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Figure 2 The temperature profiles of the Deethanizer (a) before and (b) after changing the control
tray temperature
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Figure 4 (a) The temperature profiles of the Deethanizer at the end of this phase
and (b) the composition of ethylene and ethane in top product stream of Deethanizer
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Figure 1. Typical flow sheet of ICSS.
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Table 1. Integrated Cryogenic Separation System Steady-State Model Validation”

T r T P T P T P T P
EV-1 EV-2 EV-3 EV-4 EV-5
plant measurement =50 3485 =70 3461 —97 3432 —128 3418 —162 3404
simulation =50 3484 =70 3472 =99 3443 —126 3420 =165 3415
S28 S28 8§22 §19 S16
plant measurement 32 3352 —42 3365 —78 3377 —106 3388 —133 3397
simulation 31 3365 —46 3375 =76 3385 —110 3395 —136 3405

“Units: P [kPa], T [°C].
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Figure 2. Temperature profiles of ET-1 and ET-2 at normal steady-state.
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Table 2. Three Typical ICSS Start-Up Scenarios”

scenario 1 scenario 2 scenario 3
initial state ambient N, ambient N, ambient N,
procedures (a) Precooling with CG (a) Precooling with N, (a) Precooling with CH,
(b) Displacement with CG (b) Displacement with CG (b) Total reflux of column
¢) Feeding and coolin; ¢) Feeding and adjustment c) Feeding and adjustment
Feeding and cooling Feeding and adj Feeding and adj
final state products on-spec products on-spec products on-spec

“CG: cracked gas. N,: nitrogen. CH,: methane.
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Figure 8. Dynamic temperature variation (a) scenario 1, (b) scenario 2, and (c) scenario 3 (CG feeding times are 2.5, 9.5, and 7.5 h, respectively)
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Figure 13. Temperature variation of chilling train under different solutions: (a) extending precooling time, (b) put refrigerant of EH-3 into service,
and (c) open the flare emission valve of EV-S.
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Figure 14. Start-up times of different scenarios.

R
W M

R FIS R RARR RE AT T AR - AR I FEPREY IR o A
< #F31 ICSS Axe R ek 3 F A4 PRID ~DCS fE Y T EPREIRT 2 BB & Log T it g
HokE % o ASPEN Dynamic #53) # # 4e » 0 3R e g TR 0 k=g F A4 SRR B
Fodladrig F oo x eV R 8 Yl (vt g 0 4o @ o5 gh(Dead End) o 3 1T S gk
L RAA A S B R B B R o B A RIR S T HIER Y BB ARR Y hfe
Fe A AT EHRTI AT NEE D0 Femn BA R g h I X
FlLenBE Rex s Rl g g o

B E R TR DR E R P > BT - B R BRI HERE

-

A\

3

B

Pl

H 2 p :104.01.19 68/117 5B0-HRD-06-12



dod P iR EIN104 # R R AR
#ipa e R R4 (- )1040727-1040731

gyﬂ;% D ERELE
&@»ﬁ%ﬁ:.g%wﬂ?kwl%Wa@@mwﬁﬂﬁ°ﬁ*“?*hwl‘Q%
Solver # iy o RF|RfEE- 5~ FHAdd-in ~# > 7 ¥ 20142~ LRF 2 His - g
Sl (- Ffd o F AR T - A
A ARG
B. zbaujri
C. sty
D. st fF
E. fodctdBRRoigm
5 2% Solver i fB7k ) i 1% 48 1 AT 3 n-\}_%‘ ﬁﬂﬁrﬁ 1d Solver f&i-» & ¥ Solver
§ R KPR AL - R R B AR A R e

MATLAB A A iR A 2D 3D g Wl e 'f']’** MATLAB vk A F eha R RR R e bl

T .

A, 2D W > = & Z#csin

Plot of the Sine Function
N v T

sin(x)
<

/ . X = 0:pif100:2*pi; [X,Y] = meshgrid(-2:.2:2);

: Z =X .* exp(-X."2 - Y. 2);
y = sin(x);
By adding a third input argument to the plot function, you can plot the same variables

using a red dashed Line. plOt(K,)‘}

oy, surf(X,Y,Z)

Bﬁu@@’

Then, create a surface plot.

- -
e -1
2 2

C.MATLAB » #* &ips $ i f2 0 p 5 it 22 Excel ¥ e Solver 4p e » 7 jm B S B AR 5N
VB~ % Excel ¢ # ’fé%ﬁﬂ' shgit 34 Fpt E ﬁ*fi} Sm 8 Mi #F3

ASPEN FAR D AMFRRACT

% 7 % ! Mass Balance in Excel

% = F ! Introduction Aspen Plus 8. 0V.

