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Abstract

This study attempted to modify the surface of activated carbon fibers (ACFs) by
potassium hydroxide (KOH) activation. The 3% fractional factorial design was used to
find the main effects on specific surface area and pore volume (especially for micropore
and ultramicropore) and discuss their adsorption capacities of carbon dioxide (CO2) and
selectivity under limited number of test. Results showed that the reaction temperature
was the main factor for specific surface area and pore volume of the samples. The KOH
ratio would control the pore size distribution, where the highest microporosity occurred
at KOH: ACFs = 4: 1 but the larger mesoporosity happened at KOH: ACFs = 6: 1.
When reaction time increased, the specific surface area and total pore volume increased
first and then followed decrease. It could be ascribed to the enlargement of micropores
when the time much extended. The maximum CO- uptake was observed on the samples
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with the largest ultramicropore volume, rather than on the samples with the largest
specific surface area or total pore volume. The N2 uptakes increased when the samples
had a larger macropore volume. Thus, that increasing the ultramicropore volume and
decreasing the macropore volume was believed to improve the CO; selectivity.

Keywords: Activated carbon fibers, Activation, Experimental design, Carbon
dioxide, Adsorption.
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¥R 2 CO2 s i 2 icdt FHA2 G i3~ enBl a2 o 5 5] RALI (<0.7nm) ©
MG A I a8 s 45 £ * Original Density Functional Theory (DFT) » #7:E
* iModel 5Nz @ 77K on Carbon, Slit Pores - BI2% 1 7 <5nmz 3t (484 4 iF o
VR RACGUHEA R R LR A<Inmendtiy o @ ¥ X IR F IS e F o A 6
%0.5-0.6 nm§=0.8-0.9 nmx & 1 #peak o

d Ny % ES0He AT B LG B Fhoh 20 & R A &6
A dom i F KOHE i 20 4 & (AL ~ AdfrAT)2 v 4 6 ff 20 X 22 B ACFs
A (A0); 48R ¥ it EKOHE it 2. 7P B A4 A700°CT R K7 2 F B § EhA
P de 1 CO~COfrH0 » R j Bt F A Ak G975k - H&pfE A2t 4
& #f eh= o] & B 5 A3 (2063 m?/g) > A2 (1589 m?/g) > A9 (1446 m?/g) > A6 (1426
m?2/g) > A5 (1411 m?/g) > A8 (1373 m?/g) > A0 (1301 m?/g) » +* % o #f & < 7 H +c
59 % - fe 3t & 4 chAB % R 5 A3 (1224 m?/g) > A5 (1070 m?/g) > A6 (981 m?/g) >
A2 (924 m?/g) > A0 (862 m?/g) » &g+ KOH:rnt ) = B P > £ @ & 1&gt J st
g P I BB o BIVHEA T A AR ok e A L)
ER G R 0 RIPAEASIIRE S vt Rog ot A o

32 A2 oo MBEHER

Sample S.* SmiP V1! Vil Vi SmilfSL VmilVT ViVt ViV
(m?g)  (m?g) (cm*g) (cm®/g) (<0.7 nm,
cmd/g)
A0 1301 862 0.4635 0.3474 0.1397 0.662 0.750 0.221 0.029
Al 1203 790 0.4291 0.3129 0.1248 0.657  0.729 0.246 0.025
A2 1589 924 0.5701 0.3924 0.1697 0.582 0.688 0.267 0.045
A3 2063 1224 0.7357 0.5031 0.1944 0.594 0.684 0.279 0.037
Ad 754 567 0.2795 0.2034 0.1343 0.752  0.728 0.207 0.065
A5 1411 1070 0.5191 0.3915 0.1863 0.759 0.754 0.203 0.043
A6 1426 981 0.5329 0.3742 0.2023 0.688 0.702 0.242 0.055
A7 1278 762 0.4645 0.3089 0.1245 0.596  0.665 0.323 0.011
A8 1373 843 0.4977 0.3342 0.1366 0.614 0.672 0.318 0.011
A9 1446 856 0.5296 0.3495 0.1647 0.592 0.660 0.302 0.038

