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MANUIN N
HanMIsnaas luaIUANITNIUVOS Chlorella sp.
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Yy 9 Aq Yo A N
M1319 N.1 ANUVVVUUBDN Chlorella Sp. T]GlﬂfﬂT"HG]f’JﬂW‘WﬂiJ

FWEATINMIOMBFTINM | 0.05 380 | optical density | ANMMSUIU Chiorella sp.(un/a) | arndudumae | vss@n/a) | vssmae
(51 1.579 841 849
1.56 855 848 850 849.5
: vige 1.52 839 820
1.498 820 829.5 822 821
151 1.443 759 755
1.424 723 741 723 739
2 vige 1.478 700 699
1.491 714 707 702 700.5
151 1.411 650 649
1.437 699 674.5 612 630.5
. vige 1.387 653 652
1.375 648 650.5 640 646
53 1.297 535 501
1301 567 551 450 475.5
! vige 1.201 456 400
1.234 459 457.5 410 405
5 1.094 388 370
1.1 389 388.5 372 371
> vt 1112 375 365
1115 350 362.5 343 354
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9y 9 Aq Yo ~ a v
M1919 N.1 ANWVNUVUVDIVOY Chlorella sp. VIi‘]fﬂT‘ﬂf‘]ﬂﬂWWﬂiJ (,9)

FWEATINMINOMBFTINM | 0.05 3380 | optical density | ANUSUSTUCHIorella sp.(unsa) | anndudumae | vss@n/a) | vss mae
51 0.926 317 288
0.927 319 318 280 284
° YA 0.98 345 309
0.981 387 366 388 348.5
51 0.835 355 353
0.835 323 339 333 343
’ Hga 0.855 357 359
0.859 399 378 390 3745
51 0.794 330 326
0.796 322 326 301 313.5
i 1A 0.825 315 300
0.777 316 315.5 314 307
5u 0.684 278 283
0.683 268 273 259 271
’ Higa 0.55 269 251
0.545 261 265 248 249.5
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Yy = a a9
M3 V.1 WafﬂS‘Vlﬂﬂ@ﬂﬂl@ﬂiﬂfﬂ?“ﬁ%?ﬂTWﬂU‘ﬂHﬂ -9ONISUY

0.05vvm 1hrs (%) 4hrs (%) 8hrs (%)
raw gas In Out In Out In Out
day 1 CH, 62.2 64.9 63.4 60.7 62.8 60.6
CO, 24.9 22.7 25.2 25 24.7 24.5
Temp37.3 0, 1 1.2 0.9 1.3 1 1.2
H,S 708 0 774 69 1081 189
Bal 11.9 11.2 10.5 13.1 11.5 13.7
day 2 CH, 62.4 63.9 62.4 63.4 62.7 63.1
CO, 25.8 25.1 26.8 25.2 25.8 26.3
Temp38.8 0, 1.5 1.6 1.1 1.2 1.3 1
H,S 1124 65 805 73 847 144
Bal 10.3 10.4 9.7 10 10.2 9.6
day 3 CH, 65.2 64 64.7 62.1 65.4 62.7
Co, 26 25.1 26.5 25.5 25.4 24.8
Temp35.4 0, 1.2 1.6 1.5 1.6 1.3 1.8
H,S 408 0 563 55 877 73
Bal 7.6 9.3 7.3 10.8 7.9 10.7
day 4 CH, 63.7 64.8 64.1 65.3 63.9 63.2
CO, 25.9 23.6 25.8 23.7 25.5 254
Temp37.6 0, 1.4 1.7 1.4 1.5 1.5 1.4
H,S 1855 143 1259 267 896 204
Bal 9 9.9 8.7 9.5 9.1 10
day 5 CH, 64.4 63.9 64.6 67.1 64.4 62.2
CO, 24.6 233 24.9 22.5 24.8 25
Temp39.1 0, 1.2 1.6 1.5 1.7 1.1 1.8
H,S 899 150 1374 163 1088 289
Bal 9.8 11.2 9 8.7 9.7 11
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Joy = a A 9 \J
M3 V.1 HaN15NAABIVDd 1FNIFFININAVNLT — BNTEUY (n9)

0.05vvm 1hrs (%) 4hrs (%) 8hrs (%)
raw gas In Out In Out In Out
day 6 CH, 64.8 64.1 64.3 64.6 63.9 62.6
Co, 25.1 25 25.2 242 25.2 23.5
Temp38.5 0, 1.3 1.5 1.3 2 1.4 1.8
H,S 578 37 501 77 746 183
Bal 8.8 9.4 9 9.2 9.5 12.1
day 7 CH, 63.4 63.6 64.2 64.2 63.9 62.9
CO, 23.9 22.6 23 20.1 24.1 24
Temp37.6 0, 1.5 1.8 1.9 2.2 1.5 2.4
H,S 508 15 604 63 489 98
Bal 11.2 12 10.9 13.5 10.5 10.7
day 8 CH, 63.5 63.3 63.6 63.5 62.7 62.2
CO, 24.2 24 24.5 24.2 24.8 24
Temp35.2 0, 0.9 1.3 1 1.3 1.1 1.3
H,S 407 0 571 23 489 73
Bal 11.4 11.4 10.9 11 11.4 12.5
day 9 CH, 63.1 62.9 63.2 62.8 63.1 61.9
Co, 24.7 24.5 24.6 24.9 24.8 23.2
Temp34.1 0, 0.9 1 0.8 1.3 0.8 1
H,S 493 15 467 23 599 49
Bal 11.3 11.6 11.4 11.9 11.3 13.9
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MIN A1 HANIMIIYAD A0 Chlorella sp. ¥V99%5191981 7 U luanizanga 1831

1 Y ~ an g
NI1IVYNIFBFINIW 0.050 DU

U /O951N15918

optical density

ANWYUVY Chlorella sp.

5 A 0.050 331Dy #1 665 nm un./a.)
MYHINN — - — -
jal4 0 Jald 0
5 1391 592
1.392 611
1 1393 630
vign 1.611 833
1.609 836.5
1.607 840
51 1.434 654
1421 656
, 1.408 658
vy 1.619 930
1.623 864.5
1.627 799
5 1.394 699
1,387 7145
1.380 730
3
vy 1.653 864
1.671 918
1.689 972
51 1418 700
1.4125 704.5
) 1.407 709
Yige 1.598 900
1.600 876.5
1.602 853
153 1.485 685
1.4975 704.5
1.510 724
5
YieR 1.618 845
1.6445 882
1.673 919
5 1.403 730
1.399 7075
] 1.395 685
vy 1.589 899
1.602 908
1.615 917
153 1.453 691
1.453 700
1.453 709
7
vga 1.699 980 844
1.672
1.645 708
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MIN A2 HaNIMIIYAD A0 Chlorella sp. ¥V99%5331981 7 U luanizanga Nons

1 Y ~ an g
NI1IVYNIFBFININ 0.035 DY

U /OR3IN5918

optical density

ANMTNYY Chlorella sp.

o 0.035 7du 1 665 nm (un./a.)
NIBBININ — < — e
ﬂﬂqﬂ Ny Qﬂqﬂ Ry
53 1.462 593
1.4685 597
| 1.475 601
Ny 1.632 834
1.631 828
1.63 822
T 1.49 634
1.4965 659
) 1.503 684
neya 1.625 855
1.625 844.5
1.625 834
53 1.502 688
1.5075 705
1.513 722
3
neya 1.643 844
1.6295 861.5
1.616 879
151 1.494 625
1.495 628
1.496 631
4
nea 1.637 844
1.6445 851.5
1.652 859
51 1.435 705
1.4185
1.402 688
5 696.5
neya 1.655 897
1.6435
1.632 854
153 1.397 650
1.4 675.5
1.403 701
6
neya 1.598 870
1.604 877.5
1.61 885
Fu 1.412 656
1.408 639.5
1.404 623
7
neya 1.609 879
1.608 866.5
1.645 708
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MINA. 3 WAMINMIDIYAD AV Chlorella sp. ¥94%19a1 7 I luanzauaa Nons

' (%) = axn g
N1TAWPYNIVHININ 0.020 IUDY

M /DATIN5Y

optical density

ANMTUTY Chlorella sp.

