 

feedstock. Black-water is the water collected from the bottom of the gasifier which is then 

added to the carbon as a moderator. Typically, black-water collected from the gasifier is 

pumped back as a moderator by a pump. 

The amount of moderators in the oxygen and carbon is controlled by adjusting the 

10 oxygen line steam valve and the carbon line steam valve. If recycled black-water is also used 

as a moderator, the amount of black-water is controlled by adjusting the speed of a recycled 
. . . . . . . . :. ~: 

black-water pump. 

FIGS. 13A and 13B illustrate a flow diagram for controlling the moderator in the 
. , .''', 

gasifier 112. In a step 1304, the oxygen :line. steam flow rate, the steam temperature· and the 

15 steam pressure ate received at a first flow compensator. The oxygen line steam flow rate is 

measured by a flow meter in the steam line. The steam temperature is measured by one or. 
' . .. . . ~-

more thennoc()uples in the steam line. The steam pressure is measured by one or more 

pressure transmitters in the steam line. 

The flow compensator outputs an oxygen line steam flow signal that is compensated 

20 for the steam pressure and the steam temperature. The compensated steam flow signal is 

calculated by the following equation: 

25 where, 
q = compensated steam flo'Y, 
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q 
p 

Po 
Pa 
T 
To 
Ta 

= 
= 
= 
= 
= 
= 
= 

steam.flow, 
steam pressure in psig, 
absolute pressure conversion, usually 14.696 psig, 
absolute steam design pressure in psia, 
steam temperature in °F, . 

PCT/US99/20012 

absolute temperature conve~ion. usually 459.69°F, and 
absolute steam design temperature, in °R. 

In a step 1308, the carbon line steam flow rate. the steam pressure and the steam 

10 temperature are received at second flow compensator, and the flow compensatorout:Puts a 

compensated carbon line steam flow signal. In a step 1312, the comi>ensated oxygen line 
' : . 

steam flow signal and the compensated carbon line steam flow signal are added at a first 

adder and a total steam flow signal is generated. hi a step 1316, the total steam flow is added 
.··f 

to the recycled black-water flow rate and the total moderator flow rate is determined: 'In one 

15 embodiment, the black-water flow rate is measured by a magnetic meter in the carbon line. 

In a step 1320, the total moderator flow rate is divided by the carbon flow rate _at a 

first divider, and a moderator/carbon ratio is generated. In a step 1324, the moderator/carbon 

rati~. the carbon flo~ rate and a moderator/carbon ratio setpoint value is recei'A~if ~t. a first 

rat.io controller. The ratio controller outputs a desired oxygen line steam rate by eomp~g 

20 the moderator/carbon ratio signal and. the moderator/carbon ratio s·etpoint value. A ratio 

controller typically follows a desired ratio by varying oJJ.e component of a ratio while the 

other component of the ratio remains fixed until the desired ratio is achieved. The following 

example illustrates the operation of a ratio controller. 
., 

Suppose a desired ratio is 2/3 or .666. Now consider that a ratio controller receives a 
25 ratio xly. The ratio controller will vary y while x remains fixed until xly = .666. Alternatively, 

the ratio controller can vary x while y remains fixed. 

In a step 1328, the desired oxygen line steam rate may be replaced by a predetermined 

value at a safety system setpoint override. In a step 1332, the oxygen line steam flow signal 

and the output from the safety system setpoint override are received at a first PID controller. 
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The first PID controller outputs the oxygen line steam valve signal that is used to adjust the 

oxygen line steam valves. 

In a step 1336, the compensated carbon line steam flow signal and a carbon line steam 
. . . . 

In a step 1340, the carbon flow rate is divided by the recycled black-:waterflow rate at 

a second divider. In a step 1344, a second ratio controller generates a black~water.controller 

setpoint value from the output_of the divider. In a step 1348, a third PIO controller receives 

the recycled black-water flow rate and the black-water controller setpoint value, i.e., the 
. . ~ ' . 

l 0 output of the second ratio controller. The third PID controller outputs a recycled black-water 

pump speed signal that is used to control the speed of the recycled black-water pump. 

9. ASU/Oxygen Controls 

The present invention provides an ASU/Oxygen Controls where. an ASU is integrated 
~ . ~ ... ~ . . . . : . . . . . .. 

with the gasification,,~ystem 100. _The. o.xyge.~ discharge from the ASU is controll_ed }?y . 
. ·-. . . . . - - ~ 

15 adjusting an oxygen compressor inlet valve. 

FIGS. 14A and 14B ilhistrate a flow diagrilm for the ASU/Oxygen Controls in 

accordance with one embodiment of the present invention. In step 1404, the oxygen valve 

position of the gasifier 112 and other gasifiers that may be operating simultaneously are 

compared at a high selector. In a step 1408, the following equation is solved: F(x) = 0.002x + 

20 0.08, where F(x) > 0.99, and xis the output of the high selector. F(x) is an oxygen setpoint 

modifier that is used to restrict oxygen at the ASU to cause the downstream gasifier oxygen 

valves to open to the point where they release control o~ the oxygen to the ASU .. 

In a step 1412. the following equation is solved: F(y) = 0.002y + 0.81, where F(y) > 

1.0, and y is the oxygen valve positipn of the gasifier 112. F(y) is an oxygen setpoint modifier 

25 used to counteract the oxygen setpoint modifier F(x) of the step 820. 
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In a step 1416, the actual oxygen setpoint value is divided by F(y) at a divider. ~e 

actual oxygen setpoint value is calculated by the operator and entered into the system. Jn a 

step 1420, the output of the divider and other similar outputs from other gasifieri are added at 

a first adder. In a step 1424, the output ofthe first adder is mUltiplied at a mUltiplier by F(x) 

s obtained in step 1408. The multiplier outputs a: discharge 'controller setpoint value. The 

discharge controller setpoint v8Iue represents the combined total oxygen setpoint value,. that 

is, the discharge of the ASU. 

In a step 1428, the oxygen flow rate from all gasifiers are added at a second adder and 

a total oxygen.flow rate is calculated. In a step 1432, a PIO controller receives the discharge 

10 controller setpoint and the total oxygen value setpoint. The PID controller.outputs a discharge 

controller output signal. In a step 1436, the output of the PIO. controller is Yelod.ty limited at a 

velocity limiter. Jn a step 1440, the velocity ~ted discharge controller output sigrial is 
' ... : . . . .- : .. ·~ 

received at a low selector along with outputs from other ASU controllers {e.g., compressor 

suction flow controller, ASU suction vent controller) and compressor proteCtlon controllers. 

15 The output of the low selector is the oxygen compressor inlet valve signal.:! ••'-i~'fffi: ·' 

JO. Oxygen Header V~nt Valve Contro'ls 

In the gasification system 100, a comnion line, knoYln as the "oxygen header'', is used 

to distribute oxygen among various gasifiers. During an emergency condition, the oxygen in 

the header is vented through header valves. The amount of oxygen vented through the header 

20 vent valves is controlled by adjusting the header vent valves. 

