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Al Case Name: FFO_FINAL H3G
12| KYOTO UNVERSITY
3 Burlingtan, MA Unit Set: Mewllser
" aspen UsA ?
? DatelTime: Sat Sep 01 Z2:41:21 212
18|
7] Workbook: Case (Main)
-1
% Material Streams 1 Fluid Pkg: Al
11| Mame 1ifaed) z 3 4 5
12| Vapour Fraction 0.0000 0.0000 0.0000 1.0000 * 1.0003 -
13| Temperature () 40.00 - 40.25 1532~ 153.3 153.2
14| Pressure (ban) 1.013 - 5260 ~ 5.260 5.260 5.260
15| Molar Flow {kgmale/h) 139.4 - 13004 1394 130.4 130.4
18] Master Comp Mole Frac (2-Butanal) 1.0000 - 1.0000 1.0000 1.0000 1.0000
17| Master Comp Mole Frac (M-E-Kstone) 0.0000 - 0.0000 0.0000 0.0000 1.0000
18| Master Comp Mole Frac (Hydrogen) 0.0000 - 0.0000 0.0000 0.0000 1.0007
12| MName A 7 3 2 10
20| Vapour Fraction 1.0000 1.0000 1.0000 1.0000 1.0003
21| Temperature ic) 2400 - 3455 - 3707 - 3780 * 4300 -
22| Pressure {bar) 5.260 5.280 5.360 5260 5.0A0
23| Molar Flow {kgmale/h) 130.4 130.4 139.4 130.4 130.4
24| Master Comp Mole Frac (2-Butanol) 1.0000 1.0000 1.0000 1.0000 1.0000
25| Master Comp Mole Fras (M-E-kstong) 0.0000 0.0000 0.0000 0.0000 1.0003
26| Master Comp Mole Frac (Hydrogen) 0.0000 0.0000 0.0000 0.0000 1.0000
27| Mame 11 iz 13 4 15
28| Vapour Fraction 1.0000 1.0000 1,0000 1.0000 1.0000
22| Temperature ic) 3438 - 3707 - 3780 - 4300 - 707 -
30| Pressure (bar) 4622 - 4822 4522 4522 3568 -
31| Molar Flow {kgmale/h) 1981~ 1651 1031 1981 2502 -
32| Master Comp Mole Frac (2-Butanal) 04076 * 0.4076 04076 04078 11141 -
33| Master Comp Mole Frac (M-E-Kestone) 02062 - 0.2962 02862 02062 0.4429 -
34| Master Comp Mole Frac (Hydrogen) 02062 ~ 0.2962 02052 0.2062 0.4429 ~
35| Mame 18 17 13 i@ 20
36| Vapour Fraction 1.0000 1.0000 1.0000 1.0000 1.0000
57| Temperature () 3730 - 4500 - 4243 - 4130 4130 -
38| Pressure {bar) 3668 3886 1.01% - 1013 1.013
38| Molar Flow {lkgmale/h) 250.2 250.2 2777 - 2777 2777
40| Master Comp Mole Frac (2-Butsnol) 0.1141 01141 0.0040 * 0.0040 1.0040
41| Master Comp Mole Frac (M-E-Kstone] 04420 0.4479 04050 * 04080 1.4930
12| Master Comp Mole Frac (Hydrogen) 04420 0.4439 04050 - 04080 1.4930
43| Name 21 731 223 23-1 733
44| Vapour Fraction 1.0000 1.0000 1.0000 1.0000 1.0007
45| Temperature () 403.0 - 4080 4080 3428 - 3550 -
15| Pressure (bar) 1.013 1.013 1.013 1.013 1.012
47| Molar Flow kgmale/h) 777 1253 1524 1253 152.4
48| Master Comp Mole Frac (2-Butanol) 0.0040 0.0040 0.0040 0.0040 1.0040
48| Master Comp Mole Frac (M-E-Kztone) 0.4280 0.4980 0.48E0 0.4280 1.4930
50| Master Comp Mole Frac (Hydrogen) 0.4280 0.4980 0.4280 0.4280 1.4930
51| Mame 24 25 28 27 25
52| Vapour Fraction 1.0000 1.0000 1.0000 1.0000 1.8477
53| Temperature () 3518 FE0.0 - 1711 6210~ 40.00 *
54| Pressure (bar) 1.013 1013 1.013 1.013 1.012
55| Molar Flow {kprnole/h) 977 7T 777 977 2777
55| Master Comp Mole Frac (2-Butsnal) 0.0040 0.0040 0.0040 0.0040 1.0040
57| Master Comp Mole Frac (M-E-Kstone] 0.4080 0.4980 04850 04080 1.4930
58| Master Comp Mole Frac (Hydrogen) 04080 0.4980 04850 0.4080 1.4930
55| Mame 28-1 702 a0 31 33-1
50| Vapour Fraction 1.0000 0.0000 1.0000 05488 1.0000
61| Temperature () 40.00 40.00 110.2 40.00 - 40.00
62| Pressure (bar) 1.043 1013 2.400 * 2.400 2.400
53| Molar Flow {kgmale/h) 170.8 o733 179.8 1708 1527
(54| Master Comp Mole Frac (2-Butanal) 0.0007 0.0089 0.0007 0.0007 1.0001
65| Master Comp Mole Frac (M-E-Kztone) 0.2305 0.9307 0.2305 0.2305 1.0044
65| Master Comp Mole Frac (Hydrogen) 0.7888 0.0003 07868 0.7888 0.0055
E
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L1 Case Name: FFO_FINAL HSC

12 KYOTO UNIMERSITY

3 Surlington, MA Unit Set: MewlUser

n aspen UsA ?