5 - 0.020 7D u 1 665 nm (Wn./a.)
MYFININ m— - m— ~
Jala DAY Sala DAY
2 1.391 592
53U 1392 611
1.393 630
|
g 1.611 833
1.609 836.5
1.607 840
4 1.434 654
51 1.421 656
\ 1.408 658
1.619 930
ngn 1.623 864.5
1.627 799
2 1.394 699
53U 1.387 7145
1.38 730
3
1.653 864
g 1.671 918
1.689 972
N 1.418 700
5U 1.4125 704.5
. 1.407 709
1.598 900
ngn 1.6 876.5
1.602 853
Y 1.485 685
53U 1.4975 704.5
1.51 724
5
1.618 845
g 1.6445 882
1.673 919
4 1.403 730
31 1.399 707.5
] 1.395 685
1.589 899
nen 1.602 908
1.615 917
4 1.453 691
31 1.453 700
, 1.453 709
1.699 1.672 980
nga 844
1.645 708
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MINA. 4 WANINIRIYADTAVOI Chlorella sp. ¥99%1IA1 7 I luanzanaa Noas

' (%) = a3
N1TAWPYNIVHININ 0.005 IUDY

M /DATIN5Y

optical density

ANMTUTY Chlorella sp.

o 0.005 3B 1 665 nm (Wn./a.)
MFFININ — - e— ~
jala DAY Sala DAY
. 1.499 747
31 1.505 750
1.51 753
1
1.786 1048
neyn 1.7375 1074.5
1.689 1101
4 1.369 800
31 1.4105 794.5
{ 1.452 789
1.723 1087
ngn 1.715 1046
1.707 1005
4 1.509 759
31 1.4825 763
1.456 767
3
1.685 984
neyn 1.689 986.5
1.693 989
4 1.49 749
i3 1.481 736
1.472 723
4
1.784 1031
ngn 1.7865 998.5
1.789 966
4 1.564 737
31 1.5185 746.5
1.473 756
5
1.853 1077
nen 1.861 1060
1.869 1043
N 1.398 751 749
31 1372
) 1.346 747
1.698 987
ngn 1.733 976
1.768 965
4 1.579 760
31 1.5635 780
, 1.548 800
1.667 1023
nen 1.728 1004.5
1.789 986
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Y] 9 = ~
M1319 4. 1 wanslsulgamaaining

[

MT1NID

2] = an g a 1 S a 9y
1UNIYYININ 0.050 DY, 0.4 ammummmzuuimi% Chlorella sp.

Day 1 15 min (%) 30 min (%) 45 min (%) 60 min (%) Day 2 15 min (%) 30 min (%) 45 min (%) 60 min (%)

inf eff inf eff inf eff inf eff inf eff inf eff inf eff inf eff

Ist cycle CH, 66.2 74.3 66 68.8 65.3 65.8 654 654 Ist cycle CH, 65.2 74.8 65.3 70.5 65.3 67.3 65.5 66
CO, 23.6 14.1 24 18.7 243 223 246 236 CO, 243 13.9 23.9 17.9 243 223 24.6 22.9

o, 1.2 1.8 1.2 1.7 1.2 1.7 1.1 1.6 o, 1.2 1.5 1.2 1.5 1.1 1.4 1.1 1.6

H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0

Bal 9 9.8 3.8 10.8 9.2 10.2 8.9 9.4 Bal 9.3 9.8 9.6 10.1 8.4 9 8.8 9.5
2nd cycle CH, 66 73.3 659  69.1 65.7 66.1 654 659 2nd cycle CH, 65.3 72.5 65.7 69.9 65.7 67 65.6 65.9
CO, 22.8 14.9 24 18.9 24 21.5 239 223 CO, 24.1 15.9 23.8 18.7 24 20.7 24.4 23.9

0, 1.1 1.4 1.1 1.6 1.2 1.7 1.2 1.4 0O, 1.2 1.5 1.1 1.4 1.2 1.7 1.2 1.3

H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0

Bal 10.1 10.4 9 10.4 9.1 10.7 9.5 10.4 Bal 9.4 10.1 9.4 10 9.1 10.6 8.8 8.9
3rd cycle CH, 65.6 73 649  68.1 65 66.3 65.1 65.4 3rd cycle CH, 66.2 73.3 66 68.7 65.7 66.4 65.3 65.3
CO, 23.5 15.5 23.8 19.6 24.1 21.3 24 22.9 CO, 23.8 15.6 23.9 19.6 24.1 22 24 23.4

0O, 1.1 1.5 1.2 1.9 1.2 1.7 1.2 1.4 0, 1.1 1.3 1.1 1.6 1.2 1.6 1.1 1.4

avg. avg.

temp H,S 0 0 0 0 0 0 0 0 temp H,S 0 0 0 0 0 0 0 0

35.45C Bal 9.8 10 10.1 10.4 9.7 10.7 9.7 10.3 339C Bal 8.9 9.8 9 10.1 9 10 9.6 9.9
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o ) ~ A
MINN. 1 Nﬁﬂﬁﬂi‘ﬂﬂ?ﬂﬂW“ﬁ%’Jﬂ?W‘V] MIINITD

(9 = an d a 1 A a 9 1
WMFFTININ 0.050 IO, 0.4 ansaow1N uszUUIae1E Chiorella sp . (o)

Day 3 15 min (%) 30 min (%) 45 min (%) 60 min (%) Day 4 15 min (%) 30 min (%) 45 min (%) 60 min (%)

In Out In Out In Out In Out In Out In Out In Out In Out
Istcycle | CH, 65.4 75.3 65.3 71.2 65.9 68.2 65.5 66.3 Istcycle | CH, | 655 752 65.3 70.8 65.3 68.1 65.5 66.2
CO, 24.4 13.3 24.4 17.5 24.6 21.4 24.6 22.8 CO, 24 13.2 23.9 17.7 243 21.5 24.6 22.7

o, 1.2 1.5 1.1 1.5 1.1 1.4 1.1 1.6 o, 1.2 1.5 1.2 1.5 1.1 1.4 1.1 1.6

H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0

Bal 9 9.9 9.2 9.8 8.4 9 8.8 9.3 Bal 9.3 10.1 9.6 10 8.4 9 8.8 9.5
2nd cycle | CH, 64.9 73.4 65.6 70.2 65.5 68.6 65.6 66 2ndcycle | CH, | 653 734 65.7 70.3 65.3 68.4 65.6 65.9
CO, 25 15.8 23.8 18 23.8 19.7 24.4 23.8 CO, | 241 14.5 23.8 18.1 24.2 19.9 24.4 24

0, 1.2 1.4 1.1 1.4 1.2 1.7 1.2 1.3 0, 1.2 1.5 1.1 1.4 1.2 1.7 1.2 1.3

H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0

Bal 8.9 9.4 9.5 10.4 9.5 10 8.8 8.9 Bal 9.4 10.6 9.4 10.2 9.3 10 8.8 8.8
3rdcycle | CH, 66.2 73.7 66.1 69.4 65.6 67.2 65.3 65.3 3rdcycle | CH, | 66.2 73 66 69.2 65.5 67.2 65.3 65.7
CO, 24.2 15.2 24.1 18.9 24.2 21.3 24.2 24 CO, 24.2 15 24 18.9 24.3 21.3 24.2 23

0O, 1.2 1.5 1.1 1.5 1.2 1.4 1.1 1.4 0, 1.2 1.5 1.1 1.5 1.2 1.4 1.1 1.4

avg. avg.

temp H,S 0 0 0 0 0 0 0 0 temp H,S 0 0 0 0 0 0 0 0

32.65C Bal 8.4 9.6 8.7 10.2 9 10.1 9.4 9.3 329C Bal 8.4 10.5 8.9 10.1 9 10.1 9.4 9.9
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Y] 9 = ~
M1319 4. 1 wanslsulgamaaining

[

MT1NID

2] = a3 a 1 A a 9 ]
WMFTININ 0.050 DY, 0.4 aasavAUIEUL e lE Chiorella sp. (o)

Day 5 15 min (%) 30 min (%) 45 min (%) 60 min (%) Day 6 15 min (%) 30 min (%) 45 min (%) 60 min (%)
In Out In Out In Out In Out In Out In Out In Out In Out
Istcycle | CH, 65.5 75.4 65.5 72 65.9 68.2 65.5 67.3 Ist cycle CH, 65.4 74.8 65.5 72.2 65.4 68.2 65.2 67.3
CoO, 24.4 13.4 243 16.8 | 246 214 | 247 22.4 CO, 24.5 14.3 239 16.5 24.2 21.4 24.5 22.4

0, 1.1 1.4 1.1 1.4 1.1 1.4 1.2 1.3 0, 1.3 1.5 1.2 1.5 1.1 1.4 1.2 1.3

H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0

Bal 9 9.8 9.3 9.8 8.4 9 8.6 9 Bal 8.8 9.4 9.4 9.8 9.3 9 9.1 9
2nd cycle | CH, 65.2 73.8 65.4 71 65.5 68.6 65.4 66.5 2nd cycle | CH, 65.3 74 65.6 71.5 66.1 68.9 65.5 66.8
Co, 245 14.6 24.2 17.6 | 23.8 19.7 | 245 234 CO, 24.4 14.4 242 17.2 24.1 18.9 243 23.1
0, 1.2 1.4 1.1 1.4 1.2 1.7 1.3 1.3 0, 1.1 1.4 1.2 1.3 1.1 1.3 1.2 1.3

H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0
Bal 9.1 10.2 9.3 10 9.5 10 8.8 8.8 Bal 9.2 10.2 9 10 8.7 10.9 9 8.8
3rdcycle | CH, 65.5 71.9 66.1 68.3 65.6 67.5 65.3 66 3rd cycle CH, 65.4 72.1 66 68.9 65.4 67.6 65.5 66.1
Co, 243 15.2 24.1 192 | 242 212 | 244 233 CO, 24.4 15.6 23.8 19 24.3 21.2 24.4 234
0, 1.2 1.5 1.1 1.4 1.2 1.4 1.1 1.4 0, 1.2 1.4 1.1 1.4 1.2 1.3 1.1 1.3

avg. avg.

