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<SUMMARY>

-Development of microalgal biomass which purifies piggery wastewater

anaerobic digestates environmentally friendly for bio-gasification
plant and microalgal biodiesel production process

Commercialization of bio—diesel using automatic high-cell-density microalgae re
—culturing system and applications of its by-products

Technology development for producing low quality agro-livestock water for
microalgae cultivation through anaerobic digestion and physicochemical processes

for ammonia, color, COD reduction.

Purpose & |- In this study, Development and optimization of technologies anaerobic digestion
Contents process for, its post-treatment methods, and microalgae cultivation process.

- Analyses of physiology and fatty acid contents of ArMO0029 and other microalgal
candidates producing high amounts of the lipids in a wide range of growth
temperatures and salt concentrations

- Optimization of growth media and analyses for genetic information, cellular
metabolites and lipidomics of the microalgal candidates showing high
concentration of the lipids formation

- Functional analyses of fatty acid desaturases in £. coli, yeast or mesophilic green
microalgae by introducing recombinant DNAs

- Development of microalgae delivering high productivity of biomass

- Development of an optimized technology for high-cell-density microalgae re-
culturing process

— Minimization of environmental pollution due to reduced water use and reuse of
purified anaerobic digestion water

- Reduction of facility maintenance and installation costs through the miniaturization
using living biomass circulation culture system

- Anaerobic digestate of piggery wastewater was presented as a new source of
revenue. And it has created a new business model of rural business environment.

- Through a stable anaerobic digestion of piggery wastewater renewable energy

Results was producing and the pollution load was reduced.

It provided the anaerobic digestate for microalgae cultivation.

It solved the cost and public complaints that occur in the process of recycling the
digestate of piggery wastewater.

It proposed possible to link the biofuel production, animal feed, fertilizer and
useful materials.

It may be possible as a means of increasing the income of rural.

The optimal growth temperature of ArMO0029 ranged from 4 to 12 C and it was
found that freshwater media was the optimal media.

Qualitative identification of bright yellow colors of lipid bodies in ArM0029 cells
by Nile Red staining. Quantitative analysis of C16:0 (palmitic acid), C18:1 (oleic
acid), C18:3 (linolenic acid) as high concentration of fatty acids in ArMO0029 by

gas chromatography.




The LC-MS analysis of ArMO0029C which showed five times of phospholipid,
diglyceride and triglyceride compared to those of mesophilic Chlamydomonas sp.
as the control microorganism.

ArF0004, ArF0006, ArF0022, ArF0024 and ArF0032 were selected as good
candidates based on fatty acid contents and yield by qualitative and quantitative
assessment in KOPRI culture collection of polar microorganisms.

Tris base, ammonium chloride, magnesium sulfate and acetic acid showed
negative effects on the ArF0024 growth whereas calcium chloride, potassium
phosphate showed the positive effects.

Negative effect of potassium phosphate and trace elements, and positive effect of
ammonium chloride, magnesium sulfate on the ArM29C growth under 0.05 of
significance

The analysis of kyoto encyclopedia of genes and genomes (KEGG) pathway of]
overall metabolism related to the genes for fatty acid enzymes obtained from
next-generation sequencing (NGS) method

Identification of high concentration of diglycerols and triglycerols capable of being
converted to the fatty acids in the culturable temperatures of ArF0024 and
ArM0029C

Collection of 55894 and 8947 contigs in ArF0024 and ArMO0029C by
next-generation sequencing method, respectively. Selection of more than 250
genes related to the fatty acid synthesis for ArM0029C

Identification of the fatty acid desaturase (AChFAD6) that converts C18:1 (oleic
acid) to C18:2 (linoleic acid) from the genetic database of ArF0006. AChFADG|
encoding 424 amino acids (48.2 kDa of predicted molecular weight) increased over
three times of C18:2 fatty acids in the induction of AChFAD6 in FE'scherichia coli
compared to the negative control (vector-only FEscherichia coli)

Modification of enzymatic activity of AChFAD6 by site-directed mutagenesis on
amino acid substitution in transmembraneous region which confer the ability to

convert C18:0 (stearic acid) from C18:1 (oleic acid)

Expected
Contribution

Utilizing renewable energy to build a biodiesel by product utilization and
commercialization based through recultivation of high-density automatic system of
microalgae

Microalgae build biomass and biodiesel production process that can be purified to
a sustainable livestock manure anaerobic digestive juice

Using combined physicochemical processes, continuously generated livestock
wastewater can be treated in a short time.

Using treated anaerobic digestion solution, it is possible to cultivate microalgae
and produce biodiesel from cultivated microalgae.

