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(57) Abstract
An . integrated
control system (ICS) for a 216 .\
gasification plant controls the 304
operati f a ifier and
ol Sompmons 0/C RATIO CONTROL SYSTEM
of the pgasification plant.
The ICS improves the ' 308
of f ificati
bl i ASU CONTROL SYSTEM  p——/
operation of a gasifier and '
other critical components 3"2
by an integrated controller, - . b~~~
rater than by = several MODERATOR CONTROL SYSTEM | -
independent controllers. The "
ICS is a sub-system of a
larger distributed control - 316
system that controls the ’
o);,:eration of the gasification - SYNGAS HEADER CONTROL P~
plant. The ICS controls SYSTEM
the following: (i) oxygen

to carbon (O/C) ratio in a
gasifier; (ii) syngas demand
or the desired output of a

syngas header pressure.

gasifier; (iii) load constraints; (iv) moderator flow into a gasifier; (v) air separation unit (ASU); (vi) oxygen header vent valves; and (vii)

POS photocaprieel )




25 in the syngas can be recovered and converted to elenental sulfur form
and used i'n the- fertilizer or chemcal industry. Ash and ang netal s
are renoved WO O0H15BAg-| i ke state, and the WD 00/ RERGS99/20012

PCT/ US99/ 20012 syngas is cleansed of particul at es. The cl ean syngas

is then used for generating eleciric and ducr n ustri

cheni cal s and ga§&§TEMAN% OD@FW%TER %EQN(:

sel f-generate power and produce additional products. Thus, .
gasification offers greater efficiencies, energy savings, and a cl eaner
environment. For. 5 exanple, a gasification plant at a refineryin El

Dor ado, 5 Kansas converts petrol eum coke and refinery wastes into
electricity and steam making the refinery entirely self-sufficient for its
energy needs and significantly reduci ng waste and coke handling costs. For
t hese reasons, gasification has i ncreasingly becone popul ar anDng ~

refiners vvorldvm de. Currently, hundred
gasification plants in operati M%@fm)wﬁﬂi Nrhe operatl on of
the gasification plant requires various control systens to control the

gasi fi 80 and ot her equi pnents connected thereto. Currently, gasification
plants utilize i ndependent controllers for exanple, proportional °

integral derivafyive FHRoftREARINtIMS, O i ndependent |y cont¥r ol
vari ous processes in the gasi f| catr on plant. The independent controllers

oper ate separ at ylt a NS eRuenc
the desired set ‘é@%ﬁé}g&ggv eac qugwf:%e% Ha@&%%aghﬁ?@at SepaTat ‘§
Unfortunately, independent cgntrollers_ often provi de poor response,
whi ch resu QMOF%?QQ@Q(S SRUCRRPIOkr of the gasifier and ot her

associ ated equi pnments. Speci-fically, poor controller response can danage a
gasifier refractory ;

15  IL RelatedArt
Gasiﬁr:aﬁran is amohg tl'_xe'cleaxllest and most efﬁciént techﬁologiéé for the production
of power, chemicals andl indixStr.ial. gases from hyi_irocarbon feedstbéks, such as coal, heavy
oil, and petroleunr coke. Simply stated, gasiﬁr:ation cotiverts hydrocarbon feedstocks into
clean synthe51s gas, or syngas, composed pnmanly of hydrogen (H_) and carbon monoxide
20 (CO) Ina gamficanon plant, the feedstock is mxxed thh oxygen (O-2) and they are mjected
.. into a gasifier. Inside the gasifier, the feedstock and the O, are subjec‘ted to éhigh—témperatme
and a. high—préssure. As a result, the feedstock and the O, break down into syngas. -
In addition to H, and CO,.the syngas contains other gases in small qtia.ntities, such as
ammonia, methane and hydrogen sulfide (st); As much as 99% or more of the H,S 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



vessel (a layer of bricks in the gasifier designed to keep heat inside the
gasifier) and t hernocoupl e tenperature sensors that neasure the

t enper at ur eswowogisezgasi fier. Poor 20 controll er response %épmkfﬁﬁﬁnto
gasifier shut downs and "of f-spec” syngas that does not neet

required spgghgdasGatleaided of panticulates. The clednOiyng3€is theh R8&DIE geferiifiFelbatficidy 8
recogni zed for an integrated control systemthat w1l control

various cri b}@ci@qﬂﬁﬁgﬁqﬂtcﬁeﬁicaisr‘ﬁd%ﬁsf ication plant. An integrated

control -2 T

WD 00/ 15737 o . ..

PCT/ US09/ 20012  Casificatign allows rrfineties to.5pifigenemts Roier agd prodycs,additipnal products.
gasi fication plant by reducing gasifier shut downs and maxi m zing_ -
run-tinme. AThws, sasificatieneHers greatas effiniencies; enpraysayings.and acleanenenvironment, Fosf
the gasifier and other associ ated conponents. 5

SUMVARY 5F EkimpRsyEpddifibation plant at a refinery ifitEl Doradss; Kansas\cenvdrtrpetroletinr eakecshd”
toward an integrated control system (ICS)- for a: gasification plant.

The 1 CS CO”Hﬁ}leg% w&?tgﬁ?ﬁc‘i biRit) hndst8 AR ﬁhﬁﬁ:g%ﬁﬁ Enfiely §e‘fﬁ§uf§8€9@f&?§&s

of a gasificatl The present 1 nventiOn I ncreases t’'he perfornmance of

a gasification plan . _.=by.controlling t ragl on of sifier and

other cr i1 EBTTE BREAReigmieRHY FRbERE i androkt Baiing tpd. For ke reShE by

several independent controllers. ' - The ICS is a sub-systemof a

| arger di st gpsifieationdans incseasingly besomepopulsn among refisers worldwide,feursantiynthsre ame

gasification plant. Briefly stated, the ICS controls the follow ng:
several hundred gasification plants in operation worldwide.

10 The operation of the gasification plant requires various control systems to control the .
gasifier and other equipments connected thereto. Currently, gasification plants utilize
indgpendent controllers, for example, proportior_;al integrai deriv%tive (PID) controllers, t6
independently contr&l various processes in the gasification plaﬁt. ﬁe indepeln_ggnt. controllers .
operate separafely and do not interact with each other. As a conse(i\;e;ncé, thé desired setpoint .

15 a;: each controller must be entered separately. Unfortunately, indepéﬂ&ent con&éllem often
provide poor response, which -results in incregsed wear and tear of ;he gasifier and bther .
associated equipments. Specifically, poor controller response can démage a gasifier refréctory _
vessel (a layer of bricks in the gasifier dgsigned to keep heat insidg the gasifier) ahd
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 integratgd control system that

will control various critical components of the gasification plant. An integrated control
: 2.



(1) oxygen to carbon (O C) ratio in a gasifier; 15 ~ (ii) syngas

demand or’ the desired output of a gasifier; (ii). loa m2
const r ai nt SWO0 00/15737 (iv) moderator flow into a gasifi®¥? TUS992
(v) air separ ation unit (ASU); (vi) oxygen header vent

val ves; andsyspih should improVé the reNaliey dfehsgisifivation plast by reducing gasifier shut dos
| CS provi degssafer operat I on and i ncreased equi pnent life of the gasifier

and R Bl il G- RTRIOE B %ﬁa@hﬁe&& rafsﬁ&nﬁfréa.fceweer arkdehrBE™

hydr ocar bo océurs tro 1s controlled.
According to the prese invention, the OCratiois 25 controlled by

cont rol | i ngtheigasifiey ard Fl'basé%ﬁ‘ COMPOPRLY o5 i nto the gasi fier.

-3 - V\D 00/ 15737 -

PCT/ US99/ 20012 The :syngas -demand i s det erm-ned from:a demand
set poi nt val ue and a denmand si gnal . The demand signal is produced by

macro cgnversion of a carbon fl oSUMMARY OF THE INVENTION oad constraints
are determned froma feed punp setpoint value, a feed punp PV/ SP,
where PV/SP is the actual power to the desired power ratio; an oxygen val ve

position, 5  7Re pRResviEHtion & ditécesiroivard/a integrated control system (ICS) fora
gasification plant. The ICS controls the operauon of a gasxﬁer and other cnncal components
- of a gasification plant. The present mventmn mcreases the performance ofa gasxﬁcanon plant
by controlling the operation of 2 gasxﬁer and other crmcal components by an mtegrated
- 10 | controller, rather than by several mdependent controllets o _
The ICS is a sub-system of a larger dxstnbuted control system that controls the

operation of the gasification plant. Bneﬂy stated the ICS controls the followmg

(i) oxygen to carbon (OICj ratio _in___a, gasiti_e:; N

- 15 ~ (ii) syngas demand or the desired olitputo_f a gasifier;
(iii) load constraints; | .
(iv) moderator flow into a gasiﬁe_r;
(v) air separation unit (ASU);
(vi) oxygen header vent valves; a_nd

20 (vii) syngas header pressure.

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.

-3.-



The flow of noderators (steam) into the gasifier is.controlled by adjusting
one or nore oxygen |ine steamvalves and carbon Iine steam valves.

| f recycl ed Woapksysater i s al so used as a noder at or, thpc.p)ug%ow er
flowis controlled by adjusting the speed of a bl ack-water punp.

The oxygen discharge fromthe ASU is controlled by adjusting an oxygen

ﬁigﬁéfsliiﬁt val v SlaiEiihand HgeRplith fom SRR ERRLvaI R e e
\r/rgtn tho\cglgz vg %%@ésm g%gﬁlgp r a owc%%gésiﬁﬂr épécé)&rﬂo ﬁosvmh‘%e " ow | ow'

pressure cont I Ol The load cons dg,fe dnﬁﬂ &ﬁ&ﬁtg? for
controlling an oxygen to car t)on ( ratl a gaslifti cat | on nt.

The net hod pwySP! Whefe BV/SESE BRSachiial pdwt-.efma désdred powesRiiod sﬁraﬂyhenwvelp@sm&n,
on | oad constraints, the syngas demand being representative of a desired

out put &f amdanoxygqa%ﬂtlrecry,cldmlmm ni ng oxygen and carbon setpoint values™
based on an oxygen to carbon (O Q) rati o setpoint value and the
syngas denand, é&Fisk floiwf modgrasens dsteammhinte thelgasifienis costrolied byeadjusting one or more
gasification pI ant based on the oxygen and carbon setpoint val ues,

r espect i veloxygen line steam valves ané cgrben ine stiememmes;df recpeled black-waseris dlse used as
determ ni ng- an_oxygen setpoint value in a ga5|f|cat|on pl ant. The -

net hod comfrinedesatofdhe blag voaterwmﬂnypﬂgdbmadjww & spgsdiok e blagkoater pump.
by a carbon flow rate to generatea en set nt high limt;

det er mi ni ng an oXBFgRkygen disch %@@%&E&é&%ﬁ% ?4/ by;adjusty QX¥geR SQIBPIESSOX
i Wl g f;ﬁn@atwy e g%&%&%tedﬂ%ngtmssnﬁéé@“ PO i Firolled by
fact t d_det .

constr ai ﬁe 5038 e Bkt n? S Tales T sybfgiredEpoctind H FoiRsE b s
set poi nt. | qiesh bl Bh?é}fjp{e?&r@é&ﬁf‘di P fibsoure controf 4A8 & b e e EAHERAY

flow rate.
The present invention provides a method for controlling an oxygen to carbon (O/C) . -

ratio in a gasification plant. The method comprises the steps of: determining a syngas demand _
15 based on load constraints, the syngas demand béiﬁg Tepresentative of a desired qutput of a
gasifier; determining oxygen and carbon setpoiﬂt values based on an oxygen to carbon (0O/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 t)xygen 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 geherate an oxygen setpoint low limit, and determining a constrairted 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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PCT/ US99/ 20012 The present invention provides a nethod for
determ ni ng avoau/ksm7 set point value in a gasi ficati on plRCE/USIBIZE012
met hod conprises the steps of: determ ning a carbon setpoint low limt

at a high selector froman oxygen flow rate and a syngas demand;

gmé'ntgir' b Qgc;t‘ﬁo%?%me“ rtmr%é,,'q"%%ﬁ‘é a??%ﬁqdo ﬁ?ﬁ%twerm ¢ caifi ool yglue in a
Sﬁébf e Pmiecihotipi@in, Ths RS oieHes B ees Sr Rl BERS) setbelylon i
control “set pil hpith sfietor o b oRfeR HO rate and o shrBeOBREATL udeiybR i Shygen

method for cpl/ y¥ aeﬁ?saﬁafiétw Erate a carborkREidiAHASH i JiéEmemgea
met hod corrprlﬁgg’; th‘5 s?%pg of : cal cul atg}gg a corrpoensat ed oxyger?pflo-w 1 -
from an oxyggshstrafi¢dcaitdndethomtaRiz dt ATOR seletio froin the Chrbibh s&pFIaNIgh Winit and the
converting the conpensat ed oxygen flow to a nolar oxygen flow at a

nol ar conver gg&bon Setpbinplaw lithit; aad dbliding the constrainydcabdn sapdipt tyra OXY gid setpoint
purity value to generate an oxygen flow signal; receiving the - oxygen
fl ow si gnal engenerateegarbonnsuntrol setpoinbvalue.val ue at a PID controller and
generating a PID controll er output signal; velocity limting the PID
control | er out put Thegresentinvention provides a hiethdd fior centrollingiamolygen flow ina

oxygen val ve using the velocity linmted PID controller output signal.

The present gasificationplantoUheimethodeompsises B steph of: sricnlagng a cempensated oxygen How
gasification_plant. The method conprises the steps of: cal culating a carbon

f1 ow rat} fr fFRmyan oxygen flogsrateand ey eep daaperaareat giflay comprosatar: ceRyssHRe ficow

rate froman inferred carbog flow rate and . s
compensated oxygen tlow 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 2 PID controller and generating a
PID controller output signal; velocity limiting the PID controller output signal at a velocity -

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

The present invention provides a method for cohtrolling 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 carBoh 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 sturry 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.

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
_ 5.



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

flowrate to a nol ar carbon flow rate at a nolar converter.
generating a wg A,Q Fn I ow signal fromthe nolar carbon flow rate
velocity limte Urry concentration and a velocity linited cé’PJGQF”ﬂ““
content; generat| ng a carbon punp speed signal at PID controller

usi ng the carbon, f naI and a n control. set poi nt val ue;
and adj. ustl né ‘s‘pt\g@ﬁh ‘Y’camE%ﬂsB{?ﬁf’i?Hﬁﬁ“BW Feeerﬂ%ﬁ&.asteam tegnlpg@@pre .
si gnal . eserIH i nventi Qe

control | i ng ﬁﬂﬁéﬁmwy%‘?ﬂ? &3 fBprnsate r"%ﬂpiﬁ? aﬁ’\ °We‘!5?&[i%§?ﬁ?ﬁ‘%es
the steps of ﬂo%%;&gg%@%mmtg&m tabd) the e Brdss ¥ and the steam

-5-
PCT/ US99/ 200§y, erature addﬁ nattd bRygeh! 1Y SEAEPAA? St ahd 3 cBth pRHAET

l'i ne steamflo rate, eamt nper at ure eampres

gener at’i ng ac&%ﬁ%&@t@&wﬁgﬂdlaawmwg&ﬁm@wﬁm J
fl ow conpensator froma carbon line steamflow rate, the steampressure and

the steam  determidifg eorsltnidderatorflow fronh cherotap stesa ot sivndDaA d febyrléd black-
fl ow signal and the conpensated 5 carbon line steamflow signal at a

first adder waterdlow;alividingitisd tal aiozleratos fowdyahatarbon flow at afsedivider tg a
total noderator flow fromthe total steamflow signal and a recycl ed bl ack-
wat er flow, deternlineq mbderatot/carbororationdeterniining ddestreboxygebline stéamvrate frond thest
divider to determine a noderator/carbon ratio; determining a desired
oxygen |ine mosamtorkacbanratie sigeal and a modasater/aarben seipdintvalugtat aratiopeatrolieri a
noder at owﬁcar bon setpoint val ue at a?-{Yat Lo controller; 10 determ ni ng an
oxygen | determiniag ¥Loxigemline firamvalve signal from By derired prygen Sine stermuate andd

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 t.he co_mpenséted -
carbon line steam flow signal and a carbon line steam flow setpoint value; and adjustmg a
carbon line steam’ valve by the carbon line steam valve signal. e

5 15 The present invention provides a method for, contr_olling an air sep_a:t,aé;n. unit (ASUi
that provides oxygen to a gasification plant. The method comprises the stepsz ;f comparing .
oxygen valve positions of a plurality of gasiﬁers that are operatirig simultaneously at a high .
selector, and outi:uﬁing a value x; calculating F(x) = 0.002x + 0.08, where F(x) > 0.99, andi
is the output of the high selector; and calculating F(y) = 0.002y + 0.81, where F(y) > 1.0, an._d |

20  yis 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 comprises the steps of: receiving a syngas header
flow rate, a syngas header temperature and a syngas header pressure signal at a flow
compensator, and calculatmv a compensated syn gas header flow; and calculating a syngas

25 heeder flare vent valve bias from the compensated syngas header flow, the syngas header

temperature, and a maximum allowable flow through a syngas header valve.

-6-



t he -oxygen line steam flow signal; adjusting an oxygen |line steam val ve by
t he. oxygen |ine steam val ve signal; determning a carbon |line steam
val ve si gnal ywid ¢ystdye conpensat ed. carbon |ine steam f| eeTaisywaseiand
a carbon line steam fl ow set point val ue; and adjusting a carbon |ine
steam val ve by the carbon |ine steamvalve signal. 15 The
present invention provides a nethod for controlling an air separation unit
(ASU) t hat The preseat investjopeprovisies aguegramcseragsdayicg readablebymashine, .
conprises the steps of:_conparing _, ., oxygen | ve, positjions of a
plurality oftargiblyjemhodying 4 pragram,fnsiruGtipns Fg?ﬂ“fa; ¢ paghing tg,peform method

2 L %; o8 Sagnitpsttilie 05 fefRR OIS iF kbR i g ol ©
| | ati E = 0,.002y + Q, N > - i

R oon val S Esbonyging f¥veen Bnd bydiahBn feaduoci b sydf coifosed priderli 08,

neader 19 o WYAKEER (BTl fochofide (00N i et e Gitafiishly: Rebfiiiing o

recei ving a S¥pRAAGRA%aked on logd c&ﬂs?éﬁﬁt%&ﬁe sﬁ@y&gg@é:fgggg%?ﬁe%@me and

a syngas heade? pressure signal at a

cal cul ating d%sﬁ@d’f&ﬁgﬁta&feﬂgéi‘f!é&%téiﬁﬁﬁiﬂg okly S and trfonseipbibt villlesbakAGAS 25

header flare vent valve bias fromthe Conpénsated syngas header flow, the
syngas headgjxygen to carbi(OFCREdtioSetpdit valugbatid thesybighodentiiing, iddoadjistinglsygen and
syngas header “val ve. '

- 6- carbon Y¥e3Gn e gAsgification plant based on the oxygen and carbon setpoint values,

PCT/ US99/ 20012 The present invention provides a program

st or age 1@evirespectwglpbl e by a machi ne. .

The present invention provides a program storage device readab_le.by a machine,
tangibly embodying a program of instructions executable by the machine _to_perfogn method
steps of determining an oxygen setpoint value in a gasification pl#nt, the gasiﬁcati;)n plant
converting oxﬁgen and hydrocarbon feedstock into syngas composed pnmanly of hydrogen

15 (¥ and carbon monoxide (CO), the method steps comprising: multiplying an oxygen
setpoint value by a carbon flow rate to generate an oxygen setpoint high lumt, ﬁetermiﬁ_ihg an
oxygen demand constrained by a carbon flow rate at a low_seiector from. a syﬁgas 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_.bxj(gen

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 machine,
tangibly embodying a program of instructions executable by the machine to perform method
steps of determining a carbon setpoint value in a gasification plant, the gasification plaat

25  converting oxygen and hydro'éarbon feedstock into syngas composed primarily of hydrogen

(H>) and carbon monoxide (CO), the method steps comprising: determining a carbon setpoint

-7-



tangi bl y enbodyi ng a program of instructions executable by the machine to

per form net hod steps of controlling an oxygen to carbon {OQ C) ratio
in a gasificedggyspsant. the gasification pl ant convert%egmg @
and hydrocarbon feedstock into syngas conposed primarily of %%irﬁ i&en

(H2) and carbon nonoxide (CO, the nethod steps conprising: determning a

syngas demapg, p&?ﬁg a®ieH mm aﬁiggf%gtﬁm ratd/ W?ylﬂ S al Hﬂltiplyin% the

representative o of a gasi etermni'ng oxygen
and carbon s@jsRAifldw M BiES pRAsREmned Fttor to generaumoh@etgairnba%h(xﬂﬁi@ ratio
set poi nt val ue and the syngas demand, and adjusting oxygen an

carbon val vé&erniininge @asirdinedtarbon setpoint veddest alowistlectox ftgmtheoabomsdrpoint
set point values, 10 respectively. " The present invention
provi des a highdinzitrared the zgrbod setpoint lave tintit; and dividingtheicoestrained carbonasetpolritpy a
enbodyi ng a program of instructions executable by the machine to perform
nethod 5 O/C satigsetpointde generateithgcarborsonieh sefpeipvalue. val ue in a
gasification plant, the gasification plant " converting oxygen and
hydr ocar bon feedstock into syngas conposed prinmarily_of hydrogen 15 (H2)
and car bon nonoxTBePresent inYenEORPFIYIdes & RIPEraBLHQrAgedeyice 'ﬁ@ﬂgﬂeph)’ﬁ machine,

SXYOEr e aReR R SAES ol Sl Sl SR
bon fl t t | | ect frc \ d.and t he,

oxygen set PP OHAPLFO AR SXYETR POF JF h - FEAHBp U (CPSUTEALOR PR FOTYPRng, o
det ' ; t ' : ' | Ay & d

et er m ni ngoReeh AR P REtiBks b3aHBaCHHR Sl ShiehL pEbRRY Y niied Bra apy

; ¢ : = . :

L1 om (19 0746 36h8RNtCOR Y kiboa i Lo AN SICIRRRY compengar O340

program st Oﬁ@ﬂeanQﬁ:y &PA6RIARRNE okYzeh tERBEYafife at a flow cothpElghBl: coRARAAY RO 2

program of i1nstrucfrons executable by t ge machi ne to perform nethod

st ep? ~of t dedern 'nsa'ttm oRyged TlbntcSEinbRir Okygeal kv btk RoRASIHveAEE ndiiglyiagithe fndar

asification plan : L -
k oxy@en flow by an oxygen purity value to generate an oxygen flow signal; receiving the '

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

15 PID controller butpu;t‘ signal; velocity limi'ting'ihe PID controller output signai:.a;i; a velocity |
liz'n_itei'; and adjusting an oxygeﬁ valve using fhe veidcity limited PID controllér_Qutput signal.