temp H,S 0 0 0 0 0 0 0 0 temp H,S 0 0 0 0 0 0 0 0

3525C Bal 9 10.6 8.7 11.1 9 9.9 9.2 9.3 3455C Bal 9 10.9 9.1 10.7 9.1 9.9 9 9.2

001
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wuszunlaely Chiorella sp. (A9)

[ 24 = A o 1 4 = an g a 1 ~
MINNN. 1 NaﬂﬁﬂTU‘IJ§QﬂWHGH’Jﬂ1W1/]@¢]51ﬂ15°’1]18ﬂ1"11“1ﬂﬂ1‘1/‘| 0.050 2184, 0.4 ANITADUIN

Day 7 15 min (%) 30 min (%) 45 min (%) 60 min (%)
In Out In Out In Out In Out
Ist cycle CH, [ 655 742 | 656 725 | 655 685 | 654 675
CO, | 246 134 | 24.6 17 245 211 | 247 222

0, 1.2 1.5 1.2 1.5 1.1 1.3 1.3 1.4

H,S 0 0 0 0 0 0 0 0

Bal | 8.7 109 | 8.6 9 8.9 9.1 8.6 8.9
2nd cycle CH, | 655 73.7 | 655 713 | 658 69 65.6 66.8
CO, | 245 15 245 175 | 242 192 | 244 234

0, 1.1 1.2 1.2 1.3 1.1 1.3 1.1 1.2

H,S 0 0 0 0 0 0 0 0

Bal | 8.9 10.1 8.8 9.9 8.9 105 | 8.9 8.6
3rd cycle CH, | 65.1 73.7 | 64.9 69 65 68.1 | 654 65.7
CO, [ 25 155 | 248 204 | 248 21.1 | 245 235

o, 1.2 1.3 1.1 1.3 1.2 1 1.1 1.2

avg. temp H,S 0 0 0 0 0 0 0 0
3445C Bal | 8.7 9.5 9.2 9.3 9 9.8 9 9.6




1 ~ Aa A ~ 9 Y] 4 =~ 9 ~
M319 4. 2 Anndenazlsz@nsami ldnnmsdsulgamadininlaelsChiorelia sp. 1o
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1 [ ~ an g a ' ~
N3N BININ 0.050 IUDY, 0.4 AATADUIN

v

M3

avg in avg out Total avg temp of experiment 34.16° %
15 min
CH, 65.54 73.75
% enrich 12.53
CO, 24.22 14.68
% reduct 39.36
30 min
CH, 65.61 70.14
% enrich 6.90
Co, 24.09 18.27
% reduct 24.13
45 min
CH, 65.52 67.68
% enrich 3.28
Co, 24.23 20.97
% reduct 13.45
60 min
CH, 65.42 66.16
% enrich 1.12
Cco, 24.4 23.16
% reduct 5.05
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M1314 4. 3 wan3lsulgameaining
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MT1NID

(9 = an d a 1 A a 9
1IN BINTIW 0.050 DY, 0.4 AATADUIN Lﬂuizﬂuiﬂﬂi‘lﬂﬁﬁﬂ1ﬁﬁ

Day 1 15 min (%) 30 min (%) 45 min (%) 60 min (%) Day 2 15 min (%) 30 min (%) 45 min (%) 60 min (%)

In Out In Out In Out In Out In Out In Out In Out In Out
Ist cycle CH, 66.4 71.5 65.7 69.4 65.8 66.7 65.6 65.3 Istcycle CH, 66.3 71.4 66.3 69.9 66.1 68.8 66 65.8
CO, 24 18.3 24.2 20.2 24.5 23.6 24.5 24 CO, 24.4 18.3 243 20.4 24.5 21.6 | 246 242

0, 1.1 1.3 1.2 1.2 1.2 1.3 1.3 1.3 0, 1.1 1.2 1.2 1.2 1.2 1.2 1.2 1.3

H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0

Bal 8.5 8.9 8.9 9.2 8.5 8.4 8.6 9.4 Bal 8.2 9.1 8.2 8.5 8.2 8.4 8.2 8.7

2nd cycle CH, 66.2 70.4 66 69.9 65.8 68.8 66 65.8 2nd cycle CH, 66.4 70.8 66 69.1 65.9 67.1 66 66
CoO, 24.5 18.1 24.6 20.4 24.2 21.6 24.7 23.7 CO, 243 19.7 24.5 20.9 24.2 229 | 246 239

0, 1.1 1.2 1.2 1.2 1.1 1.2 1.1 1.2 0, 1.1 1.2 1.1 1.2 1.1 1.2 1.1 1.2

H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0

Bal 8.2 10.3 8.2 8.5 8.9 8.4 8.2 9.3 Bal 8.2 8.3 8.4 8.8 8.8 8.8 8.3 8.9
3rd cycle CH, 66.3 70.6 66.2 69.2 66.5 68.1 66.3 65.7 3rd cycle CH, 66.3 70.5 66.2 69.2 66.2 67.7 | 662 653
CO, 24.5 18.2 24.5 20.7 24.8 21.4 24.2 23.9 CO, 24.5 19.5 24.5 20.9 24.6 23 244 243

0, 1.1 1.2 1.1 1.1 1.2 1.2 1.1 1.2 0, 1.1 1.2 1.1 1.1 1.1 1.2 1.1 1.3

avg. avg.

temp H,S 0 0 0 0 0 0 0 0 temp H,S 0 0 0 0 0 0 0 0
313C Bal 8.1 10 8.2 9 9 9.3 8.4 9.2 3425C Bal 8.1 8.8 8.2 8.8 8.1 8.1 8.3 9.1

€01
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1 ) ~ an g a 1 ~
1YNILBININ 0.050 IIUDY, 0.4 AATADUIN

[

MIINIT

avg in avg out Total avg temp of experiment 32.78 * %

15 min

CH, 66.32 70.87
Y%enrich 6.86

CO, 24.37 18.68
Yreduct 23.33
30 min

CH, 66.07 69.45
Y%enrich 5.12

CO, 24.43 20.58
Yoreduct 15.76
45 min

CH, 66.05 67.87
Yenrich 2.75

CO, 24.47 2235
Yoreduct 8.65
60 min

CH, 66.02 65.65
Y%enrich -0.56

CO, 24.5 24
Yreduct 2.04



Y] 9 = ~
M99 4. 5 wan3lsulganmaaining

[

MT1NID

2] = an g a 1 S Aa 9y
1N BINTIN 0.035 DY, 0.28 AaATADUIN Lﬂﬂizﬁﬁiﬂﬂiﬂf Chlorella sp.

Day 1 15 min (%) 30 min (%) 45 min (%) 60 min (%) Day 2 15 min (%) 30 min (%) 45 min (%) 60 min (%)

In Out In Out In Out In Out In Out In Out In Out In Out
Ist cycle CH, | 694 804 | 695 78.6 69.9 76.9 69 72.4 Ist cycle CH, 69.5 80.1 69.6 789 | 698 745 69.9 71.9
Co, | 233 12 234 132 23.2 14.9 24.1 19.7 Co, 23.2 11.4 23.2 13.1 23.2 16.8 23.1 19.7

0, 0.4 0.5 0.4 0.6 0.3 0.7 0.3 0.5 0, 0.5 0.7 0.4 0.8 0.4 0.7 0.4 0.5

H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0

Bal 6.9 7.1 6.7 7.6 6.6 7.5 6.6 7.4 Bal 6.8 7.8 6.8 7.2 6.6 8 6.6 7.9
2nd cycle | CH, 70 804 | 699 785 70 76.5 69.7 73.1 2nd cycle CH, 69.9 79.7 69.8 759 | 69.9 74 69.8 72.6
CO, | 232 115 | 233 13.5 23.1 15.5 235 19.1 Co, 23.2 12.1 234 162 | 23.1 17.7 23.3 18.8

o, 0.3 0.6 0.4 0.5 0.5 0.5 0.4 0.6 0, 0.4 0.6 0.4 0.5 0.5 0.8 0.4 0.8

H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0

Bal 6.5 7.5 6.4 7.5 6.4 7.5 6.4 8.2 Bal 6.5 7.6 6.4 7.4 6.5 7.5 6.5 7.8
3rdcycle | CH, | 69.6 79 69.7  76.4 69.9 74.8 69.8 71.8 3rd cycle CH, 69.7 80 69.8 78.4 70 75.1 69.7 72.3
CO, | 23.6 124 ] 233 14.9 23.2 16.9 23.1 20 CO, 23.5 12.4 23.2 13.6 | 23.1 17.2 23.2 19.8
0, 0.4 0.6 0.5 0.6 0.4 0.5 0.3 0.6 0, 0.4 0.6 0.5 0.6 0.4 0.5 0.3 0.6

avg.

temp H,S 0 0 0 0 0 0 0 0 avg. temp H,S 0 0 0 0 0 0 0 0

323C Bal 6.4 8 6.5 8.1 6.5 7.7 6.8 7.6 353C Bal 6.4 7 6.5 7.4 6.5 7.2 6.8 7.3

SO1
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MT1NID

(9 = A g a 1 - Aa 9 1
1N BINTIN 0.035 DY, 0.28 ammummuizuﬂﬂai% Chlorella sp. (719)