? DateTime: Sat Sep 01 22:41:21 2012

=

7 | Workbook: Case (Main) (continued)

3

:;E Material Streams 1 (continued) Fluid Pig: Al
11| Mame 32-2 33 34 35-1 35-2

12| Wapour Fraction 0.0000 1.0000 0.8374 1.0000 0.0000
13| Temperature (%] 40.00 14768 40.00 40.00 40.00
14| Pressure {bar) 2.480 6.900 - g.8e00 6.800 G.900
12| Molar Flow (kgmole/h) a7.18 162.7 1527 1431 9.582
18| Master Comp Mole Frac (2-Butanal) 0.0041 0.0001 0.0001 0.0000 0.0017
17| Master Comp Mole Frac (M-E-Ketone) 08850 00844 0.0844 0.0341 1.8957
18| Master Comp Mole Frac (Hydrogen) 0.0o09 0.9055 0.B085 0.8553 0.0028
1| Mame 38 37 33 38-1(HZ) 38-2

20| Wapour Fraction 1.0000 0.89772 08702 1.0000 0.000a
21| Temperature (] 174.3 40.00 - 20.00 ¢ 20.00 20.00
22| Pressure {bar) 20.00 - 20.00 20.00 20.00 20.00
23| Nolsr Flow (kgrnolelh) 1431 143.1 143.1 132.8 4.238
24| Master Comp Mole Frac (2-Butanal) 0.0ooa 0. 0 0.0000 0.0000 0.0oaa
25| Master Comp Mole Frac (M-E-Ketone) 0.0341 0.0341 0.0341 0.0047 0.992%
28| Master Comp Mole Frac (Hydrogen) 08558 0.9658 0.8568 0.BB53 0.0088
27| Mame 40 41 432 43 44
28| Wapour Fraction 0.0000 0.0002 0.0022 0.0052 0.0001
25| Temperature (%] 40.07 ipge 3985 19.83 3045
30| Pressure {bar) 2.000 - 2000 2.000 2.000 2.000
31| Molar Flow (kgmole'h) 97.83 718 0582 £ 258 138.8
32| Master Comp Mole Frac (2-Butanal) 0.0029 0.0041 0.0017 0.0008 0.0078
33| Master Comp Mole Frac (M-E-Ketone) 08547 0.9950 0.8B87 0.eeza .83
34| Master Comp Mole Frac (Hydrogen) 0.0003 0.0009 0.0026 0.0058 0.0002
35| Mame 45{MEK)
|38| Wapour Fraction 0.0001

37| Temperature [(s4] 40.00 ~

32| Pressure {bar) 2.000

38| Molar Flow (kgmole'h) 133.8
40| Master Comp Mole Frac (2-Butancl) 0.o0ove

41| Master Comp Mole Frac (M-E-Kstone) 08813

42| Master Comp Mole Frac (Hydrogen) 0.0008

43

44

45
m

47

48
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|51
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2. BR¥Ha4X
BREIY A X L OWESRME AT 2-1~2-3 10T, av 7Ly Vo), MinsokkEsE
YA X (EHE, BX) 3B LL DX T a7~ GET 5 Siloord),

# 2-1-1 Bz A X GRE. E71. #8)

FEGRIR SRR
M An R A0 HE R
Bty RE RE £ tH mE RE BN A
[‘C] [C] [bar] [‘C] [C] [barl
E-1 62 171 1.01 NN 40 153  5.26 3
E-2 171 280 1.01 NN 153 153  5.26 & (&%)

E-3 280 358 1.01 NN 240 344  5.26 ESRIN
E-4 358 408 1.01 BRI 344 371 5.26 ESRIN
E-5 418 424 1.01 BRI 371 378  5.26 ESRIN
E-6 358 408 1.01 BRI 344 371  4.62 ESRIN
E-7 408 413 1.01 BRI 371 378  4.62 ESRIN
E-8 413 418 1.01 BRI 371 378  3.67 ESRIN

Heater-1 280 280 - AF—L 153 153 526 iR (FE¥)
Heater-2 280 280 - AF—L 153 240  5.26 NN
Heater-3 400 500 - B 378 480  5.26 RN
Heater-4 400 500 - B 378 480  4.62 RN
Heater-5 400 500 - B 378 480  3.67 RN
Heater-6 140 140 - ZF—2L 39 40 2.00 AR
Cooler-1 40 62 1.01 ERii 30 40 - wEIK
Cooler-2 40 110 2.49 ESRIN 30 40 - wEIK
Cooler-3 40 148  6.90 ESRIN 30 40 - wEIK
Cooler-4 40 174 20.00 K& 30 40 - wEIK
Cooler-5 20 40 20.00 XK 7 12 - LA

L. 7Ot Ay Ialb—a M - 18-



# 2-1-2 BT A4 X (BVE, (REERD)

o Pkt [d/h] KBCEERR AREE A
7% [K] [m?]
E-1 3.62E+06 20 252.2
E-2 3.59E+06 56 35.7
E-3 2.59E+06 25 145.5
E-4 6.77E+05 24 39.7
E-5 4.21E+05 46 12.6
E-6 8.23E+05 24 48.3
E-7 3.47E+05 42 11.5
E-8 3.20E+05 41 10.8
Heater-1 1.35E+06 127 2.0
Heater-2 2.25E+06 75 16.6
Heater-3 2.56E+06 10 356.1
Heater-4 3.12E+06 21 206.3
Heater-5 3.42E+06 21 226.3
Heater-6 1.20E+04 100 0.2
Cooler-1 7.00E+05 15 63.9
Cooler-2 1.52E+06 31 68.3
Cooler-3 9.27E+05 41 31.3
Cooler-4 7.19E+05 48 20.9
Cooler-5 1.26E+05 20 9.0
#2222 aryFrya X
B ; , E; i;_l . Z; iR R
(kJ/h] [kmol/h] [kg/h]
[bar] [bar] [C] [C]
Compressor-1 6.08E+05 1.013 2.49 40 110.2 179.8 3277.7
Compressor-2 6.08E+05  2.49 40 147.6 152.7 1318.8
Compressor-3 6.11E+05 6.9 40 174.3 143.1 631.1
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* 2-3 PUSERYA X

AH . H A , ;
o ‘ AR RO (LN R& EAE AR
s TR . =77
. EE[CI [-] [m3] [m] [m] [kmol/h]
[C] [bar]

Reactor-1 480 343.8 0.421 4.622 0.638 1.941 0.647 198.0
Reactor-2 480 370.7 0.795 3.666 0.638 1.941 0.647 250.2
Reactor-3 480 424.3 0.992 1.013 0.638 1.941 0.647 277.7