The présent 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 (Hy) 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; converting the carbon flow rate to a molar
carbon flow rate at a molar converter; 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
-8-



25 converting oxygen and hydrocarbon feedstock into syngas conposed

primarily of hydrogen (H2) and carbon nonoxide (CO, the method

st eps conpri WNO@p/1583 er mi ni ng a carbon set poi nt PCT/US99/20012
-7 - WD 00/ 15737 _

PCT/ US99/ 20012 low limt at a high selector froman oxygen flow

rate -and a %éﬂﬂﬁscoﬂﬂ'mmﬁ@i}alﬁe@ kivd Bdjusthify the speed of%¥:860n Fahﬁ‘p’ byahecdtbo® pump
s -

predeterm ned factor to ‘generate a carbon setpoint. high imt; .
determ ni ng g@egd)ggﬁﬂai ned carbon setpoint value at a | ow selector fromthe

car bon set poi nt high limt and the carbon setpoint low limt; and
di vi di ng t he consThespresemt teveinion provides apragram storage degice reagable by atmarhine, t o
generate the carbon control setpoint val ue. The present

i nventi on prangitlyembadyngraprograny of jostmetiopsexesutablel bty the machine t6 pesform method
tangi bl y enbodyi ng a program of instructions executable hy the nmachine to -~

per f or m fet tstaps of controlﬁnap@dem%m48?&@%@%@1@;24&5@&3&%@% Blapt ¢RRYERINgat i on

lant, th ificati | ant L d -
Feodst ock | QSN ML EeHER Lo BHORIAI S8 CAOSHLANREY o§ HIog: (b3 asn
oxygen 1 owearbon HoRGtl (G HF JEFPE Pt SHEPEARE: SEPEiT LRt LoRyeep lin
fl tor: ti ted ox. fl I
oxygen 1 owsEer Bt nel i it 85 compenssfGHRGE AR kiR b0 Slam 04 ffe B s
b ) H . . . . . .
oty oo e el ARG R Sesil SEEIN M S
and ‘gengpat if\dcgnd Adw cﬁbgeﬁs%rfmdx 8carBidh ikl s raf Ckda bleShukt B e
PID control I'er output signal at a velocity - - :

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

compensated 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 ﬂdw sighal ahd a recycled
black-water flow; c_iividing the total moderator flow by the carbon flow at a ﬁrs_t__divider to
15  determine a moderatqucarbon ratio; determining a r.iesired oxygen line steam fét_e from the
moderator/carbon ratio signal and a moderatofléarboh setpoint value at a ratio controlier;
~ determining an oxygen line steam valve signal from the desired oxygén line steam rate aﬁd
the oxygen line steam flow signal; adjusting an oxygen line steam valve by thé oxygen line
- steam valve signal; determining a carbon line steam valve. signal from the éompensated
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 s§paraﬁon 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 (Hy) and carbon monoxide (CO), the method steps comprising:

-9.-



limter; and adjusting an oxygen valve using the vel.ocity limted PID

controll er output signal. The present invention provides a
progr am st or fgfnefi8¥d;ce readabl e by a nmachi ne, tangi bly geﬁﬂ%“%]@
program of instructions executable by the machine to perform netho

steps of controlling a carbon flowin a gasification plant, the
gasi fication plant convertin 20 - en.and. hydr ocarbon feedstack.into
syngas conpdSRPIHmE r?éyg?%/"ﬂi'g H%'r‘?f&e‘%x %&%&f ga¥|9iers @%mm@wly

char ge. punp 2adues Salbiar afd guERteig £ s el RiaRR £l 0 0PeE A8 hers Pl >
carbon flowggd eatnﬁ'}qs e oué%\%tﬁogﬁf 3h SEleCAT M a&incgﬁg?é ¥ O.fﬁg%* QW&%,lvc(r)hvste .

sel ector; converting e rate to bon
rate at” a nopgl QR \48AYE ihedHYBERVAIVG pBsifioh BPA sdibqu Sistpal from the mol ar
carbon 25 f(?gﬁv rate, t}'a veel oCity 1li mpf.aed slurry concentration and a :

—.

velocityslimted m&ﬁe&&mabn rovides a 'Pﬁi@sm'ﬂ devidy eadnble'BY a IRhihe,
signal at PID controller using tﬁe (:_arbo%Q | ow si gilal and a - "
-8 - tangibly éfibddyinigba’ gt'c’)gram of instructions executable by the machine to perform method
PCT/ US99/ 20012 ‘carbon control setpoint value; and adjusting the

speed of a cseps@f cpntrpiling highepressuboof psyngas header in agasifidatiorgplant, the syngas header
The present invention provides a program storage device readable by a
machi ne, transpemtingisphgas drds d\gasiffen: the gasifigation plantconyerting myms{ hysirecashon
the machine to performmethod . 5 steps _of controlling noderators jn a

gasi fi cat i orfepdstork inta-be gyngas cemppsnd primarily of hydipgen{(§l2) and carbep monaxide {CO),

e i SR RS e SRR o
compensat ed tgé%greagnrla Iazrllg a syngas header pressure signal at a flow compensator, and calculating a
compensated syngas header flow; and calculating a syngas header flare vent valve bias ﬁ'qm
the compensated syngas header flow, the syngas header temperature, and a maximum
allowable flow through a syngas header valve. - o
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.
20 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 leftmostl. digit(s) in the reference number.

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

wherein;
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steamflow signal at a first flow conpensator from an oxygen |ine steam
flowrate, a steam tenperature and a steam pressure; generating a
conpensat ed werbas73?zi ne steam flow signal at 10 a second f|BOI/USS9/20012
conpensator froma carbon line steamflow rate, the steampressure and the
steam tenperature; adding the conpensated oxygen |ine steamflow signal and
the . conpensated carbon Iine steamflow signal at a first adder to
generate a total steamflow signal ; determ.ni ng a total noderator .

[ ow from e CoFRb, EUERRbaSibanbe St ] SOUERRL withonp HbABIRIFie

divider to pxje@e t iffdfilodl Ne a m)derator/carbon ratio; determning a desired
oxygen line*steamrate fromthe noder at or/ carbon ratio signal and a

moder at or / car bon F36t P9 41610k dikgrath ofl aldaiiute® dritd kydksm in accordafi®d Wit oAk N9
an oxygen line steamvalve signal fromthe desired oxygen line steamrate -

and 5 éimbodkm{mbftherlﬁeﬁhemﬁhmw si'gnal’; adj usting an oxygen | ine:

st eam val ve by the oxygen line st eam val ve si gnal ; determ ni ng a
carbon |ine steaﬁﬁalwaahnggda%lfhlmhdmg‘aumfmnmgmttdcﬁﬂtmi systeindfCS) ine st eam
flow signal and a carbon line steam flow setpoint val ue; and adjusting a
carbon i nea@oe@manmeowmbmnwrthtpmemmnm ve signal .

The present invention prow des a program st orage devi ce readabl e by

machi ne, Flaot is 3 flevwisiegramef 2 etbed for controlling an exysen do é@@b@%(@fﬁ)eraﬁy
t he machine to perform, net hod s of controlling an air separation
unit (ASU) h3RCOpiapcs with %ﬁf&&ﬁ’dﬂ%ﬂ&%é‘éﬁp PreseRt mypntana nt | the"

dyngns Thmposed: HGTS Bt o RiiPof i c??ér%rlﬁ?%b"“ o fsshisRne
f gO) . the ngt&oo%esetm%%uﬁgﬁpof td Sx%s:nt invention;
FIG. 6 is a flow diagram of a method for détermining load constraints in accordance
| wiﬁi dne embodiment of the present invention;
o FIG. 7 is a flow dxagram of 2 method for detenmnmg an O/C setpoint value accordmg
15 toone embodlment of the present invention;
FIG. 8 is a flow diagram of a method for canlc':ulat'ingzan oxygen setpoint value;
FIG.9 is a flow diagram of a method for determining a carbon setpoint value;
FIG'. 10isa ﬂow.diagram of a method for an oxygen flow control;
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 eml?odiment of the present invention;
25 FIGS. 15A and 15B illustrate a flow diagram for controlling oxygen header vent

valves;

-11-



WD 00/ 15737 : '

PCT/ US99/ 20012 conpari ng oxygen valve positions of a plurality of
gasi fiers thskoadsss7eper ati ng si mul taneousl y at a high Sﬁbﬁ’ﬁfsﬂmo?ﬁd
outputting a value x calculating F(x) = 0.002x + 0.08, where F(x)

0.99, and x is the output of the high sel ector, and cal cul ating F(y)

0. 002y + 0. 81, WrHGe16maﬂowlaiagmofaﬁnemcwfqmmmu@mwnwmmgﬁ|on
of a selected gasifier. 5 The present invention provides a .
program st othegderevi ce. readabl e by a machi ne, " tangibly enbodying a’
program of jinstructions executable by the machine to perform et hod

steps of control IFIGS. h?-gmérlaasu\amaaomgmmr@amgw%amprpsﬁa:qmuol
pl ant, the s¥ngas header, transporting syngas froma gasifier, the
gaS|f|cat|or9 % i ng oxygen and hydrocarbon feedstock into

10 ¢ KQ? SB od st &'Yémaﬁ%é. i éﬁl@%ﬂgﬁfpr)@ﬁﬁig&ﬁégggw r%wplé@fadw
fS Yggvaiongin?;t or Flg’néﬁ "?ﬁé%{fﬁ@‘ﬁ%?amw%ﬁ%%ﬁgﬁ SiEEdeRie: 1l ow
and cal oul ating ggy gsgrhﬁ@ flerbdh 3 8 o Y e vamancde rand

conpensat ed syngas e syngas a ure,

maxi num ﬁacqﬁﬁn'n
Further featur es and a va%%‘aéévets? 0 Qﬁgﬁéﬁgg@k{]nven Ig%vglgf\u,\%%onglétytoﬁéhe

structure a\rkglcsemmvenmeratlon of the present invention, are described in
detail below wth reference to the" ©-actconpanyi.-ng dravm ngs. - 20
BRI EF DESCRI PTI ON OF THE DRAW NGS

DETAILED DESCRIPTION OF THE PREFERRED ENIBODIMENTS

FIG. 1 illustrates a gasification system 100 in .acc;.ord;née with on.e'einbodin.lent of the
present invention. The gasification system 100 compnses an oxygen unit 104 a feedstock
15 umt 108, a gasifier 112 and a sulfur remover 116 | L
The oxygen umnit 104 can be an air separauon umt (ASU) that recexvés‘ ‘;u .from the
. atmosphere and produces oxygen. ASUs are so_lcli.b'y v_anou;_manufacuuc;s, such as Praxau'
and Air Products. The oxygen unit 104 is typic#lly cohqected to the gésiﬁe; 112 via one or
more oxygen lines 120. B o
20 Alternatively, the gasification system 100 may ﬁave a plurality of gasifiers 112. In
such an arrangement, the plurality of gasiﬁers may be connécted to an..AISU via an oxygen
header (a main line). The oxygen is distributed among the various gasifiers via the oxygen
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

-12-



In the drawi ngs, |ike reference nunbers generally indicate identical,

functionally ; simlar, and/or structurally simlar elenents. The
drawi ngs i nwaowis7an el ement first appears i s indi cat ePERUEIR0012
| eftnost digit(s) in the reference nunber. 25 The present

i nvention will be described with reference to the acconpanyi ng draw ngs,

VV\@eBS} 257 37mclude one or more oxygen valves 124. The oxygen valves 124 are adji:st&&) to control the

PCT/ US99/ 2 . G 1illustrates a gasification systemi‘n
accordance f8ﬁ¥g°§n83%° %@er lght he present invention;

FIG 2is a bl OC?%Q ﬁmﬁéﬂ@utfﬂgi%hb&éfﬁﬁe%ﬁéﬂ& m%&&e&as&%emnﬁ& 128.

with one resent 1 nvention 31is

a hi gh- 'e"ei'h gadtodl ﬁ%ggneafzoaub iR FIRGHa BRTeddlines 198 eme(feé&nesmzs |
accordance wth one enbodi nent of the present invention; o FI G-
4 is a Bl ovedhmateAmonk o nives feed ihjectoevint the ghifier 140 thatyject thefeedstbcning@tHe)
ratio . in accordance with one enbodi nent of the present.invention;
10 gasffiep113. Tle feed lines 120a)sainchidesonewir e feed valyes 132:f gaseanssyngas
demand in accordance wi th one enbodi rent of the present invention;
FIG 6 is debdswckdiangused, the feedmesivasd Xcere ddjnstedincantrol thedlovoofgaseousifeedstock
accor dance

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

controlled by the speed of a variable spé.ed charge pump.

10 The gasification system 100 can be designed to process_solids (for example, coal,
petroleum coke, plastic, rubber), liquids (for exampie, heavy oil, orimulsion, refinery by-
products) or gases (fcr example, natural gas, refinery exhaust gas). Gaseous feed stocks are .
directly fed into the gasifier 112, where they are mxed with the oxygen. Liquid feed stocks
are generally pumped into the gasifier 1 12. |

15 In contrast, solid feedstocks are generélly groun& into fine particles and mixed with
water or waste oil to form slurry prior to being fed into the gési'ﬁel_'"'l 12. The sturry is then
pumped into the gasifier 112 by a shurry 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 tﬁoderators 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. 1, 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 prcésure. The gasifier 112 has no moving parts or any

-13-



with one embodi nent of the present invention; FIG 7 is a
fl ow di agram of a nmethod for determ ning an O’ C set poi nt val ue® accordi ng
15 to one M®DBYUIST®ht of the present invention; pETAGsodhooR2 @
flow di agram of a nethod for cal culating an oxygen setpoint val ue;

FIG 9 is a flow diagramof a nmethod for determ ning a carbon set point

val ue;  atmospheric relgase poings. I the gasifier diZdhefeedstock and tirookygen mintues\og dhe
fl ow control; FI G 11|saflowd|agramof a nethod for a

carbon f| owieegrnixg) are exposed to a temperatirg o mwtsboﬁ%&m&ﬁ angd Bresoe Oy
a feed injector control 13A and 13B illustrate a flow

di agr am f oPEBRPPIXITRY yaqug(?éﬂ' Upgp °T‘H°St“ﬁ%m these extgae F?q ‘\so e

(0 con M i A A o AT fpbeous
I nventi Fahﬁ':‘%o &%o%%sjtﬁeeg’nkﬂeyﬁtgﬁsa&ﬁ s9néak ew di agram for

control | ng .oxygenn}?gg& ? “Vent WO 00/ 15737
PCT/ US99/ 20012 may be g&éa thidghS @n%is‘%ghﬂb&%ﬁc?& ik synﬁwgﬂsédo ThE

normal pressure Comyng?s yngas

and 17B |Ilsy§éd§%gtaﬁlsfﬁ%g¢@rb@rﬂségl@%ﬁgmegngr a high pressure control
of the syngas header 18 i's a flow di agram of a method

for a | ow pressurif g@edshixfire ﬂb@uﬁ:m%nﬁﬂ@dﬁmnes of hydrogen sulfide (H,S),

ammonia, methane, and othef by-pl_'odt_lc;s_of the feed mix. The gaseous mixture is then
10  passed through a sulphur remover 116 wﬁere H,S 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. Altematlvely, the syngas is used to produce.
fertilizers, plastics and other cherrucals | '_

As stated before, the present invention is dlrected 1o an inte_gréted control Sgrstem for ..
15 the gasification plant 100. The integrated con&oi-system controls the _gasiﬁg_r 112 and other .
associated components, such as the ASU, the oxygen t;eéder, t_h; syngas _héader apd the
mé)d;rator. | | .
. 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 distﬁb_uted coﬁtrol 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. Ogerators monitor the operation of the gasifier 112 and other

25 components via the CRT staions 208.

-14-



FIG 19 is a flow diagram of a nethod for gasification pressure control;
FIG 20 is a flow diagram of a nethod for deternining an automatic demand,;
and WOO0ISFG. 21 illustrates a conputer system capablRCTHUSYR00RI ng
out the functionality of the present invention. 10

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS FIG. 1
i|lustrates a gaginfapplitation seayioh@12 i9Connectad tothdmetvork204) Qperatorsigederaiytrunf
t he present invention. The gasification system 100 conprises an -
oxygen uni t supervisary appittations; e.gl,3nonitoring alggis, mogitering pumps. via hecapplicationr
renmover 116. The oxygen unit 104 can be an air separation
unit (ASU) statien2bdeives air fromthe - atnosphere and produces

) SProduct s. - ThaDdpgalkd semiroh st ”?“@E&ié‘fq@nem&suc P{t?;&mr I pps ea”d

112 vi a_§ %H‘f’ m en. | i nes 120 Al t er nati vel -
64%’«95 S GapRises 5‘5?1‘?’9?‘8?" Jndiogp or mpse randor

B o N B SIS

via an _oxyg% ¥ ﬁ §§ é’g%g f

the vari Ousm@ric% ér%&:eiﬂsaofttﬂbeg&i‘ﬁ'&'ﬁﬂn system 100°RERAM stores one or more %Jagafnser

Oxygen | I ne ermnate 1 n°one re oxygen i njectors
112. t
e Oxy gen ARVl el 36058 1ES 226! m&&@ﬁfa%cfdﬁ}&e;s@?e%ﬁt&wpr&?m

stored in the RAMs. One or more mputloutput (VO) cards are connected to the ICS 216. The
10 IO cards provide an interface between the microprqces'sor 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 cmergericy 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
(O/C) ratio control system 304, an ASU control éystem 308, a moderator control system 312,

20  and a syngas header control system 316. Each of these systems is described in detail below.
1 O/C Ratio Control

Briefly stated, optimum hydrocarbori 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

-15-



WD 00/ 15737

PCT/ US99/ 20012 i ncl ude one or nore oxygen val ves 124, "The oxygen
val ves 124 awooosmsted to control the fl ow of oxygen RCI/USS/20012
gasifier 112. The feedstock unit 108 is connected to the
gasifier 112 via one or nore feed |ines 128. The feedstock is

suppl i ed t oort ta6 l@@SIf thes®/C fatio\beaombstobdrigh,| theempefafire Histdef the gasifierckl 21@8ies 5
termnate in one or nore feed injectors in the gasifier 112 that inject-the
f eedst ock i widely, lwhich reducesghsgﬁs'iécf sirefractorielifesnd tiermecouphlifel Ou the otheribansh e
or nore fee&néale&:es 132. |If gg%'tsleoulsi ~ feedstocks are used, t_heﬂ;c eed
val ves 132k tatiochecomes inetlow, hydrecarbegconversiondsops. thesebyt rsdycing the
into the gasifier 112. In_contrast, n solid or liquid feedstqcks are .
o 15 @ ficed
used, t hei refficiepcy of the gasifieg LIA. Arlaw6)/G Fatjq also ingreases the-amonnt of 5 g¢puced m
char ge nmp. 10 ., The gasiflicati system.100 can be desi to .
process pgsJ ol thegasifisy 112, xyhich.c gamﬁet iu%??@’lnr‘g&’ﬁﬁ?k AR DOLIFIROY ?_‘iflgipgﬂb"er ),
| i quids (for exapple, heav il . ' ' - L oduct s)
or gases (for exiﬁﬁ?@?"ﬁé’?{ﬁ”&fm85&%?%@?9’%%&&?&*&%“”@5%‘?81}2&feed
stocks are | e ' ' ;’ng&d&%u Ymg ,133*,&{ dngxed
with the oxgﬂg%@afg%éﬁgggéselg&gpggbgs&%ﬁ%&ge genera?'y pﬁafrr%:)e intog t he
gasifier 11 ifeoF titeOgsifRation SPdr 106 By afitiftifing idnSeMers driations
ground into fer?%ép?rnthocegtshfgn m xed vvi‘t)% ﬁté V\gt er or %aste oil to form

aslurry pri sifi& N9 tom ASUGs iniéyrated ivfithed gakifitatiddgystem! 100, the OO eontrol
punped intonﬁﬁgtggésifier 112 by a slurry purrpgand S f@’ed into the gasifier

112 by tghe &Resh must be couplediab @, Scomphesser contiols inake ASUJo# $teadyaspettion of ke can
al so be controlled by adjusting the speed of the slurry punp. 20

Moder at or s, gasifidr 142 .and tif0? edrpressoycl ed bl ack-water, are added to the feed
st ock and the oxygen prior to gasification. The addition of
noder at or s i ncr eBsiefly statede i¢couding to/the Ppresent 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 present invention. In a
15  step 404 a syngas demand is determined based on load constraints. The syngasgdemand is;tlie
desired output of the gmiﬁer 112. The actual calculation of the syngas_demand is explained in
détail 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 alsd explained in greater
detail in FIG. 6. _
20 In a step 408, an oxygen setpoint value is determined based on an O/C setpoint ya@ue
and the syngas demand. The O/C setpoint value calculation is described 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 oxygeh flow is controlled by adjusting the oxygen valves.

The oxygen valves are adjusted 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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gasifier 112. Steamis typically supplied via steamlines. Black-water is
the water- coll ected fromthe bottomof the gasifier, and j ed
back into tWO04873Fi er as a noderator. Referri'i"fg"ggggﬁﬁwo
FIG 1, 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 ] tand hi gh tenperature and high
pressure. The ge(gffieﬁ'"fﬁq{w"ﬂoc ng parts or, any .