FAg < )]?c}fa‘»' : 6. A Novel Shutdown Strategy for Flare Minimization at An Olefin Plant
/6. Flare # x| b 20 i 4 Kok

I3 E
¥ 7_p :104.01.19 69/117 5B0-HRD-06-12



¥ kv R0

A Novel Shutdown Strategy for Flare Minimization at An Olefin Plant’
Flare #:3cdo ] it 2 @Y K0k i
FETE - 6% f iy
&

e iR e pdE iTA 2 < EhFlare #3T VR @ A RB A EF 0 U E K Bahfo 2
BAFA o FP o HWE S KW BpAAAG LAY EL S pow ik B A2 R v Z_MriE G R
Sk iR s 1 ﬁg_gﬂ?—\‘i‘r I TW—*Z P IR T A4l g A TE KA zkm,". P o AP
55— BRTDR Y Kok AT o KB ’z} B 2RCREE G RS KRG EET 7 - 5%k
T RTeniB Y Wk BT B TR D T3%er g o

Rl

. #F®p
Mﬁi?’”%’%ﬁ”éﬁ PR Fe AT FAn0 o B Flare B g g S B 2 Bl wN A g
FATL G Bk (T2 HORT S ()
2. T?%Jﬁz%\“é
A, HATL FTACE - TN R LS EI® O IR 2R F el
FrHes? p adam B e g #50 f2F 8 BT G4k iFae FRGE?
OP1&0P2) » % 42 Rz ?'\a‘& s~ ®_Lummus ABB - Mﬂ’“? * OP2 ehi7) > - OP2 ehis
p ?%EECGC@?J"' Tl ATH R B RS (Fd BRHER) 2 P RERAHIT (F
LI ?’ﬂ)ﬁ?‘*"“"i]y B 159 W’JOPIW"P]IO
< R ehe ff&'%?lﬁbh’ﬂ\ FEE R ARG B A (DA BfE Fwmp ey
A2 o R AR F MRS Y 2w LER mﬁ-i At > L r B R
(CGC 73 m i) Mo r e r E Chllllngtram = ’"‘t@ e TF’H:

3o ()N B ame s A AN ARG B ER 0 AP Ak ARG P
Bk e
Yo Bl = AT

CGC

l Staged
T P —— e

pr— Furnace
M— Furnace
1—. Fumnace
G Fumace

5 . |
2 _ i
o ¥ 1
E = e} i
bl 5 |8 2
P T |
» L1 ¢ — |
< Chiling Train |—| s e—— H :
W  ——— 2 |_I_> ;—_s C3 Refrig. F
— & i 5 = System
oF1 L, § —| = ':—,— % g
“ — = =
Z =
= T L . T—
|
Legend: iy New Stream for

— Onﬁnnn Ptoctss

Bl- it 0P2 /AR > —&E G I BT > 5 ATH O B T
T ER S Flare Minimization :Hf g ¢ (> * K iBYp)4cT™
e~ MR A RBETEINY CGCET

B o~ ]:'\1 »TF@ ik ,ﬁ ..’«u‘}‘" ‘1{? w3 CGC B oo

o Plant Start-up

BF &3 A
# 3% 2. p 1104.01.19 70/117 5B0-HRD-06-12



F > AR r P 0GCT o
I~ 5o F o RERINEICGCED -
oA R GRS RE SO $0P2 A 0 T R BT R e d § F AL W (5 OP

PiATH{ U T B M LR AT B D G5 A BRGIL B o g S
EfmiEwir D Flaree 2 TR g EVYEMZEF O RY BE EEP B
FITEE A o Fl gk A e A g~ a4 CGCE R o 1% CCCERP R > 1
FpFpEEr g Ry C6Cievr » FICCCHF FTH - it # & CC mpde 4 > £ I
*A T FAREDY - B R &4k T 0PL (60 » v o T 4F A B OPL 12 A
¥ g P F] Flare ©

©ofk ok kR A G RATICCET o P Aok AR RATH 7 fe f 4] C6C i
T4 ﬁ*»i:ma B4k kLA B AT e e BR (T B R R T o B A
WE AL B AR REET A I RBR R I FE BT N B oA A e
AF it wr e (MEBEEFHRTF FL RV RLTENLRFERT NGRS FR IR
%o LR FLAR)
PRRA TR MY 0 defe i i OP2 w 3] OP1 0 Cocktail v brs 2 42 > % 5 4t OP1 ¢h
P (T e o (2 RALH 0 OP2 hid A 124 fail & B4 > Flt g w 3] OPL hp % 4
s B {,ugg;u/,,\ﬁ o EBFILERAR A PELRE BT - R R
FARHEE VAR oGt PR R AR BB OPZ’ GRETE o
a. VA TR ARR L E LR )Mﬁomﬁ E3 IR