3. MEIX
WYX, # 1-312Rk L7, 728, Fluid package (X HILHMED H 5 UNIQUAC %
Huie,

4. DR MEEHER
BHEZRN DN D A A N EE 41, 7T FOEBEWE A 4-2 1 2FNThord, 2 A MHE
T2 02 H=0 1 R 80 & L,

5. SEOFFHERICE--ER

KT O¥ ZARFHCBNTREIR T o 270 —ZELE TOERBFEFELE L D5,
DOABBEEZFA Lo\ ot 20i8RE

BOS TR CTOHBIGHEN 0.992 DL ETH LA, WA= T 72 DIC AR 28
AT DHENIRNZ ERbnole, JUSEEEZ RN D3 A MNUREITo 7o iR %X 5-1
DT, 7P, RS A MR, AEBEHFE AN, VR T —&a T —Da—T
4 VT4 aAROEFEL, JOETREI A ME, 2—7 4 VT ¢ 3 A b, BHagREEE o
AN (7 —=F—, =¥ —Fl, Utk BHAELIL E—F— J—TF—5FDDHHLOD
ET D). baREEE T A MOGEHE Ui, FEHRRIZIZE A EE L noicied, ]
Bl 2 MIHBSE RN ORI LTz, B 5-1 LV A7 ek ARG CIIARE B2 L 2T
02 EEE LT,

QRIS #ERDEE

ARPENTRESR TH 0 | 8O % D 7 O IS BASHABRAEIT & 2 SO T FE il 3
VETHD, K7 aEARETIE, FEESH - ZEBWEUSS & 28 XBEHR OGS
DIBHRF AT /2 o T, BIRFHI Do > T, ZEWEINAR CIT 2 By, 3B, 4B 31
. 2068 TR, myEo 2 FE, §F 5 FEICOWT, RIS LREICE TS A b
(RIGEREE A N, =T 4 VT ¢ a A b, BHEREE I A N ORBEITRo7,
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41 BRERRITIN D T A R

i HE 2 2 MN{EH/year]
E-1 0.273
E-2 0.077
E-3 0.191
R E-4 0.082
E-5 0.039
E-6 0.093
E-7 0.037
E-8 0.035
Cooler-1 0.112
B Cooler-2 0.117
(75 Cooler-3 0.070
Cooler-4 0.054
Cooler-5 0.031
Heater-1 0.012
Heater-2 0.047
B Heater-3 0.342
(E—%—) Heater-4 0.240
Heater-5 0.254
Heater-6 0.002
Reactor-1 0.108
B Reactor-2 0.108
Reactor-3 0.108
Compressor-1 0.168
a7 b v¥  Compressor-2 0.168
Compressor-3 0.168

BORIEERIER (0 400°CHHT) TIT72 9 LEE L7o7a, KL TR TIE 40°COJFEN Rk
Bk THIRT DMERH Y | F 72 OSER H H SRR 2 R O ZrHE TR T MEK & /K3 A Sl
FETHBET 272012 4A0CHEE THAITOINER DD, ZDT-8, WE &2 BASH L Tl
b&1T70 5, PHRBGHL - ZEWEOGE (LR ZBWENE 3 5,) & 28 BRI G
BT, BT 5,) OGIERTO 7o —X%xK 52 (3 BOBHAEH L LTRT,),
5-3 lZENTHIURT, Flohom b AR &Ml M 2% 51 1R,

5-4 L0, X QFHE, M) 1L, ZEBME (B3 EY) IR Ca—T 1 VT 12
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#4-2 7T NEERE
A pER A [ P9 /4E]

pinTS MEK [ton/4F] 8.00E+04 1.09E+02
7k [Nms3] 2.72E+07 6.52E+00
1 & o 2 b [fEMAE]
R 2-7% /) —)L [kmol/h]  8.27E+04 6.61E+01
I 7 2 fir it [m3] 1.91E+00 6.70E-02
22— 4 VT« AR [ton/4F] 1.12E+05 1.61E+00
280°CAF— L4 [ton/fE]  1.27E+04 3.57E-01
140°C A F— 24 [ton/AFE]  4.24E+01 1.02E-03
WEIK [ton/4] 7.39E+05 7.69E-03
wK [ton/4E] 2.41E+04 1.16E-02
/) [KWh] 5.20E+06 8.33E-01
7.00
g REITEaRk
6.00 m RBEaRk
_ 500
'H:I.
~
£ 400 ¢t
B8
AL
X 3.00
A
§$
200
1.00
0.00
0.9 0.98 0.992
IS ZE (-]

5-1 REEPSAHEEIC L Do A bk

A b, BVEHEHISE S X b RUSEIEE I X LB a XA RN D T ARG TR TR
ZEBWBNRIE R T n e A THD LW LT, BRIV T, W3 Ex?bnéﬁﬁ&
IRolz, BEEOHIZHEN, ROGEPNIRE 2 SR TH 70, FHROEE D B LRUG
FHSE A A RO T DN, =T 4 U T 4 NI 5, E BB OB HA R
HINT 5 Z &0, BEL OIREENRD T D o O EiE 2 LB & LB HAEISE = 2
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l()l EiESS l()l ETE '()' B ER
- Rt aa1 Rt a2 Rt 283
FRE139.4 kmol/

2Butandl b >@ y DEETIEN @ 51,35 .58

100mol%
) e—5—
© »—s-

X 5-2 FOS TR (BB EB:-3 B) o7 n—X

! ©) nxns

%ﬁ-‘:—t v K
E*;—’ E @ q &E;’% @ E—4—
e Ly pETEA (O 75—

X 5-3 PG TR (ZEX) 7 r—[K

# 5-1 FUS#E R IZ 31T D Bl (b 2845 & RSk

B TEN2 BE, 3 By, 4 ) 2 (. 1Ai)
e 2SR B A 7R EE RO A PR EE
BN R
eSS FOG#H AEI A 1latm LA 1 FOGZERH A JE 2 1atm BAE
SOG#OEREREIOkIL 3 2inch & O ]

b =X —=ZBWT, BHADR ] B HIZ IV T BRER O H]

MR LRSS, 20D, RIGHEER R P EBSGHRGEE AN, 2—T 4 VT 13X
FRA L= FRAT7ORRERY BEBREL RoTBEZBND,

@KFE (REIERA) OHD

BOS TRETHA CT2KRITHOW T, B TREBESE TR G5 7 m X (RBET =& X)
&L BAIL TR EZ/{L 7 A (AT rER) OB Z{TRo7, TOMEER
5-2 [T d . BRBET & XZHBITHIMA L IZ, MBYF CHRIBEZAT o 2ANTHEMT 5 Z
EICEVHIBTCE DIRRDL—T 4 VT 4 A NERT, A MIMBYWOREEa X M %
~Y, £z, BHTZ v A0 a X F IR T Ol Lca ey e
Bsigs DB AN, ar Lyt —T 4 VT 4 aA MEREKaA NOARFET
Do 5280, KRR TIE, KFEERATmERAELHEH LI,
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p REHFEEIRL gBAIBBEEIRN  g1—T4a)T43RXk
5 -

4
2 F
1 F

I)Il. Aly ll.