D13 - - W00/ 1577 - | - '
PCT/ US99/ 20012 : JORORED | aﬂﬁﬁ,g}i{ﬂé gﬁ@asag;?gn ififther Gtail. 10
t he feedstock ar%q'ﬁén%s&en mgtg]?lk}?gl,’(@aér t o egg m x" ,-ige 2

exposed t0sépmﬁgfﬁ%%glowmﬁpﬂr&ﬁwf%&bh&ﬁ&add&ﬁfomﬁsignanw&emre of

up to-approx psi "Upon exposure-to these extreme conditions, the
feed mX  conversioR! AftkhafiGaly, with Gn integrared AST] anloxygen Bow rge isgonversd toa -
conponents, Herr] and CO' This gaseous ~ 5" nixture of mainly 'Herr] and
CO i s ksowdedfand kenediliriimiabbya macro triy ogrversion to minimize ASU fluctasiongifas nay
be passed through a syngas scrubber where the syngas is rinsed. The

syngas conidehaadizentrolldraignabis representetl bya guresarbon maseflaw in tons/day. The pure The
gaseous mixture also includes snmall quantities of hydrogen sulfide (H2S),
ammoni a, meattamemassiftbvoistealculatedfrom the follgwing equadiew ni x. The gaseous

m xture is then 10 passed t hrough a sul phur renover 116 where H2S i s

renoved f.romthe gas. : The syngas is transported - fromthe
sul fur renover 1#6=t5) 4(RROLHE2HEH98). 136. The syngas can be burned

as a fuel to generate.power. Alternatively, the syngas is-used to- produce
fertilizers, pl a%v%iel(_:es and ot her chem cal s. '

10 m = pure carbon mass flow in tons/day, and
F = elemental slurry flow in Ib-mol/hour.. -~

Tn one embodiment, the carbon flow rate (the “lemental slurry flow) is measured by a
magneﬁc'méter orbya variable speed charge pump. Tna "st'ep' 508, the dernand controller - -
signal and a demand controller setpoint value are received at a proportional integral derivative

15 (PID) controller. The demand coﬁtroller 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 the difference between a
signal and a setpoint value (or a reference signal), and mﬁltiﬁlies 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 PID 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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As stated before, the present invention is directed to an integrated
control systemfor 15 the gasification plant 100. The integrated control

syst em cont M090sM7gasi fier 112 and ot her associ at ed CUOTASISR002
such as the ASU, the oxygen header, the syngas header and the .
noder at or . I n one enbodi ment, the critical contrgl systemis

B s o o = 5.0l ok oo ol o opore on

di stri but edawomatsdempnd gatns:gkhe; ciEAHoRA4Be ﬂ%"%&ﬂ%ﬂ Vajue i gxplained in-
A e B e e
tZgg gLI’GI’ ht’él érzct%%ﬂ%@e _ Ogﬁ%go ne }f\ofﬁ@ﬁt%%hstawon? gg%hglatst%%ﬂgg “
the operar S0 Syis & Binyal mode, G Siggd 31LHRr IR DD carldbREFoRpS, Do

stations 20 ati . S T, a arne ~-r
WO 00/ 157 37§utomat1c mode, the signal selector selects the automatic demand value. During an o¥érride

PCT/ US99/ 20fhbde, the signal selector selééts @Phigher ofthe tdinpos. 212 i s connectied to

the network 204. Operators generally run - supervisory applications,
e.g., nonitoringhhsteps16/Divw stldcog reeeives the seledtébdempmidivalue; that is, the output of
station 212. An integrated control system (I1CS) 216 is

connect ed t thetsighaheslearok addd syrigas demand override value. The determination of the syngas
10  demand override value is described later. The low selcctdr selects the. l";)wer 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 écéle co;responds between 0 and -
a maximum allowable elemental flow, where an elemental flow refers to flow in moles (1 |
15 mole=6.02x 10% molecules), rather than volumetric flow. R
‘ P_inally,- in a step 524, the oxygen ﬂqv:v raté is biased by the bias sxgnalThe biased

3

oicygqx__l flow rate is the syngas demand signal.
(i) Load Constraints

FIG. 6 is a flow diagram of the method for determining the load constraints or the
20 “syngas demand override value” in ac_:cofda_née with oﬁe c;mbodimént of the present
invention. In a step 604, a high selector selects the highest value.amo.n_g the foilowiﬁg 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 oXygeh COmpressor power
PV/SP; (4) a gasifier oxyge;n va.lv.e position value (this value is used qnly if an integrated

25  ASU is not used); (5) a compressor suction vent valve position value or an oxygen pump

-18-



5 enbodi nent, the ICS 216 conprises a conmputer m croprocessor and one or
nore random access nenories (RAMs). The ICS 216 controls the
operati on oWODB¥ISJaALi fier 112 and ot her critical conporRCE/ESf20012e
gasification system 100. The RAM stores one or nore prograns

specifically developed for the ICS 216. The conputer m croprocessor

(170 car do e alEposipn vaidh AR tale e dahfy o i AU 1 M A 18 an

| nterface DekyRaobdlfiedihbr SEoRVANE PosiidH Vit RS va6E A Ynly ustdl it &5 inddiated ASU

.punp notor spe€ ol lers. e or nore ‘non-critic

control sysisaiedy Ihedigh slsRorautpas techipiest Wiud 83 26ddstraiddd controller sigaal.
non-critical control systens 220 control the non-critical conponents of the
gasi fication In a stepG08(ra tOfstrainedwontrolleratipoint yalue imuRkiplied by 8% ¢z 10:98) a0
the network 204. The gateway 15 224 enabl es the network 204 to _ -
communi cat eawiultiplieri Althpugh, 9.98/isthepreferred factompther fagtars {eeg.y0.95, 0.90) may also be
i nstrunmentation system or an energency shutdown system FI G
3 is a highusesvel bl ock diagramof the I CS 216 in accordance with -one
enbodi ment of the present invention. Broadly, the ICS 216 conprises an_
oxygen to car bonThe constraingdgontrollersetpaint wgluedy thedesived; value amdis entaned by the
system 308, a noderator contr system 312, [éo and a syngas header
contr ol sys?lé‘ﬂ??@l-a“ SO & ;Ds"é’“g?ﬁ'?"erﬁ%ew"ss B Censtrpingd pﬁntgrgleajs;pgbﬂrm_the

g on ver g cc): n R@%@%Fgg% réﬁé theope ff%ff‘ |ﬂb° ﬁngﬁ‘rpé‘glt é%gé{:uft&xg EPMCI?QQXH&%(&%%%n
a0t ot s al T3Sl AP sibukor (bl fonbik s BeCiymlR SRBhe DR REIAIR  Titi o can

becone too high S -15 -
' 2. O/C Setpoint Control

FIG. 7 is a flow diagram of the method for detennining the OIC setpoint vﬁue
according to one embodiment of the present invention. In a step 704, the oxygen flow rate is

divided by the carbon flow rate at a divider to obtain the O/C ratio value.

15 ' However, if solid or gas _féedstocics' are used, ihén tht;._ fdllg\&iﬁg_ $teps must be
performed in addition to the step 704 described above. In a step 708, the measured O/C
setpoint value from the step 704 iS used to infer thé gasifier temperature. In one enibodiment,
a linear interpolation method lis used to infer the gasi_ﬁer texhperature. The inferred .gasiﬁer
temperature is the virtual temperature signal. | |

20 In a step 712, the operator uses the virtual temperature signal to select a viftua.l |
temperature setpoint value. In a step 716, the O/C ratio setpoint is interpolated from the

virtual temperature setpoint value.

3. Oxygen Setpoint Control
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WD 00/ 15737 : .

PCT/ US99/ 20012 or too low. If the OC ratio beconmes too high, the
t enper at ur e WO8/EF3T he gasifier 112 varies wi del y, whPEWUSSU0S
the gasifier's refractory life and thernocouple life. On the other hand,
if the O Cratio becones too |ow, hydrocarbon conversion drops, thereby
reducing the  FIG. 8 ixd flowi disgremotf atmethed faricpleulatingthe axygan sefpointyalue in| so
i ncreases the anmount of solids produced in gasifie

causes a gactdriancesyith enspmbodimeat of she present é‘“’g_B'lim{' E‘?emﬁéﬂ 30 thg &é ’set%mn% "-
por f o mancaalse it Rl yhe gapon RPN gate 8 B5H SR B o5 B ABLe saf or
700 by i niFFSPHEF if 8 FEBPR LA By hAen bisitof by bty Aaboinf gh Sy B £¥8kp
ASU i & i d Wi C o . , .
S yg t larsn nts(?gggtthg Sﬁ#}% geﬁxgﬂgﬁé\ }r‘l]%iza(k)%{]p? s%fﬁ co n%r%o?ﬁs]&fgs&e ASEI(S?'(a)Jr1 &g%"e%rﬁx
operation Q{nggﬂﬁer output is %@?i‘gf:? ﬁf a IobPselétor! The olwedelebtor QA Sxygen demand -

Briefly sta acc e present 1nvention, the" O Cratio’is

det er m ned B¥cirained yﬁglc%ﬁtﬂoqgrawje oxygen and carbon flow signal. FIG 4
is a flow &l agram of” a nethod for -~ controlling the OCratio in

accordance with one enbodi ment of the present invention. In a 15 step 404
a syngas demand m%s@?gmﬂmrgnmmmst maliiplier) hié.| the pkggenTsetpoint/higts linityisn d
Is the . desired output of the gasifier 112. The actual cal culation of
t he syngas reivetchtiasecotid multiplies, where it is furtheranultipliedriyQ fabtor 0198. Thegutput of
constraints are limting factors in the feed mx: that limt the -
per f or i@inc ehosecohd mydtiplier és anl axygemsespoiohlovclimit: Akhoughcthe oxygean sstpoiny lowdimt
expl ained in greater detai|l in FIG 6. ’

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 ldw limit and the oﬁtput of the low selector, that is,
the oxygen demand qénsuéined by the carbon flow rate, #re receiw)_ed ata hxghielector The
15  high selector outputs‘a constrained oxygen setpoint {ralue. Thus, the oxyget{ ﬂc;;;_rate is
cohstrained between 98% anci 160% of the carboﬁ flow rate. In other wdr&s, the carl;on ﬂbw
rate leads the oxygen flow rate but by no more than 2%. It will be apparent to one skilled in _
the art that the oxygen flow rate can be constréined between other pércentage 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 gasiﬁcaﬁon system 100, then the foilowing
additionals steps also need to be performed. In a step 820, the equation F(x) = 0.002x + 0.81
is solved, where F(x) > 1.0 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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20 In a step 408, an oxygen setpoint value is determ ned based on
an O C set'poi nt -val ue and the syngas demand. The O C setpoi nt val ue
cal cul ati onWQ0MEI3% i bed in further detail |ater. | n aPSTAISINIWI2 5
carbon setpoint value is determ ned based on the O C setpoint value and the

syngas demand. In a step 416, the oxygen flow is controlled by adjusting
t he oxygen val veShe oxygenvﬂVmprﬁ{@ﬁﬂmsdﬁ bed later.da mé%#{({cm

oxygen setpoint value, In a step 420, the car bon . 25 flowis aﬂtustug

d .
based on t hultiplisd by sae erspwtiofithe high selector, .., the copigiraingd; axygen setpoirt value, to

PCT/ US99/ 20012, a ngas Demand Cont ol FI G
5 iIIustratMH@eg’El@Sn&BE“?@&M‘M’ﬁﬁég the syngas demand) in further
detail. In a step 504, a carbon flowrate is converted to a demand

controller signal- by a -nacr 1 : conversion.- Alternatively, with an
I ntegrated ASU, &n ox ﬁgf?"f“?%#\?%ﬁgmlrgl converted to a 5 denmand ~

controller signal by a macro unit conversion to mnimze ASU fluctuations.’

The denmand ' IaS4s r; .
5 Aﬁ%%ifng utlr’ gﬁe theguéﬁ%@mtﬂéhﬁamé i cAghlafa from a

flowin tons/day. ‘carbon mass flow'is calcul ated fromthe

fol l'ow ng egiirhiaRd car%og setBoint and the @7C(rtio Setpdine. §1G.)9 %‘H&Qﬁﬁkaam of a method

where, 10 re carbon mass flow in tons/day, an
F = el ement g deletthining the\¥aibdn!cont¥dl detiist. value, In a step 904, thel dxygee flowhartt andthe

the carbon flowrate (the elenmental slurry flow) is neasured by a
syngas demand is received at a high selector. The high selector outputs a carbon set point low
limit in an oxygen bésis. In a step 908, the oxy"gen'ﬂow rate is multiplied by 1.02 at a
10  multiplier. The output of the multiplier is a carbbn_SqtﬁSint_ high limit. It should be understood
that the oxygen flow rate can be multipli'gd bj{'bth__er_ hﬁmbt:_rs, e.g., 1.05, 1.1, to set the carbon

setpoint high limit.

In a step 912, the carbon sétp'oi:nt high limit and the carbon setpoint low limit are
received at a low selector. The low selcc':tor"oﬁtpﬁté. the constrained carbon setpoint. Finally,
15  in astep 916, the constrained carbon setpoint is divided by the O/C ratio setpoint and the

carbon control setpoint value is obtained.

5. 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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magnetic neter or by a variable speed charge punp.-In a step 508, the
demand controller signal and a demand control |l er setpoi'nt val'ue are
recei ved atweoonsperti onal integral derivative 15 (PID) cortcTAB920012The
demand control |l er setpoint value is a desired value and is generally
entered by an operator. The operation of a PID controller is
wel | under st oodirey, TIR' fici Somiserisamt corre¢ts eheraxygemfiow based on pressurerand PED
controller calculates an error si gnal that represents the difference .
bet ween a tempergtunt varniations.s et poi nt val ue (or ‘a reference signal), and
multiplies the error signal by a gain. 20 .The out put of the PID
controller is a value between 0.0 and 1.0 (O%to 1009%) . Parti cul arly,

the PID controller calculates the error signal that represents the

di fference between tmcompensatd@nnygtnﬂowwcddwlmsdmbf@lmwm@QEMd

controller setpoint value, and multiplies the ertor - signal by a -
gain. s -17- :

WO 00/ 15737 . .. - - . y L :
PCT/ US99/ 20012 In a step pz,.Pa sq'gnal sel ect or receives

t he output of -the PID controller andgang- . .?‘f‘?:ﬂ’atl c -demand:val ue. The
determi nation of the automatic denmand val PIRS x'b @i ned in det ai |

| at er:. "Depending on the operating node of -the gasifier 112, the.si.gnal

sel ect or ts either the output of the PID controller or the
automatic mand val ue as the sel ected denmand 5 val wei: -Duri ng a. manual
nmode, the signal selector selects the P ntroller output. During an

aut omdfi ¢ nmode, the i gral g’é’?ﬁl&sﬂﬁd g‘é’ﬁé‘ﬁl@gt he aut omat'i*¢- demand-val ue.
During an override g mmenﬂ% signal sel ect or sel ects the h| gher of

the two inputs. * P = oxygen pressure in psig,
P, = absolute pressure conversion factor, preferably 14 696 p51g, .
" Pg = absolute oxygen deswn pressure in psia, "
15 T = oxygentemperature in °F,
T, = absolute temperature conversion factor, preferably 459 69°F and

absolute oxygen desxgn temperature, m °R

" The flow compensator outputs a _compex_xsgtgd_ 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 followmg equatlon

F = q #(2/379.5)
where,

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

25 F = elemental oxygen flow in lb-mol/hour.
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In a step 516, a | ow sel ector receives the sel ected demand value, that is,
t he out put of ' the signal selector, and a syngas demand overri de

val ue. The dMQMESAHti on of the syngas 10 demand overri de vBECT/ES9%20012
described later. The | ow selector selects the |ower of the selected
demand val ue and the syngas demand overrjde val ue as a | oad constrai ned
demand val ue. | n Inastep 10125 themelapoxygen floyyis rawtipliedbythe oxygen pyriguyalee ata

converted to a bi.as_signal. The bias signal lga!s a val ue between .-2%

and +29% of amplgiplier; The Oxyggagutity Kalue (for examp ¥is epwined Hom FeFYESN RHELY

a maxi mum al | owabl g, el e tal flow where_an elepental flowrefers to flow
in nol es (1 angkyzer. ﬁ'&?@'ﬂg&%?“&“%ﬂ%?ﬁﬁgewgﬁwg; rather than vol unetric

fl ow. FLnad i ' i ased

by the bias si gnalf'.a r'9fé)liﬁggheecfﬁygeéhg‘g3%#¢&o%gfgoﬁd§?%&é§%%§%gderrand
si gnal . : ' i ' P -
flow di a?gr anr1e"'(‘)efl v%dnaé: a&%%obu}pg%@gg?er g‘iglﬁ%!;ﬂ% ﬁ%??togéh %g%%orngoggllsﬁg?&%‘{% lﬁ'20

"syngas deniid va¥dity 1ifitets addncreabedefoRity BRfifer ihd B d8di8ase VEIeEiky Rititer? TThE Bfitput

pr esent invention. In a step 6047 a high selector selects the

hi ghest val \¢f ge"PIIY céritfollepls raii liiflitethbySife of the two vélddityAihikasl depeRuise s He'Yate
value; (2) a feed punp power PV/SP, where PV/ISP is the actual

measur ed powfichange! dfahéButpti) If the baypabdfthe PIB kolitedliep is increashiy ¢y positive rate of
conpressor power PV/ SP; (4) a gasifier oxygen valwve position val ue
(thi s val ue changed atienitliy raté limited by ¢l intredse Wlocity Aiftiter SOm tie otlserdipnd, (iBtheautput
conpressor suction vent valve position value or an oxygen punp

WO 00/ 15937 of the PID controller is decreasing (i.c., negative rate of change), then it is rate limited by the

PCT/ US99/ 20012 .
decrease velocity limiter.

In a step 1024, the output of the two. velocity limiters are received at a signal selector,
and the signal selector selects one of the signais__based on whether the ;a;te pffh_a_nge of the
signal is positive or negative. If the output of the PID controller is inqre_as_i__ng, the signal

15 selector selects the.increase velocity !ir_nitgr._lf the output of the PI_D co?uqucr is ,qccregsing,
the signal selector;;élécts the decrease velocit& 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 di_agram of a method for carbon flow controls. In a step 1104, the
carbon flow rate is determinéd from the charge pump speed. The carbon flow rate is

25  calculated from the following equation:
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recycle valve position value (this value is used only if an integrated ASU
is used); and (6) an oxygen conpressor suction valve position’val ue
(this val ue WQ0MSB7used if an integrated ASU i s used) .PCUEsSIDLOM2

sel ector outputs the highest value as a constrained controller signal.

In a step 608, a constrained controller setpoint value is nmultiplied by 98%
(or 0.98). at Samltiplier. Athough, 0.98 is the preferred factor,

other factors (e.g., 0.95, 0.90) may al so be used.

The constrai ned cpstgofssgr setpoint value is the desired value and is
entered by the operator. In a step 612, a PID controller receives
the constrained controller signal fromthe - “high selector and the

output fromthe nultiplier (98% of the constrai. ned controller setpoint 10
val ue). The out puwhese, the PID controller is the syngas demand overri de

val ue. - : C Setpoint-Control . . - . FLG 7|sa
fl ow di aaram of t%echggﬁBHmP i & ning the O C setpoint value" " ;
according to one enbodi nent: of, t.he present -invention. In a step- 704, the
oxygen flow rate 9§ € "gepuﬂpmfﬁs‘f"the carbon flow rate at a divider to
obtain the O/ C ratl However, if .solid or .gas.

f eedst ocks are udsd® ﬁ%ﬂ“‘f‘ﬂép‘?%‘f‘&ﬁnnﬁﬂ"steps nust be performed in
addition to.the ste gggc In-a step 708, the neasured O C
set poi nt val ue ermQP%%ég #ﬁ%ﬁﬂg usl\é1 infer the gasifier tenper ature.
I n one enbodi nment, a linear inter poI ation-nethod.is used.toinfer

the gasifier terrperature The inferred gasifier tenperature is the

vi rtual 16 enper at 4@ sRipINPR; a s%ﬂal selector received it ﬁfefi@d &drbon FIBG rARRShARY Uses
the virtual tenperature signal to select a virtua
measured carbon flow rate. In one embodiment, the measured carbon flow rate is obtained
from a magnetic flow meter. The sxgnal selector selects one of the signals dependmg on the
| operatmg condition. The signal selector outputs the actual carbon’ ﬂow rate. .
' Ina step 1112 the carbon flow rate is converted to a molar carbon ﬂow rate at a molar

15 ‘converter. For _sohd feedstocks, the carbon ﬂow_ rdte is converted to a molar carbon flowrate . . :

' by t@e following equation:
F=[{(g*8.021)}/{12.011% Q.O] 7—0000056 ﬁ-’@"?” ¥ .le;!u"y)*( -qlxcoke):
20  where,
F = elemental carbon flow in Ib-mol/houir,
q = slurry flow (represents the slurry pump speed),

Xcoke = coke carbon _concentraion, between 85% and 92%, and

25 Xiuurry = slurry coke concentration, between 55% and 65%.
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tenperature setpoint value. In a step 716, the OQC ratio setpoint is

I nterpolated fromthe virtual tenperature setpoint va

3. Oxyg@o 888T33i nt Contr ol %E’:‘i‘msgmoon
-19- WO 00/ 15737 :

PCT/ US99/ 20012 FIG 8 is a flow diagramof a nethod for

cal culating th dTeSd3fICRS aréAthsed, the carbon flowitateds dadvefieditd & mitla carbon
enbodi ment of the pr sent invention. In a step 804, the 'O C set poi nt -

val ue is Hyu tddé by d,etfyué\bﬁ;g(aﬁubmnflow rate at a first nultiplier. The

out put of the first tiplier is a carbon flow rate in an oxygen
basis (or an oxygen setpoint high limt). In a step 5 808, the syngas
demand signal (biased oxygen flow rate fromstep 524 irn FIG. 5) and the

first , muF t=i (gl * 8 *S2J k2.0 )r%eddi ¥&d at a | ow sel ector. The | ow

sel ector outputs an oxygen demand constrai ned by the carbon flow -~
rate. 5 In a step 812, the output of the first multiplier,
i.e., the oxygen setpoint highlimt, is received at a second

mul tiplier, wheWBeRe: is further multiplied by a factor 0.98. The output of
10 the second rruI t Ilfnrﬁ Ls n oxygen setpoint low limt. Al though, the
oxygen set poi nt O FRprponfow in g mns set at 98% of the oxygen setpoint high

limt, it should be understood, that oth factors (e.qg., 95% 90%
my al so be us£'t°g° Pré’ 833‘?3% Bhre “hi gh linmt. o
Sg = specific gravity of carbon, and '

10 X, = carbon content of the liquid.

The molar conversion takes into account the velocity limited carbon content and the
velocity limited slurry concentration. The velocxty hmxted carbon content and the velocity -
limited slurry concentration is explamed below." o o |

15 First, the carbon content is detenmned from the shlpment of the feedstock e.g., coke.
The carbon content is then veloc1ty hmlted or “rate hmted" by a velocxty 11m1ter For
example, if the carbon content of the current shxpment of the feedstock dxffers s1gmficantly,
Ie g. by 20%, from the carbon content of the prevmus sluptnent that was used in the gasxﬁer,
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 timited.

