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FIGURE 1 Tvpical Ethylene Production Process
Introduction
S gn f cant econom ¢ benef ts can be rea co s, and/or v o ation of furnace operat ng con
zed from effective contro of the crack ng stra nts make cont nuous adjustment of furnace
furnaces n ethy ene plants These furnaces operat on necessary to ma nta n opt mum
therma y crack hydrocarbon feedstock to performance
ethy ene and propy ene The performance of the
crack ng furnaces has a major tmpact on the Convent ona contro strategies do not pro
7~ econom cs of the ent re p ant Comp ex nterac v de the operator with an effect ve too to dea
t ons between several furnace operat ng w th these operat ng comp ex t es The advanc
parameters p ay an mportant ro e n determ n- ed contro strategy presented n th s app cat on
ng the performance of a crack ng furnace gu de accommodates these nteractions and

Changes n feedstock and fuel compos t ons,

changes n the cok ng depos ts in the furnace BaileyControls
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effect ve y superv ses base regu atory f ow and
temperature contro ers to stab ze convers on

mantanyed seectvty max mze throughput,
and avo d v o at on of furnace ccnstra nts The

comb ned econom ¢ beneft from appyng ths

advanced strategy can be as much as $3 00/ton
of ethy ene product on

Summary of Benefits

The advanced contro strategy for ethy ene
crack ng furnaces out ned n th s app cat on
gu de prov des the fo ow ng benef ts

Stab zed and max m zed convers on of
hydrocarbon feedstock to ethy ene

* Ba anced crack ng sever ty belween furnace
co s

mproved y e d se ect v ty to produce more of
e ges rea proaucts ana ess unaes rea
by products

* Max m zed furnace throughput to mprove p ant
product v ty

* Avo ded unsafe operat ng cond t ons and equ p
ment stress wh ch decrease tre equ pment
operat ona fe

®* M nmzed cokng n furnace co s and maxm z

ed co fe through m nm z ng temperature
‘ uctuat ur »

Process Description

A s mp fed process f ow d agram for a typ ca
ethy ene p ant s shown n FIGURE 1 Operat on

a y the p ant cons sts of two man areas, a ‘ hot”

sde and ‘cod’ sde The hot s de cons sts of the
crack ng waste heat recovery, steam product on,
gas fract onat on, and quench areas The cod

s de cons sts of the cracked gas compression
gas ary ng, nyarogen separat on and product
recovery areas

A typical ethylene plant inc udes s x (6} to
twe ve (12) crack ng furnaces wh ch are genera y
fired w th natura gas These furnaces operate n

para e and are gene-a y des gned for one of
severa d fferent feedstocks (e g naphtha or gas
o)

A more deta led schemat ¢ of a crack ng fur
nace s shown n FIGURE 2 The crack ng furnace
cons sts of severa para e tube passes {(CO s)
which have ind vidual feedrate fuel and cilution
steam systems w th common supp y headers

n the crack ng furnace the feedstock hydrocar
bon Mo ecu es are pyro yzed (therma y cracked) to
y e d a m xture of saturated and unsaturated
hydrocarbons conta n ng arge y ethy ene and pro
py ene The typ ca pyroyssyed for a heaver
feedstock (e g naphtha) s 60% C; and ghter
hydrocarbons, of wh ch 65% s ethy ene and
propy ene

The feedstock s preheated by waste heat and
d uted w th steam before be ng fed nto the crack
ng furnace The steam reduces the hydrocarbon
part a pressure to ncreaseyed seectvty n the
furnace co s, the feedstock s heated rapay to a
temperature of 1500°F Th s rap d heat ng at h gh
ve oc t es causes therma crack ng of the
feedstock mo ecu es

The h gh temperature eff uent gases from the
crack ng furnace are oo ed rap d y be ow 850°F
n the transfer ne exchangers (TLE s) both to
guench the react on and to recover heat Th s
recovered heat s used to generate h gh pressure
steam which s then superheated and used to run
arge turb ne dr ven compressors

The high tube wat temperatures in the furnace
cause depos t on of carbon so ds (coke) on the
nner surfaces of the co s Over a per od of t me
the coke bu d up mpedes heat transfer and
restr cts f ow Consecuent y, the crack ng furnace
must be shutdown per od ca y for decok ng
Excess ve tube wa temperatures accelerate cok
ng and reduce the ength of the furnace run

