13/7 ¥

Nova Biologica Reperta 5 (1): 13-25 (2018) IWSYD ) 5Ly bz (s psle jo (pgi sloazdly

28 B G wogn I (S ilwdings S (owhign NS H9 [Hawed 14k
Lol 9 gn| SOl 9 5

Tl 16 5" 2T ks s (2 e 0L DLl

VAY/FIY e Ol AYFREB/YY 15 0 /ARA/SF 3l s

Q‘ﬁlgo‘}égw)-\ﬁs;ﬁ}?o\i.i}ba;;«.ijL:mjb‘ﬂfwgmdb“;ﬁj@wwig;‘

O 01, e A&l (63,18 Lk poke 3aSCim sy (LB (65555, Sn 03,5
h-ganji@modares.ac.ir : LIS J fus®

Sl 3 65 ol )l S 4 (65555 g it (5lno g 0333050, S 7 4 W g el (S5 5.8 0808 Slais 28 5 035 ol oo
455 03 855 ( ST ot i gl 5 IS 03,8 o 1 3 o3liznel 35 90 (6l SAEST N 3 6 Sl i8S Wl el 0kd i OT iy o S
gl e ( S8 Aol 3 (6, 0 5 it 558 5503 E5 Stle 5 b L B ol 03 )03 Sse e 03 Gl 5 TSE DY (Gae
Pl e SISe ) g > Sl (g IS () (o031 50 5 LBl (6L Dl a 5 (oSl (sl sl &0 T (28187 (61) Sy 0 Kol
(day™!) josaine iy 05 5 (@) Sast 055 o5 ol Qux) (b s 5 () Do) S () J 287 Aol o 5586w 3T 5 s
o (Dl VY) L3l S 2y 93 (/810 /D) e g S0 055 Ol e S (o2 S n bl oy i b W el S
T v @B ol pleln i G IAVE s s e 4 @b Sl AU 4 Ole 5 B sl SV B Sl 5 do st J S
4 essbatl Sl Suley pad Sl eSS (Al s o) (53 5uome e J ST 015 0 (IS AU e 5 B3] S (sla 556 L5 30
23 0 g b slaaS 5l oslaws (ol 0 I S A?Uéii)'l adféjjo)e Rl g 9 Bl Sy ST 1 g (590 0 ) )

0528 Ay 5 ol g el ST (e 55 058 5 S5 5SS s ST (SO 319

The innovative engineered photobioreactor to optimize the amount of
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Abstract. Special properties and various applications of Spirulina species have led to the growing focus of
biotechnology to cost-effective cultivation. Open ponds used in the most commercial purposes have many
disadvantages such as risk of contamination, lack of light penetration, inefficient mixing and low productivity. In this
study, an innovative reactor was designed and manufactured. In order to control some environmental conditions for a
limited amount of an open pond volume, a controllable area was utilized. The conventional pumping system was
replaced by a new elevator system to reduce the possible damages to the fragile cells. The considerations in the
structure of baffles and aeration contributed to a better mixing system. The effect of factors including Circulation Cycle
(Cir. Cyc.), Control Volume (Con.Vol.) and Irradiance Intensity (Irr. Int.) in units of hours, percentage and lux,
respectively, on the quantity of biomass (Specific Growth Rate (SGR, day™!) and fifth and seventh day dry weight (g/L))
were evaluated using RSM-CCD. The maximum biomass dry weight (0.915 g/L) was achieved in longest circulation
cycle (12 hours). The optimal irradiance intensity to achieve the highest biomass was 8700 Lux. According to the
results, it is possible to increase the productivity and enhance the culture dry weight by controlling a limited amount of
ponds volume (i.e. 20%), considering the economic demands. The results obtained can provide the context for the
improvement of the overall efficiency.
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Fig. 2. Cross flows and better mixing due to diagonal baffles and aeration system from bottom.

O T Sl e 5 6350 Ll 2a g5 ol 3 45 Azl
53 0T 51 (A6 B3t Olpe 5 0L udy Ll b s w8 8
sl b bl IS
Sl 83§ J AT Sigar o ygi56

D5S6 aw 3b tasn oal 5 esbl bsle 4 ax g L
S Aol e Jyl 586 23S 5 ey S
IS e 5l de)n 00 Y Dl ek dls L (Cont. Vol.)
Gk 3 5k &S LBl (Bt OBl Dde 5 Ol 35 S
PTS- Juo) Lusbh <S5 jmby LB Jhows Lab
)AJL;J;SOT@,;-&:MH@,:}H&;J(DWM

ﬁ,:«f:ﬁ4§ﬁr.>,o-j|‘_;w):j\ﬁ4§(fArﬁ
(Circ. Cyc.) b S £33 )5S dh o jatia les
YL 5 e 4 B Jlal Ol 3 sl VY B Y 53 5dome
bl g da i onl gl g 3 a5 BB b Oles 3 b 51 5
Lolest) S Gilate oS 5 48 4 IS A5 0L
Do e )5S B o o e a6l 0t b
ol sty 4S5 gy WS SN G oSl o i Int) 56

O e SUBILED sla Y & Juate 41085 ate Ol s

.Mgﬁ\}udﬂugw.r
LS 9 by b Lawlgy S390 @ SE

SLGes & L5 Ody ot S oS (S50 ,8
ST Camilen 56555 Sla s g 3wl Oloj 5305 94 5ol
g e s M5 (SHs0 4 SR 4 &S g 25,8
pe ol (Sl b GCST )3 e e S e s
03 o id 4 S bl 5 el (63 508 LY
Sdde Oldles s 5L gladS (oo 8) s Sl
B Gl .l odi gw,  (Prussi et al., 2014) L.
G5 Jsb OB i) &5 e (sla oL 5l eslinal L JSCe )
sloul b (a5 1 7 55 6,8505 &sl5 e iz s ooles
F3F el DU OIS el 0 lasisl
Lol 5 L BL ) 5O iom 55 s 0L (ample
Q-:‘;:)J’;;“"}-‘“bt‘é;ﬂﬁ--‘:‘r“‘ﬁd‘—}‘s}‘ug@f
5 82508 G st s SBOLr ol skl 4 s L
D 55l Sles ¥ S 3 kS o ST 0T I e L3l
ek bl L Bl ol el ek 1) Sl ol g8
5k S0 oles oy Sk 6505 S 5 b sl



17/\Y

Nova Biologica Reperta 5 (1): 13-25(2018)

B
18 -

3 Dl =6607.22( 0L ,o) + 1129.6 ;ii
“i 15 R2=0.9871 / ks
9 12 - y
; ) :3
=
g ° 2
T3 =

1] T T

0 0.5 1 1.5 2 2.5
(A) ol ol

WY 1 Blad ) als S psle ) g slaasily

- A
81 28,5 po = 0.09895(0 5 5l ola) - 0.1367

5 R2=10.9939

30 40 50 60

20
(5) (232 5 (3031 3L Lo

0 10

;)L_f- Ol - ui{\: Sl :Bj ;é)")‘:":' QM)\{QLﬂ)—LS)}TGv»:AQ}:A‘ﬁ:!KLSLA)B}Q -r J:;;
Fig. 3. Calibration graphs A: volume-opening time of solenoid valve; B: light intensity-electrical current.
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Table 2. Regression coefficients of coded independent variables for each responds according to Eq. 2.
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Fig. 4. Comparisons of the fifth and seventh days biomass values and SGR in each test with the average values.
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