In a step 1116, the molar carbon. flow rate is multiplied by the velocity limited slurry
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 otltput of the secontl

multipiier is & carbon flow signal. In a step 1124, a PID controller receives the carbon flow
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In a step 816, the oxygen setpoint lowlimt and the output of the | ow

sel ector, that is, t he oxygen demand constrai ned by the' carbon fl ow
rate, are reweioomsi3at a high selector. The 15 high sel ect oPCEAISISREDIZ
constrai ned oxygen setpoint value. Thus, the oxygen flowrate is

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

t he carbon fl.ow rate. | ﬁlHﬁ o) avelcly) '

2% 1t wll %@%%ﬁ}%ﬁaﬂ?"& c@rxllé&gfsj 1Ted I'n Jukﬂ?:‘f%t&%t:%}apﬁ'mxgiﬁs engggaﬁe"%ﬁp
flowrate c ied, Rid BRES Feltdied Bni : '
car bon flowagrfatpg?ﬂ?%mé%ﬁﬁ%dm%r S, 't g(ﬁggr oo%l ow ?%&ggﬁﬁ%ﬁ%%&ggﬁp&m P
|l ead the oxygen flow 20 rate by ot her percentage val ues.

| f an ASU is integrat egho¥ff IjedtbreOSysent Cortiolon system 100, then the

foll owi ng additional S steps al so need to be performed. In a step
820, the equation F(x) = 0.002x + 0.81 I's solved, where F(x) > 1.0.
and x represents Abeowdygfore,\tht uxygends supplicd by she ASU tothe ggsjfier. In one '
setpoint nodifier that is used to drive the oxygen valves fully open, that
i.s, out &f oembodiment @F3he preisent invention,\apcxygen kinsis splitiinte twe lingeprien o being fed
-20 - WD 00/ 15737 -

PCT/ US99/ 200in the gasifier 112. The twypaygspylinen and iz garbenling (frm the feedstock yait) merge
described later. In a step 824, F(x). is . multiplied by the o ut of
the high selt®dpon three gonceptic pipasdR adesddnicstoro B CSREHBIPR MPEF& ez‘yaea%ﬁe

obtain the oxygen _control setppini val ue., . A rbon .
Set poi nt  Corif® > ediate pipe surroun: ?ng e center pipe supplies feedstock. ’f"he outer%%peb gurroundmg

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

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 anﬂul:«_;_g oxygen
split value is determined. The ahnular oxygen spli't value isl given .by f‘(x) =1:x, where xis
the b_x_ygen si)iit sefpoim value. The oxygét_l split setpoint value is ﬁp pe'rcentgge‘_(e.g., 30%)
15 of th'e“toltal oxygen that is flowing in the c'en.ter line. If x = 30%, then F(x) = 1—O3= 0.7. . ..
Ina stép 1208, the oxygen split sefpoint value is multipiied by the cdmpenéated
oxygen flow signal at a first m_ukiplier. The fifst fnultiplier outputs the oxygen setpoint value.
In a step 1212, the annular oxygen split signal is multiplied by the compensated o#ygen flow
signal at a second. mﬁltiplier 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 signél and the annular oxygen setpoint is received at a PID
controller. The PID controller 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 outpﬁts a

25  center oxygen valve position. _
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5 According to the present invention, the carbon setpoint val ue
Is calculated froma . constrai ned carbon setpoint and the OCratio
set poi nt. Fiw®o®isrs? a fl ow di agram of a net hod for det @CHYRIHGOAIRe
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 |ow limt in an oxygen basis. I'n a step 908; the
oxygen flowrate is nultiplied by 1.02 at a 10 mul tiplier. The output "of
the multiplier is a carbon set 0| nt high limt. It should be understood
that the oxygen B ow MMedergtorGoBteli ti plied by other numbers, e.g., 1.05,
1.1, to set the carbon setpoint high l.imt. In a step

15 5 £ P R i
ved at

fovf’é’gst by TRk elgre shdl P MR sebfc T SRR %%’ts%%r#ed fo

¥ﬁeugx;gen ﬁ%&&ga? ancltsheg%erdfstroo Ogé%nanga% |ngﬁ{:!ﬁ\e%§gp'tag(yﬁoagl |on I'n the

oxygen i neteegﬁb& ﬂngcmaer {d BEwAter ToRERED frohl WRe BIYSIR Bftﬂeggsmepwmh is 'tﬁeéxa

step 1004 he oxygen .tenperature, the oxyg pressure an

the oxygen &dded tbdhecabsh iseéiﬁbd&dto@tT ically, black-water calécwa/ﬁ&ﬁm@g&rﬁ&ﬁs The
oxygen tenperature is nmeasured from thernocoupl-es in the

oxygen Imepumﬁ&ebwmarm@dmuby:alp&mpeasured by pressure transmtters in
t he oxygen | ines. The oxygen flow rate is neasured by oxygen

flow transm tter Theanfohnt sfxyodenators in the oxygen and carbon is controlled by adjustmg the
e 10  oxygen line steam valve and the carbon line steam valve. If recycled black-water is also used
asa moderator, the amount of black-water is controlled by adjusnng the speed ofa recycled
black-water pump. _ _
FIGS 13A and 13B 111ustrate a ﬂow dxagram for controllmg the moderator in the -
| gasrﬁer 112 Ina step 1304, the oxygen lme steam flow rate, the steam temperature and the
15  steam pressure are received at a first ﬂow compensator The oxygen line steam ﬂow rate is
measured bya ﬂow meter in the steam line. The steamn temperature is measured by one or,
more thermocouples 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:

[P+P T,
IR Ter,
25 where,
g = compensated steam flow,
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WO 00/ 15737 :
PCT/ US99/ 20012 lines. The flow conpensator corrects the

oxygen fl| owwmae®ts7®n pressure and t enper at ur e vaPCIMISINS0012
il'he ]corrpens%ed oxygen flow is calculated by the follow ng equation: 5

err ere, 10 _ = conpensat ed oxygen fl ow,

g = oxygen flow, q = steamflow, = oxygen pressure in psig,
Plerr] = absolute ;?resgursée%m?g?ﬂ’np%‘&ctor preferably 14. 696 pSI g,- .
PR = absolute oxygfa d&si ?9?"5@!95‘ » ugually 14.696 psig, =
oxygen tenperature i Pr[ em ] soutesteamdesrgnpressuremps@a,_ absol ute terrperature
convers§on factor, prefexabltyard tegnpdtarerin °F, and TR =

absol ut e oxygen desi dp t enpstsaluty @mperanjre icohversion, usually 459.69°F, aide f | ow
conpensat or out puts ap.CoBDesRafufiisténty Aedigh tedperdtitredin®REp 1008, the

conpensat ed oxygen flow is converted to a nolar oxygen flow 20 -
The oxygen flow is converted to a nolar oxygen flow by the fol | ow ng
equat i on: F=aq *(2/379.5) . where,

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 compensator outputs a
compensated carbon line steam ﬂow signal. Ina step 1312, the compensated oxygen line
steam flow signal and the compensated carbon line steam flow sxgnal are added at a first
adder and a total steam flow signal is generated In a step 1316, the total steamn flow is added
to the recycled black-water flow rate and the total moderator flow rate is determmed Tnc one
15 embodrment, the black-water flow rate is measured by a magnetrc meter in the carbon line.
In a step 1320, the total moderator flow rate is divided by the carbon flow rate ata
first divider, and a moderatorlcarbon ratio is generated. Ina step 1324 the moderatorlcarbon
rano the carbon flow rate and a moderator/carbon rat.to setpoint value is recerved at a ﬁrst
ratio controller The ratio controller outputs a desired oxygen line steam rate by companng
20  the moderator/carbon ratio signal and the moderator/carbon ratio setpomt value. A ratio
controller typically follows a desired ratio by varying one componentl 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 reEeive's.;a
25  ratio x/y. The ratio controller will vary y while x remains fixed until x/y = .666. Alternatively,
the ratio controller can vary x while y remains fixed.
In a step 1328, the desired o:tygen 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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g = volunetric oxygen flow in standard cubuc feet/hour (scsh), and 25

F = el enent al 0X¥7qen flow in | b-nol/hour.

-22 . WO 00/15737\\0 00/ 15737 PCT/US99/20012
PCT/ US99/ 20012 In a step 1012, the nolar oxygen flowis

mul tiplied by the oxygen purity value at a mul tiplier. The oxygen
purity val UEh¢ fiest PER @optreller ©G8futs the okygeniamt steammvalve signal) dnat jswused to adjust the
anal yzer. The mul'tiplier outputs an oxygen flow signal. “In a

step 1016, oxyeenlipgsteafr valvesi gnal and an oxygen control setpoint value is

5 received at a PID controller. In a step 1020, the Q;;Eut' of the PID
controller is rebeastep 1836, the compensated sprhon lipe sieam dlowssignah andia Farhon line steam

velocity ligiter and a decrease vel ogj limter out put ' of the
PI D control H]%‘F’ spipopt e ‘Tef’?h"fiﬁf Ww@ﬁf conteoller, Jhe &E‘S GP‘E‘fFH‘LéF ARtpatsa carbon ﬂn_e
of t.he .out f the output of the

Lo oy e BB bl 100 1 (1
the output 10 Tob SERASBHPEHBATINE L Hinhdel S rebfticd Vack e B30 ppe
o SNane) Lot i b 0 ey conolrSEFATRSR e bt
[Imters arQuidhthlieieh de SBIest heURAAR! In a step 134820 MDA RBHer BLATELT

sel ects one E‘ﬁé Sl gha ed on whet her t rate of change o
the recycled black-water flow rate and the black-water controller setpoint value, i.e., the

10 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 Contg_o}s whgre,a_.n ASU i_s integrated
with the gasification system 100. The oxygen discharge from the ASU is controlled by .
15  adjusting an oxygen compressor inlet valve.

" FIGS. 14A and 14B illustrate a flow diagram 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 simultanequsly 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 x is the output of the high selector. F(x) is an oétygen 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 of 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 position 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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signal is positive or negative. If the output of the PID controller is

I ncreasing, the signal 15 sel ector selects the increase velocity -
limter. |If wbaoesmsput of the PID controller is decreasing, PCT/US9920012
signal selector selects the decrease velocity limter. The output of the
signal selector is used to adjust the oxygen valve position.

6. Carbon Flo tr [ NG & he esent .

i nvention, the cg/? %%Pflﬁi% tP%?%mla.l o SRS ‘SSA@?? ihg# ﬂ%fé&?dtsbyﬁﬁs atachﬁﬂdregﬂ'%ed.
by the carb

~controlled

set ggp nazo,%Ebngpgpam@ bivederi and\iRet srftilar outputs fosth Yitder ?ﬂ@ﬁ% RROIdRH AP

cont rol
speed.
control

S.

R Ry SRpinCY B loaliuhle by L epticd o BHER BB A. b, T

11 is a flow diagram of a nethod Tor carbon flow

| 8 fidstidasr. Inlséep 1424, the output of thefirét addériiinaltiplied| 8 £mithstidr by Ffx)

the charge punp speed. The carbon flowrate is. 25 calculated fromthe .
fol | ow rfy eobrairediin step 1408. The multiplier outputs a discharge controller sétpoint value. The - - 23

WD 00/ 15737 '

PCT/ US99/ ZOCiSQharge controller setpoint value repg¢sents| fb@ ¢¢8{1bn¢q t))téi 6xygén setpoint value, that

wher e,

10

15

20

5

=charge pu flowin m
is, the dischargqe of the AgU. punp P

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 PID controiler receives the discharge
controller setpoint and the iqtal oxygen value setpoint. The PID controller outputs a discharge
controller output signal. In a step 1436, the output of the PID controller is velocity limited at a
velocity limiter. In a step 1440, the velocity hmxted discharge controller output signal is
received at a low selector along with outputs from other ASU controllers (é.g., compressor
suction flow controller, ASU suction vent conh'oller) and compressor proiéi:tion controliefs.

The output of the low selector is the oxygen compressor inlet valve signal. ****%
10.  Oxygen Header Vent Valve Controls

In the gasification system 100, a commion line, known as the “oxygen header”, is used
to distribitte oxygen among various gasifiers. During an emergency condition, the 6xygen in
the header is vented through header valves. The amount of oxygen vented through the header
vent valves is controlled by adjusting the header vent valves.

FIGS. 15A 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 of the multiplier is velocity limited at a velocity limiter. The output

of the velocity limiter is the oxygen header control setpoint value.
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glerr]= charge punp design flow, s= charge punp speed in

rpm and S[err] = charge punp design speed in rpm Q
In a step 1YBL$73 gnal sel ector receives the inferred car borroqu/W'rziqlé
and the measured carbon flow rate. In one enbodi nent, the measured
carbon flow rate is obtained froma magnetlc flow meter. The 5|&nal

e o ey (oo D
e e e e
LS:CFF\(/Z’[ 'éég‘;ﬁlaﬁ sgruggfragreggfeogﬁeﬂxgg;qﬁtpg sute is %&ﬁe"#gﬁno%% g%?equat i on:
20 g%%‘egsli% tgéaxyée%lﬂlje fnd EQQ&%%@%&%}Q ?Cs]anrx%égﬁﬁh)ﬂﬁt{e]& mor® 1l err]

1b- mol / §OUkpermacouples in t&f ox ébn‘lufé The ¥x{een\tide sRRAREAGR rdte cHRuftibA Was BH%bed"

speed), = coke cafrbon concentr.al on, between 85% and

ggg;g and  Zarlier. The synga&gcﬁiuﬂer presbuté iy/meadefed By eSS trmsmxhatmyngﬁ% and

scrubber.
The predicted oxygen flow can be calculated by treating the gasifier oxygen valvé 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
steam 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 oxygeﬁ ;élve opens and
15 closes, the value of its restriction changes. Multiple iterative equations must be used to
determine the impact of the oxjgcn valves wﬁen 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 the art can easily substitute

alternative equations to compute the predicted oxygen flow.
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WO 00/ 15737 : . ]
PCT/ US99/ 20012 When |iquid feedstocks are used, the carbon

flowrate i woemsested to a nolar carbon flow rate by RORUSVIZIYE ng
equati on: ' F= (g *S[err]*8.021/12.011) *.01 [err]

Wher e, Q = carbon flow in gal/mn, F=

el emental -carbon flow in | b-nol/hr, P=Pgw, Slerr] = specifiga)
gravity of carbon, and 10 X[err] = carbon content of the liquid.
The nol ar conversion tages into account the velocity '|linmted carbon content
and t he whend £ y=,jandbyd sl urry concentration. The velocity linmted
carbon content-and the | ocity ' limted slurry concentration is

expl ai ned bel ow. 15 First, fthe zhnbon forg¥nt Yis determ ned from
the shipment of the.feedstock, B=gmw" dk%iﬁ’j"‘”ﬁ:{ - z?EAELbOn cont ent

then velocity limted or "rate |limtedV byz.=a vel okity limter.. For -

exanple, i'f the carbon content of the current shipnent of the feedstock
differs significanthky, VA ., by 20% fromthe carbon content of the
previ ous Shi'pnél‘ﬂ%‘P:za?%?' gbgn the gasifier, . then the velocity
limter limts the rate of "thange to, for exanple, .05% per mnute. In

ot her 20 words, the velocity limter i}gf_olgms the carbon flow contr 55
that tRe car bon content is 47 Ligh» o ¢

g -whenZZiwhere:-
2

= e R (V)
* | 03407 Frnspe +Fo

scrubber

5."U

!

o

8

:
-+

5

NJN

-a“n'd: |
’ ' . :anygen-P:aubbe; r

y ——— P _P’ lgr " TG '.'f.'.
Pyigh = Poyygen —APpy - =S o ©

10 and:

P = the predicted feed injector inlet pressure, in psig,
P, = the low oxygen flow controller output predicted feed injector
inlet pressure, in psig, . _
Z = the oxygen flow controller output, in %,
7 = the oxygen flow controller NOC output, in %

P, = the high oxygen flow controller output predicted feed injector
inlet pressure, in psig,

P_..,. = the syngas scrubber pressure, in psig,

AP, = the feed injector NOC differential pressure, in psi,

P = the oxygen pressure, in psig,
Prgen = the absolute oxygen NOC pressure, in psia,
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changing only at a rate of, for exanple, .05% per mnute rather than a
drastic sudden change of 20% The slurry concentration is determ ned
by lab anal Y¥QOU/K¥ is |ikewise rate |inited. . RETUSP2A012 1
16, the nolar carbon flowrate is nultiplied by the velocity linmted slurry
concentration at a fipgsi naithe ghisplute syngasscrabher NOG pressuse.fin psi. nul ti pl i er

output is again nulti 5 SR VRN B n content at
a second nuitiplier. ™vdu ugwg?ﬂyﬂ&%%@%@?&@%ﬁﬂpﬁ%@?% is a cafbon

flow signal: In a step 1124, a PID controller receives the carbon flow

-25 - _ WD 00/ 15737 \ L o

PCT/ US99/ 20012 signal and the carbon control ‘setpoint value and
out puts the carbon punp speed. The output - . -of the PID controller is
general |y rat e Thenpredidtedoxggencpressiteyisiconsttaimt lyo pr ot ect the car bon punp.

7. " Feed I njector Oxygen Control ' As*noted before, the -

oxygen is supplied by the ASU to-the gasifier. In-one . 5 = enbodi nent of

t he present invention, an oxygen |ine is_}sﬁ%Liildﬁmm | 4p@s prior t

being fed - "~ into the gasifier 112. ThE two oXyge’ﬁ""f'l'nes and a carbon
line (fromthe feedstock unit) nerge - to formthree concentric pipes
in a feed inj ecVRAr® The center pipe supplies .oxygen. The _

i nternedi ate pipe surrounding the center pjpe, supplies feedstock. The outer
pi pe surrounding P, oha7e the@%YERR BICABW SR P88 Uppl i es oxygen.. The oxygen

is controlled by two val F@-the“pr@&@ieﬁ%ed%j&t&’iﬂﬁ?ﬁem%bﬁg,aétﬂd prior to
the split, that is, up-stire : LeRLarO %) .val ve Tocated
in the concentric secerd, %ga%?%&g%%ilgt r_zear_r’])mgﬁg’t-her_épi pe.

The predicted oxygen flow is calculated by: .- . . .. N

RS gt g
_ .q={l.f'i—7)‘9nr '_'“%—Tfﬂn-_ ®
10 ' whenZ<_zandby: |
| =4, | ()
-v_vhenZ?.there: _ _ o
S gz P -p T P__4pl T
@ =p T, D
A AP, T+7, P“”m :
and:
— [P Py, P¥BH T _ .379.5..’1;,,,,,.@_1_ o
15 qn—qnv AP, P T+T, ™ 1801 T 32 @
and:
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“FIG 12 is flow diagramfor feed injector controls. In a step 1204, an
annul ar oxygen split value is determ ned. The annul ar oxygen ‘split
val ue is gi wipoos7d( x) = 1-Xx, where X is t he oxygen spkctrusedprmnnt
val ue. The oxygen split setpoint value is the percentage (e.g., 30% 15
- of the total oxygen that is flowng in the center line. If x= 30% then

F(x),=1- 0.3 =0.7, 4 = the predicted bXygenflomg id 8618, the oxygen split
setpoint value is nulti plzgdmbysxy meﬁﬁﬁl&dutput, oxygen fl ow signal
at a first multiplier fhl I L& ﬁ/ gen set poi nt

val ue. Inastep;f ih%%%é& r PlltpE s multiplied

by the conpensated oxygés ¥l '@WP“’ OH&Sﬁa’PY ﬂ°a"'5’eé‘6hd nul t| plier and an

annul ar oxygen set poi nt q\/i;lmepﬁedmfd&ﬂdnjeétarGxﬁéﬂﬂoﬁﬁkﬁscfhzo t he oxygen .

annular oxygen 1 Rowr<tf Riritiad SXARH Sk RNOCHIR, e T Sy by

transmitters in the oxp en—Iﬂhaexygeln pressuey) in psig, 1220 t he annul ar oxygen

fl ow signal and the annu X ceived at a PRLD
control Ig'er. The PID cont rﬁrl'g ¥%§E%F§D§W3§ﬁﬂﬁwiépmﬁtmg3b€@ﬂ on. In
a step 1224, the oxygmrpsfg, ow si gnal and the oxygen setpoint value is

received at a PID cont@Termbbﬂygeewaw&Noemﬁémnﬂ%gweown val ve
osi tion.
\B\o 00/ 15737 T = the absolute oxygen NOC temperature, in °R,

PCT/ US99/ 20012 T = the oxygen temphdmra,tmf’F Controls As

stated before, in a gasifj cathe @bsohite tstfiperatifdieintésion, asfxﬁu;ad&&@ the
oxygen and the

Preen = the absolute oxygen N oC pressure, in psia,

P, = the absolute pressure conversion, usnally 14.69psi,
q—ﬂ = the feed injector NOC flow, in scfh,
P, ... = the syngas scrubber pressure, at least 0.3- P, in psig,
Ap = the feed injector NOC differential pressure, in psi,

P = the absolute predlcted feed injector inlet NOC pressure, in~

psia, -
m= the compensated steam mass ﬂow in &, and

T = the absolute steam NOC temperature, in °R.

Steam

In a step 1516, the predicted oxygen flow is added to predicted oxygen flows from
other gasifier trains at an adder. In a step 1520, the total predicted oiygen flow is subtracted
from the design dxjrgen header flow value end 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 designed to carry. In a step 1524, an oxygen neader vent
valve bias value is calculated from the predicted oxygen header vent flow and an oxyéen
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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f eedst ocks before they are fed into the gasifier 112. In the present
i nvention, steamis added to 5 t he oxygen and the feedstock.

ptional Iy, MRYASRS bl ack-water may be added to the f e PEEAUSRIR0012
Bl ack-water is the water collected fromthe bottomof the gasifier which is
t hen added to the carbon as a noderator. Typically, black-water

col l ected from tine sgpsii2Bea PIR controller rq,mtvpedxelmy@rﬂreademd&oh&e(pmﬂtyvahlqmndp
The anount of noderators in the oxygen and carbon is controlled by

adj usting thecoxygen headey gressure signak mmoutp@ts@ambmd oxygen beader
valve. |If recycled black-water is al a nopderator, the

anount of BeRfcvalvg.signal; Einally, in emdﬁi taammq ofghe ﬁ@ SoRteolien s baaspééyéheed
bl ack-wat er f

oo Ko o Priehd teader vals bigs alys,and Rbiased oy B, BeAenyenk YAVE ignd) it pRigingdoghe
br esurt apeyeiainagent Pive Refy 1 s baRNSS BEBEN Vel of B gieen thaa siiﬁqm -

flowrate is nmeasured by a flow nmeter in the steamline. The steam

temperature is rpasurgt by gohferPres. ConlFpf € thernocouples in the steam
line. The steam pressdre 1S rreasured”f)y cne or nore pressure

transmtters in the steamli ne. The fl ow conpensat or out puts

an oxygen |ine s{sagated borare e Whgidi8irahspored BofsRE gslsxﬁ&%y orle®r midie sﬁ{g%@
pressure and the steamtenperafure. The ‘conpensated steam fl ow signal

[C2|r ?iﬂ at:edggar(ri;gﬁn giae?gidallg}[/ﬂgg %p??g:svbnt&m a norh® pessure ¢ontrol B‘lhpcﬁﬁt also called the
- 27 - 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 method for detennining the normal pressure control of
the syngas 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,
wtrich intakes the syngas and burns the syngas ro éenerate powe"r' The boiler syngas setpoint
value represents the amount of syngas the boxler should consume. '

The present invention provides for the control of high pressure in the syngas header.
FIGS. 17A and 17B illustrate a flow diagram for a high pressure control of the syngas header.