#aXMERA/E

B 5-4 SUSERTEA D Fiif bk R

52 BH T v A LREET v ADa R kg
RHEIT TR BREES m kR

YNGR 6.5 5.0
2 A b [{EM/AE] 1.6 3.3
Y28 (& 4E] 4.9 1.7

@DARFFTH T v 2B 5 a7 vy PO

KFFREN T AZEBNT, KFEESE 20 bar IZTHAMERHDHTH, a T yihs
HHT 2, a7 Ly VOMBIRE S 200CE LTHET D &, a7 Ly Pid SELLERN
MBETHDL N yhol-, 2T, ar7FLyHK%E 3, 4. 5HOBEFRENICE
JLar 7Ly EBGHEROIEE R N, arTLyYoa—7 4 VT 43X b Linh
KA MOGFELR LTz, TORREK 5-5 1277, LigEITRIICH-D a7 Loy
DEBDNELL 72D X OITENEZRE LT,

M 5-5 L0, a7 Ly PEIIMEN 2T Ly b 72 0 O AR BT
L, arFLyYDa—F 4 VT aX F&EBE I X MIFD L TWEZ ERbnd,
s, 27 Ly $EIIMMIEN 7 — T — DB HEINT 5 - OB gt E o 2 - (7
—7—=) [FHEIMLTWDZENbrd, BEDORENLIY REWIZD, A7 nt 2T,
a7yt 3EMERT LR, aX Mg hozbER NS, LELD, AVt
ATEFar Ty 3T e R EiEE L,
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A&7 7 a2 AORIG TRICEIT 5 T-Q #XK %X 5-6 (2737, 40 TR TH 5 BEn
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2 HHEYIX

2.1 UG
. TTTA BEE  F BRI EERE (BEmEM
LT Ag
D J5 1] (kJ/h) (m) (m)
Reactor 1 FA Wit 2342745 5000 0.5 0.125 981.7
NS
Reactor 2 FH 7 608343 5000 0.1 0.125 196.3
T BUSER
PRUEIR BRAEE )
JEH) 2—=74 U7 4 SR =74 U7 4
AH HA AH oo AR A A
Reactor 1 460 296.6 900 3163 130  129.9402  101.3  101.3
Reactor 2 460 458.8 580  458.8 129.9 1299402  101.3  101.3
22, BARHAR
R ;i o f’:fﬁg (g; - B4 51 (kPa)
el m; o - = im ER
BRRE ERRE AR #HA AR #HA N
AR TRIK
HEAT EX_1 HA & 16.16 356.1 1072 250 96.4 101.3 140.0
HEATEX 2 AHRCGEHE &ER) 5.69 458.8 159.7 96.4 101.2 101.2 130.0
HEAT EX 3 HA HA 19.82 4588 2072 106.0 215.0 129.9 140.0
HEAT EX 4 HR (g " 37.21 1762 40.0 30.0 40.0 129.9 101.0
HEAT EX 5 HA & 12.00 1913 893 300 40.0 800.0 101.0
HEAT EX_6 HR & 6.17 189.2 1265 30.0 40.0 2300.0 101.0
HEAT EX 7 HR & 1.68 1525 137.0  30.0  40.0 3000.0 101.0
HEATEX 8  HR(EHE & 13.07 1370  40.0 300 40.0 3000.0 101.0
HEATEX 9  HX(5fE & 3.82 40.0 17.0 70 12.0 3000.0 101.0
HEAT EX 10 R&HE & 0.34 140.0 140.0 342  40.0 361.3 200.0
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2.3, JEAERE

V=
s ng ) HEIREE (C) HRIEFES) (kPa)
(kgh) (kW) AH HE AH HA
PUMP 1 10309.8 0.18 25.00 25.02 101.30 140
PUMP 2 10000.0 0.35 34.14 34.18 129.93 200
Compressor 1 10309.8 343.71 101.23 105.99 120.00 140
Compressor_2 2656.4 336.97 39.96 191.29 129.93 800
Compressor 3 2656.4 231.18 89.30 189.21 790.00 2300
Compressor 4 2656.4 58.65 126.54 152.49 2290.00 3000
24, 77w atNL—H
ERud | AR ERE ES RIERE  RIEES
4 T O
(m/s) (m3/s) (m) (m) () (kPa)
SEPARATOR 1 2.19 0.95 1.12 3.35 40.00 129.93
SEPARATOR 2 1.18 0.03 0.28 0.83 17.00 3000.00
SEPARATOR 3 2.43 0.01 0.09 0.27 34.14 129.93
2.5. INEVF
w Mg’%{%g RRIERRIECC) BT AkPa)
e \ R e
& [k AQ HORE A A
1k =
FURNACE 1 6.46E+06 25 900 215 460 130 101.3
FURNACE 2 4.59E+06 25 580 296.6 459.9 129.9 101.3
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aspen

THE UNIVERSITY OF TOKYO
Burlington, MA

USA

Case Name: FINAL VERSION.HSC
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m Material Streams Fluid Pkg: All
11] Name 10-1 FEED 3 1 4