B. kUi (T A
—Hm g o BB RITG = BIAE G
(D) f@"T;&’JﬁiJ&#&'FSO/w BB o f o EFASEROTHRT
AT RF AR PHBIP P FFFE #\I%Jléti&—?%
(2) vk 2.A 9T BRI E A0 B4l w 3] OGC i v o #-= Ap i34 > i%4F CGC
1—'“‘@3" T (E L Surge) e Gt FFER G AfF L A Bk (v B RIS AT 0 1Y
FEWREETG M R MR R 2 o IR A A H & ¥ i v ety llydrocarbon - @
WA R RBE T g R R "‘Jl‘?""‘i( 9 e B A i CGC & #7
Foenl: ¥ AT ﬁ»&é@?pﬁ’?%‘%ﬂ‘l%i OPl w4z » @ # % & £ Flare o
(3) OP2 jksip #r3 chg WA & &b > > FlE (83 57 5 & CGC 40 B~pF > 124 CGC 1 2
Fﬁék& AR RE o PR OP2 B4si ~ § F :f.f.ééfvii“ﬁﬁzékﬁﬂHC #cF] Flare » &
R0 A e R ) R S
3. ﬁv@%&%{‘*%
BHE > R ends R B B g e i) kg it enz B ﬁ%ﬁéﬂﬁ% SR R N
gkene ]t ’J}’ﬂ*ﬁ%‘ s A R R Rk A P A BER T oS i}u{
L R . 2 ) RS Bkt iﬁ’%ﬁ—'il“ 2R R R A1 l‘"“:iﬂéff'&m%l“ ) o Bk %
SRR AR S 0(Tp B A ) o Ao @) 2~9 A T & e SR 2R ek e R
AR g EA) e

mGEL 38
# 8 ¥ 2 p :104.01.19 71117 5B0-HRD-06-12
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Figure 2. Dynamic change of reflux drum level of HP-DeC3 during the planned shutdown.
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Liquid Level of LP DeC3 Sump
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Figure 3. Dynamic change of (a) reflux drum level, (b) sump level, and (c) top pressure of LP-DeC3
during the planned shutdown.
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Figure 4. Dynamic change of sump level of DeCL1 stripper during the planned shutdown.
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Figure 5. Dynamic change of sump level of DeC1 during the planned shutdown.
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Figure 6. Dynamic change of sump level of C2 splitter during the planned shutdown.
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Figure 9. Dynamic change of (a) sump level and (b) top pressure of C3 splitter during the planned
shutdown.

Ant BHERS S TR CEH B2 I 0 AT LA R w it HRE
Mg M RWFE A BN 5 123 479/4. 1 #1/12. 2 ¥ o 33+ F #2x3 Flare 08 5 39.7
MR B el F T 0P 4T 0 AR o SRR T Tl Tt o Ryt E R E
WAL 5 HRE AL D E R RS -

Bofd o - B R AR E K L AR e BECRIRERTE s 0 RRE

NP R (G i L RR G 0 B RERE R R

4. B
k2 - BATRG Rk o 1 B G- B 2RO A sk g LT
(7o SR AT ATehibYp ek T R L TR D T30 g

mFEL I3 A
# H %z p :104.01.19 78/117 5B0-HRD-06-12



dod P iR EIN104 £ R R R Y
#3pa e R AR (~)1040803-1040807

<
T
ok
\:;;\
T
=N

BB A THAT T MU o AR R R
MATLAB A2 : i * MATLAB ffziatidie fFenddicr £ 2 SR A & AR - AT * §0) 55 13
BERERZEM G JI* ¢ fvang R Z2 AR EN > £ »313A 23 S=akexp”
S=Solubility; T=Temperature o &4 ¥ fi a, b chifcld » 7 & 2 b 2 0 eha e fF o
o7 it | Regression” - @Ak A A fE L PR L FTAL ) FEL B 2oyt o A
ﬁ—i S FoRE - f@;éﬁw o ARSI P ARE RIERIE-K Pl E A TR o AR O
Pk R R AN oo N s A AT EII FE Tk B A TRE 2 A F
IR S SR ;M: B%é’fh&%%frﬂ Jeak zodva GER G M SRR RS SRR
B 5B K R SHY o T LB A et SUREW S deE MR AU S 2ba
(EELE RNEN S AR T B Rk = S S VRS TIPS LIl ) I S U 1
WA B RAT 0 TV U ARE (TR R eTER o
R S ﬁéee.i' 5V BiEH  Instantaneous V¥ L EFH TR BBV IEFOER R
AN BETH o ¥ - 485 Dynamic #3¢ 0 V EEIERIE D P AT R OBPER o R AR
E ‘L'Eilf Dynamic rﬂsﬁﬁi s‘?"J LR TR TR B TR P 7‘*5}_ y 1R
EMATE o 7 & Coldbox ¥ & %zrwmenfliff ~ L REE > u’E. - A BN
PR B ’/J%"'”]wr_*:“z?%alﬁ\ S A HERBERZEDT RADN LRGBS FRTE
TR AE T A ‘”*{v* ’F”rﬁ%“* ’:@—i dx*’ﬁ%s? AR sk S R A L e