The performance of the crack ng furnaces s
very mportant to overa econom ¢ performance of
t~e p a~t because the furnaces estab sh the
mater a ba ance for the entire p ant Two mpor
tant parameters that determ ne the performance
of the crack ng furnace are cracking sever ty and
yedseectvty



bons n the furnace eff uent gas s considered to
be a re ab e indication of crack ng sever ty
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FIGURE 2 Conmventional Control Strategy Ethvlene Plant Cracking Section
Cracking Severity Yield Selectivity
Crack ng sever ty s a measure of the overa con Y e d se ect v ty tefers to the percentage of
vers on of feedstock to C, and ghter products t cracked feedstock wh ch i1s a va uable product
ts re ated to the amount of energy nput to the H gh se ect v ty for ethy ene s favored by short
feedstock mo ecules for pyro ysis H gher than residence t me and ow hydrocarbon part a
opt mum sever ty resu ts n ower than des red pressure
molecu ar we ght components in the furnace
eff uent gas, and ncreased cok ng in the furnace n a s tuat on where the crack ng severty s
tubes Lower than opt mum seventy resuts n fxed seectvtycantkesgnfcantly affected ony
more recycle assoc ated costs and ess by man pu at ng hydrocarbon feedrate and
product on steam/hydrocarbon ral o The hydrocarbon
feedrate affects res dence t me ony The
The process var ab es that affect crack ng steam/hydrocarbon rail o direct y affects both
sever ty are hydrocarbon feedrate and compos res dence t me and hydrocarbon part a pressure
ton steam feedrate co operat ng pressure and
co outlet temperature For a g ven feedstock co Select v ty gradua y decreases throughout a
outlet temperature has the most pronounced furnace run As coke s depos ted n the furnace
effect on sever ty Because crack ng severty s tubes, the impeded heat transfer ncreases the
not d rect y determ nab e for heav er feedstocks. res dence t me requ red to mainta n se ect vty
~ the we ght percentage of C; and ighter hydrocar- S nce a reduction in feedstock fiowrate to

ncrease the res dence t me s genera y not
acceptable the se ectivity deter orates unt the
furnace tubes are decoked




Conventional Control Strateg)

The convent ona contro strategy for an
ethy ene crack ng furnace s shown n FIGURE 2
Each of the furnace co s has a feedstock f ow
contro er (FRC 1 N) and a d ut o1 steam f ow con
tro er (FRC 2 N) On ne ana yzers are genera y
prov ded for hydrocarbon feed compos t on (AR 1)
cracked eff uent gas (AR 4 and AR 5). and f ue gas
oxygen concentrat on (AR 6)

The furnace f r ng system s dvded nto one
zone for each co  Fue s fed to burners n the
bottom and up the s des of the furnace for each
zone The temperature of the eff sent gas from
each co s mon tored (TR 3 N) but the operator
manua y se ects one of these co temperatures
to contro a of the co fue contro vaves (TC
3) If any co out et temperature s s gn fcanty
d fferent from the others, the operator adjusts the
manua fue vave bas (H C3N) for the co

W th the convent ona contro strategy, the
operator cannot effect ve y contro sever ty and
se ect vty The operator sets the setpo nts for co
out et temperature, feedstock f owrate and steam
f owrate based on furnace operat ng h story When
d sturbances n feedstock compos t on or f owrate
occur, t becomes very d ff cu t for the operator to
determ ne the correct adjustments wh ch w
stab ze the crack ng process Further once the
co out et temperature s set to ach eve the
requ red crack ng sever ty, changes n fue heat ng
va ue and pressure w  produce s gn f cant vara
tons n severty and se ect v ty before the conven
t ona out et temperature contro er can compen
sate Appropr ate operator adjustment of the fur
nace setpo nts s further comp cated by sgn f
cant ags n both process and ana yzer response
and cok ng of the furnace co s