12| Vapour Fraction 1.0000 0.0000 1.0000 * 0.0000 1.0000
13| Temperature (C) 1569.7 25.00 * 101.2 25.02 106.0
14| Pressure (kPa) 119.9 101.3 * 120.0 140.0 140.0
15| Molar Flow (kgmole/h) 183.4 139.1 * 139.1 139.1 139.1
16] Mass Flow (kg/h) 6804 1.031e+004 1.031e+004 1.031e+004 1.031e+004
17| Heat Flow (kJ/h) -2.011e+007 -4.650e+007 -3.948e+007 -4.650e+007 -3.940e+007
18] Name 5 5-1 5-2 5-3 5-3-out

19] Vapour Fraction 1.0000 1.0000 1.0000 1.0000 1.0000
20| Temperature (©C) 215.0 * 215.0 215.0 215.0 460.4
21| Pressure (kPa) 130.0 130.0 130.0 130.0 130.0
22| Molar Flow (kgmole/h) 139.1 34.77 34.77 34.77 34.77
23] Mass Flow (kg/h) 1.031e+004 2577 2577 2577 2577
24| Heat Flow (kd/h) -3.708e+007 -9.271e+006 -9.271e+006 -9.271e+006 -7.657e+006
25| Name 5-2-out FLUE 1 6 5-4-out 5-4

26| Vapour Fraction 1.0000 1.0000 1.0000 1.0000 1.0000
27| Temperature (C) 460.4 900.0 * 460.4 460.4 215.0
28| Pressure (kPa) 130.0 101.3 130.0 130.0 130.0
29| Molar Flow (kgmole/h) 34.77 1411 139.1 34.77 34.77
30] Mass Flow (kg/h) 2577 4014 1.031e+004 2577 2577
31] Heat Flow (kJ/h) -7.657e+006 -6.989e+006 -3.063e+007 -7.657e+006 -9.271e+006
32] Name 5-1-out FLUE_1-1 9 7 7-1

33| Vapour Fraction 1.0000 1.0000 1.0000 1.0000 1.0000
34| Temperature (C) 460.4 296.6 * 458.8 296.6 296.6
35| Pressure (kPa) 130.0 101.3 * 129.9 129.9 129.9
36| Molar Flow (kgmole/h) 34.77 141.1 277.8 271.3 67.83
37] Mass Flow (kg/h) 2577 4014 1.031e+004 1.031e+004 2577
38| Heat Flow (kJ/h) -7.657e+006 -9.999e+006 -2.256e+007 -2.750e+007 -6.875e+006
39] Name 7-3 7-2 7-4 BUTANE1 AIR1

40| Vapour Fraction 1.0000 1.0000 1.0000 1.0000 1.0000
41| Temperature (©C) 296.6 296.6 296.6 25.00 25.00
42| Pressure (kPa) 129.9 129.9 129.9 101.3 101.3
43| Molar Flow (kgmole/h) 67.83 67.83 67.83 4.031 131.0
44| Mass Flow (kg/h) 2577 2577 2577 234.3 3779
45| Heat Flow (kJ/h) -6.875e+006 -6.875e+006 -6.875e+006 -5.097e+005 -887.0
46] Name BUTANE2 AIR2 FLUE_2 7-3-out 7-2-out

47| Vapour Fraction 1.0000 1.0000 1.0000 1.0000 1.0000
48| Temperature (C) 25.00 * 25.00 * 580.0 * 459.9 459.9
49| Pressure (kPa) 101.3 * 101.3 * 101.3 129.9 129.9
50] Molar Flow (kgmole/h) 2.288 74.57 * 80.29 67.83 67.83
51| Mass Flow (kg/h) 133.0 * 2151 2284 2577 2577
52| Heat Flow (kJ/h) -2.894e+005 -504.9 -4.896e+006 -5.727e+006 -5.727e+006
53] Name 7-4-out 7-1-out 8 12 12-1

54| Vapour Fraction 1.0000 1.0000 1.0000 1.0000 0.0000
55| Temperature (C) 459.9 459.9 459.9 40.00 40.00
56| Pressure (kPa) 129.9 129.9 129.9 129.9 129.9
57| Molar Flow (kgmole/h) 67.83 67.83 2713 171.4 106.4
58] Mass Flow (kg/h) 2577 2577 1.031e+004 2641 7669
59| Heat Flow (kJ/h) -5.727e+006 -5.727e+006 -2.291e+007 -7.706e+006 -2.887e+007
60] Name 11 20 21 22 13

