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Step 1. Pressurization

A B

R
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Step 2. Adsorption
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Waste Feed

3 Skarstrom cycle.
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1. Step 2 ~ 3 & = ERIKF (adsorption)
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®1 BERZ-ENSEERFHER

Step 1 EE 4 5 6 7 8 9
Bed 1 P.E. Adsorption P.E. P.E. Co-D Counter-D P.E. Idle
Bed 2 | Counter-D P.E. Idle P.E. Adsorption P.E. P.E. Co-D
Bed 3 P.E. P.E. Co-D | Counter-D P.E. Idle P.E. Adsorption

(3% : P.E. = Pressure Equalization; Counter-D= Countercurrent Depressurization; Co-D = Cocurrent Depressu-
rization )

Step 1 Step 2 Step 3

Step 4 Step 5 Step 6

Step 7 Step 8 Step 9

10 ERZZENLREFE
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2.Step 1 ~4~5~8: BJJFffr (pressure

equalization )
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R BEEE R ) N - a0 BRARNS - ANt
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3.Step 6 : [FA[AJKEE (cocurrent depre-
ssurization )
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MFC-DELPIC-D#EHI Hifi Bl T ~ 481k
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PRI KT8 40 ) 55 Wk S 2 B8 B 7 308 4 ) 5 IR S 20
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4. Step 7 : A[AJEEE (countercurrent depre-
ssurization )
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FIFH EL 22 5200 K 85 T R T Hh R B AR - G A
MFC-FEEPIC-FE i B EE T ~ [AIRFA A —
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5. Step 9 : BFE (idle)
Ry 1 67 FL At U B 255 A T HE R (2 A0 B
b B i SE S R B L A Y i e (- RE P -

e =R E'EEEET (Design of
Experiments, DOE) » AREEHELEL1/4/7
KERE (Step 1/4/7 time » & JJ Mg/ e Jo R RS
i) ~ BE2/5/8F [ (Step 2/5/8 time * [=iEE
WK BT/ R TSR )~ A2 BR3/6/91 [ (Step
3/6/9 time > = EEIR S/ [E] [ BERE R ) 4t =1
SRRIVE Ry PRET B 52+ 3l i I R /K HE 2 BT B
BT U7 RN R A8 R EE H e K
HE R ok 1 AT HRSY » Bl2Ne K7 B
aeEt - WELZEHR - B ERI T T G
ey EhE - TR EE -

ARG 2R P = A1 IR o B A8 KT S
1T /KHER 2R T B B8t 3T (2k Design) » 4
HFEIE2Y = SHHEES - WA FHMinitab{E Ry 47
Mg i - 2 R FaE 2 m R kK HE BE R AR
BRANFR 2R - B 1/4/70ERT (30085 52400
) ~ EE2/5/80F R (20080 f2 2408 ) ~ B BE
3/6/9WF ] (90F) K2 1607 ) » 3 Fu iR HESHHE
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®2 ZENTE VPSA BRZESRSEKERERNKMR

%0 e AR BAE
A A R AT B 200 240
T LT SRR ¢ 90 160

}’3 ZENLE VPSA BEZ 2 k% 3 #RERFEENE

Run A B ©

1 300 (-) 200 (-) 90 (-)
2 400 (+) 200 (-) 90 (-)
3 300 (-) 240 (+) 90 (-)
4 400 (+) 240 (+) 90 (-)
5 300 (-) 200 (-) 160 (+)
6 400 (+) 200 (-) 160 (+)
7 300 (-) 240 (+) 160 (+)
8 400 (+) 240 (+) 160 (+)

AR EER A S BB g - Toiliseait
AER B LR FIE - KIESEEo = 0.05

Ve BE# 7K ¥ (significant level ) » —#%f
B HE ARV RRHIVEEEFR T Z
REEHE FUEAK -

N BRI

BERE AT o3 A b &R O R
32[E (normal plot of effects) ~ XNME}HRE
B3R [E (half normal plot of effects) JZANJfE
fafiE (Pareto chart of effects) ZKH|E#EZE
[R] - B % (Rl B 2 o A0 Y B A SR bl ]