Selection of a good microalgal candidate ArMO0029 for clarification of the anaerobic
digested liquids and for production of the high concentration of the lipids.
Characterization of the physiological characteristics of ArMO0029 that show high

growth rate in the temperature range of 4 -12 C and relatively high




concentration of the lipids in the microalgal cells

- Developing microalgal candidates showing high growth rate and diverse range of

the salt concentration analyzed by qualitative and quantitative methods in order to

clarify the digestion and produce the lipids

- Possibility of massive production of target fatty acids in recombinant systems in

various types of hosts such as E. coli, yeast and algae

- The intentional modification of fatty acid enzyme activity by site-directed

mutagenesis based on protein structure of fatty acid related genes

Keywords

Microalgae

piggery
wastewater

anaerobic

digestion

Fatty acid

high cell density

cultures
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COD)Sl FEE 50 g/l olv], FEUely Ake FEE 5 g/lol A MAEFE )
Fsprlol = B, @r1as 5 Fokol o5 BAY FEE RFolo} 5

¥ 5. 7FEE R dwbd ZA(Zhang 5, J. Haz. Mater., 199-200: 36-42, 2012).

General feature g/L) Metal element (mg/L)
pH 6.64 NA 606.65
Total solid 59.5 K 3956.82
Volatile solid 38.9 Ca 1775.03
TCOD 94.2 Mg 672.15
SCOD 54.2 Ag 0.017
Alkalinity as CaCOs 7.0 Cd 0.014
TKN 1.6 Co 0.119
NH,"-N 4.95 Cr 0.169
Proteins 16.6 Cu 39.18
Lipids 2.30 Mn 24.93
Acetate 14.23 Mo 0.420
Propionate 4.35 Ni 0.454
1so-Btyrate 1.53 /n 154.54
n—Btyrate 4.88 Fe 98.91
iso—Valerate 1.70 Al 41.28
n—Valerate 0.75
Total VFA 23.57
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carbohydrates, profeins, fats
1) hycrolysis W
2) fermentation solutie organic molecules
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¥
2

L

E

i

a9 6. 1A Al @1 aste] 24 55

=1

ECEETE
Q= 100m’/d
TS = 35g/L {2500kg d), VS = 15g/L (1.500kg/ dy
W00 = 2L (2300 )

HEHE VE = 1500kg/d04 = o0l d
Beogan 40T = (0 I D0Em kg = $50m

M7 $COD = 25000k d* 06 = 1 500kg/d
RS | Beoges 3 e 1300kg d04m Vky = B00m' /A
] 2] uha] SO0 el kg = s
& qbelule R L0S0m' A 5000kl m
= 5 ANk Al
4 PAaET = 100m' N = 2000 kcalf d
w5
Al

ATAD(Autothermal Aerobic Chgestion) g @rldisa

1% = 1i0m il 7x o) B=sd00kg/d MM E VS = (1,500-150kg/d50d = Sa0kg/d
éj-ii-t‘r - Tiday o oy el WP R s = (2300-7300kge JM0S = LTS d
vs delid = 10% - B0k 5,00 Hkeal /o & biogas WU = 3008 » 1375904 = LO0GIm"/d

fECOD Vel o= 30% = 4003, 000keal/d FEavn] @ F = 1 0e2 5000 = 53100006kcal

li— e =] whgek o] = (3,300,00044,00 5,000)-(5,400,000-2,000,000) = 5925000 kcal/d
H 7. FAE A o] @] A4S vpo] ot LA EA A B B YA EF
<EA: FHFAL

FoEH7IE/NEAY B, {14 Bk Al 3oy A Ak A4, 2009.>
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24. Aw &4 849 dF ST AT 1% wde] 7HsE. milkingo 2 HAZ
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& 7bs, BawA) Bae, AW BesE e oue A% & e 09 2 ol
Quja S FUMA7I A v M RF AAAE AT 5 e FHo] e

2. whol 9ol i) @ wol 2 FEAE ARl ol ouls, AeBAEA @ ofFe Ho| 53
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AE $2 wAe] gao] ol wek AEARLE ol 48 4 U G F714
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g 25 2 AFAZE

(1) AHL=E $243F 30 ~ 37C, L4350 ~ 557C.

(2) 28t @FEE AFe X9 AHIT AV Jded F248HA 25 T 30Y, 2h
3kA] 10 ~ 15¥

(3) ALAskA] HEEo] WEN HTy % JhAE ALVbs AW A8, 94, e T

(EEETFLED

a9 10 =Wt e 7ka Y] SR

vl pH

() BP4ee] pHe 65 7 75, A4 pHE 7.2 7 74.

(2) pH7} 65 °olatd A9 AF A4 At} g ygd Aol @] ZAold scum 5o T
Aol WobAal gas WA Hl Fol.