ASPEN BRAR - ] ;ﬁc?(?ﬁ T*J L S 3@)» l—abk} iT¥ 2 @ “;ﬁcﬁ(f ¥ PR T E
MEEORIZTIROHEEEVREL o RMp FRY 273 -

FRGATT FACMGE C FARE B T R T FEAFL o rﬂt“":té\ﬁ&-ﬁ R R R AR
A RAE ) idie o d YR W AR o B AR R LW T e - e

RO gE S A f%ll%—?*ﬂﬁ FEY 16F3-8 - ;ﬁcﬂi—g{p 48 )
MEF=ZRA S EAFINEFo- AT BPBFHI FELR 2.3 o
FHART AT b/ R B o e kg WA AR T

No.6 S/D Recover
Route(Red Line)

Furnace Oil & Water
Quench Sys

ol
w
[}
(R4 €)
[
T#oRIJ €)

OYRAIQ €)

LPG

RS R F I EFEE 2 TR o

i3

H 7z p 1 104.01.19 79/117 5B0-HRD-06-12



No.4

Chilligtrain

S/D <=-- '| 2 | HPCH4(6") } ————————————— A
Oil & Water
Furnace jpmmd
Quench Sys
b Lo o | - -
A
= 3" V-1702 MP(3")->D-1202 |.| :
i 1
1
1

| 1
1 B | |
v i -
e
1
LS -5
1
sl - L
. A

| LEL T
) 4y

TREINAS LG - R A ER 2 wTy M e

h = /ﬁ’c”}“q‘i Do A B Bz Flare KRB s 471

Emission Source Characterization for Proactive Flare Minimization during
Ethylene Plant Start-ups

-->

ysem zod

T23-2a

¢0-2d

#o€44 €3 |

=

‘Auo)RAIg €0

dH €2 2d

¥2-2Q ‘l

d1 €2-2d

mFEL I3 A
+ ¥ ¥z p 1 104.01.19 80/117 5B0-HRD-06-12



PP TR EMI04ERP LY
i1 irie 474 (4)1040810-1040814
L F g

AFHFARERZEA NP RFLEFE > AFHRIFIHFEYF-BLE 25 5 Job
Scheduling » A3 1 1 (FREEGE  » AR LM 2 LM (T2 Sg it BT
AT G St TREAGAM R RFE AT AN TiFLY o
AAERFA-FHEHART LT3/ e R P B v f g WA AR T

No.6 S/D Recover
Route(Red Line)

Oil & Water

>
Furnace Quench Sys

( c3= ) N

\ / o

\_/ =

. 2

N o

\ S

| PG | =
N

ARG TIEREEF ZWACE M A I BT
M BRY=E A C-1201 - & (87 P130219-AAD-N)
Se MY =g Aw D] C-1201 - &g v (67 P130800-AAD-N)

She
-4
I
53

\,
D

by T4
me X

~-
45, 90
—ka

él

o g M F s F /R TR Sr C-1201 - &g (67 P131027-BRA-C)
o fick BRI g sw C-1201(27 P131133-AJL-N)
2 PRI C-1201 i& ¢ (8" P140026-BAD-N)

No.4

S/D

Oil & Water
T Quench Sys

1 A‘E V-1702 HP(6")->E-1205 | — — —

[ usem zoo

( @ )
B )
B
I #oel] €)
T#oeld €3

‘AuodRAIg €0

d1 €J-2a
dH €2 2aa

i"LPG ‘/j
%
A E S G AE R v e S A WA BT
1. 67 3B %=w (C-1201 v o
2. 107 MERR? =w C-1201 & o
3. 3" MP C2 ¢ V-1702 = ] D-1202 -

mFEL I3 A
# H %z p :104.01.19 81/117 5B0-HRD-06-12



4, 67 MP C2 ¢ V-1702 w 5] E-1205 -
5. 27 V-1303 vent Gas — E-1205 -
6. 2 “D-1403 A/B — D-1201 -
7. 27 D-1406 PV-14022B — D-1206 -
8. 1-1/2” D-1407 vent Gas — E-1205 -
3. ¢wﬁ&fwwﬁﬁﬁgﬁwg;@%¢ﬁ%ﬁﬂu%%&ﬂMﬁ%ﬁﬁ@*’vﬁﬁﬁ

f?ﬂﬂ”_gf RAmieER T RE DA LR Jﬁ?ﬁj\w«q; s KR R P T E
AR IR AL > T e o FIR TR SR - 1 dr g AR F v o T AT
ZHEV RRT BARE T o