20 In astep 1704, the syngas header flow rate, the syngas header temperamre and the syngas
header pressure signal are reeeived at a flow compensator. The ﬂow cornpensater calculates a
compensated syngas header flow. In a step 1708, a syngas header flare vent valve bias is
calculated from the compensated syngas header ﬂow, the syngas header temperature and the

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

25  bias is calculated from the following equation:
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WD 00/ 15737

PCT/ US99/ 20012 _ ' q = steamfl ow,

P = steawqeoassame in psig,. Plerr] =pcaiuseinoe
pressure conversion, usually 14.696 psig, Plerr] =
absol ute steam design pressure in psia, 5 T =

steant enperatureinferr]F, To = absolute tenperature
conversion, usually 459.69[err]F, and TR = absolute
steam design tenperature, in [err]R " . In a step 1308, the
carbon line steamflow rate, the steam pressure and the steam 10
tenmperature are received at second fl cpnpehﬁat T+J§nd t-he flow
conpensator outputs a conpens qp Gﬁ'ﬁrl gyhlf|0m15lgna| In
a step 1312, the conpensated oxygen:|ine*# S eaﬁ1f|om13|gnal and t he
conpensated carban line steamflow signal are added at a first ~  adder
and a total steamflow signal is generated. In a step 1316, the total steam
flow is added to the recycled bl ack-water flow rate and the total

noder afor flow where, is deternmined. In one 15 enbodi nent, the bl ack-water
flowrate is neasured by a nmagnetic nmeter in the carbon Iine. _
In a step 1320, the total noderator flowrate is divided by the carbon flow

rate at a . first divider, and a noderator/carbon ratio is generat ed.
In a step 1324, the nodaza: dighavbnide clean syngastpressure icentcaileb ontpiut biasriat e and
a noderator/carbon ratio setgqint value is received at a-first ., ratio

by conparing 20 i ﬁe"ﬁ%%'% %E‘fﬁ‘ﬁsﬁ?“d“éﬁé. T e, | e Steam rate

moder at or/ carbon ratio <& PdINE control ler typically
follows a desired ratio quy-vamlnydm mgpcdmnpwsm.rnapsra, whi l.e. t he

ot her conponent of the rﬁlwlémﬂgﬁsﬁtekﬁﬂe,llﬁbkxh the desired ratio i's

achi eved. The following p _ Absolute pressure cotiversion, usually 14.696psi,

T = Clean syngas temperature, in °F, i
T, = Absolute temperature conversxon, usually 459 69°F and

T = Absolute clean syngas de51gn tempetature in °R _

s PR o a Mt ErT '_.._..,...,...__,__,_.
PR A B iy SR

_ In a step 1712 the syngas header ﬂare vent valve blas and a combustxon turbme tnp .

signal i is received at a bias ramp. In a step 1716, the output of the bxas ramp is added to other .

10  combustion turbine trip signals from other turbmes atan adder. ln a step 1724, the syngas _
- header pressure setpoint is multiplied by 1.02 at a multipller The outpu.t‘.of the multiplier is
| the hlgh pressure setpoint. In a step 1720, the syngas header pressure sxgnal and the high

pressure setpoint are received at a PID controller. The PID controller outputs wher the syngas

header pressure increases by more than 2% of the high pressure setpomt. Ina step 1728, the
15  output of the PID controller is biased by the output of the adder and the syngas head:er flare

vent valve position is obtained. |

~ 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-



exanple illustrates the operation of a ratio controller.
Suppose a ‘desired ratio is 2/3 or .666. Now consider that a ratio

control ler WR/IA37a 25 ratio x/y. The ratio controller wiHGT/US2P40012
while x remains fixed until x/y = .666. Alternatively, the ratio

o o e e g e Sl e B T S SRl 5 1em. 1908 o sy ey BeEfurd 28
| . L .
steam 11 oap@piy multipred by DRI et B a by BreShufiedpdi 1o SferAE ! 1

?\Zlgr f I de iév?r prrees%ﬂn\vﬁgqagg';( i%s/e% %f %%%f'ﬁm@%g@héﬁ@r pressure setpoint. '
PCT/ US99/ 20012 1n g step 181508 P ahurdlldr rEQUHdstht Synglshddbsprésiareiptaband thedow

st eam val ve sign I's used to . adjust the ~oxygen line steam

val vess  pressure setpoint anii Bufbuld @urbiald lbWweyagEpeasat sifnslalibostep 1816, sheam
flow signdl and a carbon |ine steam flow setpoint are received at a

second Pl RnbRRéd RIw §ngad presstrdsignaltis bidsed by tiepautput af therbiEsrainpne obtain thedowam
val ve signal that is used to adjust the carbon |ine steam val ves.

I n a step syagdd, présure signdlon flow rate is divided by the recycled bl ack-water
flowrate at a second divider. In a step 1344, a second ratio '
control | er gendFi@. 49 isa fibwaliagramaf acoethod [fora gasification pressurs eantsph|Ina stpom
the output of the divider. In a step 1348, a third PID controller receiyes
thle rec_ycl1904b¢] pasifierdtip sighhlandrarampsiart sigaabis seqeived eba bigy ramp (The SasiBep Bitt
value, i.e., the 10 out put of the_second.ratjo controller. The third PID
cont r 80| esignal isiaredused axhes there iy 2838 1figr sbutdown. The pamp start sigpalds g AARStM ¢ | s

dt trol_th rec ' - er. L
use 0 e The b igrged O atels lrecilgcnlaft a?l;v?l?llge\ﬂ\s,aehetauﬁ%ﬁgasiﬁersyngas

value. The bias ramp generates a bias s

inventory into the syngas header.
In a step 1908, the high pressuré setpoint value is ihuifiplicd by 0.98aia multiplier. In
a step 1916, the output of the multiplier is biased by the outpt of the bias ramp, i.c., the bias
15  signal, and the normal pressure setpoint value is obtained. In a step 1912, afirst 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 syngas letdown valve
20  controller signal. The automatic demand value noted earlier is derived from the carbon pump
speed and the low syngas 'pressure sighal. | -
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 PID controller
‘25  receives the predicted train &ifferential 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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9. ASU Oxygen Control s The present invention provides an

ASU Oxygen Controls where an ASU i s integrated with the gasification
system 100. warpoaxygen di scharge fromthe ASU is control |l ed bycrhiseszo012
adj usting an oxygen conpressor inlet valve. FI GS. 14A and

14B illustrate a flow diagramfor the ASU Oxygen Controls in

accordance with one enbodi nent of the present -invention. In step 1404, the
oxygen val e@nverted to afjas valum Inpng ﬁ@bg@mm&éhe quiput f the AR sontgellsr fis eonyertedito
may be operati ng si nmul t aneou npared at a high select or I'n

a step 140 Valje ?‘E‘I%vx}%g‘de‘al?;@ Bﬁt°P¥°§fé1 %épwraxnzasmue@mmbme

wh F t

R vnen sal g palne ané‘t%embs fig deignd 15 genral %Fgffﬁoeﬁx e Digs galve i ';{“H&’r]a&éu
1 1 1

ey oS hey et CUREH GEARS 44 Ghor o e Rlaflab ol 0 11, P,

step 1442, the foll ovm ng equation is solved: F(y) 0. 002y + 0. 81, ‘Wwher e
F(y) > 1.0, and y .is the oxygen val ve positlon of the gasifier 112.

F(y) is an -oxygeypp, set unt eract the oxygen
set poi nt nodi fi eIrB F( x‘)%g?hteéggg% gﬂcsg'ﬁ“ Cdﬁﬁge’tﬁﬁﬂ

- 29 - In one YAR@indent 3 the present invention, the ICS 216 is implemented by
PCT/ US99/ 20012 - ln"a step 1416, the actual "oxygen Set poi nt

val ue is dicotfaerRystérh\ch %ﬂﬂe of chinyiredut tHé functionality cfChe KIS 2PE)RSdTibed BBV E)!
val ue is cal culated by the operator and entered into the system. In. a
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 communication
bus 2108. Various software embodiments are described in terms of this exemplary computer
system. After reading this description, it will become apparent to aj:erson skilled in the = .
relevant art how to implement the invention using other computer systems and/o'r_corhpﬁter

architectures.

The computer system 2100 also includes‘a main memory 2112, preferably a random -

access memory (RAM), and can also include -a secondary memory 2116. The:secondary - :

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 2 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 computer
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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step 1420, the output of the divider and other simiar outputs from other
gasifiers aM® WIS at a first adder. In a step 1424, PGa/GRIPBOA120f
the first adder is nultiplied at a multiplier by F(x) 5 obtained in step
3_4-08-h ThesieH 44 tﬂiaT fdundUih [vides gamihl deoviceshea reamivablel memorytghip (such as ao. EFROM,

I scharge controller setpoint value represents the conbi t Qt.al 0X

set poi nt ardAREM)iapdassociated socket, ?‘H’em&F W@@°ﬁ°@m§ﬁq§g and uFilt""fg"é/sgﬂh8| n
a step 1428, .t e | dnQVidi £ 46 bE "BRsfered %8S | 12 134SRF fHed
adder andwﬁ‘:h arh%“gé%g?%e Jggygenrtflbgvslpdrngte |d.s caligu Z?@g%t‘?ﬁgiqg?ep 1432, a
PI D cont rymmiter sy6@mvVZE00 he di scharge 10 controller setpoint and the total
oxygen val ue setpoint. The PID.controller outputs a discha

r.ge

contr&l | er out Bhe cemputer system 2109 £an plsgsinclude %ﬂnﬁﬂi‘mﬁn‘l‘ﬁégm?:%wm%'
is velocity limted a _ i abd Tah & S XY

vel oci ty 9t :“a‘d?‘?pi%%%"c%lﬁtﬁr%‘? ‘gg sgﬁgdput' s‘?gdr?g &f g,e bt rec?gl ve él%e a
| ow sel ecdphpitbryistem 2100 termdl devices. Exaniies 6pthe icofrintumcations interface 2100
conpr essor suction flow controller, ASU suction vent contyroller) and
conpr ess oganfinciude himodeny anebvorkristerfacs (suclyae an Ethsrmet sard)A-commuaicaions,port s

th I ' l,. . g Q... ..xvae
kb:dg?(yg/?ﬁn?&%ffzglégéﬂ‘* &r@tetc\f aécyfgavasrle and dataltﬁmﬁﬁge% yia tPF 83?,1 \ ﬁ“%??ﬁ% it 1%%‘6?13 a
conmyp | i Hye LA Forknl §F s;@fﬁl@?ﬂdﬁﬁ@@inbe électtbitel electromagﬁétid,jb tical o sther

oxygen anbng various gasifiers. During an emergency condition, the oxygen
in sipiieds bapable of teingrateived by thegonimunications interface 2136 JFe signals 2444 gen
he
e

Meader epoviscommcaicns iAot s Hnod 45 FmbbL B4 Sy b
di agram far GoR1APLL Eﬂxﬁer]ﬁxg%&ﬁéh \li’s‘iﬁé'ﬁfire‘b?'&ble ﬁbeé ogﬁ@.J. ‘ég‘ﬁxon finé HédRular
. na y 1.02 at a

1504, -an ygen header pressure sig I's multiplie
mul ti pl i ephone link, an RIF linksdndotheér @8mmunicatiohpchannélst he nul tiplier is velocity

l[imted at a velocity limter. The oqut put of the vel ty limt [
t he ob5ygen heade this ent; etpf)dpxms \‘,‘gcnggt_ner program medium” gmi) Q‘Jco%putlei'n useaf)leI S

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 2100.
Computer programs (also called computer control logic) are stored in the main

20 mexhory 2112 and/or the secondary memory 2116. Computer programs can also be received
via the communications interface 2136. Such cdmputer programs, when executed, enable the
computei 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 perform the functions of the invention as described herein.
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PCT/ US99/ 20012 In a step 1512, a predicted oxygen flowis
cal cul at ed fwomossm370xygen pressure, the oxygen tenper #ayes9rbe12
oxygen val ve position, the oxygen line steamflow rate and the

syngas scrubber pressure. The oxygen pressure is neasured by one or nore

pressure Inranotheir t anebadiment, [the dRyantion|danche immplemented rprimaniyr int bardwiage
db : 5 t h in the. 1 l...ne.  Th
e 5t eamPiHge o pERtRGle: hsdorath oo St g upblichiidg Fppcib? Sirpgpied AHEGH

scrubber prASICY)e Infpléahticit oP¥uch @ hafdwire stafeaiiadiind & ad tb Berforad @R functions
scrubber. The predicted oxy&gﬁ] fl ow can be cal cul at ed by

treating t idescyibstlhersin will he appesentdo parsons skilled inthe ngleyant as(s)-ced i nj ector as

two resgrictions, in series. .The flow through.a restricfion.is a,.1lQ
funct s ob of 1 ho 1A SE PO HmbbRfnH ot RfreHPl uOmpldbimed btk & RoBbisalion of both
restricti ORgrdwdi® astP¥Frware.  'Stream pressurie for - the feed-injector.is the

syngas gas scrubber pressure. The upstream; - pressure for the feed
i njector- cannot he. dirtectly neasured, .So it i:s instead jnferred.fromthe
steam flow to t VEhilsyRpinnsemhodipeqts of thepresepiinyention haye beesy desquiked; abpes. ik

Fosir et ool B Sersond oy heran SREF vty v el oaly BORY &

et er e BRBORHA2Fos el BHE eApt 6F B HRRORTeo0R i 107 B ety

desi gngg' NG Rl above-descriBE bkéfiPtary embodiments, but should be defined only in accordance .

with the following claims and their equivalents. - -
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I n one enbodi nent, the predicted oxygen flowis calculated by the equation
provided 20 beloow. However, it should be understood that many other types
of equati onswvoaorism7easi |y used to conmpute the predi ct PETAISIY26012
flow. One skilled in the art can easily substitute alternative
equations to conpute the predicted oxygen fl ow

-31-. Wity 8Qldimed is: '
PCT/ US99/ 20012 P =Plerr],
(a) [err] . when Z [err] Z, where:

_ 1. A method for controlling an oxygen to carlaon (O/C) ratio ma gasiﬁcation
5 plant, the gasification plant converting oxygen and hydrocarbon feedstock mto syngas ..
composed primarily of hydrogen (Hz) and carbon mono:ude (CO) the method cornpnsmg the
steps of:
determining a syngas demand based on load constraints, the syngae demand being
representative of a desxred output of a gasﬂier
10 determining oxygen and carbon setpoint valnes based on an oxygen to carbon (OIC)
ratio setpoint value and the syngas demand and .
adjusting oxygen and carbon valves in the gaslﬁcatlon plant based on the oxygen and

carbon setpoint values, respectively.

15 2. The method for controllmg an oxygen to carbon (O/C) ratlo as recxted in clatm
1, further compnsmg the steps of: | '
converting a carbon flow rate to a demand controller 31gnal by a macro umt
conversion;
receiving the demand controller ‘signal and a dernan.d controller setpoint value at a PID
20 controller and generating a PID controller slgnal | | | _. R
receiving the PID controller srgnal and an automatxc demand value ata sxgnal selector
and generating a selected demand value,
receiving the selected demand value and 2 syngas demand overri_de value at a low
selector and generating a load constrained demand value;
25 converting the load constrained demand value to a bias value, and

‘biasing an oxygen flow rate with the bias value.

-41 - —_—
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[err] and: 10 and: : _ p =
the predicted feed injector inlet pressure, in psig,
Plerr] = t hwawwsmlygen flow controller output predicted feedPCHUSNV29P12

inlet pressure, in psig, , z = the oxygen flow
controller output, in % Z = the oxygen flow
controller NOC output, in % Plerr] = the high oxygen

flow controll er output predicted feed injector

inlet pressure,,in . scr ubber
pressure, in pg g, pﬁ‘eqneth"dasmmtedmc“ﬂ?r{'ﬁﬂe'l‘ttﬁee“?%o&ﬂ?‘ﬁj‘%ﬁ

differential pr t he oxygen
pressure, in pﬁo}%%@dto'tﬂegﬁ'lgasdemandsrgfmlbr)ithefolltoaméa%ﬁ%iuz%e oxygen NOC

pressure, in psia, -

WO 00/ 15737. S e e -
PCT/ U9/ 20012 g = F*IZ 011*(24/2000), [err] = the absol ut e syngas"sfcr ubber
NOC pressure, in psia, ' ~[err] = the oxygen yal ve, NOC

differential pressure, in psi.

where,

m represents the syngas demand and F isa slurry flow in Ib-mol/hour. .- o

10 .
4, The method as recited i in clarrn 2, vlherem the syngas demand overnde value
calculation comprises the steps of: . | - )
determining a constrained controller signal atalugh selector' o
calculatmg 98% ofa constramed controller setpomt value, and
15 | deterrmmng the. syngas demand ovemde value from the 98% constramed controller

setpoint value and the constramed controllcr sxgnal

S. A method for deterrmmng an oxygen setpomt valueina gasrﬁcauon plant the
gasification plant convertmc oxygen and hydrocarbon feedstock into syngas cornposed
20 primarily of hydrouen (H,) and carbon mono:ude (CO), the method compnsmg the steps of
multiplying an oxygen setpomt value by a carbon ﬂow rate to oenerate an oxygen
setpoint high limit; - | |
determining an oxygen demand constrained by a carbon flow rate at a low selector
from a syngas demand and tl:e oxygen setpoint high limit;
25 multiplying the oxygen setpoint high limit by a predetermined factor to generate an

oxygen setpoint low limit, and

]



The predicted oxygen pressure is constraint by:

Plerr] - 10 > P> Plerr] + 10, (f) 5 wher e:

=t he oxygen WOdWASY3Z, in psig,. p = t hepPpTAKOY2MqH2
feed injector inlet pressure, in psig, and =t he
syngas scrubber pressure, in psig. The predicted oxygen flow
is calculated b : d , WY g

q =qlerr] Yietehfildidg 2 constrhthe yeen setBGifit valiie %haﬁ%ecﬁor from the oxygen
[ ggr ] setpoint low limit and th@B&ygen demand constrained by the carbon flow rate.

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

7. A method for determining a carbon setpoint value in égasiﬁcaﬁon plant, the
gamficahon plant convemng oxygen and hydsoca:bon feedstock into syngas composed
primarily of hydrogen (Hz) and carbon monoxxde (CO) the method compnsmg the steps of:

determining 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 predetermined 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

control setpoint value.

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

20 9. A method for cootrolling an oxygen ﬂow in a gasification plant, the
gasification plant converting oxygen aod hydrocarbon feedstock into syngas composed
primarily of hydrogen (H,) 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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WO 00/ 15737 ' . .
PCT/ US99/ 20012 g = the predicted oxygen fl ow,

in scfh, WO 00/15737 Z = the oxygen flow cont PETYE92MBut
in % = the oxygen flow controller NOC
output, in % err] = the predicted oxygen val ve
flow, in scfh converting the compensated oxygen %omtp]a molahexygen fiowtat d nhelariconverter;

i njector oxygen flow, in scfh. : [err] = the

predi cted oxygen valve NOC fl ow, ﬁcf h, ' - Plerr] =
the oxygen pr es%ﬂ@?ﬂ%%@lﬁf oxygen owbyanoxygenpuntyvaluetq:genemaxppmegt ed

feed inj ectﬂor i.nl t pressure, at |east 0.3. P[ err].
in psig, o [err] ) the oxygen vaI ve NOC :
differential pr essure, in psi, - ' ="'t he absol ut e

gggg;zt l\leogpgfg{)& Vxﬁgﬂ'{\e %Eﬁ hl)@ 'signal and an oxygen controll:setpomt \ﬁl%? ;tja'Pﬁ?he
2 he. dbsof POl 4 aERRIICL P cbfbiler Yubartigeah > 11T

Plerr] = the absolute pressure conversion, usually 14.69psi,. .

[err] = the feedeidutgHinatindile PIDMntrb tsxgnalatavelocxtyhm:terand P[err] =
t he syngas scrubber. pressufe, at |east O. P in psig, T .

[err] = the feed injector NOCdlfferentlaI pressure in-psi,

= the absol ut e -prpsti6g a6 okpged vahjeasingithe vélodityNizhited PES tdntrolleroutput sxgnal

psi a, m = the conpensated steam nmass flow, in
[err], and [err] = the absol ute steam NOC :
terrperature'in [err] R Inastep 1516, the predlcted
oxygen flow-i's added to predicted oxygen flows from .- -" other gasifier
trains at an adder. In a step 1520, the total predicted oxygen flowis

subt ract ed 10 f r&‘hetrn@hegas waiteshin claimf aherein the\qompensatadrexysenflewiist ed
oxygen, header ve flow |s obt ai ned. The desi gn oxygen header fl ow

val ue @ al @GH@E Yth?\ﬁﬁW’PﬁEﬂ‘&'@ﬂ‘ts t he &mount -of v i oxygen-that the-

oxygen plpes are-designed to carry. In a step 1524, an oxygen header vent
vai ve bias .value is calculated fromthe predtcted oxygén “header~vent fl ow

and an oxygen header vent valve critical flow The oxygen header
vent valve bias calculation is described ip the Texaco :Desi gn
Docunent. The oxygen header vent val \ae_(&r |fEP'b5i fT;ow is the maxr mm
: V B, T+1,° T
where,
15
q compensated oxygen ﬂow,
q = oxygenflow, '
P = oxygen pressure in psig,
Py = absolute pressure conversion,
20 Pr = absolute oxygen design pressure in psia,
- T = oxygentemperature in °F, :
To = absolute temperature conversion, and
Tk = absolute oxygen design temperature, in °R.
25 11.  The method as recited in claim 9, wherein the compensated oxygen flow is

converted to a molar oxygen flow by the following equation:

———————"
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10 all owabl e fI ow t hrough the vent val ve.

-34 - * WD 00/ 15737
PCT/ US99/ 208030/15737 In a step 1528, a PI D control | BFT/USRR00L;
t he oxygen header control setpoint value and t he oxygen header

pressure signal. The PID controller outputs an unbi ased oxygen header

vent -valve signal. Finally, in a step 1532, the output of the PID
controller is biased by the oxygen header val ve bias value and a .
bi ased oxygen Ireade2xoois)val ve signal is obtained. The 5  oxygen header
vent valve signal “is used to adjust the vent. valves of the oxygen header.
11. Syngas Haadgey, Pressure Control As stated before, the
syngas is transported fromthe gasifier by-one or nore syngas-

headers. GCener gl yolutnetricogreygen flowdnstandard cubuefeet/ovr¢soshy, andnt r ol set poi nt,

al so called the syngas header pressure setpoint. The syngas header -
pressdre set poil"rﬁelementaénxmddvomlbﬂgd/hom. pressure control, | ow
pressure control and "l ow | ow" pressure cont rol . " FIG 16 is

a flow diagramof a method for determ ning the normal pressure control of
t he syngas header. In a st 1604, the syngas header pressure ‘silgnal_is
measured by ond2or A methodfgr ﬁoqﬁ@é‘!ﬁﬁ oHawiin a gas morxuéa@yrhgzz@sxﬁem
In a step 1608, a PID contro receiyes the as, heade essure
set poi nt BiABE qvgeswsgoa@gm%@y‘%? oo fze i%mto SYREZSSCEDRsHHl PpRaly o
out put s | er oi nt.wVv |Ier refers to borler
downst rezaalhxcg? @ég@?ﬁrﬁ n Hiond de%ﬁ é:s’mlpﬁé YHEPINY buns t he
Syngap to geneLatfaagys Earblﬁ B0 lateFrorm 41 harke it Ypbld; |
selecting an actual carbon flow rate from an inferred carbon flow rate and a measured
carbon flow rate at a signal selector; _ o
converting the carbon flow rate to a molar carbon flow rate ata molar converter,
generating a carbon flow signal from the molar carbon ﬂow rate a veloclty limited
15  slurry concentranon and a velocity limited catbon content; o ‘
generating a carbon pump speed sxgnal at PID controller using the carbon flow srgnal '

and a carbon control setpomt value; and

adjusting the speed of a carbon pump by the carbon pump speed srgnal

20 13.  The method as recited in claim 12, wherein the carbon flow rate is calculated

from the following equation:

Hll!lll INIH lllH lllll H lll!

q = qre (S/51)

25 where,

g = charge pump flow in gpm,
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val ue represents the anmount of syngas the boiler should consune.