Ba anc ng of the co  out et temperatures s
a so d ff cu t for the operator w th a convent ona
crack ng furnace contro system When the extent
of cok ng through a of the furnaze co s s the
same the heat transfer character stcs a ow
effect ve ba anc ng ot out et temperatures by
adjust ng the manua b as for each co fue vave
(H C 3 N) However, as the extent of cokng n
each co becomes d fferent t s necessary to
readjust the feedstock f owrate for each co to
ba ance the co out et temperatu'es t sdffcut

for the operator to delerm ne the correct adyust
ment w thout severa terat ons after wh ch a new
adjustment must be made to compensate for fur
ther changes n cok ng

W th convent ona crack ng furnace contro s
contro of steam/hydrocarbon rat o s a so qu te
d ff cut S nce the hydrocarbon and steam
feedrates are contro ed separatey the steam/
hydrocarbon rat o cannot be effect ve y
adjusted by the operator dur ng feedstock f owrate
a sturpances A so aependa ng on tne extent of
cok ng n a part cu ar furnace co a change n the
steam/hydrocarbon rai 0 may become necessary
to ma nta n opt mum se ect v ty for that co

To accommodate these d ff cu t es w thout
exceed ng crt ca operat ona constra nts for the
crack ng furnace (¢ g max mum tube wa temper
ature max mum heat 1g rate), the operator uses
w de safety marg ns 1h s genera y has the effect
of mtng the throughput of the crack ng furnace

Advanced Control Strategy

The Ba ey advanced contro strategy for
ethy ene crack ng furnaces s summar zed n
FIGURE 3 A mathemat ca mode of the crack ng
furnace prov des the bas s for adjust ng the
remote setpo nts of furnace co feedstock, steam
and fue contro ers r addton to the process
nstrumentat on ut zed by the conventona con
tro strategy, the advanced strategy requ res n
dvdua co outet pressure transmitters (PT3 N)
ndvdua co fue fow transm tters (FT 3 N), and
a heat ng va ue ana yzer for the fue gas (AT 7)

The crack ng furnace mode computes crack ng
sever ty and y e d se ect v ty from s mp e process
measurements (temperatures pressures fows)
and furnace geometry data The mode ca cu ates
the co out et temperature and steam/hydrocarbon
rat o setpo nts requ red to ach eve severty and
se ectiv ty targets for the current feedstock com
poston and f owratle tasocacu ates the
feedstock f owrate setpo nt requ red to meet the
crack ng sever ty target for each co The furnace
mode s automat ca y ca ibrated to actua crack

ng furnace performance us ng on ne ana yzer
measurements and/or operator nput laboratory
test results
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FIGURE 3 Advanced Ethylene Cracking Furnace Controls

Severity Control

The advanced contro er adjusts the remote
setpo nt to each co fue contro er (F C 3 N) for
the co out et temperature necessary to ach eve
the operator set seventy target Th s remote set
po nt nc udes feedforward compensat on for fue
heat ng va ue temperature and pressure, so that
the tota energy nput to the co s contro led
rather than just the vo umetr ¢ f ow of fue The
remote setpo nts for the fue contro ers are coor
d nated to accommodate the mpact of an
ndvdua co fue contro er on adjacent co
out et temperatures 1hese featurss m n mize the
dynam ¢ requirements for feedback from on ne
process ana yzers and/or laboratory test
procedures

The advanced contro er a so m n m zes var at on
n crack ng sever ty between the co s of the fur
nace As a co becomes coked dur ng extended
crack ng furnace operat on heat transfer to the
feedstock s restr cted and the co out et
temperature decreases To m n m ze the var at on
n out et temperature between the co s and the
correspond ng var at on n crack ng sever ty the

f owrate through each co must be adjusted To
determ ne the requ red adjustments the advanced
a gor thm reca cu ates the feedstock f owrate set
po nts for the furnace co s based on

s mu taneous mass and energy ba ances for the
co s The adjustments are mp emented as
changes to the remote setpo nt for each feedstock
f ow contro er



Selectivity Control

The advanced contro er adjusis the remote
setpo nt to each co steam contro er (FIC 2 N) for
the steam/hydrocarbon rat o necessary to max
mze y ed se ect vty These remcte setpo nts
nc ude feedforward compensat on for steam
pressure steam temperature, and feedstock com
pos t on so that the actua mass rat o s con
tro ed rather than the voumetrcrato Ths
m n m zes the dynam ¢ requ rements for feedback
from process ana yzers and/or aboratory test
procedures