Mass Network Between
Ethylene plant :

Mo.45,/D & No3.Recover HP CH4
Il |
Lo
1
P 2 1
* No.4 cold | % -
! i i
o] Recyde _____#¥ |
1
No.3&4 % p I’ gﬁozpecﬁkd
Off Spac C2= ! roduct Header

o

4. Tie-InZL3n a2 R 4c™ > w7 BB P i FE T
(1) mag#ta tHP? =i o IR S 2 e % Jso (LA M7 =i iz L5
BEY TR L E k) e A iRpF D 2 e ksl F M3 C-12015E e o o)
TaATZERRTICEPNFP o
(2) ATz dEdns tFHT A ARG AR ke R FH R FRE c ARBRFRES
IR A I S ER S F-S U A R R R 8 AR it
5, == z;&?q‘—' DS - 1 BR p ) B P2 Flare kR s 17
Emission Source Characterization for Proactive Flare Minimization during
Ethylene Plant Start-ups

BF &3 A
# 3% 2. p 1104.01.19 82/117 5B0-HRD-06-12



2 }I?% ¥ RE-T
Emission Source Characterization for Proactive Flare Minimization during Ethylene Plant

Start-ups
o i R B g 8P B Flare #2% % iR 4 i 47
g sk
%%:
o1 HFR W R hFlare #ic g+ F B R L Rt S AR

T

BRGE RIS EEP ke B P ERPEA o T Aot o B R B A S L
Bt ooy 25 m2bF a4 o 4ot (DFlare #£2c? 37— Lo L RDRIHF R 2 F
achenFlare § 887 % C E2(LIDAAH AR 2 P F P LR R had G2 T B %X 4
dom? FHiE X RETE R E o A VR L -’:ﬁli%é_% B2 § ek T eFlare #2c& 1 o
P T8 T LR ATT A fﬁ‘ CRELE S E T R R kR s Rk DR E
AR BEWE R GREE, c RET B IRROF ] SR T D 2 1 g i 3,1
o @R R e o w1 FR ARG IR F R A R A Flare #3%cd ] i
BBk b oehd A -rk k2Bl o

CE S R R S T 14ﬁﬁw£%1\oﬂw’?*$%z;ﬁbw SR

1. @4

o s BN R ORH K Ripde e 2007-2012 & B e F K2 BEER A4 4% -
PR LFIBFFIRIOE BB - X ERRALT BRI EF R KERTLZRE
KRR 2D NI EDEAF GRE LT BATASRL PSP R @A R
WG H il o GHE R - 60 e A che G H - B 97 A2 4 2500
"*F\a ﬁ«#k’iﬁ— ° 'F/\r/q Flare m{ﬁ?)%“ii—f S 98Y% - @#L‘Z‘ TF’{{TJ%IQ E‘r’/""‘—)ﬂaq_ﬁq 4 ;Va—g, [ 154 B TQ
e (020 40 F BrennCO > 7.4 +F &0 NOx > 15,1 +F Bt a i & 4202 2 100. 0 + &< HRVOC - 12
Jiiﬁﬁb%ﬁ%’%%%ﬁwﬁﬁ%A@%#E’%6%~ﬁ%\ﬁm-E—ﬁﬁﬁ%?
EAZAEF A EDZF AP T c AR EHET A PR REAE TR BREIZFORED B
BAeR ~ WA FETRG > BLINMUAEHE PN 2 P p TR - ¥ b WEp R
*z¥] Flare iéﬁ %‘“5"-”-#?’* i G e Bl o 2 I R i B ih R 2

W3 G RF EF A0 LA PR d {8 Flare B 2 ) B engt2c s it 2 § e £
%{g%g”% Bk~ BtenB B g o S enni) T mUEHT BB © bpbi i
A*’Bm&#$*°ﬁﬂ’%M#&Lwﬁ%&m@?07 SR R kR R
{7&‘».&“* 0o