FIGS. ·ISA and 15B illustrate a flow diagram for controlling the oxygen header vent 

valves. In a step 1504, an oxygen header pressure signal is multiplied by 1.02 at a multiplier. 

In a step 1508, the output o~ the multiplier is velocity limited at a velocity limiter. The output 

of the velocity limiter is the o'xygen header control setpoint value. 
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In a step 1512, a predicted oxyge1:1 flow is calculated from the oxygen pre~sure, the 

oxygen temperature, the oxygen valve position, the oxygen line steam flow rate and the 

syngas scrubber pressure. The oxygen pressure is measured by one or more pressure 

transmitters in the oxygen line. the oxygen temperature is measured by one or more 

5 thermocouples in the oxygen line. The oxygen line steam flow rate calculation was described-
. ":" 

earlier. The syngas scrubber pressure is measured by a pressme transmitter_ in a syngas 

scrubber. 

The predicted oxygen flow can be calculated by treating the gasifier oxygen valve and 

the gasifier feed injector as two restrictions in series. The flow through a restriction is a 

10 function of the upstream and down stream pressures and the size of the restrictions. The down 

stream pressure for the feed injector is the syngas gas scrubber pressure. The upstream 

pressure for the feed injector cannot be directly measured. So it is instead inferred from the 

steain flow to the oxygen line upstream of the feed injector. The inferred pressure also serves 

as the downstream pressure for the oxygen valve restriction. As the oxygen valve opens and 

15 closes, the value of its restriction changes. Multiple i~rative equations must be used to 

determine the impact of the oxygen valves when it is above or below its designed normal 

position.-

In one embodiment, the predicted oxygen flow is calculated by the equation provided 

20 below. However, it should be understood that many other types of equations can be easily 

used to compute the predicted oxygen flow. One skilled in th.e art can easily substitute 

alternative equations to compute the predicted oxygen flow. 
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P= Piow, 

,,• z 
whenZS Ji,andby: 

' - z 
· whenZ>Z> .J2,andby: 

when Z ~ Z. where : 

- z2 
p law = p M:llblur + APFI • = · z2 

and: 

and: 

0.3 + 0. 7 . psclUbb~r +Po 
p .. ,· 

st:111bftr 

2. 

... ,":""···· ... : ... _,,.._.- ... 

(a) 

(b) 

(c) 

'. (d) 

(e) 

p = the predicted feed injector inlet pressure, in psig, 
P,

0
w ~ the low oxygen flow controller output predicted feed injector 

inlet pressure, in psig, 
z = the oxygen flow controller output, in % , 
z = the oxygen flow controller NOC output, in % 

P,.. ,. = the high oxygen flow controller output predicted feed injector 
11 

inlet pressure, in psig, · · 
P M:nbb~r = the syngas scrubber pressure, in psig, 

APFI = the.feed injector NOC differential pressure, in psi, 

P o.iygen = t:Q_e oxygen pressure, in psig, 

p--= the.absolute oxygen NOC pressure, in psia, 
oxygen 
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p _,,.., = the absolute syngas scrubber NOC pressure, in psia. 

M' = the oxygen valve NOC differential pressure, in psi. 
FV . . • ·. 

The predicted oxygen pressure i~ c~~t by: 

pa.vi- -10>p>pxnr6Hr+10,. 

S where: 

p · = the oxygen pressure, in psig,. · ·· 
«171~n . 

p = the predicted feed mjector inlet pressure. in psig,. and 
p _ .... _ = the syngas scrubber pressi:are, in psig. ·. ; 
~ - . 

The predicted oxygen flow is calculated by: 
··:-,. 

10 when Z < Z.and by: 

· when Z ~ Z, where : 

and: 

15 

and: 
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q = the predicted oxygen flow, in scfh, 
z = the oxygen flow controller output, in % , 
z = the oxygen flow controller NOC output, in % , 

q FV = the predicted oxygen valve flow, in scfh 

qn = the predicted feed injector oxygen flow, in scfh. 

q FV = the predicted oxygen vaive NOC flow, in· sCfb,. 
P _,,.,. = the oxygen pressure, in psig, 

P = the predicted feed injector inlet pressure, at least 0.3 · P tt.111m, 

in psig, 
llP FV = the oxygen valve NOC differential pressure, in psi, 

T = the absolute oxygen NOC ~mperature, in °R, 
T = the oxygen temperature, .in °F, 

T0 = the absolute temperature conversion, \ISually 459.69°F, 
. . . 

p- = the absolute oxygen NOC pressure, in psia, 
tD:Ygen 

P0 = the absolute pressure conversion, usually 14.69psi, 

-q = the feed injector NOC flow, in scfh, 
Fl 

~crabber = the syngas scrubber pressure, at least 0.3 · P ~- in psig, 
J·. 

M'FJ = the feed injector NOC diffe~ntial pressure, in psi, 

p = the absolute predicted feed injector inlet NOC pressure, in .. 
psia, . . ,, . . . . ~ 

m = the compensated steam mass flow, in '%, and 
··· T = the absolute steam NOC temperature, in °R. 

sreom 

. ..... ~,, . 

~-

In a s~ep 1516, the predicted oxygen flow is added to predicted oxygen flows from 

other gasifier trains at an adder. In a step 1520, the t~tal predicted oxygen flow is subtracted 

from the design oxygen header flow value and a predicted oxygen header vent flow is 

5 obtained. The design oxygen header flow value is a constant, which represents the amount of 

oxygen that the oxygen pipes are designe~ to cany. In a step 1524, an oxygen header vent 

valve bias value is calculated from the predicted oxygen header vent flow and an oxygen 

header vent valve critical flow. The oxygen header vent valve bias calculation is described in 

the Texaco Design Document. The oxygen header vent valve critical flow is the maximum 

10 allowable flow through the vent valve. 
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In a step 1528, a PID controller receives the oxygen header control setpoint value and 

the oxygen header pressure signal. The PID controller OUtPUts an unbiased oxygen header 

vent valve signal. Finally, in a step 1532, the output of the PID controller is biased by the 

oxygen header valve bias value and a biased oxygen header vent valve signal is obtained. The 

5 oxygen header vent valve signal is used to adjust the vent valves of the oxygen header. 

11. Syngas Header Pressure Control 

As stated before, the syngas is transported from the gasifier by one or more syngas 

headers. Generally, the operator enters a normal pressure control setpoint, also called the 

syngas header pressure setpoint. The syngas header pressure setpoint is then used for high 

10 pressure control, low pressure control and "low low" pressure control. 

FIG. 16 is a flow diagram of a meth~ for determining the normal pressure control of 

the syng~ header. In a step 1604, the syngas header pressure signal is measured by one or 

more pressure transmitters in the syngas header. In a step_ 1608, a PID controller receives the 

syngas header pressure setpoint and the syngas header pressure signal. The PID controller 

15 outputs a boiler syngas setpoint value. The boiler refers to a boiler downstream of the gasifier, 
. - ' 

which intakes the syngas and bums the syngas to generate power. The boiler syngas setpoint 

value represents the amount of syngas the boiler should consume. 