@S, was the Langmuir surface area (m?/g). P Smi (micropore area) was determined by Density Functional
Theory (DFT) method. ¥ Vr represented the single point total pore volume at P/P, ~ 0.99. " Vyy;
(Micropore volume) was determined by DFT method. ¢ Ve was calculated by BJH method. ¢ Vi, was

found by subtracting Ve and Vi from Vr.
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S, (DFT) /S, (m%g)

Total pore volume {cm’/g)

Langmuir surface area (m?/g)

Micropore area - DFT (m?/g)

078

076 { (a) ‘...--—--”\ (b) /‘"“—-—A (c) A
074 ~ ) 7\
0.72 \\ // // \\
070
oieE M r'g —e— 700%C
066 —@— KOH:ACF= —-A— 7507C
— A — KOH:ACF=4:1 — =h— KOH:AC ~—4-- 800°C
0.64 ~=f=- KOH:ACF=6:1 ——{--- KOH:ACF=
062 \
060{  mmTNl 0 =m0 TN Ml \
058 5 4
056 i : . . : ; . ; ;
700 750 800 05 1.0 15 05 1.0 15
Temperature (°C) Time (h) Time (h)
s e - N L A P N
B12. B 58w FDFTE ) b2 2 3 0% 247
08
(@) (b) (©) P
07 27 N
7 ~
’ N
N
0.6 7 \<=
7/ -
| -
0.5 "______-.k
04
/ —@— KOH:ACF=2:1 —— KOH:ACF=2:1 N
03 P4 —-A— KOH:ACF=4:1 || |=—=h=— KOH:ACF=4:1 Ni
~—fl—=- KOH:ACF=6:1 ——3-—- KOH:ACF=6:1
02
700 750 800 05 10 15 05 10 15
Temperature (°C) Time (h) Time (h)
B, 8% 4% 7L S 2 \
13, BRI Az <3 8% o4y
2200 @
a b c
2000 (@) (b) ,A\
/7 N\
1800 P 8
1600 ’ M
-
1400 __7#.5;-—'-‘. | I L
1200 7
1000 // —@— KOH:ACF=2:1 —@— KOH:ACF=2:1 N —e— 700°C
o —-A— KOH:ACF=4:1 — A — KOH:ACF=4:1 \ —-hA— 750°C
500 « ——8-—- KOH:ACF=6:1 || |==4== KOH:ACF=6:1 A === 800°C
600
700 750 800 05 10 15 05 10 15
Temperature (°C) Time (h) Time (h)
5 B a2 I\, o . N
B14, BB A (DFT2)2 2 3 iv* 445
1300
12001 (@) (b) (c) o
’/ \\
1100 s \
g /\\\\
1000 g 7 ~
s Ny
900 o \
\ __.-m g -
800 SSRan BN
=N
700 / —@— KOH:ACF=2:1 —@— KOH:ACF=2:1 \ —@— 70°C
60 / ——h— KOH:ACF=4:1 —-h— KOH:ACF=4:1 —-h—  750°C
0 Ve ——f-—- KOH:ACF=6:1 || |==4lr== KOH:ACF=6:1 \ g an o
500
700 750 800 05 10 15 05 10 15
Temperature (°C) Time (h) Time (h)

Bl15. &

]

it BAE(DFT2 ) b2 2 3 5% A5

14



=)

g

S —

g —@— KOH:ACF=2:1 —@— KOH:ACF=2:1 —e 700°C

© 022 — A= KOH:ACF=4:1 —-A— KOH:ACF=4:1 —_—— 750°C
ewfliee KOH:ACF=6:1 ——4-—~- KOH: ACF=6:1 c ——-- 800°C

£ @ (b) ©

™ 020 B

o ‘*i

e 0.18 A

- 0 / e

& / A

\ / u

0.16

g 7

3 /

S 014 7’4

[} ._./.

o

8 o012

o 700 750 800 05 10 15 05 10 15

o . .

s Temperature (°C) Time (h) Time (h)