Day 3 15 min (%) 30 min (%) 45 min (%) 60 min (%) Day 4 15 min (%) 30 min (%) 45 min (%) 60 min (%)
In Out In Out In Out In Out In Out In Out In Out In Out
Ist cycle CH, 69.1 82 69.4 788 | 69.6 75.5 69.8 73.6 Ist cycle CH, | 69.2 80.7 69.5 78.5 69.6 75.9 69.4 73
CO, 22.6 9.2 | 23.1 12.8 | 23.1 15.8 23.1 19 CO, | 225 10.4 23 12.9 22.9 15.3 22.8 18.4
o, 0.5 0.6 0.4 0.4 0.4 0.7 0.4 0.5 0, 0.5 0.7 0.4 0.6 0.4 0.8 0.5 0.7
H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0
Bal 7.8 8.2 7.1 8 6.9 8 6.7 6.9 Bal 7.8 8.2 7.1 8 7.1 8 7.3 7.9
2nd cycle CH, 69.9 79.7 | 69.7 755 | 69.7 73.7 69.7 71.7 2nd cycle CH, | 69.9 80 69.8 77.6 69.8 74.5 69.5 72.6
CO, 232 10.7 | 233 16.1 | 23.1 17.9 232 19.8 CO, 23 11.9 23.1 14.4 22.9 16.7 23.1 19.2
o, 0.4 0.6 0.4 0.8 0.5 0.6 0.4 0.7 o, 0.4 0.7 0.6 0.9 0.5 0.8 0.5 0.7
H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0
Bal 6.5 9 6.6 7.6 6.7 7.8 6.7 7.8 Bal 6.7 7.4 6.5 7.1 6.8 8 6.9 7.5
3rd cycle CH, 69.8 797 | 699 752 | 69.8 72.5 69.5 72.5 3rd cycle CH, | 69.5 79.1 69.2 76.9 69.3 73.2 69.2 71.9
CO, 23.3 10.7 | 229 159 | 23.1 19.1 23.1 19.7 CO, | 232 12.7 23 14.2 225 17.9 23 19.5
0O, 0.4 0.6 0.5 0.7 0.4 0.7 0.3 0.5 0O, 0.5 0.6 0.5 0.8 0.4 0.7 0.5 0.6
avg. temp H,S 0 0 0 0 0 0 0 0 avg. temp H,S 0 0 0 0 0 0 0 0
33.65C Bal 6.5 9 6.7 8.2 6.7 7.7 7.1 7.3 3285C Bal 6.8 7.6 7.3 8.1 7.8 8.2 7.3 8

901
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M54 4. 5 wamiﬂﬁ"uﬂgﬁw%mwﬁ A3IMTIMHFINW 0.035 IIBY, 0.28 ansaornduszuuIneld Chiorella sp. (A9)
Day 5 15 min (%) 30 min (%) 45 min (%) 60 min (%) Day 6 15 min (%) 30 min (%) 45 min (%) 60 min (%)
In Out In Out In Out In Out In Out In Out In Out In Out
Ist cycle CH, 69.5 80.2 69.7 77.4 69.6 75.7 694 724 Istcycle CH, 69.6 80.6 69.6 78.1 69.8 74.9 69.7 72.4
CO, 22.8 11.6 22.9 14.5 22.7 15.8 22.9 19 CO, 22.7 11.2 22.8 14.1 22.7 16.6 22.8 19.4
0, 0.5 0.6 0.4 0.5 0.5 0.7 0.5 0.7 0O, 0.5 0.7 0.5 0.6 0.5 0.6 0.5 0.7
H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0
Bal 7.2 7.6 7 7.6 7.2 7.8 7.2 7.9 Bal 7.2 7.5 7.1 7.2 7 7.9 7 7.5
2nd cycle CH, 69.5 79.6 69.8 76.6 69.8 74.9 69.9 72 2nd cycle CH, 69.6 79.9 69.6 77.3 69.7 74.2 70 73.4
CO, 22.9 12.2 22.9 15.7 22.9 17 23 20.3 CO, 22.8 11.1 22.9 14.8 22.8 17.7 22.8 19
0, 0.6 0.7 0.5 0.6 0.5 0.7 0.5 0.6 0, 0.5 0.6 0.5 0.6 0.5 0.6 0.5 0.6
H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0
Bal 7 7.5 6.8 7.1 6.8 7.4 6.6 7.1 Bal 7.1 8.4 7 7.3 7 7.5 6.7 7
3rd cycle CH, 69.5 79.5 69.2 75.9 69.3 74.4 69.4 71.1 3rd cycle CH, 69.8 78.9 69.7 76.5 69.5 74.3 69.6 72.8
CO, 23 12 23 15.6 23.2 17.6 232 21.1 CO, 22.8 12.6 22.7 15 23 17.4 23.1 19.1
0, 0.5 0.6 0.5 0.7 0.4 0.5 0.4 0.6 0, 0.5 0.6 0.5 0.8 0.4 0.8 0.5 0.7
avg. temp H,S 0 0 0 0 0 0 0 0 avg. temp H,S 0 0 0 0 0 0 0 0
32.75C Bal 7 7.9 7.3 7.8 7.1 7.5 7 7.2 31.0C Bal 6.9 7.9 7.1 7.7 7.1 7.5 6.8 7.4

LOT
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@ 4 = A o J [ = an g a 1 ~
NI, 5 Wﬁﬂﬁﬂiﬁﬂjx‘ifﬂ“)ﬁﬂﬂ?‘w1/]’6]@51ﬂ15§]18ﬂ1“]5“11’3ﬂ1w 0.035 3UY, 0.2800TABDUIN

wuszunlaely Chiorella sp. (A9)

Day 7 15 min (%) 30 min (%) 45 min (%) 60 min (%)

In Out In Out In Out In Out

Istcycle | CH, | 69.7 81 69.5 772 70 749 | 699 729
CO, | 227 95 | 228 14 225 165 | 226 19.1
0, 0.5 1 0.5 0.7 0.5 0.7 0.6 0.7
H,S 0 0 0 0 0 0 0 0

Bal | 7.1 8.5 7.2 8.1 7 7.9 6.9 7.3

2ndcycle | CH, | 694 80.2 | 693 769 69 739 | 69.2 73.1

Bal | 7.1 83 7.1 7.5 7.6 8 7.6 6.9
3rdcycle | CH, | 693 794 | 694 76.1 | 69.1 747 | 693 734

CO, | 226 119 | 225 149 | 224 16.1 23 18.5

avg. temp | H,S 0 0 0 0 0 0 0 0

32.55C Bal | 7.6 8 7.6 8.1 8 8.4 7.2 7.3
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1 A a A Ay v [ 24 = 9 A
M6 aAundeuazilsz@niaminldvinmsdsudgamadaninlaeldChiorelia sp.

o ' 4 = an g a 1 ~
DRTINITVIYNIEHININ 0.035 IUBY, 0.28 ANTADUIN

avg in avg out Total avg temp of experiment 32.91 * %

15min

CH, 69.59 80
Y%enrich 14.97

CO, 23 11.45
Yreduct 50.23

30min

CH, 69.6 77.2
Y%enrich 10.92

Co, 23.04 14.49
Yoreduct 37.11

45min

CH, 69.67 74.71
Y%enrich 7.24

CO, 22.93 16.85
Yoreduct 26.53

60min in out

CH, 69.59 72.52
Y%enrich 4.21

CO, 23.08 19.4
Yreduct 15.95
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ATINMINIMETININ 0.035 IBY, 0.28 FnseomnauszvyTaslFarsorg

Day 1 15 min (%) 30 min (%) 45 min (%) 60 min (%) Day 2 15 min (%) 30 min (%) 45 min (%) 60 min (%)
In Out In Out In Out In Out In Out In Out In Out In Out

Istcycle CH, 67.4 76 67 73.1 66.8 71.9 67.5 70.1 Ist cycle CH, 66.9 754 67 73.5 67.3 70.9 67.5 69
CO, 23 14.4 24.1 17.5 23.5 18 23.2 20.5 CO, 23.9 14.8 24 17.1 23.4 19.5 23.2 21.5

0, 1.1 1.1 1 1.1 1.1 1.5 1.1 1.1 0, 1 1.2 1 1.1 1.1 1.2 1.1 1.2

H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0

Bal 8.5 8.5 7.9 8.3 8.6 8.6 8.2 8.3 Bal 8.2 8.6 8 8.3 8.2 8.4 8.2 8.3
2nd cycle CH, 66.7 75.5 66.9 719 67 70.9 67.4 69.8 2nd cycle CH, 67.1 76 66.9 72.9 67.2 71 67.5 69.7
CO, 23.9 15 23,5  18.1 23.3 18.8 22.9 20.5 CO, 23.5 14.4 23.7 17.1 23.2 19.3 22.9 20.4
0, 1 1 1.1 1.1 1.2 1.3 1.1 1.5 0, 1 1.1 1.1 1.1 1.2 1.2 1.1 1.4