The present invention provides for the control of high pressure in the syngas header. 

FIGS. 17 A and l 7B illustrate a flow diagram for a high pressure control of the syngas header. 

20 In a step 1704, the syngas header flow rate, the syngas header temperature and the syngas 

header pressure signal are received at a flow compensator. The flow compensator calculates a 

compensated syngas header flow. Jn a step 1708, a syngas header flare vent valve bias is 

calculated from the compeJ!Sated syngas header flow, the syngas header temperature and the . 

maximum allowable flow thiough syngas header valve. The syngas header flare vent valve 

25 bias is calculated from the following equation: 
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AZ = High override clean syngas pressure controller output bias, in 
%, .F 

q = Predicted compensated syngas flow, in scth, 
qR = Syngas design flow, in sctb, ·· · · · · 

PR = Absolute clean syngas design pressure, in psia, . 
. p = Clean syngas pressure, in psig, . . . 
P0 = Absolute pressure coiiversion, usually 14.696psi, 

T = 'Clean syngas temperature, in °F, . .. 
T0 = Absolute temperature conversion, usuaily459.69oP, and .. :, 
TR.= Absolute clean.syngaS_design .tempera~~in oR. · -. · ··· · 

. , .... :1~ .. ; - ..: .. . . -- .... - - ~- :~ .::;.~~=· . 
. . -~ .. 

.. ~:-~ .: ~ _; . . • .. > ...-~.~;_.· ... 

In a step 1712, the syngas header flare vent valve bias and a combustion tUrb~ne trip 
. .:.. .. 

signal is received at a ~ias ramp. In a step 1716, the output of the bi~ ramp is added:to other 

10 combustion turbine trip signals from other turbines at an adder. In a step i724, .the· s}'ngas 

header pressure setpoint is multiplied by 1.02 at a multiplier. the output of the multiplier is 

the high pressure setpoint. In a step 1720, the syngas header pressure signal and the high 

pressure setpoint are received at a PIO controller; The PIO controller outputs when the syngas 

header pressure increases by more than 2% of the high pressure setpoint. In a step 1728, the 

15 output of the PIO controller is biased by the output of the adder and the syngas header flare 

vent valve position is obtainc:d. 

FIG. 18 is a flow diagram of the method for a low pressure control of the syngas 

header. In a step 1804, a gasifier trip signal and a ramp start signal is received at a bias ramp. 

-36.:. 



W000/15737 PCT/US99/20012 

The ramp stan signal is entered by the operator. In a step 1808, the syngas header pressure 
. -

setpoint is multiplied by 0.98 at a multiplier and a low preSsure setpoint. In other words, the · 

low pressure setpoint is set at 98% of the syngas header pressure setpoint. 

In a step 1812, a PID controller receives the syngas header pressure signal and the low 

S pressure setpoint and outputs an unbiased low syngaS pressure signal. In a.step 18l6, the 

unbiased low syngas pressure signal is biased by the output of the bias ramp to obtain the iow 

syngas presure signal. 

FIG. 19 is a flow diagram of a method for a gasification pressure control. In a step 

1904, a gasifier trip signal and a ramp stan signal is received at a bias ramp. The gasifier trip 

10 signal is produced when there is a gasifier shutdo'1vn. The ramp start signal is a constant 

value. The bias ramp generates a bias signal that will be used to Unload gasifier syngas 

inventory into the syngas header. 

In a step 1908, the high pressure setpoint value is multiplied by 0.98 at a multiplier. In 
. . . .. . . ~ . 

a step 1916, the output of the multiplier is biased by the output of the bias ramp, i.e., "ihe bias 

15 signal, and the normal pressure setpoint value is obtained. In a step 1912, a first PID ·· · 

controller receives a scrubber pressure and the high pressure setpoint. The scrubber pressure 

is measured by pressure transmitters in the overhead of the syngas scrubber. The first PID 

controller outputs a flare valve position. In a step 1920, a second PID controller receives the . 

scrubber pressure and the normal pressure setpoint and generates a s}'ngas letdown valve 

20 controller signal. The automatic demand value noted earlier is derived from the carbon pump 

speed and the low syngas pressure signal. 

FIG. 20 is a flow diagram of a method for determining the automatic demand. In a 

step 2004, the speed differential of two carbon pumps (from two gasifier trains) is calculated. 

The difference represents a predicted train differential. In a step 2008, a PIO controller 

25 receives the predicted train differential and a zero (0) setpoint value. The output of the PID 

controller is between 0 and 100%. In a step 2012, the output of the PID controller is 
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converted to a bias value. In one embodiment. the output of ~e PID controller is converted ~ 

a value between-IO and +10. In a step 2016, the low syngas pressure signal is biased by the 

bias value and the automatic demand is generated. In a step 2020, the bias value is multiplied 

by -1 and is provided to the other gasification tr~ as an automatic demand. 

12. Implementation of JCS in a Computer system 
.. '· 

In one embodiment of the present invention, the ICS 216 is implemented by a 

computer system capable of carrying ou~ the functionality of the ICS 216 described above, 

and is shown in more detail in FIG. 21. A computer system 2100 includes one or more 

10 processors, such as a processor 2104. The processor 2104 is connected to a communi_cation 

bus 2108. Various software embodiments are described in,terms of this exemplary computer 

system. After reading this description, it will be_come apparent to a person skilled in the 

relevant art how to implement the invention using other computer systems and/or computer 

architectures. 
15 

The computer system 2lOO·also includes"a main· memory 2112, preferably a random · 

aa:ess memory {RAM). and can also include ·a secondary memory 2116. The···s_~condary · · 

memory 2116 can include, for example, a hard disk drive 2120 and/or a removable .. storage 

drive 2124, representing a floppy disk drive, a magnetic tape drive, an optical disk drive, etc. 

20 The removable storage drive 2124 reads from and/or writes to a removable storage unit 2132 

in a well known manner. The removable storage unit 2132 represents a floppy disk, magnetic 

tape, optical disk, etc. which is read by and Written to by the removable storage drive 2124. 

As will be ·appreciated, the removable storage unit 2132 includes a computer usable storage 

medium having stored therein computer software and/or data. 

25 In alternative embodiments, the secondary memory 2116 may include other similar 

means for allowing computer programs or other instructions to be loaded into the ~omputer 

system 2100. Such means can include, for example, a removable storage unit 2134 and an 

interface 2128. Examples of such can include a program cartridge and cartridge interface 
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(such as that found in video game devices). a removable memory chip (such as an EPROM, 

or PROM) an~ associated socket. and other removable storage units 2134 and interfaces 2128 

whi,ch allow software and data to be transferred from removable storage unit 2134 to ihe­

computer system 2100. 