W16, B Az it 4 (DFT:2 > <0.7nm)z 2 3 5% & 47

33 # % COz # M2 & ioei

» 1 3RE A at IS 2 ACFstR A $3CO22 w2 fipniy > £ 381 7 LR A4
MR COe ek 2k iy o % ¥ #7712 CO2en-T i it £ ¥ % 101.3kPa~ /8 & %25~
40455 °C™ eng Pl E o ¥ 3 IKOHE it {8 ik & » ALeCO5 Fit £ M3
* o 325°CT s w = £ 4 %] 5 A6(2.958 mmole/g) > A9 (2.805 mmole/g) > A3 (2.735
mmole/g) ; %40 °C™ - 5 A6 (2.082 mmole/g) > A5 (2.079 mmole/g) > A3 (2.067
mmole/g) ; #55°C™ » 5 A5 (1.615 mmole/g) > A2 (1.566 mmole/g) > A6 (1.564
mmole/g) -

d 0T dv s £25°CT 5 12800°CHE it ek A HCOPR R et 5 T A LF S
KU RFF Ao 340 5B ~ e X gt & 5 ff TR o 2404055°CT > ficit vt B e
AT AT i A COpR i enb i Sdic o 4 & BB R B P 0 COf 44 5
b iy B S PFACRE 0 F A Bl R A S 2 B C0
AL I G ATHCT R B X iR A 0 @ 2t A G e R RS iR A

2375 51 4} £:.25+40955°C~101.3KPa™ + & # k 4 Noeh® frss st £ 4vCO/N;
2B E R o TR T L R ANz R AR T COME 12 0 VR R B 2
AEN2 G it e M g o Tt pidk 3 CO2E 2 v ik § & bl 2 AT A -
BRI o ACO/N2Z B HEH IV 0 d T00°CT B 2 R A ¥
Noz s s AR S - B R CO2 ERALR @ BB o o )0 7 5 I % Hoa g £ o
EREEEINMBERDEFNod A3 T FR A FERER o COZ EH A
K 3l

15



#3. &% A HCO2frN22. T frex it £ (101.3 kPa)frex Fiif 5 13
CO: uptake N2 uptake CO2/N2

25°C 40°C 55°C 25°C 40°C 55°C 25°C 40°C 55°
A0 2329 1739 1316 0.281 0.212 0.149 828 820 882
Al 2179 1677 1276 0204 0.16 0114 10.66 1045 11.24
A2 2518 1954 1566 0412 0.275 0194 611 712  8.08
A3 2735 2067 1364 0376 0281 0225 728 736 @ 6.05
A4 2512 1886 1.447 0287 0205 0.084 876 9.18 17.14
A5 2732 2079 1615 0336 0257 0195 814 8.08 8.30
A6 2958 2.082 1564 0364 0297 023 812 7.02 6.79
A7 2447 1778 137 0251 0.19 0.12 9.74 937 11.37
A8 2676 1938 1383 0304 0.231 0121 879 839 1146
A9 2805 2008 1544 0393 0.307 0.212 713 654 7.28

L ]
G5 FF C 5REPRER SR M FF R B D T AR
HRHCT o % ’.éfﬂ—”fl?%'gili"!iﬁbﬁ“‘{?p¢?IF?+°KOH/;~|
T 4

Z_ “F'&/ﬁ#’f’li_?OOOC ?kbﬁlz‘a ‘H});)'@t,\rﬁg }g;}w"}_]m]!k"%}%,ﬁ 3L *#_
ER Ao Ao WA RS o G BT L Bt BRI ﬁr@m&’
B At F P S KOHW Gl 8 Al 2B & 41 - KOH b § 2 5

ICHRAE s T 2 EEAL E KOHY Gl T fodg it (< 0.7 )R ff e 58
IPEAPK e K f@;ﬂ*ﬁ&’f\?KOHFL b~ F @E‘*F’B'frﬁ BRI I ITY o A7k
TR 2R AL G RE PCOHE M A IV AR RE 2 e A ENR R iE

Sk o

I~ 3F 2Rk

1. Rubin, E. S., Mantripragada, H., Marks, A., Versteeg, P. and Kitchin, J., The
outlook for improved carbon capture technology, Progress in Energy and
Combustion Science, Vol. 38, pp.630-671, 2012.

