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Problem setup

4 Carbon resource

F1

Superstructure generation

* Using compound & Tech. Info.

« Type of source
* Flowrate, T & P * Pre-screening strategies
¢ Composition - Interconnecting strategies

4 Target product

@0
©
c8
* Hy, Oy, CO ete. 3 Feedstock @ @ @
+ MeOH, EtOH etc. 2
“oh, Cete. B H oo
« Olefin, FT fuels § Frapodict ® @ @
* Heat & power ] '
c
4 Technology
+ Separation < Superstructure >
-G/G, G/L & LL
* Reaction
- Reforming
- Synthesis

Feed stream info.
& technology connectivity

8
£
2
[*3
3
&
g
©
B
[
=
3
£
3
g
173
§

5
g
g
E
3
£
£
8
o3

oin
]
Jm
9!

Optimization model
development

4 Constraints
+ Mass balance
+ Demand satisfaction
« Technology capacity

Strategy identification
and analysis

4 Questions (Q) selection
« For specific products (P)
« For given feedstock (F)
« For a given Pand F

£
« Feed availability 53
) k4 # Model application
4 Obj. functior! © L™ « Combining C and Q
 Min. production cost é 2 « Identifying optimal strategy
+ Min. energy use 2 E « Bottleneck analysis
+ Max. production level [:#4 + Sensitivity analysis
* Max. profit <3
.\li:g;ni:ez < Optimal strategy >
Subject to )

h(x.»)=0. g(x.»)<0
xeR.ye¥r={0.1}" s e 2 s 2

Mass and energy flows,
sizing & costing data

Process model development < Simulation model >

« By using inlet stream data
« To meet design spec.

« Within normal operating conditions

« Using process simulator

it
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Type Technology Simplified PFD Targeted stream
G/G separation Absorption (ABS) Sweet gas CO.-rich gas, CO-rich gas
Cooler pymp, %
s
3
¥
&
Pump Heat
exchanger
G/G separation Adsorption (PSA) Vent out Ha-rich gas
Vacuum pump
2
]
i
Mix H;
gas i gas
C
G/G separation Membrane (MEM) H;gas H-rich gas
Mix gas i="="- o Vent out

G/L separation Distillation (DIST)

i

Compressor
Reflux condenser

Mix stream

Distillation
column

Membrane

Light component
—e

Reboiler

)Reﬁm

drum

Heavy component

All liquid-phase streams

Er4

Technology Simplified PFD Operating conditions
T (°C) P (bar) Kinetic rate
Water gas shift (WGS) 150-450 1-80 -, k2Pco, (1 - PryoPco! ke2PHy Pcoy)
Q+ K]l’?j;q» K2Ppy0+ K3Pryo/! PHy)
Reverse water gas shift (RWGS) 400-1200 1-20 - k2Pco, (1 - PHy0PCO/ ke 2PH PCO3)
L T KPP3+KoPriy0+ KaPiy0) Piip)
Steam methane reforming 650-950 1-30 ksMR PCH4PHy0— PR, PCO/ Keg SMR
n = M
(SMR) 1 PR3 (1+KCOPCO+KHy PHy+ KCHPCHy + KHy0PHy0/ PHy P
Fram kwes PCOPH0 = PHy PCO, / Keg WGS
° 7 Py (1+KcoPco+KHy Py + KCHaPCHy+ KHy0PHy0 ! P )P
2 X,
1y = Koiobalsy PeHs PR 0= Pii0Pco ! Keg,GlobalsMR
PE3 (1+KCOPCO+KHy PHy + KCHyFCHy + KHyOP Hy0/ Py)?
Methanol synthesis (MS) 150-300 50-75 _ kaPcoy (1= PHy0PCO ! ke 2PHy PCO,)
Q +K,r‘?,15+1(2mlg+x3mzo/p,,z)
k1PCo2PHy (1 = PHy0PMeOH /‘le,ll’};z Pcoz)
Mixer Hearer " (1+ KPR + K2P 10 + KsPHy0/ PH P
Fischer-Tropsch synthesis (FT) 200-250  25-60 G WIRTRQSpd.
_ B =
K K9P
A +K§5Q+1/KOPPS +—L &P Pio
27 kpPl3 " KaKaKaPlp
Methanation(MTN) 300-700 2-77

3
8

n=

ket
(1+KcPoo +KonPHy0P 732 )?

k2(KaPcoP, r,;g 5o "(’ozl’;n.jzsl Keg)

(1+KcPco+KoHPHOP°)?
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EHS5
( Feed information & Technology design spec. )
Process model development
Sizing & _u Mass & energy -U
costing data flow data

J

1
Output

Direct cost Input

calculation stream stream
Technology Variable operating
yield cost calculation
Indirect cost Time-value
calculation adjustment
Total Energy n
capital cost consumption

Fixed operating

Time-value
adjustment

cost calculation

A 4
Amortized Fixed Variable
capital cost operating cost operating cost

Unit production

cost calculation

Unit
production cost
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Questions (¢) Given product (1) Given feedstock (2) Given product/feedstock (3)
Criteria (¢)
My, M); My
: Min Z, :MinZ, :Min Z,

Product cost (1)

Energy consumption (2)

Product quantity (3)

Profit (4)

s.t. eqns. (22)-(26)
with §,,=1.5,=0ifi#i €P
pu=L. Vi €F

My,

:Min Z,
s.t.eqns. (22)~(
with 3,.,=1.5

:MaxZ;
s.t. eqns. (22) and (24)-(26)
with =L, 5,=0 ifi# 1 €P

p==1. Vi €F

M,

:MaxZ,
s.t. eqns. (22)-(26)
=1.8,=0ifi#1'€P
Pe=L. Vi €F

s.t. eqns. (22)-(26)
with 5,=1 VieP
Puir=L. puy=0if i# '€F
M,
:Min Z,
s.t. eqns. (22)-(26)
with §,,=1 VieP
Pu=0ifi#I'€F

M,

:Max Z;
s.t. eqns. (22) and (24)-(26)
with §,=L VieP

Pui=1. pp=0 ifi# I'€F

M,

:MaxZ,
s.t. eqns. (22)-(26)

5,=1 ViEP

i =L. Pui=0 if 1 # ['EF

_19_

s.t. eqns. (22)-(26)
with §;=1.5,=0ifi# i €P
Pui=L. pn=0 if i#1"€F

M,

:Min Z,

s.t. eqns. (22)-(26)

with 8;=1. 8,=0 ifi #i'€P
Pur=L. pu=0 if i #1"€F

M;,

:Max Z;

s.t. eqns. (22) and (24)-(26)

with §,=L. 5, =0ifi# 1 €P
Pur=1, pu=0 ifi#i"€F

M,

:MaxZ,

s.t. eqns. (22)-(26)

with §,=1.8,=0 ifi#1 €P
Pui=L. pp=0 if i #i"€F
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EH8
Problem Strategy (COG@—@ H,) Description Value
@ ° Total capital cost:
(a) Min UPC P PLA 17.6MSly 0.35%/kg
« H, amount: 50,496ton/y
@
(b) Min UEC @ PsA 3 « No utility consumption 0.35%/kg
| f e

(C) Max amount g, pSa LTSRS PSA +o[IWGSTs  PSA peg ° Hzamount 1.48x10%ony  1.48x10%ony

| @ - H, amount: 130,874tony
(d) Max profit - g, SR> 1IWES > PSA - @ - Productioncost:84.1M8ly  177.6MSly
« Revenue: 261.7M$/y

_20_
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