S The computer system 2100 can also include a communications interface 2136. The· 

communications interface. 2136 allows software and data to be transferred between the 

computer system 2100 and external devices. Examples of the communications intelface 2100 

can include a modem. a network interface (sµch as an Ethernet card), a communications port, 

a PCMCIA slot and card, etc. Software and data transferred via the communications "interface 

10 2136 are in the form of signals 2140 that can be electronic. electromagnetic, optical or other 

signals capable of being received by the communications interface 2136. The signals 2140 are 

provided to communications interface via a channel 2144. The channel 2144 carries the 

signals 2140 and can be implemented using wire or cable. fiber optics, a phone line, a cellular 

phone link, an RF link and other communications channels. 

15 In this document, the terms "computer program medium" and "computer usable 

medium" are used to generally refer to media such as the removable storage drive 2124, a 

hard disk installed in the hard disk drive 2120, and the signals 2140. These computer 

program products are means for providing software to the computer system 21~. 

Computer progriuns (also· called computer control logic) are stored in the main 

20 memory 2112 and/or the secondary memory 2116. Computer programs can also be received 

via the communications interface 2136. Such computer programs, when executed, enable the 

computer system 2100 to perform the features of the present invention as discussed herein. In 

particular. the computer programs, when executed, enable the processor 2104 to perform the 

features of the present invention. 

25 In an embodiment where the invention is implemented using software, the software 

may be stored in a computer program product and loaded into the computer system 2100 

using the removable storage drive 2124, the hard drive 2120 or the communications interface 

2136. The control logic. (software), when executed by the processor 2104, causes the 

processor 2104 to perfonn the functions of the invention as described herein. 
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In another embodiment, the invention can be implemented primarily in hardware 

~g, for example, hardware components such as application specific integrated ciicuits 

(ASICs). Implementation of such a hardware state ~hine so as to perform the functions 

described herein will be apparent to persons skilled in the relevant art(s). · .. 

5 In yet ·another embodiment, the invention is unplemented using·a combination of bo~. 

hardware arid software. · · · · ::.::- · · .· · 

While various embodiments of the present inventi~n have. been de5cribed above, it 
. •• •· • ""? '•J" . • •. . .. 

_should be ~derstood that they h:ave been presente.d by way of example only, and not 
··: . ~- . .. .. 

limitation. Thus, the breadth and scope of the present inventi()n should not pe limire.d by any 
• •. ' • • • ~ : .• . • • ' .", I . · .. 0 

10 of the above-described exemplary embodimen~, but ~hould l?e d,efined only in accordance . . . .. . ~ . . .· . . .. 

with the following claims and their equivalents.· 
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What is claimed is: 

.. , ... 
. -. . . 

1. A method for controlling an oxygen to carbon (0/C) ratio in a gasification 

S plant, the gasification plant converting oxygen and hydrocarbon feedstock into syngas 
. . . 

composed primarily of hydrogen (H2) and carbon monoxide {CO}, the method comprising the 

steps of: 

determining a syngas demand based on load_ constraints, the syngas demand being 

representative of a desired output of a gasifier 

10 detennining oxygen and carbon setpoint values based on an oxygen to carbon {0/C) 

15 

ratio setpoint value and the syngas demand, and 

adjusting oxygen and carbon valves in the gasification plant based on the oxygen and 

carbon setpoint values, respectively. 
' 

2. T~e method for controlling an oxygen to carbon (O/C) ratio as recited in claim 

l, further comprising the steps of: 
~ . ,·· 

converting a carbon flow rate to a demand controller signal by a macro unit 

conversion; 

receiving the demand controller signal and a demand controller setpoint value at a PIO 

20 controller and generating a PID controller signal; 

receiving the PIO controller signal and an automatic demand value at a signal selector 

and generating a selected demand value; 

receiving the selected demand value and a syngas demand override value at a low 

selector and generating a k~_ad constrained demand value; 

25 converting the load constrained demand value to a bias value, and 

· biasing an oxygen flow rate with the bias value. 
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3. The method as recited in claim 2, wherein the carbon flow rate is 

converted to the syngas demand signal by the following equation: 
.. . ,. .• ~ 

s m = F•l2.0l l *(2412000), 
.: ~.('. ·.· _: 

: ... . 

where, 

- . 

m represents the syngas demand and Fis a slurry flow in lb-mol/hour. 

10. 

4. The meth~d as recited in claim 2, wherein the syngas demand override value 

calculation comprises the steps of: 
. ~-.. ~;: ... · .. : .,; . 

determining a constrained controller signal ai: a high selector. 
· .. i:.·: 

1 ··•· .... 

calculating 98 % of a constrained controller setpoint value; and 
"." . . . . ~ . , . . . .,· ... ·' ; "· 

15 determining the._syngas de~and oyerride v~ue from the 98% constrained_..controller 
. . . -~- . 

setpoint value and the constrained controller sign8.I. 
. :. . . .: ~ 

5. A method for determining an oxygen setpoint value in a gasification plant, the 

gasification plant converting oxygen and hydrocarbon feedstock into syngas composed 

20 primarily of hydrogen (H2) and carbon ~onoxid~ (CO), the method comprising the steps of: . 

25 

. . 

multiplying an oxygen setpoint value by a carbon flow rate to generate an oxygen 

setpoint high limit; 

determining an oxygen demand constrained by a carbon flow rate at a low selector 

from a syngas demand and the oxygen setpoint high limit; 

multiplying the oxygen setpoint high limit by a predetermined factor to generate an 

oxygen setpoint low limit, and 
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determining a constrained oxygen setpoint value at a high selector from the oxyge~ 

setpoint low limit and the oxygen demand coi:istrained by the carbon flow rate. 

6. The method as recited in claim 5, wherein the predetermined factor is .98. 

·.· ... 

7. A method for determining a carbon setpoint value in a gasification plant, the 

gasification plant converting oxygen and hydrocarbon feedstock into syngas composed 
• • ; • • •• • • • • • -~ • •• '. ? -~ _:·: •• • 

primarily of hydrogen (Hv and carbon monoxide (CO), the method comprising the steps of: 

detemiining a carbon setpoint low limit at a high selector from an· oxygen flow rate 

10 and a syngas demand; 

multiplying the oxygen flow rate by a predetennined factor to generate a carbon 

setpoint high limit; 

determining a constrained carbon setpoint value at a low selector from the carbon 

setpoint high limit and the carbon setpoint low limit; and 

15 dividing the constrained carbon setpoint by a O/C ratio setpoint to generate the carbon 

20 

control setpoint value. 