Feedrate Maximization

The advanced crack ng furnace contro er a so

ca cu ates the max mum feedstock f owrate poss
b e for the furnace Th s ca cu at on s based on
ach ev ng the current sever ty tarcet and max m z
ng se ectivty w th the current feedstock com
pos t on, and w thout v o at ng furnace operat ng
constra nts “ne max mum feearate s a sp ayed
for operator act on and s not acted upon
automat ca y by the advanced contro er

Constralnt Avoidance

The advanced contro er mon tors the mpor
tant phys ca and operat ng constra nts of the
crack ng furnace and automat ca y prevents the
constra nt from be ng v o ated The constra nts
enforced by the advanced contro er descr be the

m ts of pyro ys s react on w th regard to max
mum sever ty, max mum tube wa temperature
max mum co outlet temperature and max mum
cok ng rate These constra nts ensure safe and
pro onged operat on of the crack ng furnace
When the advanced contro er s operat ng the
crack ng furnace at one or more constra nts the
operator s a erted to the cond tion

Fault Tolerance

There s extens ve nteract on between the
var ous contro funct ons w th n the advanced con
tro er Severa process measurement s gnals may
be used for one or severa of these contro func
tons The oss of any one measurement signa
may have a major mpact on some contro func
tions and a m nor mpact on others

To m nm ze the mpact of an unava abe
measurement s gna on crack ng furnace opera
ton spec a nter ocks have been des gned nto
the advanced contro er These nter ocks prevent
nappropr ate contro act on upon loss of a
measurement s gna, and ma nta n the h ghest
eve of contro syster funct onalty poss b e
under abnorma ¢ rcumstances

The oss of any on2 measurement s gna
causes an nter ock acton f the ost s gna s not
dynam ca y crtca to operaton ot the turnace
(e g fue gas temperature), the contro erw use
aprevousyva dvaue of the sgna fthe ost
sgna sdynamca ycrtca (eg fue fow), the
remote setpo nt for the base contro erw be
hed at a prevousy va d vaue When the base
contro oops are mp emented in NETWORK 90, f
the pr mary measurement s gna for the oop
becomes unava ab e, the base contro er s
automat ca y and bump ess y sw tched to
MANUAL mode n a cases, the nter ock act on
s a armed, and when the ost s gna becomes
ava ao e aga n, the affected contro funct ons w
be automat ca y and bump ess y re nstated
(except that the operator must manua vy return the
base contro ers to CASCADE mode)

Performance Monitoring

The Bar ey advanced crack ng furnace con
tro ter nc udes a performance mon tor ng package
to he p document the benef ts resu t ng from ts
use The fo ow ng parameters are ca cu ated for
each product on sh ft by the advanced contro er
and are ava ab e for ogg ng

Tota zed Ethy ene Product on

Average Crack ng Eff c ency (BTU/ton ethy ene)

Average Mode Crack ng Sever ty

Standard Dev at on of Mode Crack ng Sever ty

Adverage Tested Crack ng Sever ty

Standard Dev at on of Tested Crack ng Sever ty

Percent Ut zat on of Advanced

Steam/Hydrocarbon Rat o Contro

* Percent Ut zaton of Advanced Hydrocarbon
Feedrate Control

* Percent Ut zat on of Advanced Fue Contro

* Tota zed Cracking urnace Downt me
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The advanced crack ng furnace contro er a so
ca cu ates and tota zes the cost sav ngs ach eved
The ca cu at on s based on the fo ow ng user entered
data

* H stor ca furnace eff uent recyc e cost ($/ton)

* H stor ca average ethy ene se ect v ty (%)

* H stor ca ethy ene product on by furnace
{ton/year)

* H stor ca average gross prof t for ethy ene pro
duct on ($/ton)

* H stor ca average cost for ma ntenance shut
downs ($/day)

* H stor ca average furnace shutdown
(days/year)