DUANE A 752 8 < BRI 1A (A7
E BEARAY /2 0 Ry BR0URE -+ 45 SR R IES00RE
S T e Ot B ] R BE AR BOE 5 R
SRR R B NIRRT e R (T
AR EE i/ N ) BUREEHEL 5 1 A
PLRE R T REA B N T 2 9h » ERetbi &
B YSINR iE AR (SIS 2 3 TR DR EE SN
I\ e

fi 11 B 1253531 K — S8 A Rl 0L 55 ) R0
i RE PR B R M~ R R e v T
F R = P B A BRI I B e 2 8
JEE —SAALIRPEE TS © R A Step 3/6/9 time
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Normal Plot of the Effects
(response is CO2 purity, Alpha = 0.05)
99
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11 ZHLBMENDEREEEXE
Half Normal Plot of the Effects
(response is CO2 purity, Alpha = 0.05)
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Pareto Chart of the Effects
(response is CO2 purity, Alpha = 0.05)

6.156

Factor Name
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C C
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Lenth’s PSE = 1.63537
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Step 3/6/9 time (C)MVsZ M i - HERHK
F/MEFE By Step 1/4/7 timeBilStep 2/5/8 time
EilStep 3/6/9 timefYA A {FHI(ABC) ~ Step 1
timeEdStep 3/6/9 timefA A/ERI(AC) ~ Step
2/6/8 time (B) ~ Step 2/6/8 timeEdStep 3/6/9
timef2 HAEH(BC) ~ Step 1/4/7 time (A)
Step 1/4/7 timeBdStep 2/5/8 timely 5 A AEH
(AB) °

H5 JES AR A e [ 53R Y S0 R R R
~ RNE P R RE B SR B 43 91 Ry B 14 I 15 -
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Step 1/4/7 time(A)f7 R EEFRAIA M > Step
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TERRE - HEEBK - B S bR E R
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timelIZ AAEF(BC) ~ Step 1/4/7 timekilStep
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EilStep 2/5/8 timeEilStep 3/6/9 timel%E H.AEH
(ABC) » %A EsStep 1/4/7 timeBdStep 3/6/9
timefYA AAEH(AC) -
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Normal Plot of the Effects
(response is CO2 purity, Alpha = 0.05)
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Half Normal Plot of the Effects
(response is CO2 recovery, Alpha = 0.05)
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Pareto Chart of the Effects
(response is CO2 recovery, Alpha = 0.05)
6.56
I Factor Name
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Effect
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16 & bHEWRIEMRLE
Normal Plot of the Effects
(response is energy consumption, Alpha = 0.05)
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Half Normal Plot of the Effects
(response is energy consumption, Alpha = 0.05)
Effect Type
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M Significant
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Pareto Chart of the Effects
(response is energy consumption, Alpha = 0.05)
0.5838
Factor Name
A A
AT B B
C C
B -
C -
£
S AB
ABC 1
BC T
ac]
0.0 0.1 0.2 0.3 0.4 0.5 0.6
Effect
Lenth’s PSE = 0.155094

19 BEFERVIFEARIE

DEC 2021 T#2 . 94 % 04 Hj



(C) ~ Step 1/4/7 timeEiStep 2/5/8 timefZ A
YEF(AB) ~ Step 1/4/7 timeBiStep 2/5/8 time
EilStep 3/6/9 timefY3Z A{ERH(ABC) ~ Step
2/5/8 timeEdStep 3/6/9 timefy5 HAEH(BC) »
1% HI By Step 1/4/7 time8Step 3/6/9 timefy%
HAEH(AC) -

FabhkELEREAMSR  HHAERE
AR 22 0 bR B 2% 1 E R 2 R R GE
MFC-C ~ #il EZENM (top product) il
TFHAIMFC-E ~ | [E [ )% (cocurrent
depressurization) JiLHAIYMFC-F ~ ¥ [A

#6 B (purity) =

P

J&kJEE (countercurrent depressurization) Jiik
FIMFC-F ~ PY{E S bt - EINEE
SRENBUE T RS - Mg ERENA
TG R LR B B A e S IR RE I B 2.3
TR T AT BT RS - I
v L B E AT 2 RS

(1) B3 (2) Ryl g B [m =Ry T
R0 ek B — AR ERAVHEIRE ] - REFH
18 W flE 2 AT A AR By — SRR bR
FE BRI - 2 Bl i 1R 3 M 15 R BUEL DTG
BRI SR 4T AgRER -

S5(# 4 oo [SLPM] X 3% 4 0 — f165 08 B (%))