The present invention provides for the control of high pressure in the
syngas headewo00i/15737 FIGS. 17A and 17B illustrate a fl ow di agicaneseoroa2
hi gh pressure control of the syngas header. 20 In a step 1704, the
syngas header flow rate, the syngas header tenperature and the syngas
header pressure signal are received at a flow conpensator. The fl ow
conpensat or cal guiathargespump designeflopensat ed syngas header flow. In a step
1708, a syngas header flare vent valve bias is calculated fromthe
conpensat ed sy n§&chaezepampy mﬂmmﬂﬂgas header tenperature and the
maxi mum al | owabl e f] ow t hrough s s header val ve. The syngas header fl are
vent valve 25 SF%F%@S?E“’BHH%} g%%ﬁﬂmﬂ"t he fol I OWI ng equatlon

-35 - - WD 00/ 15737 -
PCT/ US99/ 20012 [err] 5 “where,

[err]Z¢= H gh oygrrigg F?:(k]é%ﬁéh %yﬂggi 18 cmLirZG};vﬁgtgfnrtﬁe lcgri)or? ﬁt gzu}atebx's %gnver&d

g = Prédi cted cOnpensatéed syngas
to a molar carbon flow rate by the followmg equatxon

F = [{(g#8.021)}/{12.011%(0.017-0.000056%% 1)} ] ¥.01xeturrs) ¥.00sc0te)y
10 where,

F = carbon flow in wmomom,
g =slurry flow, |
Xcoke = coke carbon COnccntraion, and Dol

15 Xarry = slurr§ coke concénraion, ¢ ¢ VT T e iy

15.  The method as recited in claim 12, wherein the carbon flow rate is converted

to a molar carbon flow rate by the following éé;ﬁ;ﬁon:
20 F=(g *S, #8.021/12.011) * .0 *X,

Where,

g = carbon flow in galain, | l lll!lll IHIH lIIH i

F = elemental carbon flow in Ib-mol/hr,
25 8 = specific gravity of carbon, and

X, = carbon content of the liquid.
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glerr] = Syngas design flow, in scfh, : =

Absol ute cl ean syngas design pressure, in psia, p
= Cl ean syngwe gasssure, in psig, P[ROT/S99/20012
Absol ute pressure conversion, usually 14.696psi,

T = O ean syngas tenperature, in [err]F, Tlerr]=

Abso| ute tenperature conversion, usually 459.69[err]F, and
T[err]= Absol ute clean syngas design tenperature, in [err]R -
In a step 1712, the syngas header fl.are vent valve bias and a ti.on

_ conb

turbine trip 16 sjfmathqdforg g sodgrafars 1 3 gaspication plagt, g gesifisation o
%F;EST S r A Ehé‘?er{i&”&iéﬁﬂ{flﬁﬁmﬁﬁt Serfen Teepsiock ipd Frgsssoined PRRRY of ©

; . Colied by 1. 02 at-a maltibli =
0 T e el G S 2 10
oo ved at o piaciiife depaptodR dryfel ki e Bow AT FRERBY cBimpShtiror
header pr egﬁdﬁ%nioﬂg%m% H%%&Pﬁﬁe%éﬁl?&ﬁﬁrﬂnﬂﬁ P S S point. In

, the

a step 172 output of the PID controller is biased by the output

of the adder andgehB@tifiy ﬁﬁaﬁé?&%%@rcafﬁo%rlﬁlééfqm floe Signiiodt ¥ SeddRdifidwP Eorhpensator
obt ai ned. FI 18 is‘a flow diagramof the method for a I ow

pressure Cgrimh @lcaonllide sedOBGw rate, the BrRaMresstu afd HetyteahBdfhpefargresi f i er
trip signal and a ranp start signal is received at a bias ranp.
- 36- addingGhe Oérhpeti3dted oxygen line steam flow signal and the compensated carbon
PCT/ US99/ 20012 The ranmp start signal is entered by the operator. In
a st ep108083inetsteansfiowaignakbatddirstaddes tor generate a totad stepmiflow signatul ti pli ed by
0.98 at a nultiplier and a | ow pressure setpoint. In other words, the
determining a total moderator flow from the total steam flow signal and a recycled
black-water flow; -
dividing the toia_l moderator flow by the carbon flow at a first divider to determine a
moderator/carbon ratio; |
15 determining a desired oxygen line steam rate from the moderator/carbon ratio signal
and a moderator/carbon setpoint value at a ratio conitroller; |
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 o‘xyée;_x line steaxh valve signal;
20 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 as recited in claim 16, wherein the compensated oxygen line

25  steam flow is calculated by the following equation:

e ———
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| ow 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 | ow WOR/15B7essure setpoint and outputs an unbi ased | ORCHYRRI012
pressure signal. In a step 1816, the ~unbi ased | ow syngas pressure’
signal is biased by the output of the bias ranp to obtain the | ow

syngas presure signal. FI G P aT;| ow di agram of ~a net hod
|§']=q-#g_.

for a gasification pressure control. »1904, a gasifier trjp
signal and a ranp start signal is receivedJyatfma ,de's',[;:rarrp. The gasifier
trip 10 signal is produced when there is a gasifier shutdown. The ranp
start signayhée, @ constant val ue. The bias ranp generates. .a.bias

i

signal that wiil be uged LO JpleAcalfSkdh HowsyNOaS inventory into -
t he syngas header. . -%9 : Hpo “lna idt‘g% 1908; -t he :hi:gh pressure

set poi nP val ue i s mul i pl FedBPBOYE ot a muitiplier. In a step -
1916, the output of tHe nfl 53 BIESSWES B B8i®d by .t he out:put-of:the bias *
ramp, i.e., the bias Pa5 = <bsplute pressure¢anversiodral pressure setpoint val ue.
i's obtained. In a stepPrlo%2 absolfersteanPdesign pressureimpsiapl I:er recei'ves:ia
scrubber pressure and7t he=hisglampeapetanred®PBoi nt. The scrubber pressure

i's meagered by pressurg tLanpilifetémpéranirt o éRiditand of the syngas

scrubber. The first P = 3 Jbgre val ve position.
In a step 1920,  a secofd Pl Bbscoéﬁﬁ}gaﬁ{e!ri&?%cer @es*' t ﬁ’en; R 0 serubber’

pressure and the normal pressure setpoint and generates -a syngas |etdown
val ve 20 controller signal. The automatic demand”val ue noted earlier is
derived from thejgar byhe piéthdd as recited iR eRAmMAT whérRin B¥VcsH fte C&HOH e steam

si gnal . FIG 20 is a flowdiagramof a method for ™ -
det er mi ni ngflévés ealéulaed by tiskcfiollodring equation: ... step 2004, the speed L
differential of two carbon punps (fromtwo gasifier trains) is calcul ated.
The diflberence represents a predicted train differential..In.a step 2008, a
PID controller 25 receives the predicted train differential and a zero
(0) setpoint value. The output of the_PID. Ip.,.}:o,_;.__TR'__;;;.'..;"'...--'- e

TR T,
* where, - e

g = compensated steam flow,

20 g = steamflow, -

L P = steam pressure in psig, . .

P, = absolute pressure conversion,
Pr = -absolute steam design pressure in psia,
T = steamtemperaturein°F,

25 Tp = absolute temperature conversion, and
Tp = 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 (H») and carbon monoxide (CO), the method

comprising the steps of:

I
e
———

) O
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controller is between O and 100% In a step 2012, the output of the PID

controller is ° - 37 -
WO 00/ 15737WO 00/15737 PCT/US99/20012
PCT/ US99/ 20012 converted to a bias value. In one enbodi ment, the
output of the PID controller is converted to a val ue between -10

and +10. In a tbmiparifgbxydehealveposiiogsef pphralityef gasifiers thas atei apeeatingy t he
bi as value and the automatic demand is generated. In a step 2020, the bias

val ue is smﬂultqnbomyatamghselmgr,andanq:utm@awudm to the ot her
gasification train as an automatic demand. -

| npl enent at i on Qdculwgﬂxb—@ﬂ%t*eﬂ 0§y§*bmF(x)>099 and x is the nutvheoﬁathQMhrent
of the present invention, the ICS 216 is inplenented by a - * “conput er
syst em cappigftendddcarrying out the functionality of the |CS 216 descrr bed

32600 il uces SAolRngaTe= 0085 0 HE Sitae Pl Fou ity bR vatdh posiipe

processor 210 congected to a conmuni cation " bus 2108 Vari ous
ofd SeleisEd g2t

sof tware ?’e described in terms of this exenplary conputer

system After reading this description, it will become apparent to a person

skilled in the rel evant art how to inplenment the invention using

ot her conput er Hgyst furthé

The conput er syste e%dg&géso l%’nc u grfslmén }r%r n ner(rgéhgﬁg{fgﬁﬁé er ably a

random Qg IR SR scrpbit Gake mldwi&era Secondary menor y

2116. The secondary menory 2116 can ?’k ) - f.or: exarrpl e, a hard disk

drivei®120 and/fidiss ﬂh@%ﬁh{ﬁbbﬁth&fdﬁﬁd&%nd other cﬂﬁa&@o frofehaSRR#fieRdatea

fl oppy disk drive, a nagnetic tape drive, an optical disk drive, etc. -
first adder;

multiplying the output of the first adder by F{x) at a ﬁrst mulnpher and generating a
discharge controller setpoint value, the dlscharge controller setpomt value represcnnng the
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 value setpoint at a PID
20  controller, and outputing a discharge controller outprlt éignal;
velocity limiting the discharge controller output signal; and |
receiving the velocity limited disc_harge cor_x_tmller outprlt 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

25  compressor inlet valve signal.

-
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20 The renovabl e storage drive 2124 reads fromand/or wites to a

renovabl e storage unit 2132 in a well known nmanner. The renovabl e
st orage uni tw@bpdasmepresents a fl oppy di sk, magnetic t aPET/US9/20082
disk, etc. which is read by and witten to by the renovable storage drive
2124. As will be appreciated, the renovabl e storage unit 2132

LS‘&L‘JEZ? Zof twhr BandPoeiiad 1 Gholing g FlaUE SRR oSG I A AL en
comput or  priia e hen iols Ve fad KO #aifer, e PSS E’o‘“&%ﬁ?‘gfﬁﬂ’g

syst em 2100, xy'@eﬁ*an o 80n raakiieintd e sgigEERbRAposdY bEhydr6YenqEl,) did

2134 and.an ace 2128. Exanpl eS of such can inc ude a program
ngt ridge %Hb&@ﬁ{ohbﬁﬁe (Scogﬁthé fethod compnsmgthestepsof -
PCT/ US93/ 20012 recexvu(gsalmgwhéaﬂed fiév cate, 4 syngasdmadgmlzetama:ad)a, syagas header
renovabl e menory chip (such as an EPROV or PROM) and assdgi at ed
socket, andpressuee signaica alflow cimpeasator; and caledlaingachmpensatédsyngacheager flow;

whi ch aIIow software and data to be transferred fromrenovabl e storage unit
2134 to theand conputer system 2100. 5 The conputer system 2100
can al so include a-communications interface:2136. The . .- communicatjons
interface 2136 atalowlsting)d syngasheader ﬂ%rpére%vqb‘@ bissfrem he comprasatedyngayheader
conput er system 2100 and external devi ~~Exanpl es Qf _the co ni catio

i nterface 2flow, the syngasheadest ?*ﬁt@PWéE@ug 8 CHRERS hﬁﬂ&r
Et hernet, ¢ YP(i a ‘comuhni cations port, - A PCIVCIA slot -and..card, etc..
Sof t warl® an ta transferred via the conmmunications interface 10 2136
are in the formof signals 2140 that can be el ectronic, electromagnetic,
optical or other si gnals capabl e of being recerved by t he

communi cat i ons - |2§erfﬁ n?ejdis as-;r tﬁ"?@@ﬁl‘#ﬁ"’aﬁe &H&%B@mvar]]ve

comuni cations ifiterfacé via a channe chanriel” 2144 carries tl
signals 21 aF&Fh Ea]y,,ﬁﬁig gnWi T e or cable; fiber: ,,op,trc_s, a
phone I|ne4& (i}dﬁ P&ﬁb{ﬂ& one ITn an RF Irnk and other communjcations
channels. 15 - In this docurrent the terns "conput er “pr ogr am nedi unt
and " conput er .usabl e .medi unt_are used .to generally refer .to-nedia such
as the renovabl e stor age drive 2124, a hard d'mnstal led in the hard
di sk drisve 2120, and the signals 2140AZEhcﬁ:re—-e-é-n$> ~e+—2 - 100, program products
are neans for providing software to the cdwp@’t"e?o stem 2100. =

Conput er programs (also called conputer control logic) are stored in the
mai n 20 menory 2112 and/or the secondary nenory 2116. Conputer prograns
can al so be received: - ‘via the comrunications. interface 2136. Such

conput er prograngpephien executed, enable the conput er system 2100 to
performthe features of the present invention as discussed herein. In

particular, the Cowputer&aq?mvemra@m a§§res§tﬁ'é‘%rﬁr6ﬁé?oﬁ¥pﬁt3ﬁ§§% 2104

to performthe features he present "I nhvention

enbodi ment where the inventioff'is inplenmented usrg.g soft re, the softvvare

may be stored in a conput &4 = pRE QW%CQFE’&H?F' 0 the conputer
system 2100 usi ng t ge=r Synsandesignstlowdgschly i ve 2124 the hard drive

2120 or the conmuni cat i onp LNtAdsbiateciean syngas design pressure, in psia,

P = Clean syngas pressure, in psig,
P, = Absolute pressure conversion,

T = Clean syngas temperature, in °F,
T, = Absolute temperature conversion, and

T, = Absolute clean syngas design temperature, in °R.
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2136. The control logic (software), when executed by the processor 2104,
causes the "processor 2104 to performthe functions of the .invention
as descri bedWoetoaisra7 _ PCT/US99/20039 -
WO 00/ 15737

PCT/ US99/ 20012 I n anot her enbodi nent, the invention can be
i mpl ement ed pri24ri | The metodchsaedted in claimi 22 further cemprigihg the stepdvafT e
conponent s such as application specific integrated circuits ( ASI Cs)..

| npl ement ati-on of such a hardware state machine so as to performthe
functions described herein will be apparent to persons skilled in the
rel evant art (s)teceiying the syngas headeg flage vang xalve higs anda gembustion; tathing trip,sigaal
I mpl ement edﬂlsi’SI ng a copbi natj on .qof both har dwar e and sof tware.

Wi | e varlaé » AR P‘étpﬁmﬁé’lﬁmﬁ‘g‘?ﬂventlon have been descri bed

above,” é‘p I d%i%h%&?e undetst h@# l#i_gha\[{,‘ﬂ%ttee resgl e@‘{@%&%ﬁ
of exafipl e on y a SISPQQ

h db 10 f th .
ébﬁvﬁrﬁiiiﬁﬁ g&%&pf"?@@iﬂ%@tb‘& fédai?ba&l[a shguﬁgybe defl(rjledt oﬁl y in

accor dance muttgifing BSyhSls Heuer Préss e ErpR iR vhIRE by I%Lﬁt\é.%lﬁﬁbﬁer and

_generating a high pressure setpoint.

10 25.  The method as recited in claim 24, further contprising the steps of:

recexvmg a syn gas header pressure sxgnal and the hxgh pressure setpomt at a PID
controller, and outputting 2 PID controller output sxgnal and
biasing the PID controller output sxgnaI thh the total bras srgnal and ceneratmg a

15  syngas header flare vent valve posmon

26, A program storage device readable by a machme tangxbly embodymg a
program of instructions executable by the machme to perform method steps of controllmg an
oxygen to carbon (OIC) ratio in a gasification plant, the gamﬁcatron plant convertmg oxygen

20  and hydrocarbon feedstock into syngas composed primarily of hydrogen (H,) 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 (O/C)

25 ratio setpoint value and the syngas demand, and

. A A




- 40- a WD 00/ 15737 :

PCT/ US99/ 20012 VWhat is clainmed is: ‘ 1. A
met hod for owobetd?87 ng an oxygen to carbon (O C ratio in a gaerfisosiosnr 5
pl ant, the gasification plant converting oxygen and hydrocarbon feedstock

I nt o syngas conposed pri marily of hydrogen (H[err]) and carbon

i de (CO), hod
ot ormining & < PAGSEREERERD SHREHROR VB8 tor e R plant based om e ovvera AR

bei ng a ive ired output of a gasifier 10
determ ni nﬁ”é?@é%ﬂ ﬁ& B%Re e?ﬁ’gl nt val ues based on an oxygen to car bon
(90O rati o set poi nt val ue and the syngas demand “and

27.  The programi storage d_evrce as recxted in claim 26, further performing :tlhe steps
converting a carbon flow rate to a demand controller srgnal bya macro unit
conversion; | - | o T
receiving the demand controller signal and a demand controller Setpolnt value at a PID
controller and ceneratmg aPID controller srgnal
10 recexvmg the PID controller sxgnal and an automatic demand value at a signal selector
and generaung a selected demand value; |
recervmg the selected dernand value and a syngas demand overnde value ata low :
selector and generatmg aload constrarned demand value T T
converting the load constramed demand value to a bias value, and o

15 biasing an oxygen ﬂow rate wrth the blas value

28. The program storage devxce as recrted in clarm 26, wherein the carbon flow

rate is converted to the syngas demand srgnal by the followmg equatmn
20 m = F+12.011+(24/2000),
vvhere,

m represents the syngas demand and F is a slurry flow in Ib-mol/hour.

\\II\II\ \\\l\\ |||\\ WA
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adj usting oxygen and carbon valves in the gasification plant based on the
oxygen and’ “carbon setpoint val ues, respectively. 15 2.
The net hod fwoooastsrol | i ng an oxygen to carbon (O C) ratio as rcagugsedoo1d
claim 1, further conprising the steps of: converting a
carbon flow rate to a demand controller signal by a macro unit )

conver si on; 29.  The programsioragegievive adaecited in claini 06, velfersinghesyngasidemand
dermand controller setpoint value at a PID 20 controll er and generating a
PI D cont r obverrids vajnecalculation comprises thcr&tqmuf: ng the PID controller signal -
and an automatic demand value at a signal selector = - and generating a
sel ect ed dermanddetatrpising 2 constrained controller sigualrag ahigh sslertost ed denand val ue
and a syngas demand override value_ at, a |ow ‘sel ect.or “and generating

a | oad constr ai Atiguladng 98 phpgenstrajaed controller setpoigt yalugi 309 t he | oad

823;2; ng,iv ?:t n%%klijgﬁtgt gxngsy)bas Vel ue%hde vﬂue from the 98% constramed co%troﬂer -

-41- [ 157
PCT/ US99/ 2¥tReint value fnd e consﬁ'a.meg controlier signal. hod as recited in claim 2,
wherein the carbon flowrate is

30. A program storage device readable by a machme, tanglbly embodymg a
program of instructions exccutable by the machme to perform method steps of detemnmng an
10  oxygen setpoint value in a gasification plant, the gamﬁcatmn plant convemng oxygen and
hydrocarbon feedstock into syngas composed primarily of hydrogen (H,) and carbon
monoxide (CO), the method steps compnsmg _
multiplying an oxygen setpoint value by a carbon flow rate to generate an oxygen
setpoint high limit; |
15 determining an oxygen demand constrainied 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 o | | |
determining a constrained oxygen setpoint value at a high selector frc;m 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 predetermined

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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converted to the syngas demand signal by the foll ow ng equation: 5

m = F*12.011*(24/2000), wher e, nmrepresents

t he syngas depests7and F is a slury flowin | b-nmol/hour. 10. pCTMUS99/20012

4, The nethod as recited in claim?2, wherein the syngas demand overri de
val ue cal cul ation conprises the steps of: determning a

o8% of a corEbPh PRIy B ebinidsih Bhel o Bhsiicarign plgt converting oxf;'gg#l,ﬁ '
Cant of 1 ey hodiGca¥AERSAASIR, SRR Lofpdal WA bR Rl RN R

5. A mﬁﬁﬁﬂoﬁﬁé(@@) qﬁmm ant *@ﬁgmget poi nt value in a gasificat | on

pl ant, the fication ting oxygen and hydrocarbon

f eedst ock into su&sﬁinﬁ@amms%@pomnbwmtlavaaighmﬁg&an{ﬂ&(fgkﬂﬂ%me
carbon .monoxi de (CO), the nethod conprising the steps of

nul ti pl i noargia syngaedemaidpoi nt val ue by a carbon flow rate to generate an -

oxygen setpoint high limt; ... determ ni ng an-oxygen
demand const rai neuiltiplyiag ther duyget Flow naa:thy apredetbnmne@faetdrm generate a carbom a
syngas denand and the oxygen setpoint high limt; 25 mul tiplyi ng

the oxygen sstpqintihighimith [inmit by a predeter ni ned factor to generdte an

oxygen setpoint lowlimt, and . -
-42 - determining a constrained carbon setpomt value at a low selector from the carbon -

setpoint high limit and the carbon setpoint low limit; and

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

control setpoint value.

~33.  The program storage device as recited in claim 32, wherein the predetermi__ned o

factor is 1.02.