8. The method as recited in claim 7, wherein the predetennined factor is 1.02. 

9. A method for controlling an oxygen flow in a gasification plant, the 

gasification plant converting oxygen and hydrocarbon feedstock into syngas composed 

primarily of hydrogen (H2) and carbon monoxide (CO), the method comprising the steps of: 

calculating a compensated oxygen flow from an oxygen flow rate and oxygen 

temperature at a flow compensator; 
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converting the compensated oxygen flow to a molar oxygen flow at a molar converter; 

multiplying the molar oxygen flow by an oxygen purity vaiue. to g~nerate aD oxygen 

flow signal; 
. •. ·.J'.· .• ~·: :: ~·:: .... ··.··.~!.~ ~>" 

receiving the oxygen flow signal and an oxygen control setpoint value at a PID. · 

. S controller and generating a PID controller output signal; · · 

. . - .. . .... 

velocity limiting the PIO controller output signal at a velocity limiter; and 

adjusting an oxygen valve using the velocity limited PID controller output signal. 

10. The method as recited in claim 9, wherein the compensated oxygen flow is 

10 ·· . calculated by the following equation: !• :.~· ;;· ~: ~·: : . ;: . ·• -· ... 

15 

20 

25 

where, 

q = 
q = 
p = 
Po = 
Pa = 
T = 
To = 
TR = 

.- ... :.: .. 

compensated oxygen flow,· 
oxygen flow, 
oxygen pressure in psig, 
absolute pressure conversion, 
absolute oxygen design pressure in psia, 
oxygentemperaturein°F, · 
absolute temperature conversion, and 
absolute oxygen design temperature, in °R. 

. ~ ... ' -···.:'. 

·.· .. . ·' .. '• 

11. The method as recited in claim 9, wherein the compensated oxygen flow is 

converted to a molar oxygen flow by the following equation: ----------· --
-44- \ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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F = q *(21379.5) 

where, 

q =volumetric oxygen flow in standard cubuc feet/hour {scsh), and 

S F = elemental oxygen _flow in lb-mol/hour .. 

12. A method for controlling a carbon flow in a gasification plant, the gasification 

plant converting oxygen and hydrocarbon feedstock into syngas com.posed primarily of 

hydrogen (H2) and carbon monoxide (CO), the method comprising the steps of: 

10 calculating a carbon flow rate from a charge pump speed; 

selecting an actual carbon flow rate from an inferred carbon flow rate and a measured 

carbon flow rate at a signal selector; 

converting the carbon flow rate to a molar carbon flow rate at a molar converter;.· 
. ; . . . ~ .- - .. 

generating a carbon flow signal from the molar carbon flow rate, a velocity limited 
.. ·':, .. . . . . 

15 slurry concentration and a velocity limited carbon content; 
. ' 

20 

. generating a carbon pump speed signal at PIO controller using the carbon flow signal 

and a carbon control setpoint value; and 

adjusting the speed of a carbon pump by the carbon pump speed sign~. 

13. The method as recited in claim 12, wherein the carbon flow rate is calculated 

from the following equation: 

----------- --------··· 
q = q,. (sis,) 

I If Ill~ 1111~ 11~1111[11//f II 
25 where, 

q = charge pump flow in gpm, 
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q, = charge pump design flow, 

s =charge pump speed in·~ and 

s, =charge pump design speed in rpm. 

s 14. 

to a molar carbon flow rate by the following equation: 
·. : ' . 

. F = [{( q*B.021)}!{12.011 *(0.0li-O.()()()(j56*X~""'Ji ]~.Olx,~""')*(.OlzcouJ.·: ·.. . 

10 where, 

·~ ; 

15 

F = carbon flow in lb-moVhour, 

q ~ sitirry flow, 

Xc~u =coke c&rbon concentruon, and 

x,,""' = slunj coke concentration'. 

'·,'. 

. •:· 

- ~ • :... '.i.. . '."!:..~- ·, 

.. :.:· .. 

15. The method as recited in claim 12, whereiri "the carbon flow rate is converted 
' . 

to a molar carbon flow rate by the following equation: 

20. F = (q *S, *8.021112.011) *.OJ *Xe 

Where, 

q =carbon flow in gaVmin, 

F = elemental carbo~ flow in lb-mol/hr, 

25 . S1 = specific gravity of carbon, and 

Xe = carbon content of the liquid. 

-46-
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16. A method for controlling moderators in a gasification plant, the gasification 

plant converting oxygen and hydrocarbon feedstock into syngas composed primarily of 

hydrogen (H2) and carbon monoxide (CO), the me!hod CO.I,J1Prising the steps of: 

generating a compensated oxygen line steam flow signal at a first flow compensator 

from an oxygen line steam flow rate, a steam temperature and a steam pressure; 

generating a compensated carbon line- steam flow signal at a second flow compens~tor 

from a carb9n line steam flow rate, the steam pressure and the steam temperature; 

adding the compensated oxygen line steam flow signal and the compensated carbon 

10 line steam flow signal at a first adder to generate a total steam flow signal; 

15 

20 

determining a total moderator flow from the total steam flow signal and a recycled 

black-water flow; 

dividing the total moderator flow by the carbon flow at a first divider to detennine a 

moderator/carbon ratio; 

determining a des~d oxygen line steam rate from the moderator/carbon ratio signal 

and a moderator/carbon setpoint value. at a ratio controller.; 

determining an oxygen line steam valve signal from the desired oxygen line steam rate 

and the oxygen line steam flow signal; 

adjusting an oxygen line steam valve by the oxygen lin~ steam valve signal; 

determining a carbon line steam valve signal from the compensated carbon line steam 

flow signal and a carbon line steam flow setpoint value; and 

adjusting a carbon line steam valve by the carbon line steam valve signal. 

17. The method !15 recited in claim 16, wherein the compensated oxygen line 

25 steam flow is calculated by tiie following equation: 
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_ P+P
0 q =q·· 

Pa 

where, . • - • • ·.:·. : . . . .• • •. ·, ~ •• ·'· •. =.,; ~- ~ 

q = compensated steam flow, 
~· -· .. : . . ~- :!, 

steam flow, ··-· ,., . 
q = 

~ .. 
p = steam pressure in ~g. · .. :·· 

. ·~· ~ -:.· 

Po = absolute pressure conversion, 
.. , 

PR = absolute steam design pressure in psia. 
T = steam temperature in .°F•. 
To = absolute temperatureconver8fon. 'and· 
TR = absolute steam design tem~. i~ ~~ 

:..·. 

18. The method as recited in claim 16, wherein the ~OJJ1pensated <?U:qon ~e s~ 

. flow is calculated by the following equation: 

where, 
q 
q 
p 

Po 
PR 
T 
To 
TR 

·.;.. ~ . .. . . .. 

= compensated steam flow,_ 

= steam flow, 
= steam pressure in psig; · 
= absolute pressure conversion, 
= . absolute steam design pressure in psia, 
= steam temperature in °F, . . . . 
= absolute temperature conversion. and . 
= absolute steam design temperature, in °R., 

_,·- ·'. ... 

~ . ·. ~,,.. 

... ! .. 