Ths tota cost savngs s aso ava abe for
ogg ng

Economic Analysis

The most tang b e econom ¢ benef ts of th s
advanced contro strategy are assoc ated w th
ncreased ethy ene product on due to stab zed
and ncreased y e d se ect vty and decreased fur
nace downt me For a 500,000 metr ¢ ton / year
ethy ene p ant w th ten (10) crack ng furnaces
annua cost sav ngs and ncrementa prof ts coud
tota $12m on

$1 2 Million / Year Savings and Profit

A 20% decrease n p ant energy costs from
mproved crack ng furnace energy ut zat on and
reduced by product hand ng wou d resut n sav
ngs of $388,000 / year Th s sav ngs s based on
energy costs of $38 80 / ton of ethy ene produced

A 125 day / year reduct on n decok ng
downtime for each crack ng furnace w generate
an add t ona $179 000 / year proft Ths proft s
n add tion to the prof t resu t ng from product on
ncreases due to max m z ng the throughput of
each crack ng furnace

The ca cu at on of these econom ¢ benef ts is
summarized n FIGURE 4,

Implementation

Ba ey Contro s NE TWORK 90 d str buted
m croprocessor based contro system offers cost
effect ve and f ex b e mp ementat on of the
advanced contro strategy for ethy ene crack ng
furnaces The advancesd contro funct ons for one
crack ng furnace can be mp emented n two
Mut Funct on Contro er modu es (NMFC03)

Th s contro er can be ntegrated nto a com
p ete NETWORK 90 crack ng furnace contro
system, gommun cat g d g ta y w th the base
contro ers through the NETWORK 90 modu ¢ bus,
or mp emented n a stand aone M n 90™
cab net, commun cat ng w th non Ba ey contro
systems through hardw red anaog sgnas
nput/output modu es are requ red f measurement
s gha s are not already nput to NETWORK 90 con
tro ers, and/or f remote setpo nts are output to
equ pment from other contro system manufac
turers, the exact number and type depend on the
spec f ¢ crack ng furnace des gn and ex st ng con
tro system equ pment

Operator nterface can be prov ded by any of
the Ba ey CRT based operator conso es The
capab tes and features of the referenced
NETWORK 90 equ pment are fu y descr bed n the
var ous Ba ey Product Spec f cat ons

The NETWORK 90 modu e conf gurat ons
requ red to mp ement th s advanced crack ng
contro strategy may be purchased from Bai ey
Contro s subject to a software cense and use
agreement For systems conf gured by Ba ey the
system d skettes and documentat on w  nc ude
the conf gurat ons For systems not conf gured by
Ba ey, a deta ed mr ementaton Gude s
avalabe



BENEFIT

BENEFIT.

BENEFIT:

BENEFIT:

Energy cost savings from reduced cracking furnace energy consumption.

500 000 [metr ¢ TON ethy ene] / YEAR
* 97 [m on BTU requ red] / [metr c TON ethy ene]
" $300/[m on BTU]
! 75 [% furnace eff c ency]
2 [ mprovement n energy eff ¢ ency)

$388,000 sav ngs / YEAR

Incremental profit due to increased ethylene production from stabilized conversion and
maximized throughput.

500 000 [metr ¢ TON ethy ene] / YEAR
*  $100 [gross prof t] / [metr ¢ TON ethy ene]
125 [% ncrease n ethy ene product on]
/100 [% product on]

$625 000 [gross prof t] / YEAR

Incremental profit from reduced cracking furnace downtime due to avoiding coking rate
constraints,

500 OUO |metr ¢ TON etny ene] / YEAR
/350 [operat ng DAYs] / YEAR
“ $100 [ ncrementa prof t] / [metr ¢ TON ethy ene]
* 125 [DAY/YEAR cecrease n furnace downt me for decok ng]

$179 000 [ ncrementa proft] / YEAR
A 2% decrease in plant energy costs combines directly with a 1.25% increase n ethylene
production and a 1.25 DAY/YEAR increase in cracking furnace operation to form the total
economic benefit

$388,000 sav ngs / YEAR
+ $625,000 [gross prof t] / YEAR
+ $179.000 [ ncrementa prof t] / YEAR

$1 190,000 [sav ngs and prof t] / YEAR

FIGURF 4 Economic Benetit Calculations
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