AT FIHR D EROPE R o 0T = BRI fR(D)Flare #3c? G vi- L
K ;u, (IDFFHE R 2 kRO Flare § 73 7 P 22(LIDMAFR AR I H T ¢ 2 pox
Kihend: s 85X Ede®?hp > 2 SRE ZRAREL RE T F iR T
GAREATAITL AT T F 0 AT Aol AR ARE 2 W2 T g o R b 2 B B
HFFR2 Ay o R N Z BRAEDE RSB RAERZY G M ok AT P BRI R
®F AR o K kAR B R a2k 0 BEARR 1 *:'FF s Jles o

FRBEFLAF LT GE LA LR R E S LL‘/Z‘?EU—:\ AP-42 - H s = /24: e ?iﬁﬁ'??
#*(Stack testing) ~ KA 13,‘:-}.%]’3 BIFRF P FLo~ ded & EJE i %.’TJ- fg.f%\‘ Y B e I S # ¥ 1
FoenB B Ag et a5 9rig] o

mGEL 38
# 8 ¥ 2 p :104.01.19 83/117 5B0-HRD-06-12



D

LHIHENE

H, Ethylene
Product
Methanator
Caustic
Wash Dryer Acetylene
Converter
Feed Ethylene
Chilling DeCl Fractionator
Train
) cGC DeC2
Furnace N\N{m

Recycle

- MAPD

4 CH,
Water Quench Compressor Reactor
Propylene
il Quench i Cds Product
Fuel A DeC3
Propylene
Fractionator
DeC4
Recycle
PyGas

Figure 1, Flowsheet of a typical ethylene plant.
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Figure 2. Design | for an ethylene plant start-up.
«lir"" Bl 397 » H AT R U fRA iR % 2 AR 0 B C4 eniiTRELAR o

TR TR GEET 0 B P ET R mﬁl%?ﬁ F i P §
% J Al

Heater
\J: = i
H,/Cl
‘ ................

Recycle
Stream

Cracked Gas Dryer and

Cracked Gas Feed (,osm]s:tlr:;SUr > L,]rllrlal;:g [
after Quench Y
2+ C3+ Ca+ C5+
Legend:
—_. Ordinary ~ eeees p . Start-up Recycle
Process Streams Streams

Figure 3. Design 2 for an ethylene plant start-up.
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Figure 4, Start-up operating procedure for designs 1 and 2.
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Table 1. Detailed Emission Sources Comparison between Designs 1

and 2
Mlared amount flared amount
under design 1 under design 2
aggradations components formula (KlIb) (KIb)
hydrogen hydrogen H-> 59.0 59.0
(@ | methane CH 905.0 905.7
c2 acetylene C>Ho»> 15.6 15.6
ethylene CoHy 1833.2 1832.3
ethane C->He 393.2 303.4
3 methyl-acetylene CsH4 31.8 31.2
propylene CsHe 907 .3 1000.7
propane CzHsg 38.6 31.5
(@ 1.3-butadiene CiHe 309.2 255.5
isomers of butene C4Hsg 6l14.7 455.0
n-butane C,.H o 163.7 130.1
C5-+ 0.0 0.0

:}*“I«fﬂ&u%}t’%ﬁ vhe % 5 hFlare ¥ s S K 5 98% B2 4 % 7C0>CO2 2 2 HRVOCs
e 5§ drd 2 #7577 -NOX 3% CO¢grgxdgd - HA4 38 %4 E wﬁ”f’ N E o

Table 2, Comparison of Flare Minimization Results

startup time amount of flared raw materials (Klbs) major emissions” (Klbs)
(hrs) Cl C2 C3 Ca+ CO; CcO NO, HRVOCs
historical best startup” (base case) 25 2163 5569 3017 2782 22198 106.1 19.5 183.6
design 1 14 905 2242 1068 1088 8995 43.1 79 75.1
design 2 14 906 2241 1063 841 8803 41.2 7.6 70.9
emission reduction of design | 44.0 58.2 59.7 64.6 60.9 59.5 59.4 59.3 59.1
compared with the base case (%)
emission reduction of design 2 44.0 58.1 59.8 04.8 69.8 60.3 61.2 6l.l 614

compared with the base case (%)

“ Assume 98% flaring efficiency based on US EPA Flare Efficiency Study, 1983.% " Data obtained based on Xu et al.”
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Figure 5. Dynamic flow rate of flared C1 during the start-up. Figure 7. Dynamic flow rate of flared C3 during the start-up.
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Figure 6. Dynamic flow rate of flared C2 during the start-up.
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Figure 9. Dynamic flow rate of flared HRVOC during the start-up.
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Figure 10. Emission source distribution with start-up time.
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Table 1. Chemical composition of gas