61| Vapour Fraction 0.6168 0.8051 1.0000 0.0000 1.0000
62| Temperature (C) 40.00 * 17.00 * 17.00 17.00 191.3
63| Pressure (kPa) 129.9* 3000 * 3000 3000 800.0
64| Molar Flow (kgmole/h) 277.8 172.6 139.0 33.64 172.6
65| Mass Flow (kg/h) 1.031e+004 2656 309.7 2347 2656
66] Heat Flow (kJ/h) -3.657e+007 -9.073e+006 -1.297e+005 -8.943e+006 -6.538e+006
ﬂ
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Material Streams (continued) Fluid Pkg: Al
11] Name 18 23 FLUE 2-1 RECYCLE-1 24
12| Vapour Fraction 1.0000 * 0.0091 1.0000 1.0000 0.0000
13] Temperature (C) 137.0 34.14 458.8 * 34.14 34.14
14] Pressure (kPa) 3000 * 129.9 101.3 * 129.9 129.9
15] Molar Flow (kgmole/h) 172.6 140.1 80.29 1.272 138.8
16] Mass Flow (kg/h) 2656 1.002e+004 2284 15.76 1.000e+004
17] Heat Flow (kJ/h) -7.030e+006 -3.781e+007 -5.235e+006 -4.446e+004 -3.776e+007
18] Name HYDROGEN 19 25 14 9-1
19] Vapour Fraction 1.0000 0.8115 0.0000 1.0000 1.0000
20| Temperature (C) 17.25 40.00 * 34.18 89.30 458.8
21| Pressure (kPa) 2000 * 3000 * 200.0 * 790.0 129.9
22| Molar Flow (kgmole/h) 139.0 172.6 138.8 172.6 183.4
23| Mass Flow (kg/h) 309.7 2656 1.000e+004 2656 6804
24| Heat Flow (kJ/h) -1.297e+005 -8.832e+006 -3.776e+007 -7.386e+006 -1.489e+007
25| Name 9-2 10 10-2 15 16
26| Vapour Fraction 1.0000 1.0000 1.0000 1.0000 1.0000
27| Temperature (C) 458.8 176.2 207.2 189.2 126.5
28| Pressure (kPa) 129.9 119.9 119.9 2300 2290
29| Molar Flow (kgmole/h) 94.46 277.8 94.46 172.6 172.6
30| Mass Flow (kg/h) 3505 1.031e+004 3505 2656 2656
31| Heat Flow (kJ/h) -7.672e+006 -3.010e+007 -9.986e+006 -6.570e+006 -7.108e+006
32| Name 17 FLUE TO COOLER EXHAUST GAS 2 RECYCLE-2
33| Vapour Fraction 1.0000 1.0000 1.0000 0.0000 1.0000
34| Temperature (C) 152.5 356.1 107.2* 96.40 34.17
35| Pressure (kPa) 3000 * 101.3 91.30 130.0 129.9
36| Molar Flow (kgmole/h) 172.6 2214 221.4 139.1 1.267
37| Mass Flow (kg/h) 2656 6298 6298 1.031e+004 15.71
38] Heat Flow (kJ/h) -6.897e+006 -1.523e+007 -1.703e+007 -4.470e+007 -4.432e+004
39] Name MEK 12-2
40| Vapour Fraction 0.0000 1.0000
41| Temperature (C) 40.00 * 39.96
42| Pressure (kPa) 200.0 * 129.9
43| Molar Flow (kgmole/h) 138.8 172.6
44| Mass Flow (kg/h) 1.000e+004 2656
45| Heat Flow (kJ/h) -3.764e+007 -7.751e+006
46 e
F Compositions Fluid Pkg: All
48] Name 10-1 FEED 3 1 4
49| Mole Frac (M-E-Ketone) 0.4993 0.0000 * 0.0000 0.0000 0.0000
50| Mole Frac (2-Butanol) 0.0013 1.0000 * 1.0000 1.0000 1.0000
51] Mole Frac (H20) 0.0000 0.0000 * 0.0000 0.0000 0.0000
52| Mole Frac (Hydrogen) 0.4993 0.0000 * 0.0000 0.0000 0.0000
53] Mole Frac (Nitrogen) 0.0000 0.0000 * 0.0000 0.0000 0.0000
54| Mole Frac (Oxygen) 0.0000 0.0000 * 0.0000 0.0000 0.0000
55| Mole Frac (n-Butane) 0.0000 0.0000 * 0.0000 0.0000 0.0000
56| Mole Frac (CO2) 0.0000 0.0000 * 0.0000 0.0000 0.0000
57| Mole Frac (CO) 0.0000 0.0000 * 0.0000 0.0000 0.0000
58] Name 5 5-1 5-2 5-3 5-3-out
59| Mole Frac (M-E-Ketone) 0.0000 0.0000 0.0000 0.0000 0.0000
60| Mole Frac (2-Butanol) 1.0000 1.0000 1.0000 1.0000 1.0000
61] Mole Frac (H20) 0.0000 0.0000 0.0000 0.0000 0.0000
62| Mole Frac (Hydrogen) 0.0000 0.0000 0.0000 0.0000 0.0000
63] Mole Frac (Nitrogen) 0.0000 0.0000 0.0000 0.0000 0.0000
64| Mole Frac (Oxygen) 0.0000 0.0000 0.0000 0.0000 0.0000
65] Mole Frac (n-Butane) 0.0000 0.0000 0.0000 0.0000 0.0000
66] Mole Frac (CO2) 0.0000 0.0000 0.0000 0.0000 0.0000
67] Mole Frac (CO) 0.0000 0.0000 0.0000 0.0000 0.0000
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8
% Compositions (continued) Fluid Pkg: Al
11] Name 5-2-out FLUE_1 6 5-4-out 5-4

12| Mole Frac (M-E-Ketone) 0.0000 0.0000 0.0000 0.0000 0.0000
13| Mole Frac (2-Butanol) 1.0000 0.0000 1.0000 1.0000 1.0000
14| Mole Frac (H20) 0.0000 0.1429 0.0000 0.0000 0.0000
15| Mole Frac (Hydrogen) 0.0000 0.0000 0.0000 0.0000 0.0000
16 Mole Frac (Nitrogen) 0.0000 0.7336 0.0000 0.0000 0.0000
17| Mole Frac (Oxygen) 0.0000 0.0093 0.0000 0.0000 0.0000
18] Mole Frac (n-Butane) 0.0000 0.0000 0.0000 0.0000 0.0000
19 Mole Frac (CO2) 0.0000 0.1143 0.0000 0.0000 0.0000
20| Mole Frac (CO) 0.0000 0.0000 0.0000 0.0000 0.0000
21| Name 5-1-out FLUE_1-1 9 7 7-1

22| Mole Frac (M-E-Ketone) 0.0000 0.0000 0.4993 0.4874 0.4874
23] Mole Frac (2-Butanol) 1.0000 0.0000 0.0013 0.0252 0.0252
24| Mole Frac (H20) 0.0000 0.1429 0.0000 0.0000 0.0000
25| Mole Frac (Hydrogen) 0.0000 0.0000 0.4993 0.4874 0.4874
26| Mole Frac (Nitrogen) 0.0000 0.7336 0.0000 0.0000 0.0000
27| Mole Frac (Oxygen) 0.0000 0.0093 0.0000 0.0000 0.0000
28| Mole Frac (n-Butane) 0.0000 0.0000 0.0000 0.0000 0.0000
29| Mole Frac (CO2) 0.0000 0.1143 0.0000 0.0000 0.0000
30| Mole Frac (CO) 0.0000 0.0000 0.0000 0.0000 0.0000
31| Name 7-3 7-2 7-4 BUTANE1 AIR1