19. A method for controlling an air separation unit (ASU) that provides oxygen to 

a gasification plant, the gasification plant converting the oxygen and hydrocarbon feedstock 

30 into syngas composed primarily of hydrogen (H2) and carbon monoxide (CO), the method 

comprising the steps of: 
----·-

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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comparing oxygen valve positions of a plurality of gasifiers that are operating 

simultaneously at a high selector, and outputting a value i, 

calculating F(x) = 0.002x + 0.08, where F(x) > 0.99, and xis the output of the high 
:·.·:•:·.·:;',: 

selector; and 
.. : ,· •. ,. .. :· :: .~ '/ · .. · ... 

S calculating F(y) = 0.002y + 0.81, where F(y) > 1.0, andy is the oxygen valve position~· 

10 

. . ·; • ... , .,_. . . ...... 

of a selected gasifier. . ·.. ,. ·.: .• :>.· .·-

20~ The meth~d as recited in claim 19, ftu1ber comprising the steps of: 
--· 

dividing an actual oxygen setp~int value by F(y) at a divider; 
- ~ ~ . ,. .. . ;. . ... 

adding the output of the divider and other divider outputs from other gasifiers at a 

first adder; 

multiplying the output of the first adder by F(x) at a first multiplier and generating a 
. ' . .· ·.. . . ·. . ....... - . 

discharge controller setpoint value, the discharge controller setpoint_value representing the 
. · .. -/ . . .... ;_ ·: . .-:·~· :.. . . . '.:': i :·· . 

discharge of the ASU; and 

15 adding oxygen flow rates from all gasifiers at a second adder and generating a total 

oxygen flow rate. 

21. The method as recited in claim 20, further comprising the steps of: 

receiving the discharge controller setpoint and the total oxygen vaiue· setpoint at a PID 

20 controller, and outputing a discharge controller output signal; 

velocity limiting the discharge controller output signal; and 

receiving the velocity limited discharge co~troller output signal at a low selector along 

with outputs from one or more compressor suction flow controllers, one or more ASU suction 

vent controllers and one or _!Ilore compressor protection controllers, and outputting an oxygen 

25 compressor inlet valve signai. ----
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.. 

22. · A method for controlling high pressure of a syngas header in a gasificatio~ 

plant, the syngas header ttansporting syngas from a gasifier, the gasiticanori plant converting 
' . 

oxygen and hydrocaroon feedstock: into the syilgas ~mposed pnmarily of hydrogen (H2) an4 

carbon monoxide (CO), the method comprising the steps of: 

s recei~ing a syngas headCr t1riw rate~ a:.~~gas ~~~ temp~raiure and ·a syngas header 

pressure signal at a flow compensator, and calculating a compensated. syngas ·headei flow; 

and 

c8.Iculating a syngas header flare vent valve bias frorii the compensated syngas header 

flow, the syngas header tem~ture. and a ~um all~wable ·flow through a syngas header 

10 valve. 

15 

23. 
. . 

.The method as recited ~ Claim 22~ wh~rein .the sYhPs ~ad.er flare vent valve 
. . . -:. 

bias is calculated from the following equation:.· · · .· 
;,· 

······ .,. 

where, 

• .. : . 

. ..•. ·.·· -; .. 

AZ = High override clean syngas pressure controller output bias, in %. . . . . 
·· :. q = Predicted compensated syngas flow, in scfh, 
q). = Syngas design flow, in scfh, . . · · 

PR = Absolllte clean syngas design pressure, in psia, 

p = Clean syngas pressure, in psig, 
P0 

= Absolute pressure conversion, 

T = ~lean syngas temperature, in °F, 
T0 

= Absolute temperature conversion, and 

TR = Absolute clean syngas design temperature, in °R. 

-------·----------

-50-
I If lllll llllll lllll lllll II llll 

.C L M S * 



W000/15737 PCT/US99/20012 

24. · The method as recited in claim 22, further comprising the steps of: 

receiving the syngas header flare vent valve bias and a combustion turbine trip signal 

at a bias ramp, and outputting a bias ramp signal; 

5 adding the bias ramp signal to combustion turbine trip signals from other turbines at 

an adder, and outputting a total bias signal; and 
... 

multiplying a syngas header pressure setpoint value by 1.02 at a multiplier, and 

. generating a high pressure setpoint. 

10 25. The method as recited in claim 24, further comprising the steps of: 

. . . . . 

. recei~ing a syngas header pressure signal and the high pressure setpoint at· a PID 

controller, and outputting a PID controller output signal; and 
. . . 

biasing the PIO controller output signal with the total bias signal, and generating a 

15 syngas header fl.are vent valve position. 

26. A program storage device readable by a machine, tangibly embodying a 
. . . 

program of instructions executable by the machine to perfonn method steps of controlling an 

oxygen to carbon (0/C) ratio in a gasification plant, the gasification plant converting oxygen 

20 and hydrocarbon feedstock into syngas composed primarily of hydrogen (H2) and carbon 

monoxide (CO), the method steps comprising: 

determining a syngas demand based on load constraints, the syngas demand being 

representative of a desired output of a gasifier; 

determining oxygen and carbon setpoint values based on an oxygen to carbon (0/C) 

25 ratio setpoint value and the syngas demand, and 
--------
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adjusting oxygen and carbon valves in the gasification plant based on the oxygen ~d 

carbon setpoint values. respectively. 

27. The prograIIi storage device as ~itCd- in claim'26. further perfomnng the steps 
,. : . 

S of: 

10 

15 

converting a carbon flow rate to a demand Controller sipal by a macro urut 

conversion; 

receiving the demand controller signal and a demand controller setpoirit vhlu~ at a PID 

controller and generating a PID controller signal; 

receiving the PID controller signal and an automatic deul~d- value at a signal select~r 

and generating a selected demand value; 

receiving the selected demand value and a syngas demand override value at a low : 
:·. . ... - . .. . . 

selector and generating a load constrained demand value; 
. ' · .. ~ .... 

converting the load constrained demand vaiue to a bi~ ~alue, ·and 

biasing an oxygen flow rate with the bias value. 
.. : ',: -_:'.~'-;i:,;· . 

28. The program storage device as recited in claim 26, wherein the carbon flow 

rate is converted to the syngas demand signal by the following equation: 

20 m = F*l2.011*(2412000), 

where, 

m represents the syngas demand and Fis a slurry flow in lb-mol/hour. 

25 ----------
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29. The program storage device as recited in claim 26. wherein the srngas demand 

override value calculation comprises the steps of: 

determining a constrained controller sipal at a _high selector; 
: . ~ .. : ' '.. •.. .. 

calculating 98% of a constrained controll~ setpoint value; and 
. . . . •.. :·. . • .. ,::.·:· . . .. . . .. ,. 

5 determining the syngas demand override value from the 98% constrained controller -· 
. ,:.; •. ·'.' . :.·=.: 

setpoint value and the c()nstrained con~ller signal~ 

30. A program storage device reada~~e QY a machine, tangibly embodying a 

program of instructions executable by the machine to perform method steps of determining an 
- ·.·· .· " . . . . ' . . . 