. Molecular Weight Weight
Chemical components of the gas (MW) %)
CO2 4401 1.0656
H,S 34.08 2.0004
N, 28.01 0.4276
CH, (Methane) 16.03 5.0369
C,H; (Ethane) 30.07 14.6458
C;Hg (Propane) 4409 30.484
C4H;, (Butane) 58.12 28.761
CsH,; (Pentane) 72.15 14.609
C¢Hy4 (Hexane) 84 2.9797
100.00
FHREEF
P AARRE(ER/ /E)E GCRIFFFELEEFT AV P E I FHEE
T oo
Table 2. Gas weight
. Gas weight
Components of gas W(‘E,;ug)ht Day | Month Year
Tons
Cco2 1.07 0.74 2224 266.92
H,S 2.00 1.39 41.83 501.98
N, 0.43 0.30 8.93 107.11
CH, (Metano) 5.04 3.50 105.14 | 1,261.68
C,H, (Etano) 14.65 10.19 305.72 | 3.,668.60
C;Hjy (Propano) 30.48 21.21 636.32 7,635.88
C,4H, (Butano) 28.76 20.01 600.36 7.204.29
C.H,, (Pentano) 14.61 10.16 304.95 3.659.38
CeH,4 (Hexano) 2.98 2.07 62.20 746.38
Total 100 69.59 2,087.68 25,052.21
Volume per day= 1.35 mmscf (38, 228 m3) Density =0.00182 gr/cm3
L= R Hoar F pr Pt s e
% 1223}7%;0 P A N =S O R E Tl =S G B S R FRAVITETRDVES 7 m}_‘

BEGER G e o (L3R > ST{E D

g 250522 ¥ 5 )

Hr X 4 7 A

WA g e

» T0% 7%

Table 3. Theoretical weight of emissions according to percent efficiency

A%{#&_’: BEARELEREE (G0 3 - E R
F kT R DVHER- 17536 Mt ic e g it 5 C02 5 - J» 30/0
= 2PESE T 16159 A 2 CO/COV/ P = /R sk - Ti&Fﬁfim [

Combustion Efficiency | Complete combustion* lncomp‘lete: Total gas emission
combustion®* (ton/year)
(%) (ton/year) Residual (ton/year)
60% 15,031 10,020 25052
70% 17,536 7,515 25052
90% 22,546 2,505 25052
99% 24 801 250 25052

*CO2 and water ** CO, VOC, soot, unburned hydrocarbons (Methane, Ethane, etc.)
4, BB FP P (7 %)
%4mﬁ%?W?“ﬁmﬁﬁ’gﬂkﬁ%ﬁ%Tgﬁﬁi%ﬁﬂwmﬁi§%%4ﬂ4)€
#EXCO2ERGECET AR o BXF 1261, 68 v/ £ c1® etz > 20 £ HGWP £.72 >

SR FenC02 k& § £ 5 90840.96 © # 100 & cHGIP B3 % % F
Bz ER 3 E
# 3% 2. p 1104.01.19 95/117 5B0-HRD-06-12



Table 4. Methane warming potential emissions in equivalent tons of CO, (TeqCO,)

Total methane emission
ton/year

Equivalent tons of CO, =

GWP x ton/year emitted

GWP
100 year time horizon

20 year time horizon

GWP

1,261.68

26,495.28 TeqCO,

90,840.96 TeqCO-,

W4t B G e T B S 6 op
W M AT BIE % R

*100 year GWP =21 ** 20 year GWP =72
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- pdrgdeit 1 k 582 Dr. Daniel Chen(Fi2)F % %% i ¢ 3% > #4L 5” Flare
System Operation & Control” -

A 0 %R % A4y w2 CFD(Computational Fluid Dynamic)# 31 Flare 248 =) 78 38 et
T R F oy Ad Dr.Chen 2 Dr.lou @ =X fF L & (Fo g 3x7 LindkiFa
A Bjwg #13 Flare s en RE ARG TARS c FRE SR - B _H_ﬁﬁk F 5
TCEQ(Texas Commission on Environmental Quality )

Chillingtrain $% 4 Initial Status 3k %= # (%% 104/04/15 09:00 £ € 7 #L) :

% g Temp. | Pressure | Flowrate | Level | Note
T (Kg/cm2) | (KNm3/h) | (%)

Cracking Gas Flowrate 11.63

D-1325 TOP Temperature | ~146.53

V-1301Top Temperature -117.06

CGC #1 suction P 0.27

CGC #5 discharge P 34.69

D-1321 Liquid Level 14.4

D-1322 Liquid Level 62.0

D-1323 Liquid Level 3.9

D-1324 Liquid Level 3.6

D-1325 Liquid Level 4.3

¢ Dr. Daniel Chen 3434 7 B Flare £ 223248 » T35 2 & &40+ 5 M Flare g 172 R FH - 34
Wk FAeT (e FHIFET RPN F)