H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0

Bal 8.4 8.5 8.5 8.9 8.4 9 8.6 8.2 Bal 8.4 8.5 8.4 8.9 8.4 8.5 8.5 8.5

3rd cycle CH, 67.6 75.9 68 74.9 67.5 77.9 67.1 70.7 3rd cycle CH, 66.2 76 67.5 73.9 66.9 72.4 67.1 76
CoO, 22.6 14.1 226 151 24.1 11.9 23.5 18.7 CO, 24.5 14.7 23 16.3 23.7 18 23.5 14.4

0, 1 1.1 1.1 1.3 1.1 1.3 1.1 1.5 0, 1 1 1 1.2 1.1 1.2 1.1 1.1

avg.

temp H,S 0 0 0 0 0 0 0 0 avg. temp H,S 0 0 0 0 0 0 0 0

343C Bal 8.8 8.9 8.3 8.7 8.3 8.9 8.3 9.1 3235C Bal 8.3 8.3 8.5 8.6 8.3 8.4 8.3 8.5

011
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1 =) ~ an g a 1 ~
18 NIFFININ 0.035 BN, 0.28 ANTADUIN

avgin (%) | avgout (%) Total avg temp of experiment33.33 * <
15min
CH, 66.98 75.28
%enrich 12.33
Cco, 23.56 14.67
Yoreduct 37.75
30min
CH, 67.22 73.37
Y%enrich 9.15
CO, 23.48 16.87
Yoreduct 28.17
45min
CH, 67.12 72.5
%enrich 8.02
CO, 23.53 17.58
Yreduct 25.26
60min
CH, 67.42 70.08
Y%enrich 3.96
Co, 23.2 19.92
Yoreduct 14.15
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AINTMFFINW 0.020 IIDY, 0.16 ansaemnauszuuTasls Chiorella sp.

Day 1 15 min (%) 30 min (%) 45 min (%) 60 min (%) Day 2 15 min (%) 30 min (%) 45 min (%) 60 min (%)
In Out In Out In Out In Out In Out In Out In Out In Out

Istcycle CH, 66.4 78 66.5 76.1 66.6 75.3 66.9 73.9 Ist cycle CH, 66.3 81.9 66.4 79.9 66.7 77.3 66.8 75
CO, 25.2 11.5 249 13.8 24.8 15.2 24.5 17.1 CO, 252 7.5 25 10 249 13 24.6 16

0, 0.6 0.9 0.5 0.8 0.6 0.8 0.6 0.7 0O, 0.6 0.9 0.6 0.8 0.6 0.8 0.7 0.9

H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0

Bal 7.8 9.6 8.1 9.3 8 8.7 8 8.3 Bal 7.9 9.7 8 9.3 7.8 8.9 7.9 8.1
2nd cycle CH, 66.4 789 66.8 76.1 66.5 74.8 66.4 72.8 2nd cycle CH, 66.5 77.8 66.6 76.3 66.4 75 66.4 739
CO, 249 10.6 24.4 14 24.7 15.5 24.8 17.5 CO, 25 10.7 24.8 14.5 24.6 15.3 24.5 16.8

0, 0.8 1.1 0.7 0.9 0.6 0.8 0.7 0.7 0, 0.7 1.1 0.7 0.9 0.8 0.8 0.7 0.9

H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0

Bal 7.9 9.4 8.1 9 8.2 8.9 8.1 9 Bal 7.8 10.4 7.9 8.3 8.2 8.9 8.4 8.4

3rd cycle CH, 66.3 78 66.5 75.8 66.3 73.6 66.5 71.5 3rd cycle CH, 66.4 78.5 66.6 75.9 66.4 74.3 66.5 72
CoO, 243 11.4 24.5 14.2 25.2 17 24.8 19.5 CO, 24.5 10.9 24.4 14.8 25 16.9 24.9 19

0, 0.7 1 0.6 0.9 0.7 0.8 0.7 0.7 0O, 0.6 1 0.6 0.7 0.7 0.8 0.7 0.8

avg.

temp H,S 0 0 0 0 0 0 0 0 avg. temp H,S 0 0 0 0 0 0 0 0
27.65 C Bal 8.7 9.6 8.4 9.1 7.8 8.6 8 8.3 2945 C Bal 8.5 9.6 8.4 8.6 7.9 8 7.9 8.2

48!
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A31MTIMHFINW 0.020 IIBY, 0.16 ansaorNduTzVVIelS Chiorella sp. (AD)

Day 3 15 min (%) 30 min (%) 45 min (%) 60 min (%) Day 4 15 min (%) 30 min (%) 45 min (%) 60 min (%)
In Out In Out In Out In Out In Out In Out In Out In Out
Istcycle CH, 66.5 79.3 66.3 78 66.4 78 66.8 74.8 Ist cycle CH, 66.3 79.8 66.3 78.2 66.2 77.5 66.5 75.4
CO, 25.1 10.2 25.3 11.9 25 14.5 24.6 19.3 CO, 25.2 10.1 25.3 11.9 25.1 12.3 24.7 15.3
0, 0.6 0.9 0.6 0.8 0.6 0.8 0.7 0.9 0, 0.7 0.9 0.7 0.8 0.6 0.9 0.7 0.9

H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0
Bal 7.8 9.6 7.8 9.3 8 8.7 7.9 8 Bal 7.8 9.2 7.7 9.1 8.1 9.3 8.1 8.2
2nd cycle CH, 66.4 78.6 66.5 76.3 66.5 75.5 66.5 73.5 2nd cycle CH, 66.2 78.6 66.4 77.1 66.5 76 66.6 74.7
CO, 25 12.1 24.8 14.6 24.8 15.3 24.8 17.4 CO, 25 11.6 24.9 13.6 24.8 14.5 24.7 15.8

0, 0.7 0.8 0.7 0.9 0.8 0.9 0.8 0.9 0, 0.7 0.8 0.7 0.9 0.8 0.9 0.7 1

H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0
Bal 7.9 8.5 7.9 8.2 7.9 8.3 7.9 8.2 Bal 8.1 9 8 8.4 7.9 8.6 8 8.5
3rd cycle CH, 66.5 78.1 66.3 75.4 66.3 74 66.4 72.7 3rd cycle CH, 66.4 78 66.2 77.1 66.2 75.9 66.2 74.9
CO, 24.9 11.5 24.9 14.9 249 16.7 25 18 CO, 25 12.5 25.0 13.8 25 15.3 24.9 15.6
0, 0.6 1 0.6 0.7 0.7 0.8 0.7 0.8 0, 0.7 1 0.6 0.8 0.8 0.8 0.8 0.9

avg. temp H,S 0 0 0 0 0 0 0 0 avg. temp H,S 0 0 0 0 0 0 0 0
26.60 C Bal 8 9.4 8.2 9 8.1 8.5 7.9 8.5 290C Bal 7.9 8.5 8.2 8.3 8 8.1 8.1 8.5

€ll
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A31MTIMHFINW 0.020 IIBY, 0.16 ansaorNduTzVVIelS Chiorella sp. (AD)

Day 5 15 min (%) 30 min (%) 45 min (%) 60 min (%) Day 6 15 min (%) 30 min (%) 45 min (%) 60 min (%)
In Out In Out In Out In Out In Out In Out In Out In Out
Istcycle CH, 65.8  77.7 65.7 75.8 65.1 74.8 65.3 73 Ist cycle CH, 65.7 785 65.8 75 65.5 74.3 65.4 73.2
CO, 25.5 11.8 25.4 13.9 259 15 24.6 16.7 CO, 25.4 11.6 25.1 14.9 25.6 15.8 25.3 17

0, 0.8 1 0.8 0.9 0.8 0.9 1 0.9 0, 0.8 1 0.8 1 0.8 1 0.8 0.9

HS 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0

Bal 7.9 9.5 8.1 9.4 8.2 9.3 9.1 9.4 Bal 8.1 8.9 8.3 9.1 8.1 8.9 8.5 8.9

2nd cycle CH, 65.1 779 65.3 75.6 65.2 74.5 65.3 73.2 2nd cycle CH, 65.6 784 65.3 75.4 65 73.3 65.4 72
CO, 25.9 12 25.7 14.5 25.8 15.2 25.8 16.8 CO, 25.5 11 25.6 14.6 26 17 25.7 18.6

0, 0.9 1 0.8 1 0.9 0.9 0.8 1 0, 0.8 0.9 0.9 1 0.9 0.9 0.8 1

H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0

Bal 8.1 9.1 8.2 8.9 8.1 9.4 8.1 9 Bal 8.1 9.7 8.2 9 8.1 8.8 8.1 8.4
3rd cycle CH, 65.5 78.1 65.4 77.1 65.4 75.9 65.2 71.5 3rd cycle CH, 65.6 785 65.3 74.9 65.3 74 65.4 71.5
CO, 25.8 12.4 25.8 13.8 25.6 15.3 25.7 19 CO, 25.6 11.4 25.7 15.5 25.6 16.8 25.5 18.9