2. Nelson, T. O., Coleman, L. J. I., Green, D. A. and Gupta, R. P., The Dry Carbonate
Process: Carbon dioxide recovery from power plant flue gas, Energy Procedia,
\ol. 1(1), pp.1305-1311, 2009.

3. Wong, S. and Bioletti, R., Carbon Dioxide Separation Technologies, Alberta
Research Council, Canada, 2002.

4. Wang, Z., Zhan, L., Ge, M., Xie, F., Wang, Y., Qiao, W., Liang, X., Ling, L., Pith
based spherical activated carbon for CO. removal from flue gases, Chemical
Engineering Science, Vol. 66, pp.5504-5511, 2011.

5. Brunetti, A., Scura, F., Barbieri, G. and Drioli, E., Membrane technologies for CO-
separation, Journal of Membrane Science, Vol. 359, 115-125, 2010.

16



10.

11.

12.

13.

14.

15.

16.

17.

Lu, C., Bai, H.,, Wu, B., Su, F. and Hwang, J. F., Comparative Study of CO:
Capture by Carbon Nanotubes, Activated Carbons, and Zeolites, Energy & Fuels,
\ol. 22, pp.3050-3056, 2008.

An, J., Geib, S. J. and Rosi, N. L., High and Selective CO, Uptake in a Cobalt
Adeninate Metal-Organic Framework Exhibiting Pyrimidine- and Amino-
Decorated Pores, Journal of the American Chemical Society, Vol. 132(1), pp.38-
39, 2010.

Konduru, N., Lindner, P. and Assaf-Anid, N. M., Curbing the Greenhouse Effect
by Carbon Dioxide Adsorption with Zeolite 13X, AIChE Journal, Vol. 53(12),
pp.3137-3143, 2007.

Fauth, D. J., Hoffman, J. S., Reasbeck, R. P. and Pennline, H. W., CO> Scrubbing
with Novel Lithium Zirconate Sorbents, Preprint Papers - American Chemical
Society, Division of Fuel Chemistry, Vol. 49(1), pp.310-311, 2004.

Chang, A. C. C,, Chuang, S. S. C., Gray, M., Soong, Y., In-Situ Infrared Study of
CO. Adsorption on SBA-15 Grafted with  -(Aminopropyl) triethoxysilane,
Energy & Fuels, Vol. 17(2), pp.468-473, 2003.

Naito, K., Yang, J. M., Tanaka, Y. and Kagawa, Y., Tensile properties of carbon
nanotubes grown on ultrahigh strength polyacrylonitrile-based and ultrahigh
modulus pitch-based carbon fibers, Applied Physics Letters, Vol. 92, 231912, 2008.
de Souza, L. K. C., Wickramaratne, N. P., Ello, A. S., Costa, M. J. F,, da Costa, C.
E. F. and Jaroniec,M., Enhancement of CO> adsorption on phenolic resin-based
mesoporous carbons by KOH activation, Carbon, Vol. 65, pp.334-340, 2013.
Wood, B. C., Bhide, S. Y., Dutta, D., Kandagal, V. S., Pathak, A. D., Punnathanam,
S. N., Ayappa, K. G. and Narasimhan, S., Methane and carbon dioxide adsorption
on edge-functionalized graphene: A comparative DFT study, The Journal of
Chemical Physics, Vol. 137, 054702 (11 pages), 2012.

Morris, W., He, N., Ray, K. G., Klonowski, P., Furukawa, H., Daniels, I. N.,
Houndonougbo, Y. A., Asta, M., Yaghi, O. M. and Laird, B. B., A Combined
Experimental-Computational Study on the Effect of Topology on Carbon Dioxide
Adsorption in Zeolitic Imidazolate Frameworks, Journal of Physical Chemistry C,
116, pp.24084—24090, 2012.

Chowdhury, S. and Balasubramanian, R., Highly efficient, rapid and selective CO-
capture by thermally treated graphene nanosheets, Journal of CO, Utilization, Vol.
13, pp.50-60, 2016.

Lee, S. Y. and Park, S. J., Determination of the optimal pore size for improved
CO; adsorption in activated carbon fibers, Journal of Colloid and Interface
Science, Vol. 389, pp.230-235, 2013.