10 oxygen setpoint value in a gasification plant, the gasification plant converting oxygen and 

hydrocarbon feedstock into syngas composed priinarily of hydrogen (H:?) and carbon 

monoxide (CO), the method steps comprising: 

multiplying an oxygen setpoint value by a carbon flow rate to generate an oxygen 

setpoint high limit; 

15 determining an oxygen demand constrained by ·a carbon flow rate at a lo\V selector 

from a syngas demand and the oxygen setpoint high limit; . . 

multiplying the oxygen setpoint high limit by a predetennined factor to generate an 

oxygen setpoint low limit, and . 

determining a constrained oxygen setpoint value at a high selector from the oxygen 

20 setpoint low limit and the oxygen demand constrained by the carbon flow rate. 

31. The program storage device as recited in claim 30. wherein the pred~termined 

factor is .98. 

25 32. A program storage device readable by a machine, tangibly embodying a 

program of instructions executable by the machine to perform method steps of determining a 

-53 ~ 
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carbon setpoint value in a gasification plant. the gasification plant converting oxygen an~ 

hydrocarbon feedstock into syngas composed prilnarily of hydrogen (Hl) and c&rbon 

monoxide {CO). the method steps comprisinl: 

determiDing a· carbon setpoindow llim.i~ a high sekc~r frOi:ri an oxygen flow rate 

5 and a syngas demand; 
·• .. ~ . • r. • : .· 

multiplying the oxygen flow rate by a predetermined factor to generate a carbon 

setpoint high limit; 

determining a constraiiied carbon setP<>int value at a low selector from the carbon 

setpoint high limit and the carbon setpoint low limit; and 

10 dividing the constrained carbon setpointby_a O/C ratio setpoint to generate the carbon 

15 

control setpoint value. 

33. The program storage device.as recited in claim 32, wherein the predetermined 
... , ···. . .· '·. 

-···· 
factor is 1.02. ·.<· 

34. A program Stc;?rage device readable by a machine, tangibly embodying a 

program of instructions executable by the ~hine to· perform method steps of controlling an 

oxygen flow in a gasification plant, the gasification plant converting oxygen and hydrocarbon 

feedstock into syngas composed primarily of hydrogen (Hl) and carbon monoxide (CO), the 

20 method steps comprising: 

calculating a compensated oxygen flow from an oxygen flow rate and oxygen 

temperature at a flow compensator; 

converting the compensated oxygen flow to a molar oxygen flow at a molar converter; 

-54- ----------
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multiplying the molar oxygen flow by an oxygen purity value .to generate an oxyge~ 

flow signal; 

receiving the oxygen flow signal and an oxygen control setpoint value at a PID 

controller and generating a PID controller output signal; 
·" .. . .. 

S velocity limiting the PID controller output ~gnalat a v~locity limiter; and 
. . . : ,'.. ; .. 

adjusting an oxygen valve using the velocity fiDiited PID controllet output signal . 

... ·; ........ :. 

35. The program storage device as recited in claim 34, wherein the compensated 

oxyge~ flow is calcUlated by the following equation; · 
: ... ·1 .. ··.:: .. 

10 

··~· ; 

- P+Po q=q· ·--..-
~-

R 

... ~. 

where, 
15 .. 

- compensated oxygen flow, q = 
q = oxygen flow, 
p = oxygen pressure in psig, · 
Po = absolute pressure conversion, 

20 Pa = absolute oxygen design pressure in psia, 
T = oxygen temperature in °F, 
To = absolute temperature conversion, and 
Ta = absolute oxygen design temperature, in °R. 

25 
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36. The pro_gram storage device as recited in claim 34, wherein the compensa~d 

oxygen flow is converted to a molar oxygen flow by the following equation: 

F = q *(21379.5) 

where, 

q = volumetric oxygen flow in standard eilbuc feetihour (scsh)~ and 

F = elemental oxygen flow in lb-mol/hour. 

37. A program storage device readable by a machine, tangibly embodying a 

10 program of instructions executable by the machine to perform ~~thod steps of controlling a 

15 

20 

~ - - . . · .. 

carbon flow in a gasification plant, the gasification plant converting oxygen and hydrocarbon 
• . I ., . • ' 

feedstock into syngas composed primarily of hydrogen CH2) and carbon monoxide (CO), the . 

method steps comprising: 

calculating a carbon flow rate from a charge pump speed; 

selecting an actual carbon flow rate from an inferred carbon flow rate and a meas.ured 

c~bon flow rate at a signal selector; 

converting the carbon flow rate to a molar carbon flow rate at a molar converter; 

generating a carbon flow signal from the molar carbon flow rate, a velocity limited 

slurry concentration and a velocity limited carbon content; 

generating a carbon pump speed signal at PID controller using the carbon flow signal 

and a carbon control setpoint value; and 

adjusting the speed of a carbon pump by the carbon pump speed signal. 

38. The program storage device as recited in claim 37, wherein the carbon flow 

25 rate is calculated from the following equation: 

----·--------·----------
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q = q,.. (sis,) 

where, 

q =charge pump flow in gpm, 

q, = charge pump design flow, 

s =charge pump speed in rp~ a.nd _ 

s, = charge pump design speed in rpm: 

PCT/US99/20012 

39. The program storage .device as recited in claim 37, w~ein tlie carbon flow 
. ~ .. . . ~ . . . ·. . ,.. . . . .· .. . . . . 

10 rate is converted to a molar carbon flow rate by the following equation: _ _ _ 

15 

20 

25 

F = [{( q*B.021)}/{12.011 *(0.017-().0000J.~*X,111,,,)IJ*( •. Ql~11uny)*(.Olxc0~). ___ . 
. . . ' •. ~. ' - . . . ·' ; · . 

where, 

.. :· .,, .. ;;, ..... I ;·, • •• 

F = carbon flow in lb-moVhour, 

q = slurry flow, 

Xcou = coke carbon concentraion, and 

Xstuny = slurry coke concentration. 

. . ···, .: · .. :. 

.: . , .· .... · 
. ,.: ~ 

~-. : .. :· .. ~-.. ·' ..... 
•"' .· · ....... , 

~ ' ., . .. . . ... ·: •· 

40. The program storage device as recited in claim 38, wherein _the carbon flow 

rate is converted to a molar carbon flow rate by the following equation: 

F = (q *S: *8.021112.011) * .OJ *Xe 

where, 

---
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q = camon flow in gallmin, 

F = elemental carbon flow in lb-moJ/hr, 

s, = specific gravity of carbon, and 

Xe = carbon content of the liquid. 