(1) Intheflarecascadecontrol:whatdoyoumeasureandwhat arethecontrol objectives

for the primary and secondary loop (I guess is steam flow)? Actually. on slide
32, I saw the P&ID shows ratio control between vent gas and steam flow.
The Primary and secondary loop are all steam, the reson why have split control
is they have different flowrate and valve size, Valve A is 3" Controlvalve,Valve
Bis 6" CV, Slplit control can help steam control more effective and econamic.For
the cascade control , it's just a very simple cascade steam flowrate set by
ratio controller which the ratio is set by manual setting value. Actually, we
don't use ratio control or Auto control for steam flowrate, we just use "visual
control" to adjust steam for smokless purpose. Do you have any ideal or suggestion
with this control loop?

(2) What do you monitor in the flare operations (e.g., vent gas flow rate, molecular
weight, species, net heating value in addition to steam flow)? For Operation
Department, Vent gas flowrate and Flame (light&Smoke) are two most important
factor. But when we recieve large amount ventinggas, we'll referencemolecular
weight, species to help us find out the emission source. For our environment
management department , they collects all data above (except heating value) and
submit to EPA every month.

(3) In the manual control, how do you determine opacity? any color code (e.g.,
Ringelmann number in the EPA method 9)? No such detail controled.Only focus
on smoke.

(4) How often do butadiene/BTX get into the flare header system? How low is the

pressure at LP flare? Not very offent for normal operation, While BD get into
Flare System, Analizer will show C4 conc. higher than usual. If BTX vent gas

I3

H 7z p 1 104.01.19 97/117 5B0-HRD-06-12



into flare system, usually operators will noted by recover compressor interstage
KO drum hign level alarm. There is no pressure gauge on LP line, The main flare
header line is 0.1 Kg/cm2 (Gauge Pressure).

Is diversion seal drum different from knock-out drum? Yes,They are
different. Diversion Seal Drumkeeps water seal topreventair , KODrumseparate
Vapor & Liquid.

What does the Dyson bladeless multiplier do in the flare system? Does it help
steam-assisted flares? I just took a sample to explain how steam ejector work.
Both of them applied Bernoulli's principle.Steam for Flare tip played the same
role with air for Dyson.Through different area change Steam Ejector bring more
air into flare tip to help vent gas combustion.

Is purge gas fuel gas or N2 ? Also is there a typo on slide 26 "mus t riser
by purge gas (Fuel gas) "? Another typo in Slide 34, Obey National/Local Government
laws and Industrial Park's regulations. The purge gas is Fuel gas(85-90% of
methane, 10%0f ethane, 5% of Hydrogen) Hope my answer can give some help,if there
any further I did't mention or not clear,we can discuss face to face. Do you
have US EPA government law or related document about Flare emmision limitation
for industry? For example, Taiwan EPA ask CPC to submit report if the total emission
flowrate is greater than 30KM3 within 24 hours. Or, how to forfeit a company
if their flare emission with smoke for too long time?
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Start up Process of Cracking Gas Compressor via dynamic Simulation
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Table 1 Verification of similar condition

Condition Crack gas N2 Mixed gas
I/ C 308 20 20
Pu/MPa 0.035 0.035 0.035
N 27.34 28.01 1525
rs 1.215 1.403 1.221
z 09917 0.9996 0.9913
Rep, 137 10° 866 10% 1.48<10°
. 0.056693 0.065471 0.070181
similar condition designed value satisfied satisfied

Note: Mixed gas is composed of N2, CHy, CaHs.
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oo SRR N B AL F F R RAEY 0 fads i 4] R 3 f B R

B F
PR s Bl iz %E%ﬁ;/»arq. mﬁﬁi’vﬁ”‘r@ﬁ%s\m} nffﬁviﬁ WA T 0 Flt
CEREHRAL LR 2 AT RGP RE R G LAY 0% - o

F2 3 MAFLRRSRELE

Table 2 Steady-state simulation results of three working medium

Start-up working medium N> Mixed gas Crack gas
speed/r * min 5900 5800 6235
Ist—>3rd stage flow rate/kg + h™' 80110 100120 94806
4th stage flow rate/kg * h' 80733 108691 81279
outlet pressure X 107 /Pa

Ist stage 2.74 4.08 3.26
2nd stage 5.63 8.22 7.23
3rd stage 11.65 16.74 17.43
4th stage 2320 35.86 37.60
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