TE(#% 4 o 7 R[SLPM])

)

Y5 o #E[SLPM] X %l 9@ — A Ab5 8 & [%])

= 44 #F (recovery) =

S(&#4 7 #[SLPM] x ¥ — RALH IR [%])

DI FET = 86 LA B EL 22 5 BRI i 72
FRifiE - FLREREZR IR 32 B2 Ry [A] 7 B 3vf 1) gk B
IRP Ay EL 22 B (R B - KA 2K B 2 BT B
B REFE Ty 7] 170 ik JBE B 3 1 ok R I 3 2 5y L 22
FOMARE TR DU R R U A R R FE TR -
FEEBREITIY - ARSI A B B R & R
1008k — KB B R - FER B R & 1

Energy consumption of vacuum pump (based on one cycle)(

(3 (2w x 2540 x 100))1() x 107D

2

HZeRmFEe A b (R ZE2EMREN
LK) - MG T E G B H 22
FOHRERE - RahERCHERIHRERAIZ .
AT H R R 3 E TG BR Y H 22 B RERE 2R 1T
TS - B—IEER TR By E 22 B REREET
=

)

tonne — CO,

3)

tonne

| HHEHE L= AR H(g) x 10750
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Run 2
Feed pressure (bar) 3.2
Cocurrent depressurization pressure (bar) 0.3
Countercurrent depressurization (vacuum) pressure (bar) 0.1
A. Step 1/4/7 (P.E. / Counter-D) time (s) 400
Factor | B. Step 2/5/8 (P.E. / Adsorption) time (s) 200
C. Step 3/6/9 (Adsorption / Co-D) time (s) 90
Feed CO, average concentration and range (%) 10.21 £0.21
CO, purity (%) 1.68
Top product
CO, recovery (%) 13.17
o CO, purity (%) 4.55
Cocurrent depressurization
CO, recovery (%) 2.30
CO, purity (%) 92.01
Bottom product
CO, recovery (%) 84.18
Energy consumption of vacuum pump (GJ/tonne-CO,) 2.20

3£ : P.E.= Pressure Equalization ; Counter-D = Countercurrent Depressurization ; Co-D =
Cocurrent Depressurization

AR 1] Wi ey BRI B /B8R J7 SRS RS ) ¢ 20085 »
S BE3/6/9WF ] (e R R B/ [F] e ek R FRF ] )
RKIFZELEIKME 13 X367 By W i 7 - 90F) o RIKEEHE S UHE PSARESF » LUHHE
S%Eq@%@ Wz Dk B 5 oy [l W — 3% U0 B AR R BRI FE90% LA E - DA
72 A3 IR R S 2 3 T R R R R TH R B 2 FEIGRERE -
WﬁFWE FE R AR - THREIRDY
FEE R S EIRIRE I R9.00%-11.74% » 2E£E
HIVE BRRE P PR EH = B BT ~ [RI TR i RE ~ 3 1. WA » 2021-08-10, Al JR - HABHE : FAEHR
SED B T i T B ER A BR A PG o SRS A6 B B A 4 53K 0 110 4F -
IRV ~ BT B A LSS T - M ET 2. @HEAAEIRS + 108 FHERS T FH, June 2020,

BRI T 12 15 B R A5 R s — A AL i el 3. £ E N A A R3], https://www.taipower.com.
tw/tc/Chart.aspx?mid=194, 2021-08-10.

92.01% ~ :ﬁ{tﬁﬁ@”ﬁ$84.18% N E%;% 4. IEA, Global Energy Review: CO2 Emissions in

. [ . 2020, https://www.iea.org/reports/global-energy-

?ﬁﬁé%%ZlO GJ/tonne—CO ’ :E\:ﬁg*’l'@jj%z'z review-2020/global-energy-and-co2-emissions-

, = s =N in-2020, 2021-08-15

bar » [FAIFIBEEEE )1 150.3 bar - FHEE (K S ATHEE SRR EE, BERARMKA  hitps:/

Zetb ) R J7E50.1 bar @ FER1/4/70 R (B8 www.epa.gov.tw/Page/81825C40725F211C/6aladl2a-
4903-4b78-b246-8709¢7f00c2b%E3%80%80, 2021-

JIVtl AR IR ER R ] )+ 4008 ~ A ER2/5/8 08-15.
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