Choma, J., Osuchowski, L., Marszewski, M., Dziura, A. and Jaroniec, M.,
Developing microporosity in Kevlarl-derived carbon fibers by CO> activation for
CO. adsorption, Journal of CO> Utilization, Vol. 16, pp.17-22, 2016.

17



1OMWmnéFie o df = § T RBHR R TR F
Investigation of the Operatlonal Performance in a 1.9MWtx
Calcium Looping Pilot Plant
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The parametric investigation of calcination efficiency and CO: capture efficiency
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capture cost of the calcium looping process. In this study, pulverized coal fuels will be
used to replace diesel fuels and the performance of calcination efficiency of fresh
calcium carbonate will also be investigated under various calcination temperatures and
feeding rates after replacing the pulverized coal fuel. The experimental results show
that the feed rate of limestone is between 0.39 and 0.74ton/hr and the calcination
temperature is controlled at 940 ~ 960°C, the calcination efficiency is about 60%~74%.
The experimental results also show the CaO conversion rate is above 30% under the
operating conditions of calcination temperature is controlled at 910°C~ 960°C and the
feed rate of limestone is below 0.74 ton/hr. When the feed rate of limestone is 0.47
ton/hr, the measured CaO conversion will get the highest value of 45%. Experimental
results also show that the carbonation reaction would be started smoothly when the
temperature of the carbonator has been up to about 400°C. Moreover carbon capture
efficiencies of more than 95% were found due to the 3.5 hours of continuous operation
under the good adsorbent activity conditions in the carbonator.

Keyword: calcium looping, CO> capture, calcium carbonate calcination, post-
combustion capture, pulverized coal combustion
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Abstract
World primary energy demand increases with increases in population and
economic development. Within the last 25 years, total energy consumption has almost
doubled. In order to meet this demand, research into new sources of energy as well as
improving the efficiency of energy production technologies is being carried out. In both
cases, the production of clean energy is very important because of environmental
concerns and regulations. Integrated gasification combined cycle (IGCC) processes are
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considered one of the most efficient and environmentally acceptable technologies for
power generation from coal. For the use of these technologies, a highly efficient sulfur
removal of the coal-derived fuel gas is needed. Hot gas desulfurization is a crucial issue
in the development of the IGCC system.

In order to reduce the environmental damage, various hydrometallurgical
technologies have been developed to enable the treatment of the wastewater. Many
kinds of metals can be removed from wastewater as precipitated ferrites in the ferrite
process. Ferrite process was used to treat chromium, copper, nickel and zinc in the
electroplate wastewater. Ferrite is a great usefulness in treating the metal-containing
wastewater. The objects of the present work are the feasibility of H>S removal on the
Cu-Ferrite sorbent and try to indicate the crystal phase change of the Cu-Ferrite sorbent
from the H2S removal process.

Keyword: Cu-Ferrite, H2S, desulfurization, sorbent
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Fig.1 A Schematic Diagram of ferrite preparation.
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Fig.2 A Schematic Diagram of a desulfurization reactor
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Table 1. Inductively Couped Plasma (ICP) analysis and sorption capacity for the
sorbent at very statuses.

Experimental ~ Theoretical Sorbent

Sorbent Cu (%) Fe (%) breakthrough breakthrough utilization
time (min) time (min) (%)
Cu-Ferrite R=2 2256 63.31 147 331 44.34
Cu-Ferrite R=4 15.04 68.65 220 320 68.66
Cu-Ferrite R=8 8.45 70.36 204 306 66.74

3.1.2 iy

PUES AT RRARE AR E A RALGK G L R AR R
A% A 17(EA) k& 7 A T MA IS oA 2 o] E%ﬁf%sﬁlfé_ﬁ FEM o E -
SR EAAYZ A o Table 2 MRS B RIS A E AR T P ILBES
fSRRERT RIS o A T ST G R § GRS Y BT o T O
PR EE % {8 jﬁ SoerER s A o FRIP| - X REL(S T [ BLiC A d B 0 A XRD B3 ¢
(Fig. 4)= 7 ¢ &1 s B dp o JRIT & EHEF WY - §F P {odr i §
BB F AR cR=4 2 R=8 WAL S A RO A R EL BT
< od REPER L 25 1009 > qo® 2 F B 7 A g (Capacity):t & 4T Ao