32| Mole Frac (M-E-Ketone) 0.4874 0.4874 0.4874 0.0000 0.0000 *
33| Mole Frac (2-Butanol) 0.0252 0.0252 0.0252 0.0000 0.0000 *
34| Mole Frac (H20) 0.0000 0.0000 0.0000 0.0000 0.0000 *
35| Mole Frac (Hydrogen) 0.4874 0.4874 0.4874 0.0000 0.0000 *
36] Mole Frac (Nitrogen) 0.0000 0.0000 0.0000 0.0000 0.7900 *
37| Mole Frac (Oxygen) 0.0000 0.0000 0.0000 0.0000 0.2100 *
38| Mole Frac (n-Butane) 0.0000 0.0000 0.0000 1.0000 0.0000 *
39| Mole Frac (CO2) 0.0000 0.0000 0.0000 0.0000 0.0000 *
40| Mole Frac (CO) 0.0000 0.0000 0.0000 0.0000 0.0000 *
41| Name BUTANE2 AIR2 FLUE_2 7-3-out 7-2-out

42| Mole Frac (M-E-Ketone) 0.0000 0.0000 0.0000 0.4874 0.4874
43| Mole Frac (2-Butanol) 0.0000 0.0000 0.0000 0.0252 0.0252
44| Mole Frac (H20) 0.0000 0.0000 0.1425 0.0000 0.0000
45| Mole Frac (Hydrogen) 0.0000 0.0000 0.0000 0.4874 0.4874
46| Mole Frac (Nitrogen) -0.0000 0.7900 0.7337 0.0000 0.0000
47| Mole Frac (Oxygen) 0.0000 0.2100 0.0098 0.0000 0.0000
48| Mole Frac (n-Butane) 1.0000 0.0000 0.0000 0.0000 0.0000
49| Mole Frac (CO2) 0.0000 0.0000 0.1140 0.0000 0.0000
50| Mole Frac (CO) 0.0000 0.0000 0.0000 0.0000 0.0000
51] Name 7-4-out 7-1-out 8 12 12-1

52| Mole Frac (M-E-Ketone) 0.4874 0.4874 0.4874 0.1908 0.9960
53] Mole Frac (2-Butanol) 0.0252 0.0252 0.0252 0.0003 0.0030
54| Mole Frac (H20) 0.0000 0.0000 0.0000 0.0000 0.0000
55| Mole Frac (Hydrogen) 0.4874 0.4874 0.4874 0.8089 0.0010
56| Mole Frac (Nitrogen) 0.0000 0.0000 0.0000 0.0000 0.0000
57| Mole Frac (Oxygen) 0.0000 0.0000 0.0000 0.0000 0.0000
58] Mole Frac (n-Butane) 0.0000 0.0000 0.0000 0.0000 0.0000
59| Mole Frac (CO2) 0.0000 0.0000 0.0000 0.0000 0.0000
60| Mole Frac (CO) 0.0000 0.0000 0.0000 0.0000 0.0000
61]
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8
1;90 Compositions (continued) Fluid Pkg: Al
11| Name 11 20 21 22 13

12| Mole Frac (M-E-Ketone) 0.4993 0.1905 0.0030 0.9650 0.1905
13| Mole Frac (2-Butanol) 0.0013 0.0003 0.0000 0.0014 0.0003
14| Mole Frac (H20) 0.0000 0.0000 0.0000 0.0000 0.0000
15| Mole Frac (Hydrogen) 0.4993 0.8092 0.9970 0.0336 0.8092
16| Mole Frac (Nitrogen) 0.0000 0.0000 0.0000 0.0000 0.0000
17| Mole Frac (Oxygen) 0.0000 0.0000 0.0000 0.0000 0.0000
18| Mole Frac (n-Butane) 0.0000 0.0000 0.0000 0.0000 0.0000
19 Mole Frac (CO2) 0.0000 0.0000 0.0000 0.0000 0.0000
20| Mole Frac (CO) 0.0000 0.0000 0.0000 0.0000 0.0000
21| Name 18 23 FLUE_2-1 RECYCLE-1 24

22| Mole Frac (M-E-Ketone) 0.1905 0.9886 0.0000 0.1478 0.9963
23| Mole Frac (2-Butanol) 0.0003 0.0026 0.0000 0.0002 0.0027
24| Mole Frac (H20) 0.0000 0.0000 0.1425 0.0000 0.0000
25| Mole Frac (Hydrogen) 0.8092 0.0088 0.0000 0.8520 0.0011
26| Mole Frac (Nitrogen) 0.0000 0.0000 0.7337 0.0000 0.0000
27| Mole Frac (Oxygen) 0.0000 0.0000 0.0098 0.0000 0.0000
28| Mole Frac (n-Butane) 0.0000 0.0000 0.0000 0.0000 0.0000
29| Mole Frac (CO2) 0.0000 0.0000 0.1140 0.0000 0.0000
30| Mole Frac (CO) 0.0000 0.0000 0.0000 0.0000 0.0000
31| Name HYDROGEN 19 25 14 9-1

32| Mole Frac (M-E-Ketone) 0.0030 0.1905 0.9963 0.1905 0.4993
33| Mole Frac (2-Butanol) 0.0000 0.0003 0.0027 0.0003 0.0013
34| Mole Frac (H20) 0.0000 0.0000 0.0000 0.0000 0.0000
35| Mole Frac (Hydrogen) 0.9970 0.8092 0.0011 0.8092 0.4993
36| Mole Frac (Nitrogen) 0.0000 0.0000 0.0000 0.0000 0.0000
37| Mole Frac (Oxygen) 0.0000 0.0000 0.0000 0.0000 0.0000
38| Mole Frac (n-Butane) 0.0000 0.0000 0.0000 0.0000 0.0000
39| Mole Frac (CO2) 0.0000 0.0000 0.0000 0.0000 0.0000
40| Mole Frac (CO) 0.0000 0.0000 0.0000 0.0000 0.0000
41| Name 9-2 10 10-2 15 16

42| Mole Frac (M-E-Ketone) 0.4993 0.4993 0.4993 0.1905 0.1905
43| Mole Frac (2-Butanol) 0.0013 0.0013 0.0013 0.0003 0.0003
44| Mole Frac (H20) 0.0000 0.0000 0.0000 0.0000 0.0000
45| Mole Frac (Hydrogen) 0.4993 0.4993 0.4993 0.8092 0.8092
46| Mole Frac (Nitrogen) 0.0000 0.0000 0.0000 0.0000 0.0000
47| Mole Frac (Oxygen) 0.0000 0.0000 0.0000 0.0000 0.0000
48| Mole Frac (n-Butane) 0.0000 0.0000 0.0000 0.0000 0.0000
49| Mole Frac (CO2) 0.0000 0.0000 0.0000 0.0000 0.0000
50| Mole Frac (CO) 0.0000 0.0000 0.0000 0.0000 0.0000
51| Name 17 FLUE TO COOLER | EXHAUST GAS 2 RECYCLE-2