0, 0.8 0.9 0.7 0.8 0.8 0.8 0.8 0.9 0, 0.8 1 0.9 0.8 0.9 0.9 0.9 1

avg. temp H,S 0 0 0 0 0 0 0 0 avg. temp H,S 0 0 0 0 0 0 0 0
309C Bal 7.9 8.2 8.1 8.3 8.2 8.1 8.3 8.6 303C Bal 8 9.1 8.1 8.8 8.2 8.3 8 8.6

148!
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NI NN 9 Naﬂﬁﬂiﬂﬂ;ﬂﬂﬁﬁﬂﬂﬂﬁﬂl‘ﬂBﬁi1ﬂ1iﬂ18ﬂ1"lﬁ‘lﬂ’3ﬂ1w 0.020 38U, 0.16 ANTADUIN

wuszunlaely Chiorella sp. (A9)

Day 7 15 min (%) 30 min (%) 45 min (%) 60 min (%)

In Out In Out In Out In Out

Istcycle | CH, | 654 77.6 | 65.5 76 653 748 | 651 71.8
CO, | 25,8 112 | 255 13.7 | 257 156 | 259 184
0, 0.8 1.2 0.8 0.9 0.9 1 0.9 1

H,S 0 0 0 0 0 0 0 0
Bal 8 92 8.2 94 8.1 8.6 8.1 8.8
2nd cycle | CH, | 65.1 78 652 749 | 653 74 65.3 73
CO, | 25.7 115 | 25.6 15 258 165 | 258 17.6
0, 0.8 0.9 0.9 0.9 0.8 1 0.8 0.9
H,S 0 0 0 0 0 0 0 0
Bal | 8.4 9.6 8.3 9.2 8.1 8.5 8.1 8.5
3rdcycle | CH, [ 653 784 | 654 759 | 653 75 653 72.6

CO, | 25.7 114 | 256 14 255 152 ] 256 179

avg. temp | H,S 0 0 0 0 0 0 0 0

3255C Bal | 8.2 9.2 8.2 9.2 8.3 8.8 8.3 8.6




116

1 A a A Ay Y [ 4 = Y A
M1319 4. 10 AnndouazlszansamilavinmsUsuljamadininlae s Chlorella sp.

o ' 4 = an g a 1 ~
DATINTITVIYNIHEINIW 0.020 IUDY, 0.16 AATADUIN

avg in avg out Total avg temp of experiment29.49 ° &
15min
CH, 65.98 78.50
Y%enrich 18.98
CO, 25.25 11.19
Yoreduct 55.72
30min
CH, 66.02 76.32
Y%enrich 15.61
Co, 25.15 13.9
Y%reduct 44.74
45min
CH, 65.92 75.13
Yenrich 13.97
Co, 25.25 15.42
Yoreduct 38.93
60min
CH, 66.01 73.19
Y%enrich 10.87
CO, 25.08 17.53
Yoreduct 30.09
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ATINMINIMETINN 0.020 IIBY, 0.16 ansaorimuszuy TaslFa15o1ms

Day 1 15 min (%) 30 min (%) 45 min (%) 60 min (%) Day 2 15 min (%) 30 min (%) 45 min (%) 60 min (%)
In Out In Out In Out In Out In Out In Out In Out In Out

Ist cycle CH, 66.8 75.5 65.9 73.6 66.6 72.5 65.7 69 Istcycle CH, | 66.4 75.6 66.2 74.1 66.7 73.2 65.7 69
CO, 243 14.5 25 16.9 24.6 18.3 25.1 21.4 CO, | 24.6 14.5 24.8 16.7 24.4 17.6 25.1 21.4

0, 0.8 0.9 0.9 1 0.7 0.9 0.9 1 0, 0.9 0.9 0.8 0.9 0.8 1 0.9 1

H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0

Bal 8.1 9.1 8.2 8.5 8.1 8.3 8.3 8.6 Bal 8.1 9 8.2 8.3 8.1 8.2 8.3 8.6
2nd cycle CH, 66.1 74.9 65.4 73.1 66.5 72.1 65.7 68.9 2nd cycle CH, | 66.1 75 65.8 73.1 66.4 73.1 66 68.7
CO, 249 15.6 25.4 17.5 24.7 18.7 25.2 21.5 CO, | 249 15.1 25 17.2 24.8 17.8 25.2 21.7

0, 0.8 0.9 0.9 0.9 0.8 0.8 0.8 0.9 0, 0.8 1 0.9 0.9 0.8 1 0.8 0.9

H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0

Bal 8.2 8.6 8.3 8.5 8 8.4 8.3 8.7 Bal 8.2 8.9 8.3 8.8 8 8.1 8.3 8.7
3rd cycle CH, 65.8 74.7 65.7 72.9 66.9 71.2 65.6 68.7 3rd cycle CH, | 65.7 74.9 66 73.5 67.1 74 65.6 69.1
CO, 25.2 15.5 253 17.1 24.1 19.7 25.3 21.8 CO, | 252 15.1 25 17 24.2 17.2 25.3 21.5

0, 0.8 1 0.8 0.8 0.9 1 0.8 0.9 0, 0.8 1 0.8 0.8 0.7 0.7 0.8 0.9

avg. temp H,S 0 0 0 0 0 0 0 0 avg. temp H,S 0 0 0 0 0 0 0 0
29.3 Bal 8.2 8.8 8.2 9.2 8.1 8.1 8.3 8.6 26.5 Bal 8.3 9 8.2 8.7 8 8.1 8.3 8.5

L11
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' (2] = a3 a 1 =
N131YNIEHFINTIW 0.020 DY, 0.16 AATADUIN

avg in avg out Total avg temp of experiment 27.93 ° <

15min

CH, 66.15 75.1
Y%enrich 13.53

Cco, 24.85 15.05
Yreduct 39.44

30min

CH, 65.83 73.38
Y%enrich 11.47

Co, 25.08 17.07
Yereduct 31.96

45min

CH, 66.7 72.73
Y%enrich 9.05

CO, 24.47 18.22
Yreduct 25.54

60min

CH, 65.72 68.9
%enrich 4.84

CO, 252 21.55
Yreduct 14.48
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AINTMFFINN 0.005 IIDW, 0.04 aasaerNauszUVTA1S Chiorella sp.
Day 1 15 min (%) 30 min (%) 45 min (%) 60 min (%) Day 2 15 min (%) 30 min (%) 45 min (%) 60 min (%)
In Out In Out In Out In Out In Out In Out In Out In Out
Istcycle CH, 69.6 84.1 69.1 79.9 69.5 79.5 69.6 77.9 Ist cycle CH, 69.7 85.1 69.9 82.5 | 689 80.5 69.8 79.2
CO, 21.1 5.6 21.4 9.8 20.9 10.8 20.8 12 CO, 21 5.1 20.7 7.5 21.4 9.8 20.6 10.2
0, 1 1.2 1 1.2 1.2 1.2 1.1 1.1 0, 1.1 1.2 1 1.2 1.1 1.2 1.1 1.4
H,S 20 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0
Bal 8.3 9.1 8.5 9.1 8.4 8.5 8.5 9 Bal 8.2 8.6 8.4 8.8 8.6 8.5 8.5 9.2
2nd cycle | CH, 69.4 84.9 69.7 82 69.6 80.5 69 78.8 2nd cycle | CH, 69.6 84.9 69.6 82.3 | 69.8 81 69.5 78.8
CO, 21 5.2 20.8 8.2 20.7 9.7 21.4 11 CO, 20.8 5 20.9 7.5 20.6 8.9 21 11
0, 1 1.1 1 1.2 1 1.1 1.1 1.2 0, 1 1.2 1.1 1.3 1 1.1 1.1 1.2
H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0
Bal 8.6 8.8 8.5 8.6 8.7 8.7 8.5 9 Bal 8.6 8.9 8.4 8.9 8.6 9 8.4 9
3rd cycle CH, 69.8 83.3 69.6 80.2 69.7 78.3 69.8 77.6 3rd cycle | CH, 69.6 84.1 69.5 81.3 69 79.4 69.4 76
CoO, 20.7 6.8 20.8 10 20.7 11.9 20.7 12.9 CO, 20.8 6 20.9 8.5 21.3 10.6 20.8 13.9
0, 1 1.1 1.1 1.2 1.2 1.3 1.1 1 0, 1 1.2 1.2 1.3 1.2 1.4 1.2 1.5
avg. avg.
temp H,S 0 0 0 0 0 0 0 0 temp H,S 0 0 0 0 0 0 0 0
31.8C Bal 8.5 8.8 8.5 8.6 8.4 8.5 8.4 8.5 34.25C Bal 8.6 8.7 8.4 8.9 8.5 8.6 8.6 8.6

611
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(9 = A g a 1 - Aa 9 '
ATINTTVYNIHBINIW 0.005 IUBY, 0.04 ammummmzuuimi% Chlorella sp. (719)