15
34. A program storage device readable by a machine, tangibly embodying' a
program of insfructioﬁs executable by the machine to perform method steps of controlling an
oxygen flow in a gasification plant, the gasiﬁceﬁén plant converting Oxygen and hydroca'r:b"on
- feedstock into syngas composed primarily of hydrogen (H,) and carbon monoxide (CO), the
20 method steps comprising: | o
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. 000

HII\lI\ 0 ) \\ \ll\



WO 00/ 15737 -

PCT/ US99/ 20012 - determ ning a constrai ned oxygen set poi nt

val ue at a hwgloossdsect or fromthe oxygen set poi nt | ow | RGA/USARAV2he
oxygen demand constrai ned by the carbon flow rate. 6. The
nmethod as recited in claim5, wherein the predetermned factor is 5

7. . A nethod
plant, the Emndﬂ@h |calt?1|b%°§?'%ﬁ’ﬂ?gr?€ert?%€én£@gen be %ﬁ%n -

f eedst ock ﬁcw,g,@g%%as conposed prinmarily of hydr ogen (H[ err]) and
car bon nonoxi de ( the method conpri sing the steps of:

determ ning a car bon setpoint lowlimt at a high selector froman oxygen
flowrate 10 greeivingtheorpgetcfiow dignal and an oxygen control Setpint vaine dta RIDy gen
flowrate by a predeterm ned factor to generate a carbon. , = - setpoint

hi gh 1im tcontroller and generating atRIDdontroeroutputsignal;ned car bon set poi nt val ue ~
at a |low selector fromthe carbon setpoint high limt .and the carbon
setpoint low limt; and 15 di vi di ng, the constraij ned carbon
setpoi fit by a d@m&th@%%?ﬂ?@%&ﬁ@ﬂmm%awﬂeﬁlt)’hmltel"@@ﬁtroI

set poi nt val ue. . The met hod as recited in claim?7,

wherein the predeterm ned fact 1:0
P adjusting an oxygen vglve using the velocxty hmxted PID controller output signal.

3s. The program storage device as reclted in claxm 34, wherein the compensated

oxygen flow is calculated by the followmg equatmn

10
__ [PER_ T,
q — q . —————-o- .—L—-'
P,y T+T,
where,
q compensated oxygen flow,
q = oxygen flow, -
P = oxygen pressure in psig, - -
Po = absolute pressure conversion, _
20 - Pr = absolute oxygen design pressure in 'p'sia,
T = oxygen temperature in °F,
To = absolute temperature conversion, and
Tr = absolute oxygen design temperature, in °R.
25
S
P
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20 9. A method for controlling an oxygen flowin a
gasification plant, the " gasification plant converting oxygen and

hydr ocar bon WO&845BEk i nt o syngas conposed primarily of Payarsogzo01f H2)
and carbon nonoxi de (CO, the nmethod conprising the steps of:

cal cul ating a conpensated oxygen flow from an oxygen flow rate and oxygen

tenperature at a3g | OWHEO n@e 2 agtgfage device as recited in claim 34, wherein the compensated

-43-
PCT/ US99/ 2QQ 1, %.n flow is conve dt&?ﬂ%ﬂrtd ?Qeﬂ ﬁ@w%?'ﬁbefaﬁ@&rﬁgu a0 flowto a
nol ar oxygen ow at ar converte |p yi ng the nol ar
oxygen flow by an oxygen purity value to generate an oxygen flow

si gnal ; recei ving the oxygen-flow signal -and an oxygen
control set poi ntFway ng PID 5 controller and generating a PID
control |l er output signal; C velomty li'mting the PID - -
control fer out puvheregnal at a velocity limter, and adj usting

an oxygen valve using the velocity limted PI D control | er -out put signal.
10. The net hod;asrohmmtnedxygen(ﬂcwmﬂandahbmﬂmnfd:eldhom{sqsh)aam ed oxygen fl ow .

is 10 calculated by the follow ng equation:
F = elemental oxygen flow mn Ib-mollhour

37. A program storage device readable by a machine, tangibly embodying a
10  program of instructions executable by the machine to perform method steps of controlhng a
carbon ﬂow in a gasification plant the gasxficanon plant convemng oxygen and hydrocarbon
feedstock into syngas composed primarily of hydrogen (Hz) and carbon monoxide (CO), the - .
method steps comprising: i
calculating a carbon flow rate from a charge pump speéa; .
15 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 l'ate lto 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;
20 generating a carbon pump speed signal at P]D controller usmg 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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[err] where, 15 [err] = conpensat ed oxygen

flow, q = oxygen fl ow, = gen
pressure wopmisg37 Plerr] = absolute press%réugggﬁgg#si on,
20 PR = absol ute oxygen design pressure in psia,

T = oxygen terrperature in [err]F, . To = absolute

t enperat ure conver and TR = absol ute oxygen design
t enperature, 11. The.nethod as recited in claim
9, wherein the corrpensat ed oxygen flow [ s converted to a nol ar oxygen
flow by the follow ng equation: S -
-44- where, WO 00/ 15737 o

PCT/ US99/ 20012" F=q *(2/379.5) ST where,

q = vol unetri G Q¥N£ee p\ﬂdmmsgpmdard cubuc feet/hour (scsh), and 5

F = el enental ‘oxygen ?I ow in | b-nol/hour.™ 12. A method™

for centrolli ng:acMgé)pmfaldesagnﬂo&l,gam fication plant, the gasification
plant converting oxygen and hydrocarbon feedstock i nt o syngas “conposed
primarily of s=charge pump speed inrpm,and

sy = charge pump design speed inrpm: . . .

39.  The program storage device as recited in claim 37, wherein the carbon flow

10  rate is converted to a molar carbon flow rate by the following equation:
F = [{(g*8.021)}/{12.011%(0.017-0.000056*Xyurry) ] (-0 Xsturry} -0 scoke)s ..

where,
15
F = carbon flow in Ib-molhour,
g = slurry flow,
X.oke = coke carbon concentraion, and
' Xturry = slurry coke concentration.
40.  The program storage device as recxted in claim 38, wherein __the carbon flow

rate is converted to a molar carbon flow rate by the following equation:

F=(q *S; *8.021/12.011) * .01 *X,
25

where,

—
——
e

\\Il\ll\ T )
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hydrogen (H2) and carbon nonoxide (CO, the method conprising the steps of:
calculating a carbon flowrate froma charge punp-speed;
sel ecting anv&%(yﬁ% carbon flow rate froman inferred carbon flow rate and
a nmeasured Yrbon flowrate at a si gnal sel ector, PCT/US99/20012
converting the carbon flowrate to a nolar carbon flow rate at a nol ar
converter; generating a carbon flow signal fromthe nol ar
carbon flow rat eqrocavhdndlnw;ngmd 15 slurry concentration and a
velocity limted carbon content; generating a carbon punp’

speed signal at Flﬂlwmlﬂkﬂmﬁ%‘f'ﬁgnt'ﬁ@”éér bon fl ow si gnal and a
carbon control setpoi n1; val u,e adjusting the speed of a
car bon punp by tﬁe-éBﬁ‘ °€‘E?5Q?P'§P6nal 20 13. The

net hod as recite% c ty&eheua the carbon flow rate is calcul ated
fromthe fol | owi fig=& ?Fﬁ‘i‘fcn° ¢ V\/nere q =

char ge Runp flowin gpm Lo S -
_45 - WO 00/ 15737 |

PCT/US99/ 20012 4y A program storage device readable by a machine, tangibly emoodying a

-~

program of instructions executable by the machine to perform: method steps of con&olling
moderators in a gasiﬁcation plant, the gasification plant converting oxygen and hydrocarbon
feedstock into syngas composed pnmanly of hydrogen (H,) and carbon monoxide (CO), the
10  method steps comprising:
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 compensator
from a carbon line steam flow rate, the steam pressure and the steam temperature; "
15 adding the compenséted oxygen line steam flow signal and the compeﬁ?éted 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 reoycled )
black-water flow;
dividing the total moderator flow by the carbon flow at a first divider to determine a
20  moderator/carbon ratio;
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 oxygon line steam rate
and the oxygen line steam f:iow signal;

25 ~ adjusting an oxygen Iine steam valve by the oxygen line steam valve signal;

||II|II| |||I|| i IIII
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glerr] = charge punp design flow, s = charge punp speed in

rpm and s[err]= charge punp design speed in rpm 5
14. - The metwo@oasmsecited in claim 12, wherein the carbon fl qgfgéRrosi2
converted to a nolar carbon flow rate by the foll ow ng equation:

[[(q 8.021)]/(12.011 *(0.017-0.00056*[err])/}*(.01[err])*(.01[err]),
whe " determining a carbon line steam valvésigndilfrom the compendatédocarbon line steam
g = slurry flow, X[ err]= coke carbon concentraion, and 15 .

Xerr]= sl Lﬂawsxgnklemmm:nﬂatqmamﬂowsetpomtvalue,anﬂs . The net hod as
recited in e¢laim12, wherein the carbon flow rate is converted to a
nol ar car bon f|wjmmwmwﬂwbnamwhmmammvwgn#r (q
*Slerr] *8.021/12.011) * .01 X[err] - Whet e, s q =
carbon flow in- gal/mn, _ : _

©§ . ..7-42. - The program storage devxce as recxted in clmm4l wherexn the compensated -
oxygen line steam flow is calculated by the fOllowmg e qmon i G i

= .
=TT, Te1,:
‘10 where, N
' g = compensated steam flow, -
q = steamflow,
P = steam pressure in psig,
°  Pp = absolute pressure conversion, - o
15 Px = absolute steam design pressure inpsia, © "
T = steam temperature in °F,
To = absolute temperature conversion, and
Tk = absolute steam de31gn 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 +F T,
V P, T+T,

25 where,

g = compensated steam flow,

q = steam flow,

P = steam pressure in psig,

Py = absolute pressure conversion,
30 Pr = absolute steam design pressure in psia,

T = steam temperature in °F,

To = absolute temperature conversion, and
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F = elenental carbon flowin Ib-nol/hr, 25 S[err] = specific

gravity of carbon, and X[err] = carbon content of the li'quid.
-46 - wo 00115730 00/ 15737 | |  PCT/US99/20012 -
PCT/ US99/ 20012 16. A nmethod for controlling noderators
in a gasification plant, the gasification pl ant converting oxygen

and hydrocar bon f eedst-glgk ;n%&mg&iﬁﬁ%ﬁﬁﬁwrﬁbm of hydr ogen
(H2) and carbon nonoxide (CO, the method conpfising the steps of: 5 .
generating a conpensated oxygen |line steamflow signal at a.first. flow

conpensat or. froman oxygen line steamflow rate, a steamtenperature
and a steam pressg#.e; A program storage deidcereadabl@bya anoking Jangiblyeaitvdyirg e
steam fl ow signal at a second fl ow conpensat or froma carbon |ine

st eam f | ow rprogram dfdnsttuetionpexecutable byilie mhachinedo perfampmethod steps of controlling an
addi ng the conpensated oxygen line steamflow sj.gnal —~and the conpensated

carbon 30 ai separation pnitK itlapt providespxygen to agnsification plant the: gasification plant
steam fl ow si gnal ; determ ni ng .a total noderator flow from

the total stcORWeringtheoxygen and bydroFarbor fesdstock into sypgas-compased primatily of
di viding the total deratqr flow h carbon flow at a first divider to
det er i ne a?:ydrogen @5&@#&@8?%?%& &](Sbthe% od steps COMPH/RE, vi ni ng a

desired oxygen line steamrate fromthe noderator/carbon ratio signal
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 x is the output of the h1gh
selector; and o o
calculating F(y) = 0.b02y + 0.81, whelrenll‘.'(y-) :>_. 10, and yis :the oxygen val_ire position .

of a selected gasifier.

15 45.  The program storage device as recited in clalm 44,:ﬁ1r_ther perfomnng the steps
of:

dividing an actual oxygen setpoint value by F (y} at a.‘.d.iw'/ider;' o
adding the output of the divider and other divider outputs from other gas'iﬁers ata
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 setpéint 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.

I
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and a noderator/carbon setpoint value at a ratio controller;

determ ni ng an oxygen |line steam val ve signal fromthe desired oxygen l'ine
steamrate wooondfy the oxygen line steamflow signal; [US99/20012
adj usting an oxygen |ine steamvalve by the oxygen |ine steam va ve signal;
20 determ ning a carbon |ine steam vaI ve signal fromthe

conpensat ed carb I | ffﬁ?mn E’é"‘as%%l (‘fg&P 0?&1%
fl ow set poi nt vaI ue; an‘c’l storagedé\had us |ng a ca%’ &#Je stea Vglfgi\?gs

by the car | i ne steam val ve signal. The nethod as -
recited in ¢laim 16, wherein the conpensated oxygen i ne 25 steam fl ow
Is calculated by the foll ow ng equati on: WO 00/ 15737

PCT/ US99/ 20012 [err] wher e, [err]=

conpensat ed st eafsckiving the discharge controller setpoint and-the sitsiaxyférovalue setpoint at a PID
P = steampressure in psig, Plerr] = absolute
pressuré cocontroilenand outputing a discharge contﬂlbrm}tput:signabsol ut e steam design
pressure in psia, = steamtenperature in [err]F, 10
Tlerr] = absol mlecmehmmngthcdmbmeucgnweramutsxgnal and TR =
absol ute steam design tenperature, in [err] The

method as recit eteceiving the velpity Jimited; dqsqm@sec,cgnﬁpém getput smabsha 1qw1 selegtanaipng

flowis calculated by the follow ng equation:
with outputs from one or more compressor suction flow controllers one or more ASU suction

vent controllers and one or more compressor protect_xon ;_:ontrollers, and outputting an oxygen

10  compressor inlet valve signal.

47. A program storage devxce readable by a machme, tangibly embodying a
program of i instructions executable by the machme to perfonn method steps of controlhng
high pressure of a syngas header in a casxﬁcanon plant ‘the syngas header transportmg syngas

15 from a gasxﬁer, the gasxﬁcauon plant convertmg oxygen and hydrocarbon feedstock into the
B syngas composed pnmanly of hydrogen (Hz) and carbon monoxide (CO), the method steps
comprising:
| receiviﬁg a syngas header flow rate, a syngas header temperature and a syngas header
pressure signal at a flow compensato'r, and calculating a compensated syngas header flow;
20 and

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.

25 48.  The program storage device as recited in claim 47, wherein the syngas header

flare vent valve bias is calculated from the following equation:

-61- —_—
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15 lerr] wher e,

[err] = conpensated steam fl ow, 20 q = steamfl ow,

P = steagigyassisre 1 n psig, Plerr] = pROH05dehE012
pressure conversi on, PR = absol ute steam design
pressure in psia, T = steamtenperature in [err]F, 25
T[err] = absolute tenperature conversion, and TR =
absol ute steam design tenperature, in [err]R - 19. " A net hod

for controlling an air separation unit (ASU) t hat” provi des oxygen to

a gasification plant, the gasification plagnt ponvgglis#g the oxygen and
hydr ocar bon feedstock 30 into syngd& & -190,0f hydr ogen (H2)
¢l g

and car bon monoxi de (CO), the nethod 9r t he steps of :

-48 - © WD 00/ 15737 -

PCT/ US99/ 20012 conpari ng oxygen vaI ve p05| tions of a .
plurality of gasifiers that are operating- -~ .sinultaneously at, a h| gh
sel ector, and owheéwmjti ng a val ue x; cal cul ati ng F(x)

0.002x + 0.08, where F(x) > 0.99," andx i s the out put. -of .the high

5

AZ = High override clean syngas pressure comroller output blas,

%
q = Predicted compensated syngas flow, in scfh, .
g, = Syngas design flow, in scfh,

P, = Absolute clean syngas des1gn pressure, in psia,

P = Clean syngas pressure, in psig,
P, = Absolute pressure conversion,

T = Clean syngas temperature, in °F,
T, = Absolute temperature conversion, and . .. .

T, = Absolute clean syngas design temperamre in °R

. 49.  The program storage device as recited in claim 47, further p.ex;fom;_i;g the steps -
receiving the syngas header flare vent valve bias and a combustiqﬁ mfbiﬂé:;ip signal
10  atabias ramp, and outputting a bias ramp signal; . - o
adding the bias ramp signal to combustion turbine trip signals frbm othéf t_u%bines at
an adder, and outputting a total bias signal; and _ . “
multiplying a syngas header pressure setpoint value by 1.02 ata _multiplier, and
generating a high pressure setpoint. |
15
50.  The program storage device as recited in claim 49, further performing the steps
of:

-62-
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sel ector, and 5 calculating F(y) = 0.002y + 0.81, where F(y)>
1.0, andy is the oxygen valve position of a selected gasifier.

20. The nmgydoshsarrecited in claim19, further conprising th%cg’p@f?go?ﬁz:
di vidi ng an actual oxygen setpoint value by F(y) at a divider; 10

addi ng the output of the divider and ot her divider outputs from other

gasifiers at a sﬁfd&tﬁo‘i&ﬁa@ﬁmt of

the first adder Wem%agngg?ﬂhrfs{mﬁwaqnﬂmdtge%?%I ng a

di schar ge cont r il Rﬂ"gg ﬂéﬁ geagd®ntrol | er setpoint
(Hﬁﬁ"t“ﬁ‘ ag%c arge of he&%\SU and 15

val ue repre

addi ng oxygen fl gwﬁép eohtPoller GREgut sipnl With therocdbids sigdal, andigenerating a

generating a tot oxygen flowrate. 21. The

nmet hod as r gég i der Sl véEnt Valvé poditien. conpri sing the steps of:

receiving t ar ge controller setpoint and the total oxygen val ue -
set poi ntgat a Pl D 20 controller, and outputing a discharge controller

out put signal; velocity limting the di scharge controller
out put signal; and receiving the vekocity linited discharge
controller output signal at a |ow selector along Wi th outputs from

one or nore conpressor suction flow controllers, one-or nore ASU suction
vent controllers and one or nore conpressor protection controllers, and
out putting an oxygen 25 conpressor inlet valve signal.

Hllllll I IIIH HIII | llll
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WO 00/ 15737
PCT/ US99/ 20012 - 22. A net hod for controlllng hi'gh pressure

of a syngas n a gasification pl ant, the syngas AR9920012
transportindg§3ﬁ§é?»fronla gasifier, the gaS|f|cat|on pl ant cggsert?ng

oxygen and hydrocarbon feedstock into the syngas conposed primarily of

hydr ogen (H2) and carbon nonoxi de ( , the nmethod conprising the
steps of: 5 recei ving a syngas header flow rate, a syngas header
tenperature and a syngas header . pressure signal at a flow
conpensator, and cal culating a conpensated syngas header flow, = - and
cal cul ating a syngas. header flare.vent valve bias fremthe conpensated
syngas header fl ow, the syngas header tenperature, ‘and a maxi mum
al l owabl e flow through a syngas header 10 .valve.. o . 23.
The nethod as recited in claim22, wherein the syngas header flare vent
val ve bias is calcuhagﬁd fronlthe follow ng equation: [err]

wher e t [err]Z = Hi gh override cl ean syngas
pressure controll er output hzas i-n g =
Predi ct ed conpensat ed syngdg iBf|OMA in scfh, : _
glerr] = Syngas design fldqg, in scfh, Plerr] =

Absol ute cl ean synga§°q§;T n pressure, in psia,
i

k.. ]
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p = Clean syngas pressure,

in

Absol ut e pressure conversi on,

tenperatugﬁoobﬁs

7[;,Agsrr] F,

t enper at ure conver si on
-syngas desi gn tenperature,

- 50-.

PCT/ US99/ 20012
furt'her conprising the steps of:

header flare vent valve bias and a conbustion turbine trip signal

and
in

WD 00/ 15737

psi g,

[err] R

24.

2/19

The met hod .as reci

P[érr] =

T[err]T::ﬂgbﬁﬁg?éMﬁgas

TR = Absol ute cl ean

ted in claim?22,-

recei vi ng the syngas

at

a bias ranp, and outputting a bias ranp signal: 5. addi ng the
bi as ramp signal to conbustion turbine trip signals from other turbines at
an adder, and outputting a total bias signal; and __

mul tiplying a syngas header pressure'setporni;valuégby 1.02 at a -

mul tiplier,

25.

receivigg a s
~N

a PID

bi asing Y he PID controlE%r
generati Ng a
o~
=
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SE
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and

The nethod as recite

yngas header
control’l erstan

generating a high pressure

2

clain124,

DISTRIBUTED CONTROL COMPUTER NETWORK

poi nt . 10

furt her chprising t he steps of:

T

‘/216 |

g t he h pressure setpoint at
n§a PI 'c-og $ser out put signal; and
n wth th bi as signal, and

>-.
52| "§ES
o
= o)
o. (=] o
(&) o ~.
= . :?E§ *e° _'gg
g | |
O
e
. @ _ ;
> . _
(& o eoeo ~
= >_€'§ | =3
E L1 |
o L 5
O
- o
& o (=
8 ol e cee LE
E. = -
S82 | |
8 E
8

FIG.2



15 syngas header flare vent val ve position. 26. A program

st orage devi ce readabl e by a machine, tangibly enbodylng a ' pr ogram
of instructiwosesseeut able by the nachine to perform met hod st@RPGuU§Hor20012
controlling an: oxygen to carbon (O C) ratio in a gasification plant,
the gasification plant converting oxygen 20 and hydrocar bon feedstock

i nto -syngas conposed primarily of hydrognggHZ) and car bon nonoxi de
(CO, the neth@q S conpr|5|ng determning a syngas
demand based on | oad traints the sypngas demand being 304 ’
representative of a de5|l t I f det er m ni ng
oxygen and carbon set poi mtww@amm o eef bon (0 25
rati o set poi nt val ue andl-he—syngas-—denand—and WO 00/ 15737

PCT/ US99/ 20012
gasification plant based
respectively.

claim 26, further perfor '
carbon flowrate to a de
conver si on;

i ust i n en and c rbon $@Bves in the
on th’S N'ﬂg §$STE t poi nt val ues, _
27.

The progranlstora e device as recited in

W&f&t&@&gﬁ%ﬂr 312 COI’]VGI"[I ng a

Anit
|ler signal and a

demand controller setp0|1t value at a PID confrol |l er and generating
a PID controller signal; 316 :
SYNGAS HEADER CONTROL
SYSTEM -

FIG.3

CALCULATE SYNGAS DEWAND | & 404 -
FROM LOAD CONSTRANTS [ 7> ...