(Fxtx32) «100% (8)
W(@-U)+W xU x A

C : Capacity(g S/g sulfurated sorbent)
F:sggonit a2 2 33585 (mol/min)
t: 5 % EFR(min)
KYIR ) E
W : u»]ﬁsnmi (0)
U: i
At ERH A F (R FIERT )

C(g S/g sulfurated sorbent) =
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Table 2. Comparison of elemental analysis (EA) based and experimental
Breakthrough based sulfur capacity for various fresh and sulfurated sorbents.

C (%) S(%) Experimental sulfur
Capacity(%)
R =2 (fresh) 0.378 0.774 --
R =4 (fresh) 0.511 0.597 --
R =8 (fresh) 0.195 0.953 --
R =2500S1 2.393 22.673 19.25
R =4500S1 2.489 27.060 28.8
R =8500S1 2.852 27.517 26.7

3.1.3 XRD 4 #%
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o] o - IR R € A iR g MARE R - 0 Fig. 4(a) ~ (b) ~ ()t T > R=4 -
R=8 48 % i R=2 48 % B &% 40 k13 - R=4 45 § 248 (Fig.4(b))¥* R=8 48 %
2 (Figdc)tpiz T » R=4 4% 27 CuO s ip i R=8 45 ¥ =48 % w353 »
R=8 4 ¥ Z 4 ¢ CUFe204 & 4p5 B W H 5 % ehss » ¥ Fig. 37 4217 R=2 & 4
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B A E AR A NN & B SHRE  R=4 2 R=84EF B Y CuFe204  4p 5 A
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CuS ~ Cu2S &35 o o
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Fig.4 X-ray power diffraction (XRD) patterns of the fresh sorbent (a)R=2, (b)R=4,
(c)R=8 and the sulfided sorbent (d)R=8S1
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Fig. 5 Breakthrough curves for H>S with accretion of 1g Cu-ferrite and 0.5g Cu-
ferrite + 0.5g quartz sand. (Inlet H2S = 10,000 ppm > CO =25% > H> =15% > N2=
59% » WHSV=6,000 ml hrig?)
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Fig. 6 Breakthrough curves of HS at various temperatures. (Inlet H>S = 10,000
ppm > CO =25% > Hy = 15% » N2=59% » WHSV=6,000 ml hr'ig™)
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Fig. 7 Breakthrough curves of HS at various CO concentrations. (Inlet H.S =
10,000 ppm » CO = 25% » Hz = 15% » N2=59% » WHSV=6,000 ml hrig?)
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Fig. 8 Breakthrough curves of H»S at various Hz concentations (Inlet H2S = 10,000
ppm » CO =25% » Hp = 15% » N2=59% » WHSV=6,000 ml hr'ig?)
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Fig.9 Breakthrough curves of H.S at various H»S concentations (Inlet H>S = 10,000
ppm » CO =25% » Hy = 15% » N2=59% » WHSV=6,000 ml hrigY)
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Table 3 Bet surface area and Adsorption average pore for sorbent

Sample BET surface area Adsorption average Pore
(m*/g) (nm)
R =8 (fresh ) 31.60 13.83
R =8 (500 °C fresh) 19.93 13.19
R =8500S1 3.71 8.57
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Effect of torrefaction pretreatment on the pyrolysis of
rubber wood
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Abstract
Torrefaction is a pretreatment method to upgrade biomass as solid fuels. In this
study, rubber wood was adopted a feedstock and torrefaction was carried out at three
temperatures of 200 °C, 250 °C, and 300 °C for 30 min. Then, the torrefied biomass
samples were pyrolyzed at 500 °C for 17 min to compare the effect of torrefaction
teeprature on the performance of pyrolysis. The results indicated that increasing the
torrefaction temperature improved the torrefaction bio-oil yield, but decreased the
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pyrolysis bio-oil yield. Though an increase in torrefaction temperature lowered the
biochar yield from the torrefaction, the biochar yield after pyrolysis did not change
significantly.