Day 3 15 min (%) 30 min (%) 45 min (%) 60 min (%) Day 4 15 min (%) 30 min (%) 45 min (%) 60 min (%)
In Out In Out In Out In Out In Out In Out In Out In Out
Ist cycle CH, | 695 85.3 693 833 | 69.6 809 69.8 79.1 Ist cycle CH, 69.9 84.8 69.8 84.2 70.1 81 70 80.3
CO, 21.1 4.5 21.1 6.5 | 21.1 8.8 20.9 10.7 CO, 20.7 4.7 20.5 5.5 20.5 8.7 20.5 9.8
0, 1.2 1.5 1.1 1.3 1.1 1.3 1.1 1.3 0, 1.1 ) 1.2 1.4 1 1.2 1.1 1.2
H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0
Bal 8.2 8.7 8.5 8.9 8.2 9 8.2 8.9 Bal 8.3 9 8.5 8.9 8.4 9.1 8.4 8.7
2nd cycle | CH, 69.8 84.1 699 834 | 698 815 70 79 2nd cycle | CH, 69.8 83.2 70 82.7 70 80.8 69.9 78.8
CO, 20.6 5.6 20.8 6.7 | 20.5 8.1 20.6 10.4 CO, 20.4 6.5 20.4 7.1 20.5 9.1 20.6 11
0, 1.1 1.3 1.1 1.3 1.3 1.3 1 1.2 0, 1.2 1.3 1.1 1.2 1.2 1.3 1.1 1.2
H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0
Bal 8.5 9 8.2 8.6 8.4 9.1 8.4 9.4 Bal 8.6 9 8.5 9 8.3 8.7 8.4 9
3rdcycle | CH, 69.4 84.8 69.1 825 | 69.7 809 69.8 79.8 3rd cycle CH, 69.7 83.4 69.9 80.5 69.8 79.9 70.1 71.3
CoO, 21.1 4.8 213 7.5 | 20.8 9.2 20.9 10.3 CO, 20.6 6.5 20.6 9 20.7 9.9 20.1 12.9
o, 1 1.1 1.1 1.3 1.1 1.2 1.1 1.2 0, 1.2 1.2 1.1 1.3 1.1 1.2 1.1 1.1
avg.
temp H,S 0 0 0 0 0 0 0 0 avg. temp H,S 0 0 0 0 0 0 0 0
3295C Bal 8.5 9.3 8.5 8.8 8.4 8.7 8.2 8.7 327C Bal 8.5 8.9 8.4 9.2 8.4 9 8.7 8.7

0¢l
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M5 4. 13 wamiﬂﬁ"uﬂ;ﬁw%mwﬁ A31MTIMHFINN 0.005 TIDY, 0.04 angaernduszuVIneld Chiorella sp. (AD)
Day 5 15 min (%) 30 min (%) 45 min (%) 60 min (%) Day 6 15 min (%) 30 min (%) 45 min (%) 60 min (%)
In Out In Out In Out In Out In Out In Out In Out In Out
Isteycle | cH, [ 694 845 | 693 841 | 695 81.1 | 69.8 79.7 Isteyele | CH, | 69.9 851 | 69.7 838 | 695 813 | 698 80
co, | 212 44 | 211 57 | 212 85 | 209 108 co, | 207 4.6 20.7 6 | 212 8 209 9.7
o, |12 15 1 1.3 1.1 14 | 11 12 0, 12 1.4 1 12 | 11 1.5 1.1 1.4
ms | o 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0
Bal | 82 96 8.6 89 | 82 9 82 83 Bal | 82 8.9 8.6 9 82 92 8.2 8.9
ondeycle | CH, [ 698 835 | 698 818 | 70.1 804 | 69.8 784 2ndeycle | cH, | 69.7 84 697 821 | 701 81 69.8  79.4
co, | 209 63 | 207 81 | 202 89 | 206 11 co, | 208 5.8 206 78 | 202 86 | 206 10
o, | 08 11 1.1 1.3 12 15 | 11 1.4 o, 1 1.2 1.1 12 | 12 14 1.1 13
HS | o 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0
Bal | 85 9. 8.4 88 | 85 92 | 85 92 Bal | 85 9 86 89 | 85 9 8.5 9.3
3rdcycle | CH, | 698 824 | 70 82 | 699 801 | 697 798 3rdeycle | CH, | 698 834 | 697 819 | 699 811 [ 697 s0.1
co, | 204 76 | 204 83 | 206 10 21 104 co, | 204 6.5 205 78 | 206 9 21 10.1
o, 1 1.1 1 1.1 1.1 13 | 11 13 o, 1 1.2 1 13 | 11 1.4 1.1 1.2
avg. temp H,S 0 0 0 0 0 0 0 0 avg. temp H,S 0 0 0 0 0 0 0 0
343C Bal | 88 89 8.6 86 | 84 86 | 82 85 30.95C Bal | 88 8.9 8.8 9 84 85 8.2 8.6

14!
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o 24 = A o ' ) ~ axn g a 1 ~
M3 13 Nﬂﬂﬁﬂi‘uﬂ§\‘]ﬂWGJfGH’Jﬂ1W‘V]E]G]ﬁﬂﬁi]mﬂW"JfﬂﬂﬂTW 0.005 2BY, 0.04 AATADUIN

wuszunlaely Chiorella sp. (A9)

Day 7 15 min (%) 30 min (%) 45 min (%) 60 min (%)

In Out In Out In Out In Out

Istcycle | CH, | 70.1 85 70.3 84 70.1 823 | 704 &1
CO, [ 204 48 | 203 59 203 7.5 | 20.1 94
0, 1 1.2 1.1 1.2 1 1.2 1.1 1.2
H,S 0 0 0 0 0 0 0 0
Bal | 8.5 9 8.3 8.9 8.6 9 8.4 8.4
2ndcycle | CH, [ 70.3 84.6 [ 703 83.1 [ 70.1 81.6 | 703 795
CO, | 20.1 55 1202 68 | 202 86 |202 105
0, 1.1 1.1 1 1.2 1.2 1.2 1.1 1.1
H,S 0 0 0 0 0 0 0 0
Bal | 8.5 8.8 8.5 8.9 8.5 8.6 8.4 8.9
3rdcycle | CH, | 704 82.1 | 70.5 79.8 | 70.3 78.7 | 70.2  77.8

CO, | 202 87 | 20.1 95 1204 108 | 202 12.7

avg. temp | H,S 0 0 0 0 0 0 0 0

3245C | Bal | 83 9.3 8.4 9.4 8.2 9.3 8.6 8.5
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1 A a A A Y @ %] = Y A
M1319 4. 14 Anndonazlszansamnldvinmsdsuljamadininlae 14 Chlorella sp.

o ' 4 = an g a 1 ~
DRTINITVIYNIEHININ 0.005 IUBY, 0.04 aATADUIN

15 min Total avg temp of experiment 32.77 ° %Y

CH, 69.76 84.12

%enrich 20.58

CO, 20.74 5.74

% reduct 72.27

30 min

CH, 69.75 82.26

% enrich 17.94

CO, 20.74 7.61

% reduct 63.28

45 min

CH, 69.76 80.56

% enrich 15.48

CO, 20.73 9.31

% reduct 55.06

60 min

CH, 69.82 78.97

% enrich 13.1

CO, 20.69 10.99

% reduct 46.89
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ATINMINIMETINN 0.005 IIDY, 0.04 Fnsnornmuszuy TaslFarso1ms

Day 1 15 min (%) 30 min (%) 45 min (%) 60 min (%) Day 2 15 min (%) 30 min (%) 45 min (%) 60 min (%)
In Out In Out In Out In Out In Out In Out In Out In Out

Istcycle CH, 70.4 80.8 70 78.1 70.3 75.9 70.5 75.1 Istcycle CH, 69.8 78.9 70 79 70.4 74.6 70.1 74
CO, 20 9.4 21.1 12.5 20.5 14 20.2 15.5 CO, 20.4 11.3 21 11.6 20.3 15.3 20.6 16.5

0, 1.1 1.2 1 1.1 1.1 1.5 1.1 1.1 0O, 1.2 1.2 1 1.1 1.1 1.3 1.1 1.2

H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0

Bal 8.5 8.6 7.9 8.3 8.1 8.6 8.2 8.3 Bal 8.6 8.6 8 8.3 8.2 8.8 8.2 8.3
2nd cycle CH, 70.2 80 69.9  76.9 70.1 74.9 70.4 73.9 2nd cycle CH, 70 79 69.8 769 70.2 75 70.5 73.8
CO, 20.8 10.5 20.5  13.1 20.2 14.8 19.9 16.4 CO, 21 104 | 20.7 13.1 20.2 14.8 19.9 15.4
0, 1 1.1 1.1 1.1 1.2 1.3 1.1 1.5 0, 1 1.1 1.1 1.1 1.2 1.3 1.1 1.4

H,S 0 0 0 0 0 0 0 0 H,S 0 0 0 0 0 0 0 0
Bal 8 8.4 8.5 8.9 8.4 9 8.6 8.2 Bal 8 9.5 8.4 8.9 8.4 8.9 8.5 9.4
3rd cycle CH, 70.6 80.9 71 79.9 70.5 77.9 70.1 73.7 3rd cycle CH, 70.4 80.1 | 70.5  78.9 70.6 76.9 70.2 74.7
CO, 20.4 9.1 21 10.1 21.1 11.9 21 14.5 CO, 19.8 9.9 20 11.3 21 13 20.9 15.5