52| Mole Frac (M-E-Ketone) 0.1905 0.0000 0.0000 0.0000 0.1480 *
53| Mole Frac (2-Butanol) 0.0003 0.0000 0.0000 1.0000 0.0002 *
54| Mole Frac (H20) 0.0000 0.1427 0.1427 0.0000 0.0000 *
55| Mole Frac (Hydrogen) 0.8092 0.0000 0.0000 0.0000 0.8519 *
56| Mole Frac (Nitrogen) 0.0000 0.7336 0.7336 0.0000 0.0000 *
57| Mole Frac (Oxygen) 0.0000 0.0095 0.0095 0.0000 0.0000 *
58| Mole Frac (n-Butane) 0.0000 0.0000 0.0000 0.0000 0.0000 *
59| Mole Frac (CO2) 0.0000 0.1142 0.1142 0.0000 0.0000 *
60| Mole Frac (CO) 0.0000 0.0000 0.0000 0.0000 0.0000 *
61]
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Compositions (continued)

All

Name

MEK

12-2

Mole Frac (M-E-Ketone)

0.9963

0.1905

= < = OI(D oolsllov ml&lwlml—n

Mole Frac (2-Butanol)

0.0027

0.0003

14

Mole Frac (H20)

0.0000

0.0000

15

Mole Frac (Hydrogen)

0.0011

0.8092

Mole Frac (Nitrogen)

0.0000

0.0000

17

Mole Frac (Oxygen)

0.0000

0.0000

18

Mole Frac (n-Butane)

0.0000

0.0000

19

Mole Frac (CO2)

0.0000

0.0000

20

Mole Frac (CO)

0.0000

0.0000

21
22
23
24
25
26
27
28
29
30
=il
52}
&5l
3}
35
36|
37
38
39
40
41
42
43
44
4}
561
47}
48]
49
50
51
52
53
54
55
56
57
55)
59
60
61]
62]
63
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67
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4. 7S5 FaR MEERER
A7 AOBREOHFITIE 9 M0 v AT YA U REa LT A MDT T MR X M ERAR T
Ly Ry— M8V T 7 AN LT TiTo T, FORRIZLLTORIZTRT,

] Bare Module Cost (Equipment Direct
Equipment Category )
and Indirect Cost: CEPCI=382)
Process Vessels $40,412
Trays $0
Heat Exchangers (Inc. Reactors) $130,865
Pump with Electric Driver $33,212
Compressor $1,492,377
Compressor Driver $122,907
Furnace $608,895
Total Bare Module Cost $2,428,668
Plant Construction Cost Including 18%
. $2,865,828
contingency
Chemical Engineering Plant Cost Index
(CEPCI) in 2009 22190
Plant Construction Cost in 2009 $3,915,381
Flo, FRBEBIO2—T 4 VT 42 A MILLTO LS 257z,
a—74YT4—aXh
=T AT 4TI fifi & %
BN 5.263E+06 kWh/year $1,052,680.48
mEAAFEERF—L 4.740E+02 ton $14,221.47
TR 2.938E+03 ton $1,175,339.36
fR % 3.375E+01 m3 $421,844.72
K 9.284E+04 ton $55,705.40
AEIK 1.854E+06 ton $24,096.90
At $2,739,470.19
JFRF= AR
FlH fili & R EH
2-THJ)—)L 8.25.E+04 ton/year $82,478,259.09
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51. MHEHEEORE

WPEHER T Ay B BN SR < B B, IR S LT, £, Aspen HYSYS @ Property package
selection ®H|Z, Chemical System F OWMHEHER A4 OY, WIZEE (10 bar LLE) D7z OWHEHER A
BiRELL, £9. AFNA=FAT hOCIF, MEK) & 2-7% 7 —v (LT, SBA) O4BEFEHIT DN
THRD, 2O k505 iE BWRS, GCEOS, Glycol Package, Kabadi-Danner, Lee-Kesler Plcoker,
MBWR, Peng-Robinson, PR-Twu, PRSV, Sour SRK, Sour PR, SRK-Twu, Zudkevitch-Joffee 7 HYSYS
MHAEE S NT-, LarL. BWRS, GCEOS, Glycol Package, PR-Twu, PRSV, SRK-Twu L 7> MEK-SBA
DNRAF Y —=R_TA—=ZEWRETE WD, 26 OYPEHEIEZ OV T TORIO L 512 XY ##
Tz,

1
0.9
be 0.8 e SRK-Twu
o 0.7
& 0.6 = PRSV
% 0.5 BWRS
E 0.4 === (Glycol Package
0.3
= 0.2 PR-twu
0.1 - GCEOS
0 — it £ R
0 0.5 1
MEK #4557 # X

Figure 1 MEK-SBA @ XY-#%X
T, 7T vy a Bzl d MEK & KEOYEHERIZ L 5 3 BEEE OE NI OV TR TAHT,
RIILTO T Z 71w T,

0.14 3.50€-02
o1 # 3.00E-02
‘5 o1 \ R 250e02
¥ =
2.00E-02
2 0.08 \ HH;
e \ L 150802
5 006 \ @ 100E02
U 004 0% # 5.00E-03 .ﬂﬁ
W 0.02 N— 0.00E+00 | o
o 0 500 1000 1500 2000 2500 3000
0 500 1000 1500 2000 2500 3000 P (kPa)
P (kPa)
——GCEOS ——SRK-Twu
——GCEODS —— SRK-Twu ——PRSV ——PRSV ——BWRS
= BWRS = Glycol Package =——PR-Twu = Glycol Package =——PR-Twu

Figure 2 FWMHHE OIRMICIT KK, JHHICEIT 5 MEK D5 BEZEE)
P ED7Z 75, BWRS (Benedict—Webb—Rubin-Starling) JIRREFH I L 2 W PEHER 132 MEK-SBA
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