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Background

- Carbon Dioxide (CO»)

- Major source of greenhouse gas from Power Plant & Industrial Process
- CO; Emission : Korea ranked 10™ in the world

- Kyoto Protocol : Expected to add carbon tax, emission trade

* For sustainable development, Korea must prepare for the duty for
reduction of CO; emission.

* Methods of CO; separation : Absorption, Adsorption, Membrane
- Absorption : Low conc. COz recovery process & large scale
Commercial plant / Blazing of absorbent, Leakage

- Adsorption : High conc. CO; recovery process & middle scale
Short lifetime of adsorbent

High conc. CO; recovery process & small scale
Need to construct commercial plant in Korea




* [t 1s possible to analyze the actual process including unit equipments,

and obtain optimum operation parameters of product or intermediate.
€x) pressure, temperature, enthalpy, flow, composition etc

 Evaluating energy analysis of CO; separation process and calculating
cost of operation are required for CO; separation & recovery.
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Composition

0)) 1.7 2.0
CO, 8.8 13.9
H>O 18.2 11.0
Total 100 100
2) Parameters of Hollow Fiber Membrane
Parameter Amount Parameter Amount
P (atm) 6 Num of HF 16,000
P, (atm) 0.1 Feed rate 1000 m3/day
Selectivity [CO2/N;] 20 Length of HF 50 cm
Permeability [CO;] 60 GPU Pressure ratio (P»/P) 0.167




- CO: Purity at Permeate

« Initial Input Parameters for Variables of - CO2 Recovery (%)
Process - Required Surface Area of
. Membrane (A)
- Pressure Ratio(R ) : P feca/ P perm - Required amount of Membrane
- Stage-cut : Q feed/ Q perm Module (n)
- Operating Temperature
- Plasticizing

 Operating Conditions — Simulation for CO; Separation Process (Supplement of
Membrane Model with Excel in ASPEN code) — Simulating Results — Finding
Optimal Conditions — Energy Analysis by Exergy Method — Calculating Capital
Cost
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PRECOOL

HTFLUG1

Gas Pre-Cooler
T: 150/ 40.
P: 1 kg/cm?
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Condenser
T: 150/ 25.
P: 6 kg/cm?
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« Method of gas property calculation :
SRK, Peng—Robinson, RK—=Soave



2. Peng—Robinson
Vol—fraction : 0.1308%
Mole—fraction : 0.38717%

5. RK—=Soave
Vol—fraction : 0.156/%
Mole—fraction : 0.46347%



ion of 1 A

e IEN
7/ N
4 MEMBRANE \
/
I
CoCLN FEEDEO2
\

MIXER
HEATZ \ CONDENS
{HoTFLUE §S H cOOLFLUE B
PRESSED
SPLITTER
DRAINHZO COZREDUC = LIQCoZ
cooLouT

MREFL % |
| REFLUX




Simulation of 1 Membrane Module

a :selectivity

x : Feed composition
4 4
A = ( Y )out — ( 4 )0‘” y,: Permeate composition
(JA )out QA (})lx o })Zyl )ave P1: Feed Pressure
_ (Vy) out P,: Permeate Pressure
_ R:P tio( P,/ P,
Permeate fluxx(x—Ry,),.. ressure ratio( £, /)
V' : Permeate rate
A : membrane area



Simulation of 1 Membrane Module

2) Fix Pressure

Fix Pressure,

Then calculate, flux and conc. of Permeate and xT with
variation of number of module

2. Simulation with variation of membrane property
1) Fix permeability as 20, then change selectivity 20~100
2) Fix selectivity as 20, then change permeability 20~100
3) Change permeability as well as selectivity 20~100



Simulation of 1 Membrane Module
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Simulation of 1 Membrane Module
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Simulation of 1 Membrane Module

1. Permeability = 20, selectivity = 20~100
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Simulation of 1 Membrane Module

ogogog o oo odgogod

[0 [0 (m2) 00000
300

250
200

150
100 40
50 20
0 0

20 30 40 50 60 70 80 90 100
ood

—m— membrane area —e— No of modules




Simulation of 1 Membrane Module
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1 | Modef inpuf

2 MW N2

3 |Mw COZ

4 |Mw 02

5 |MW H2O
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|
Recovery (%)
Flaw rate {m~3 day or hour)
Pressure (atm)
Required hModule

6. 03235243

54,4542183 — 1,17176298
145,91926 |

permeate

719522639 - > = T | e [COZ] permeate

105, 488366

|
3?2%33333 — " 0, DE0Z5508 O ReCO\)eI"V 0 llf ( %)
1
|
| Q permeate X [COZ ] permeate

e | (0=
S — Qfeed X[CO2]feed

Stage 1 2 3 4 Total
Recovery (%) 54.45 71.95 98.61 98.74 -
Flow rate (m3/day) 145.91 105.5 41.8 41.6 -
Required Module (EA) 6.03(. 7) 1.17(. 2) 027 (. 1) 0.06( 1) 11




Operating Conditions Comparison of result for Experiment/Simulation

6/0.1 | 54.45 51 7 8
6/1 2 71.95 80 2 3
Pfeed / Pperm
6/1 3 98.61 94 | |
6/1 4 98.74 | 99.0 1 1(0.5)
6/1 | 25.67 32 40 20
6/1 2 67.84 70 4
Pfeed / Pperm
6/1 3 94.40 89 | 2
6/1 4 98.34 97 1
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- Obtaining optimum parameters with fixing the concentration of
retreate and pressure as well as the variation of permeability and
selectivity

3. Development of membrane model using ASPEN & EXCEL
- Performing the simulation between ASPEN and EXCEL
(User model)



Future Work

1. Refine of membrane model using ASPEN & EXCEL
- Link between ASPEN and EXCEL (User model)

2. Evaluation of optimum operation parameter
- Obtaining the optimum parameters with change of pressure,
selectivity, permeability etc. with 4 membrane module

3. Simulation for detail equipments
- Energy requirement calculations for Vacuum pump, Compressor,
Condenser for CO, liquefaction process

4. Energy requirement & cost calculations through exergy analysis
- Using each stream results by simulation for exergy calculation