0, 1 1.1 1.1 1.3 1.1 1.3 1.1 1.5 0, 1 1.1 1 1.2 1.1 1.3 0.9 1.3

avg. temp H,S 0 0 0 0 0 0 0 0 avg. temp H,S 0 0 0 0 0 0 0 0
33.25C Bal 8.8 8.9 8.3 8.7 8.3 8.9 8.3 9.1 32.75C Bal 8.8 8.9 8.5 8.6 8.3 8.8 8 8.5

14!
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<) ~ an g a 1 ~
NIHFBININ 0.005 IUBY, 0.04 AATADUIN

(% U

M31N1I08Y

avg in avg out Total avg temp of experiment 33.0 &

15min

CH, 70.23 79.95
Yenrich 13.83

CO, 20.4 10.1
Yreduct 50.49

30min

CH, 70.2 78.28
Y%enrich 11.51

CO, 20.72 11.95
Y%reduct 42.31

45min

CH, 70.35 75.87
Y%enrich 7.84

CO, 20.55 13.97
Y%reduct 32.03

60min

CH, 70.3 74.22
Y%enrich 5.55

CO, 20.42 15.63
%reduct 23.43
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(Carbon loading rate)

. '
1.1 ﬂ]i%ﬂ’i’inﬂﬂ]’i‘ﬂi’)uﬁ

%3

an g
6ﬂ51ﬂ1i“l‘ﬁi§| 0.05 U

% o o 4 4 a
madnmﬁmmm .1 ﬂﬁﬂTLlTlmﬂ"li$°1_1551(]ﬂﬂ?iﬁ@ulﬁﬂmuigﬂﬂiﬂﬂ‘l‘%} Chlorella sp.

AVG CO, influent at 0.05vvm = 2424 % VIV
l1av.y. 1 CO, = 2424 litre
a J
Aty mol = 9.893877551 mol
a Jg
Aalu gram = 4353306122 gram
1 flow = 0.05 vvim
VAADAN = 8 litre
sa1ms lvanly = 04 I/min
= 0.0004 m’/min
1117 €O, 1321y = 0.174132245 g/min
1 %W, CO, 152U = 10.44793469 g/hr
1 31 CO, 521D 3952 TH9 = 31.3438 g/day
AN UTY Chilorella spanash la
NNNINAADIU e mg
Yy 9
ANUINUVUChlorella sp.
masny lunednd = 624488 mg
= 6.24488 g
Carbon Loading Rate (CLR) = 5.0191 per day
A
1990 = 1.673 per hour
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g

¢ a an s
1.2 ﬂ]§$U§5ﬁﬂﬂ]§u@uﬂ@ﬂi1ﬂ1iﬂﬁa 0.035 2N

AVG CO, influent at 0.035vvm
lau.u. 3 CO,
Ay mol
ﬁmﬂu gram
1 flow
@ o
VYHIAABAUU

da1ms lvian e

= 9
11N CO, s uY
9
1 ¥U. CO, T8 UY

1 3 CO, 152U 3% 11

ANMINTY Chlorella spanaei'la

Y
1ANINARDIT

ANMNTU Chlorella sp.

[

4 da
masni luneauyl

Carbon Loading Rate (CLR)

23.01

230.1

9.391836735

413.2408163

0.035

0.28

0.00028

0.115707429

6.942445714

20.82734

761.18

6089.44

6.08944

3.4202

1.1401

% VIV
litre
mol
gram
vvm
litre
I/min
m’/min
g/min
g/min

g/day

mg/1

mg
g
per day

per hour
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g

¢ a an s
1.3 mizUiiﬂﬂﬂ]iUﬂﬂﬂ@ﬂﬁﬂﬁ"lﬁﬂ 0.020 DN

AVG CO, influent at 0.02 vvim
lau.u. 3 CO,
Ay mol
ﬁmﬂu gram
1 flow
@ o
VYHIAABAUU

da1ms lvian e

= 9
11N CO, s uY
9
1 ¥U. CO, T8 UY
v 9y o
13U CO,1NseuY 3“11’31%‘]

ANMINTY Chlorella spanaei'la

Y
1ANINARDIT

ANMNTU Chlorella sp.

[

4 da
masni luneauyl

Carbon Loading Rate (CLR)

A
130

25.18

251.8

10.27755102

452.2122449

0.02

0.16

0.00016

0.072353959

4.341237551

13.02371

797.4

6379.2

6.3792

2.0416

0.6805

% VIV
litre
mol
gram
vvm
litre
I/min
m’/min
g/min
g/min

g/day

mg/1

mg
g
per day

per hour
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g

¢ a an s
1.4 mizUiiﬂﬂﬂ]iUﬂﬂﬂ@ﬂﬁﬂﬁ"lﬁﬂ 0.005 DN

AVG CO, influent at 0.005 vvin = 20.68 % VIV
lau.u. § Co, = 206.8 litre
a g
Aatlu mol = 8.440816327 mol
a g
Anilu gram = 371.3959184  gram
1 flow = 0.005 vvm
vanoau = 8 litre
gas1ms Ivan e = 0.04 I/min
= 0.00004 m’/min
1 W1# €O, 152y = 0.014855837  g/min
1 ¥. CO, 152U = 0.891350204  g/min
1 $u co,idhszun 3 92119 = 2.674051 g/day
ANMINTY Chlorella spanaei'la
1NNMINAADIU 200,57 gl
y 9
ANWUINVY Chlorella sp.
masnilunodnd = 7124.56 mg
= 7.12456 g
Carbon Loading Rate (CLR) = 0.3753 per day

130 = 0.1251 per hour
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% o o [ a £ 1 %) 4 4
ﬂ?i’)t’jﬁﬂﬁﬂﬁ-ﬂm 0.2 ﬂﬁﬂTL!’Jiuﬁ’ll‘]J5Zﬁ"l/]‘h'ﬂﬁﬂ1fJL‘V]3J’Jﬁ°1]’i]x1ﬂ1ﬂﬁﬂﬁ)ullﬂﬁ)ﬁlﬂllcﬁﬂ

(Liquid phase masstransfer coefficient coefficient, K, a s )

APINMIAUIUK, a Flow rate 0.05 vvm
AR Qg = 0.4
VUIANADATIU = 1.59
Airlift
Superficial V = 0.11
co, 19, C1 % - 24.22
C0,001, C2 % > 14.68
Henry Constant — 29.41
C* - C1/(100%H)
= 2422/100%29.41)
C* = 0.008235294
pH = 8.3

*if pH>7.0 H2CO3 is

negligible
Retention Time = Tube vol./Qg
= 1.59/0.4
Retention Time 7 3.975

liter CO, adsorbed =

delta C =

In(C*-C, )-In(C*-C,,)

Y
NAUUAIUIUAT In(C*-C, )-In(C*-C

out:

In(C*-C, )-In(C*-C

out

((C1-C2)/100)*Qg
(24.22-14.68)/100)
0.006
liter CO, adsorbed
0.006/1.59
0.003773585
0.640

= =
NnIa 1S UM

I/min

cm/s
%

%

mol/l
mol/l

mol/l

min
*(RetentionTime/24.5)
*0.4*(3.975/24.5)

mol

/Tube Volume (mol/1)

[C,=0,H,CO; is negligible]

~ = Y o < '
) NN 30, 45, 60 UIN !La')u']ll'lwaf]@ﬂi'lcl/\ligﬂj'm

) fua 1d211e1 K,a laninanuduvesns deiaedialugll
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2.5
- Chlorefla sp
o° 2.0 R’=0.9422
- slope=-0.0127
Q
c
T 154
o
3}
*_E 1.04

| 8
0.5+ T
S
R e —
10 20 30 _4? 50 60
t (min

4 o ' 1 9 o 1 9 1
WBMUAUAT In(C*-C,)-In(C*-C,,) ATV 4 AME 1 Touns vl a1 K a w1lanna

out:

L4 U ) dyd 1 1 U a d_l
AMUFUV0INT N TUAI0619UTAUNINDY 0.0127 TUIN
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M319 9.1 AIAIVOIVYDLUT (Henry Constant)

f31: Francis L. Smith and Allan H. Harvey (Sept. 2007)

Some forms of Heniy's law and constants {gases in water at 298 K)
adquation: kl—I,pc — pE r!:?H,r_-r.- = Ca kl-l,pu = pﬂ_“ IIFl']-l,r_-u: = C_lq
Cag Pas Tag Cons
dimension: |Lmllll L L I'I’!Dl,:,h- ] laT.-I'I’I : mﬂlﬁuh.] dimensionless
molg., Lo - atm molg,
04 TE9.23 1.3E3 4259 E4 3180 E-2
Hs 1282.05 TaE4 7099 E4 1.907 E-2
CO 24 34 E2 0.163 E4 0.8317
N2 1639.34 6.1E-4 9.077 E4 1.492 E-2
He 202.7 3TE4 14.97 E4 9051 E3
He 2222 45E-4 1230 E4 1101 E-2
Ar 714,28 1.4 E3 3955 E4 J4BHEL
co 1052 63 95E4 5,828 E4 23M4 E-2
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