PCT/US99/20012 

41. A program storage device readable by a machine, tangibly embodying a 

program of instructions executable by the machiii'e to perfomi method steps of controlling 

moderators in a gasification plant, the gasification plant converting oxygen and hydrocarbon 

fe~dstock into syngas composed pnmarily of hydrogen (H2} and carbon monoxide (CO), the 

10 method steps comprising: 

15 

generating ·a compensated oxygen line steam flow signal at a first fl.ow compensator 

from an oxygen line steam flow rate, .a :~team temperature and a steam pressure; 

generating a compensated carbon line steam flow signal at a second flow compensator 

from a carbon line steam flow rate, the steam pressure and the steam tempera~; . 

adding the compensated oxygen line steam flow signal and the competii°ated carbon 

line steam flow signal at a first adder to generate a total steam flow signal; 

detennining a total moderator flow from the total steam flow signal and a recycled 

black-water flow; .. 

dividing the total moderator flow by the carbon flow at a first divider to detennine a 

20 moderator/carbon ratio; 

25 

determining a desired oxygen line steam rate from the moderator/carbon ratio signal 

and a moderator/carbon setpoint value at a ratio controller; 

determining an oxygen line steam valve signal from the desired oxygen line steam rate 

and the oxygen line steam flow signal; 

adjusting an oxygen line steam valve by the oxygen line steam valve signal; 

-58-
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determining a carbon line steam valve signal from the compensated carbon line steam 
. . 

flow signal and a carbon line steam flow setpoint value; arid 

· adjusting ~.carbon line steam valve by the carbon line steam valve signal. 

:, ! 

. ·.~ ' ·-· --~ .: :' .: .l. , : 

·5 -- . 42. . The program storage device as .retjted in claim .. 41, wherein the compensated 
.. . . . . : : .. ·_ . .- .. ~ .... .. . . ' .. : . . . : ·. . -

·oxygen line steam flow is calculated by the follo~ing equation: 
. . . . . ·. ~ . . .... 

_ P+P0 TR 
q = q· •-.. -·.p-R-. ..... T+To ~ .. 

10 where, - compensated steam flow, · q = 
q = steam flow, 
p = steam pressure in psig, .. , .. 

Po = absolute pressure conversion, . . - .. 

15 
. . :...~. . 

PR = absolute steam: design pre5sure in psia, 
T = steam temperature in °F, 
To = absolute temperature· conversion, and 
TR absolute steam design temperature, in °R. 

.. 

20 43. The program storage device as recited in claim 41, wherein the compensated 

carbon line steam flow is calculated by the following equation: 

- P+P0 q=q· 

25 where, 
q = compensated steam flow. 
q = steam flow, 
p = ste~ pressure in psig. 
Po = absolute pressure conversion, 

30 PR = absolute steam design pressure in psia, 
T = steam temperature in °F, 
To = absolute temperature conversion, and 

-59-
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T ll = absolute steam design temperature, in °R.. 

44. A program storage device readable by a Iilachine, tangibly embodying a 

_pro~ of instructions exec'1table by the machine to perform method steps of controlling an 

S air separation unit (ASU) that provides' oxygen t0 i{gasificmon plant, the gasification p~t ~· 

converting the oxygen and hydrocarbon feedStock into Syngas composed priniarily of 

hydrogen (Ha) and carbon monoxide (CO), the method steps comprising: 

comparing oxygen valve positions of a plurality of gasifiers that are operating 

simultaneously at a high selector, and outputting a value x; 

10 calculating F(x) = 0.002x + 0.08, where F(x) > 0.99. and xis the output of the liigli 
. ' ·. 

selector; and 

calculating F(y) = 0.002y + 0.81, where F(y) >.1.0, and y is the oxygen val:ve pos,ition 
'. . . '• :". ... . 

. . . . •, 

of a selected gasifier. 

.. : . : : . . . :·· ·, ' :· ~-; . . . -~~~; .. 

15 45. The program storage device as recited in claim 44, further .Performing the steps 

of: 

dividing an actual oxygen setpoint value by F(y J at a divider; 

adding the output of the divider and other divider outputs from other gasifiers at a 

20 first adder; 

multiplying the output of the first adder by F(x) at a first multiplier and generating a 

discharge controller setpoint value, the discharge controller setpoint value representing the 

discharge of the ASU; and 

adding oxygen flow_rates from all gasifiers at a second adder and generating a total 

25 oxygen flow rate. 

-60-
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46. The program storage device as recited in claim 44, further performing the steps 

of: 

receiving the discharge controller setpoint and the total oxygen value setpoint at a PID 

5 controller, and outputing a discharge controller output signal; 

velocity limiting the discharge controller output signal; and 

receiving the velocity limited discharge controller output signal at a low selector along 

with outputs from one or more compressor suction-flow controllers, one or more ASU suction 

vent controllers and one or more compressor protection controllers, and outputting an oxygen 

10 compressor inlet valve signal. 

47. A program storage device readable by a machine, tangibly embodying a 

program of instructions exeeutable by the machine to perform method steps of controlling 

high pressure of a 5yngas header in a guification plant, 'the syngas header transporting s"yngas 

15 from a gasifi~r. the gasification plant converting oxygen and hydrocarbon feedstock into the 
.. 

sy.ngas composed primarily of hydrogen (H:z) and carbon monoxide (CO). the method steps 

comprising: 

receiving a syngas header flow rate, a syngas header temperature and a syngas header 

pressure signal at a flow compensator, and calculating a compensated syngas header flow; 

20 and 

25 

calculating a syngas header flare vent valve bias from the compensated syngas header 

flow, the syngas header temperature, and a maximum allowable flow through a syngas header 

valve. 

48. The program storage device as recited in claim 47, wherein the syngas header 

flare vent valve bias is calculated from the following equation: 
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of: 

where, 
··.· ... ~ . 

' ~ ' 

llZ = High oveni.de clean syngas pressure controller output bias, in %. . . ·: -· . . . ... 
q = Predicted compensated syngas flow, in scth,. 

q R = Syngas design flow, in sctb, .. . 

PR = Absolute clean syngas design pressure;;in psia,· 
P = Clean syngas pressure, in psig, 

P0 = Absolut~ p-e~sure co~y~()D• 
T = Clean syngas tempera• hi °F, 
T0 = Absolute temperature conversion, and . ~·· :- . 
TR = Absolute clean syngas ~ign temperature, in °R. 

. . . . .. -:;.·· . . ·, ··.: :·. : . 

. · . 

. . . . ·~ 

. .) ... · 

49. -.· The program storage device as reC!fed in claim 47, ~er performing the steps -· 
. . . . . ; 

: .. ,; 

receiving the syngas header flare vent valve bias and a combustion turbine trip signal 
- .. ~- ' 

10 at a bias ramp, and outputting a bias ramp signal; .. 

15 

adding the bias ramp signal to combustion turbine trip signals from other turbines at 

an adder, and outputting a total bias signal; and .. 

multiplying a syngas header pressure s~tpoint value by 1.02 at a multiplier, and 

generating a high pressure setpoint. 

50. The program-s~orage device as recited in claim 49, further performing the steps 

of: 

---·--------··--···--·---
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receiving a syngas header ptessure signal and the high pressure setpoint ai_ a PJD _ 

controller, and outputting a PJD controller output signal; and 

biasing the PID controller output signal with the total bias signal, and generating a 

syngas header flare vent valve position. 

,....,., 
·,_.:r:~.;. 

· .•. ·,, .. : 
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