CALCULATE OXYGEN SETPOINT | 408
VALUE FROM 0/C SETPOINT VALUE [+
AND SYNGAS DEMAND B

CALCULATE CARBON SETPOINT | M2

VALUE FROM O/C SETPOINT VALUE
AND SYNGAS DEMAND

'ADJUST OXYGEN VALUES BASED ,\J‘“ﬁ
ON THE OXYGEN SETPOINT VALUE

'

ADJUST CARBON VALUES BASED| 420
ON CARBON SETPOINT VALUE [

FIG.4



10 receiving the PID controller signal and an autonmatic demand val ue

at a signal selector and generating a sel ected demand val ue;

recei vi ng t WWONGII8?ed demand val ue and a syngas denmand overriBET/USINPO0IZt a

| ow sel ector and generating a | oad constrai ned demand val ue;

converting the | oad constrained demand value to a bias value and 15

bi asi hg an oxygen flow rate with the bi aé/\ISI ue. 28. The

program storage device as recited in claim26, wherein the carbon flow -

rate is converted to the syngas denmand signal by the foll ow ng equati on:

20 - m= F*12.011 *(24/2000), wher e,

m represents: the syngas demand and F is a slurry flowin Ib-mol/hour. 25

WO 00/ 15737 "

PCT/ US99/ 20012 ' r rege dedi ce aBDdecited

in claim26, wherein tHe syr%gWN mwm{géewval ug-Takedl ation
c

conpri ses the steps of: UNIT onstrdined controller

si gnal at a hi gh seliector,
CONVERT DEMAND CONTROLLER SIGNAL | 08
AND DEMAND SETPOINT VALUE TO
BETWEEN O AND 1.0 AT PID CONTROLLER

SELECT PID CONTROLLER OUTPUT ,\}12

OR AN_AUTOMATIC DEMAND VALUE
AT A SIGNAL SELECTOR

SELECT LOAD CONSTRANED | 16

DEMAND VALUE AT A LOW
SELECTOR =

CONVERT LOAD CONSTRAINED © | 320
DEMAND VALUE TO A BIAS SIGNAL

1

BIAS OXYGEN FLOW RATE BY 924
BIAS SIGNAL N G

FIG.S



cal cul ating 98% of a constrai ned controller setpoint value; and 5
determ ning the syngas demand override value fromthe 98% constrai ned
controll er wooonsset poi nt value and the constrai ned control | esc1I90U§92be12
30. A program storage device readable by a nachine, tangibly enbodying a
program of instructions executable by the nachine to perform nmethod steps
of determning an 10 oxygen set poi nt 5¢I1ge in a gasification plant, the

gasification plant converting oxygen and hydr ocar bon feedstock into
syngas conposed prinarily of hydrogen (Herr]) and carbon nmonoxi de
(CO, the nethod steps conprising: nmul ti plying an oxygen

set poi nt value by a carfpon TTow rate To generate an_oxygen
high imt; 15 deterrBETHﬁH_R LE%’%G nd. con

carbon flow rate at a Iow sel ect oilCONTROL! NAkyngas defand and the
oxygen setpoint high |ild sultipglyiogthe.dxygen setpoint _

high limt by a predeterm ned factor to g nerate an ' oxygen set poi nt
low limt, and determ ning ¥ constrai ned oxygen set poi nt

val ue at ahigh sel ect Tromthe QX n oW I'im ndthe
oxygen demand constr ai ?\Ed b kﬂ%%ﬂ IQ&/ GQ&%%MNED BO

Qaet poi nt
by a

The
program storage device fs reCIGQNWR@UCE& SETRON%VAEUE t he preaeterm ned

factor is'.98. 25 A-program.slorage-devw-de readabl e by a
machi ne, tangibly .enmbodyi ng a pr oglam of i nst ructions executabl e by
the machine to perform met hod steps of defferm ni ng-:a :

DETERMINE SYNGAS DEMAND ~ | 512
OVERRIDE VALUE AT A PID - -
CONTROLLER

FIG.6.

DETERMINE O/C SETPONT 704
INFER GASIFIER TEMPERATURE

SELECT VIRTUAL TEMPERATURE | 712

708

SETPOINT - VALUE
716
INTERPOLATE O/C RATIO L —_
SETPOINT FROM VIRTUAL TEMPERATURE
SETPOINT

FIG.7



-53 - WD 00/ 15737

PCT/ US99/ 20012 - carbon setpoint value in a gasification plant, the
gasi fi cati o'W@Pet§73¢onverti ng oxygen and hydr ocar bon f BAR00I2nt o
syngas conposed primarily of hydrogen (Herr]) and carbon nonoxi de
(CO, the nethod steps conprising: determ ning a carbon
setpoint lowlimt at a high selector frﬁpmgn oxygen flow rate 5 and a
syngas demand; mul ti plying the oxygen flow rate by a
predetem ned factor to generate a. carbon setpoint high limt;

determ ning a constraiged carbon egetpoint vaNue at a I@n/ sel ect or from t he

car bon setpointgqugh limt d the c on setpoigk low linmt; and
10 di viding thd constrai ngd carbon sgtpoint by QCratio
setpoint to generate thefcarbon controlf set point Jal ue.

33. The program storagge device as\recited inclaim 32 2rein the -
pr edet er m ned actor Jis 1. 02. - 115 34. A program
storage devi ce readabj &lyp 4 machi&e,. §angilol y enpodyi nga -
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program of instructions executable by the nmachine to perform nmethod steps
of controlling an oxygen flow in a gasification plant, the

gasi fi cati owgéoastazconverti ng oxygen and hydrocarbon f EETES$2R012Nt 0
syngas conposed primarily of hydrogen (H2) and carbon nonoxi de (CO, the

20 met hod steps conpri sing: cal cul ati ng a conpensat ed
oxygen flow from an oxygen flow rate and/dﬁygen tenperature at a

fl ow conpensat or; _ converting the conpensated oxygen flow-to a
nol ar oxygen flow at a nol ar converter;

-54 - WD 00/ 15737 - .

PCT/ US99/ 20012 mul tiplying the nolar oxygen flow by an oxygen
purity value to generate an oxygen flow signal ;"

recei ving the oxygen flow signal and an oxygen control setpoint value at a
PI D control | - ' -B-ecort Si gna,‘l : 5 .
velocity limtinglthe PID CMERM'NE COK SATEDal - at a velpcity Iqoﬂter
and adj usting an OBXYBENY 0? using the velocfty mted PID
controll er output]signal. 7 : The pr ogr any st or age devi ce
as recited in clalmm34, Wherern tne. ciﬁensat ed R

CONVERT COMPENSATED ‘OXYGEN ~ . . | 1008
'FLOW TO A MOLAR OXYGEN FLOW . .

Y Sy
MULTIPLY MOLAR OXYGEN FLOW BY . - | 1012
OXYGEN PURITY VALUE AND OBTAIN .~

OXYGEN FLOW SIGNAL -

RECEIVE OXYGEN FLOW SIGNAL AND 1016
 OXYGEN SETPOINT VALUE AT PID -

CONTROLLER AND GENERATE PID -
CONTROLLER OUTPUT SIGNAL -

l

RATE LIMIT PID CONTROLLER OuTPUT | 1020
BY VELOCTY LMTERS = = [~

l

SELECT A SIGNAL FROM THE VELOCTY | 1024
LIMITERS TO ADJUST OXYGEN VALVES >

FIG.10



oxygen flowis calculated by the follomnng equati on: 10 [err]
where, 15- = conpensat ed oxygen fl ow,

g = oxygdVOoNNaws7 P = oxygen pressure jRFTE§9§20012
Plerr] = absolute pressure conversion, 20 PR = absolute
oxygen design pressure in psia, T = oxygen tenperature
in [err]F, T[err] = Qﬁiglute t enper at ure conver si on,

and TR = absolute oxygen design tenperature, in [erTLR.
25 : - 55- WO
00/ 15737

PCT/ US99/ 20012 36. The program storage device as recited
in claim34, wherein the conpensated oxygen flow is converted to a

mol ar oxygen flow by thefoel-ow-rg—equatton:

INFER CARBON FLOW RATE FROM 1104 .
"SLURRY PUMP SPEED | —

SELECT ACTUAL CARBON FLOW RATE 1108
FROM INFERRED CARBON FLOW - pF—~/

RATE AND_MEASURED CARBON
FLOW RATE

J

CONVERT CARBON FLOW RATE TO ,\j 112
A MOLAR CARBON FLOW RATE

!

MULTIPLY MOLAR CARBON FLOW RATE | 1116
BY VELOCITY LIMITED SLURRY CONCENTRATION

l

GENERATE CARBON FLOW SIGNAL
GENERATE CARBON PUMP SPEED | 1124
AT A PID CONTROLLER :

1120

FIG.11



F=q *(2/379.5) 5 wher e, - q = volunmetric oxygen
flowin standard cubuc feet/hour (scsh), and F = el enent al
oxygen f| owwioooris7aTol / hour . 37. A program ptnusgRolr i ce
readabl e by a nmachine, tangibly enbodying a 10 program of instructions
execut abl e by the nmachine to perform nethod steps of controlling a

carbon flow in a gasification plant, thdb@ﬁbification pl ant converting
oxygen and hydrocar bon feedstock into syngas conposed primarily -of
hydr ogen (H2) and carbon nonoxi de (CO), the met hod steps conpri sing:
calculating a carbon flow rate froma charge punp speed; 15

sel ecting an actual carbon flowrate froman inferred carbon flow rate and
a measured carbon flow rate at a signal selector

converting. the carb e at | ar
NB NBLARNOXYBENs! gnal

converters;- - romt 20foiar .
carbon flow rate, ajlvel OCIS “FROM F(ﬁ)uqr_y( concenfT a
velocity limted cafbon ¢ ent

ngfa carbon punp
speed signal at PID codﬂ K Mil GEN Sglﬂbﬁﬁﬁﬁshstlgn I and a

carbon control set pliiieialtigi—a t he speed of a

carbon punp by the carbon punp speed S gnal S 38. The
program st orage device as recited in c ai m 37, wherein the carbon flow 25
rate is calculated fromthne TolITOW ng equation: 1208

CALCULATE OXYGEN SETPOINT VALUE

CALCULATE ANNULAR OXYGEN SETPOINT | 1212
| VALUE |
GENERATE ANNULAR OXYGEN FLOW | - 1216

4

GENERATE ANNULAR OXYGEN VALVE 1220
SIGNAL AT A PID _ —~

L

" GENERATE OXYGEN VALVE SIGNAL

1224

FIG.12



-56 - WO 00/ 15737 '
PCT/ US99/ 20012 g =q[err] (s/sf[err]) wher e,

q = charge WOITHw in gpm 5 glerr] = charge punPCHESI%RI0R2 ow,
S= charge punp speed in rpm and S[err] = charge punp design
'speed in rpm 39. The program storage device as recited in
claim 37, wherein the carbon flow 10 r s converteéd to a nol ar carbon
flow rate by the followi ng equati on: F =
[[(g*8.021)}/{12.011*(0.017-0. 000056*x[err])/] *(.01x[err])*(.01[err]),
where, 15 F = carbon flow in | b-nol/hour, q =
slurry flo X[ err] = coke carbon concentral on, and 1304

Xerr] = silur s NERKTE CEORBENSKTED" OXYGEN LINE STEAM FLOW SIGNAL —

i

GENERATE COMPENSATED CARBON UNE B /-\_/1 508
STEAM FLOW SIGNAL . :
_ 1312
CALCULATE TOTAL STEAM FLOW SIGNAL
| 1316
) CALCULATE TOTAL MODERATOR FLOW
' SR T — 1320
CALCULATE MODERATOR/CARBON RATIO 2

|

DETERMINE DESIRED OXYGEN LINE - /\_)324
STEAM RATE AT A RATIO CONTROLLER -

!

REPLACE DESIRED OXYGEN LINE STEAM | 1928
RATE BY SAFETY SYSTEM SETPOINT
OVERRIDE (IF NECESSARY)

#

GENERATE OXYGEN LINE STEAM |32
VALVE SIGNAL TO ADJUST OXYGEN
LINE STEAM VALVES

FIG.13A




20 - 40. The program storage device as recited in claim 38,
wherein the carbon fl ow rate is converted to a nolar carbon flow
rate by thew®0d/13881g equati on: F = (g *9[ err PCT/US99/20012
8.021/12.011) * .01 *Xerr] 25 wher e,

- 57- WD 00/ 15737

PCT/.US99/ 20012 q = carbon{)/e® in gal /min, F =
el enental carbon flow in | b-nol/hr, S[err] = speC|f|c gravity
of carbon, and X[err]— carbon content of the l'i quid. 5

41. A program storage device readable by a machine, tangibly enbodying a
program of instructions executable by the nmachine to perform nethod steps -
of controlling - - .nmoderators in a ga5|f|cat|on plant, -the gasification
pl ant converting oxygen and hydrocarbon f eedst ock i nt o 'syngas
conposed prinmarily.of hydrogen (Her]) and carbon nonoxi-de - (CI» ~-the 10 -
nmet hod steps conpri sing: :

SENERATE CARBON LNE STEAM vAVE |16

SIGNAL TO ADJUST CARBON LINE
STEAM VALVES.

|

DIVIDE CARBON FLOW ‘RATE BY RECYCLED ,-'\--'J1340
BLACK-WATER FLOW RATE

GENERATE BLACK-WATER CONTROLLER |~ 1344

SETPOINT VALUE FROM CARBON FLOW
RATE/ RECYCLED BLACK—WATER RATIO

GENERATE BLACK-WATER PUMP .. ,\-/1348
SPEED SIGNAL AT A PID CONTROLLER

FIG.13B



generating a conpensated oxygen line steamflow signal at a first flow

conpensat or : froman oxygen line steamflow rate, a steamtenperature
and a st eamypo eo/ssIBE; generating a conpensated cPCDUSIYVINE2
steam fl ow signal at a second fl ow conpensat or froma carbon |ine

steamflow rate, the steampressure and the steamtenperature; 15
addi ng the conpensated oxygen |ine steam¥2/4® signal and the conpensat ed
car bon line steamflow signal at a first adder to generate a total_
steam f | ow signal ; determ ning a total noderator flow from

the total steam fl owfsTgrat e water {1 ow 4
dividing the total derat |§W§%#%W {,rs,@%q to
determne a 20 me% i ' V& rmgning a
desired oxygen line gtea Eﬁ%ﬁm at i o] si gnal -
and a noderator/carbgn set poiFIROMa&H t o] ol ler; -

determ ni ng an oxygel=tt+me—steanrvatv ~OTI T, oxygen |ine
steamrate - - and the oxygen line stepmflow signal; 25
adjusting an oxygen |ine steamvalve by the oxygen |line steamval ve signal;

- 58 - WO POT 1573 _ 1208

PCT/ US99/ 20012 deT Flx)= +0 8

fromthe conpensated caf bonWHERE st dSmiH &]%? OFQ?'I-Ii:"t caniralys’ signa
- HIGH SELECTOR .

!

CALCULATE F(y)=.002y+.081, | 1412
WHERE y IS OXYGEN VALVE POSITION

&

DVIDE OXYGEN SETPOINT VALUE BY 1416
F(y) AT ADVDER —

|

ADD OUTPUT OF THE DVMDERTO | 1420
THE OUTPUTS OF OTHER DIVIDERS FROM
OTHER GASIFIER TRAINS

!

MULTIPLY THE_OUTPUT OF THE DMVIDES | 1424
BY F(x) TO OBTAIN DISCHARGE
CONTROLLER SETPOINT VALUE

!

FIG.14A




flow signal and a carbon |ine steamfl ow setpoint value; and
adjusting a carbon |line steamvalve by the carbon |line steamval ve signal.

5 420 00/I5m37pr ogr am st orage device as recited i n cl ai wefiysosbenzei n
t he conpensat ed oxygen line steamflow is calculated by the foll ow ng
equation: [err] 10 where, [err] = conpensat ed
steam fl ow, q = stedd/MBow, P =
steam pressure in psig, [err] = absolute pressure .
conversion, 15 PR = absolute steam design pressure in psia,
T = steamterrperature inferr]F, ' To = absolute

t enper at ure conversi on, and T[er'r] = - absol ute steam
desi gn t enper at u_fre, inferr]R 20 - 43, The program storage
device as recited in claim4l, wherein th corrpensat ed carbon |ine
steam flow is cal cul ated by the follow nogy equati on [err] 25 where,.
[err]= conpensated steam fow —=—=tt eam f | ow,

abs e
S m desi gn

rein [err]F,

P = steampressure in psi @Al CULATE. TQTAL PXYGEN[ ELO}Nt

pressure conversion, 30
pressure in:psia, T t eam t enper at

Tlerr] = absolute tenperarure cor con'v"e'_rsr'o":r and

GENERATE DISCHARGE CONTROLLER
OUTPUT SIGNAL AT PID

VELOCITY LIMIT PID CONTROLLER 1436

GENERATE_OXYGEN COMPRESSOR
- INLET VALVE SIGNAL _,

1432

FIG.14B



WD 00/ 15737

PCT/ US99/ 20012 - | T[err] = absolute steam design
t enper at ur eWOM1IFE7r | R - 44, A program st or aBETHEY/20612
readabl e by a machi ne, tangi bly enbodying a program of instructions

executabl e by the nachine to perform nethod steps of controlling an 5
air separation unit (ASU) that provides an to a gasification plant, the

gasification plant : converting the oxygen and hydrocarbon feedstock
into syngas conposed prinarily of hydrogen (H2) and carbon nonoxi de
(CO, the nethod steps conprising: conpari ng oxygen val ve
positions of a plurality of gasifiers that are operating

simul taneously at a high s ue Xx; ég

cal cul ating F(x) = 0.002x M@UI_MEr $02%<0F> OXYBEN abd_x i 390%e output of
t he high sel ector; lating F = 0.002y + .
0.81, where F(y) > 1.0, an v LS UEﬁAD%Bw%e%S§g ve posifion of a

sel ected. gasifier. 15 he program storage device as
recited in claim44, further performng he steéeps of :

di vidi ng an actual oxygen | ivideg;

addi ng the output of the d VNQQOCW LiMAe 0%/ i QbefGEMt uts f 19880t her
gasifiers at a HEADER PRESSURE

CALCULATE PREDICTED OXYGEN FLOW 1512
FROM OXYGEN PRESSURE, OXYGEN TEMPERATURE, ™~
OXYGEN VALVE POSITION, OXYGEN LINE

STEAM_FLOW RATE AND SYNGAS
SCRUBBER PRESSURE

CALCULATE TOTAL PREDICTED OXYGEN 1516
FLOW FROM ALL GASIFIER TRANS [~

—

CALCULATE PREDICTED OXYGEN HEADER 1520
VENT FLOW | i

!

CALCULATE OXYGEN HEADER VENT 1524
VALVE BIAS —~

FIG.15A



20 first adder; nultiplying t he out.put of the first adder

by F(x) at a first nultiplier and generating a di scharge controller
set poi nt vakwugeos/isisy di scharge control |l er setpoint val ue reprepefitissrdoie
di scharge of the ASU; and addi ng oxygen flow rates from al

gasifiers at a second adder and generating a total 25 oxygen flow rate.

- 60-. WD 00/ 15737 - 5/19
PCT/ US99/ 20012 46. The progran1storage device as reci.ted
in claim44, further perform ng the steps of :

receiving the discharge controller setpoint and the total oxygen val ue
setpoint at a PID 5 controller, and outputing a discharge controller

out put signal; . velocity limting the discharge controller
out put signal; and receivijng the velocity limited discharge
controll er output signal at a Iom1se|ect4r along . Wi th outputs from_
one or nore conpressor suction. flow contylol ] 1 ASU sucti on

vent controllers and o1e or e Non cont ol | er 4528d
ST o * R e

PID CONTROLLER -

!

BIAS OUTPUT OF PID BY - ,\)532
OXYGEN HEADER VALVE BIAS VALUE |

FIG_JSB_'

MEASURE SYNGAS HEADER 1604
PRESSURE SIGNAL -

|

DETERMINE BOILER SYNGAS - 1608
SETPOINT VALUE FROM —
SYNGAS HEADER PRESSURE =
SIGNAL AND SYNGAS HEADER PRESSURE .
SET POINT AT A PID CONTROLLER

FIG.16



47. A program storage device readable by a nmachine, tangibly enbodying a
program of i nstructi ons executable by the nmachine to perform nethod steps
of control | iwQ00/15737 hi gh pressure of a syngas header in a gm%’%ﬂ’ég
pl ant, the syngas header transporting syngas 15 froma gasifier, the
gasification plant converting oxygen and drocarbon feedstock into the

syngas conposed primarily of hydrogen (H d8d car bon nmonoxi de (CO, the
nmet hod steps conpri si ng: _ recei ving a syngas header .
flowrate, a syngas header tenperature and a syngas header pressure

signal at a flow conpensator, and cal cul ati ng a conpensated syngas header

flow, 20 and calculat1n ngas header} fl ar t val ve
bi as from the conpensat|ed DETERMINRc EOMP ECN TE\b % IBAS: he anJder :
tenperature, and a maxifmum al | owabHEADERYFL@Wugh a-syngds header

val ve. 25" 48 The pr S recited in claum
47, wherein the- syngas header e vent val ve bias is cal cul ated

from the fol |l owi ng equatlon

- 61 - VO (00T TS CULATE SYNGAS HEADER 1708
PCT/ US99/ 20012 [err] FLARE VENT VALVE BIAS FROM P Lhad
COMPENSATED, SNGAS HEADER

l

CALCULATE A RAMP SIGNAL AT 1712
A BIAS RAMP USING SYNGAS ——/
HEADER VENT VALVE BIAS AND
COMBUSTION TURBINE TRIP SIGNAL

ADD OUTPUT OF THE BIAS RaMP | 1716
TO COMBUSTION TURBINE TRIP
SIGNALS FROM OTHER TURBINES

:

CALCULATE 102% OF Syneas | 1720
HEADER PRESSURE TO GET HIGH
PRESSURE SETPOINT

'

GENERATE UNBIASED HEADER |} 724
FLARE VENT VALVE POSITION AT
Pl. CONTROLLER

#
FIG.17A




wher e, 5 . [err]Z= H gh override clean syngas

pressure controller output bias, in "g= Predicted
conpensat edwayogssysf | ow, in scfh, J permus99/20012
Syngas design flow, in scfh, Pl[err] = Absolute

cl ean syngas design pressure, in psia, P = Cean
syngas pressure, in psig, 17/19 Plerr] .= Absol ute
pressure conversion, T = Cl ean syngas tenperature,
in[err]F, .. T[err] = Absolute tenperature
conversion, and T[err]= Absolute clean syngas

49 The program st or age
of :

desi gn tenperature, in [err]R
device as recited in . claim47,
receiving the syngas hea

trip signal 10 at a blas rgpg tp
‘addi ng the bias ranp signpal to c LHUKHU PN@Lp S|gn
tur bi nes at an adder, and ou puttlng a tota l'as si

mul ti plying a syngas header pressure setpolnt value by I.02 at a

mul tiplier, and. : generating a high pressure setpoint. 15

50. The progran1storage device as re |n149 further perfornlng
t he steps of : F'Gd T?B

GENERATE A BIAS RAMP SIGNAL | 1804
FROM A GASIFIER TRIP_SIGNAL &
AND A RAMP START SIGNAL

CALCULATE LOW PRESSURE . 1808

SETPOINT BY MULTIPLYING —~—

SYNGAS HEADER PRESSURE
SETPOINT BY 0.98

!-'

GENERATE UNBIASED LOW-SYNGAS 1812
PRESSURE SIGNAL AT APD [~
CONTROLLER -

'

BIAS OUTPUT OF PID CONTROLLER 1816
BY BIAS .RAMP SIGNAL S

FIG.18
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