Keywords : Biomass, Bio-oil, Torrefaction, Pyrolysis
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21 L FAMAR LR A (W)

mugER R AfRER C H N  O(ydiff) O/C H/C
(°C) (°C)
200 - 4825 589 043 4544 0942  0.122
250 - 4829 624 034 4514 0935  0.129
300 - 56.09 544  0.45 38.03 0678  0.097
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- 500 71.88  2.47 0.58 25.08 0.349 0.034

200 450 7426  2.98 0.69 22.08 0.298 0.040
200 500 70.30 2.6 0.93 26.18 0.372 0.037
250 500 74.03  3.00 0.67 22.31 0.301 0.041
300 500 81.32 2.44 0.86 15.38 0.190 0.030
300 550 80.52 242 0.64 16.43 0.204 0.030
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Abstracts

Microalgae cultivation system is a well-known tool for carbon dioxide elimination
and its high performance is much better than general terrestrial plants. Therefore, the
key for the success of the carbon sequestration cycle is keep going to enhance the profit
while using more and more limited energy and material resources in the whole process
of microalgal cultivation. In this study, Arthrospira platensis (A. platensis) was used as
a candidate to obtain the lower CO> emission and process cost under various operation
strategies. In addition, the valued chain analysis was also carried out on five various
application scenarios and their profits were compared. In the field cultivation, the
growth at summer season was better than spring even in the the greenhouse cultivation
field. It revealed the automatic heat vent system was controlled very well in summer
but not useful as the temperature was low. With regard to microalgal harvest, the use of
hollow fiber tubes was not practical due to its concentration and time limitation, thus
the stainless steel screen is much useful in this field. The improvement strategy on
carbon sequestration is effective, the most one is to reduce the use of gas-lift, followed
by the reuse of the culture medium. The most effective strategy for cost-down of
cultivation is the reuse of the culture medium. Therefore, the study on the cultivaton by
using the wastewater will be important. According to profit analysis under various
application scenarios, the most one is the scenario involved C-phycocyanin (CPC)
applicaton. However, the estimation on carbon reduction in terms of its health benefits
should be one of the dominant topics in this kind of research scope.

Keywords: Microalgae bio-fixation, Improvement strategy, CO. elimination, Life
cycle assessment, Application profit
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E, =Q x|, O
Ei: P2 -3 itpicg (kg CO2-eq./ 1 kg dried algae)

Qi: ¢xmpz*g & Ziikh>-kziv®2x7 (kWh,L,g/1kgdried algae).

[y
{w,

Rt

li: 238 p 2. #c#H (kg COz-eq./ kWh, L, or g)
2.1.3 = %42 fz [16]

BV NG TN M S

Totalcost =Y (C; X Q; XY VD) +Cy xH+E+M+G

Ci: 3 p i A(TWD g-1, kWh-1, L-1)

Qi: 7 p i e (g, KWh, L/1 batch cultivation)

Y : Dried algae yield (kg dried algae/1 batch cultivation)

CH: 4 4 & £(TWD/h)
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E: & # 7 (TWD/1 kg dried algae)

M : 323 % (TWD/1 kg dried algae)
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The Assessment of NOx Emission Control Strategy for
Cement Manufacturing Process
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Abstract

The existing Emission Standards for Cemenet Manufacturing Industry in Taiwan is
not amended since 2003. Although the NOx emission concentration meet the Taiwan
EPA’s NOx emission standards for Cement Manufacturing Industry, most of them could
not meet the NOx emssion limits in other countries. By the case from one of Taiwan’s
cement manufacturing plant, it proves that the strigent NOx emission could to achieved
technically and ecnomically. If the new NOx emission standard wold be far stringent
from existing emission limit, it maybe more practical to be implemented in two phases.

Keywords: Nitrogen Oxides, Cement Manufacturing Process, Selective Non-Catalytic
Reduction, CEMS
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fbf 4 2 48pla &y = < 5[8][9]
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45 0.95% 2.47% 0.44%
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80 3.36% 22.66% 4.23%
85 5.05% 28.18% 5.64%

79



90 7.54% 34.18% 7.51%
95 10.96% 40.40% 9.76%
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