2
(3) pHOI Aste 7189 Fabrh @A) wobd wl wAsA e A A AR F

1% Bl @ f71 AHEEE BE W G710 o] gate] MEtaE AAtel
C Ry AR 7 RAEEE =gy] W] f714ke] FA5 o pH st

(4) pHE Sherstad vigg g Al 4ol Wold CIL B4 El F43) st

(6) Aoz f714e FEA 2000 ng/Le W& © pHAt F43) s
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® gos
- 0.05
D.00 0,00
4 5 [ B a
pH
— M of BF w8 BN
n

a3 11 Abd g el Wewtg x| A pHEA.

Al 471E]l = (Alkalinity)
(1) #7174 a3t O’OW Gt e T2 Ui A T = dEY ol FE

SEEIELE
@) mstzdl RS GeAe) A, Aadare ¢ 2 sshel Buel oA W,
(3) &8t fF5de A Ee o Aow f714e] TS TheA ol W

(1) F7el=E ZReE pHAS FHRTGE 0] WaE B4 71 9
oh AT W 7Y

(1) COD 1 kg3 0.35 m'e] CHy A4

(2) HA 7=+ CHy 60%, CO2 30%, HoS 1%, 71EF No, Ho, Oo7F227F E3H4.
(3) A7k A= 5000~7,000 kal/m'.

(4) CO, FFol 35% o4 A% &sbrlsel ool 9.
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(ke/+(2))

(L/5(2).9)

keFULE )

T71=

(ke/F(2).¢d)  (kg/F(2).9)

F(2).¢)

720 T 1,260 1.8

200 ~ 350

3.6

45

30
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0.15
0.0072

1500 ~ 250
6.75 7 135
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300 T 600

_16_

0.5
0.0225

0.625
0.03

2.5

0.12

=} A




il

oy

0

Hr

7174 Aol Asl=d=

2|
=i

FRE

A Sol

!
do

NI
E3

Ao 2 NHs7} pH 7.4

T 76 oAl 1500 T 3,000 mg/Lol A, pHel #AIge]l 3,000 mg/L ©]

215}

of 7]%

By
=

%

U

(4) &ztzoM e S42

+H 1 FE+ sulfides 200 mg/L ©]%, ¥Ew 1,700 ~ 4,000 mg/L, Na 5000 ~ 8,000

mg/L, P 4,000 ~ 10,000 mg/L, Ca 2,000 ~ 6,000 mg/L

=1
S .

I
Klo

~NK

7o Klo M0

=

TN

20 = W
<1510
ffr Ho &

Ho

MA 1+S 7t
St

I

-
[=]
e

of
4
o
=3
Ho

A

r/

494,

a9 12 MAER B8 87 A9

_‘|7_



—

™

)
=

7h AR 60%01d DW 7€), T4 2=

AzFe] NEFEE - A2E

vl
=

x5

3 uhol@7bs Ak el astel (7}

=3B
R IaUs

7}

S|

nlo]l 2wl ~E N deficiency stress method

-
R

WoF o Ak

F 60% o] .

3}
=

sho] A4

A,

d

Chlamydomonas

ol
=

)

&

A& wepol 7bs

al

2=
=.

7F. 30 g DW/m'/d o]7¢e] whe]ewjx At 7hg 7]

Jo
—_

b &3 wlF Al AL & 50 ¢ DW/m/dold &4 7

27

ol

el

(&%, pH, AFAZHe AE 2 H7 3}

7

7123 7]EZ

3
A=

7}

To

w

A 7]

ke3
T

7143k AR =

==
A=

B

Ho

hEUol AA Tl A

|228kee] M AA 7]

~
ol

o

]

W

of v %] &}
aA A

< °]

L AR A o] 7]E wpol et ALk A A

=
.

gl

Ael Az 7

=S
2]

D

boAgg Az

3|
pul

| i

2]

A

& Aol 53

s
=

’

ko3
T

]

*

23t A

=i
=

(EEEEEEEE

=z 3
L = |

7. F-alH Fo u}

i

A4 7]

ol
=

8 oy 711 dmYoel AA 7)e A

N

_‘|8_



71423} AEAA FAEE 2

A, 4

10. kR Yo} A1A

et
o
ze)
Ho
e

K
o

ol

Azl (A=A

ko3
y T

11. A=A (FEYoel AA), d7]43

s},

]
S|

N

{ﬂ.

trouble shooting< &

=i}
=N

=3
aL

oNA A A

ol
=

il

=l

5

il

7}

E

-
o %

J

olox
=

71223} pilot plant 7}&

14. ¥

S
&

{3} WA}

SRR EE I D

ol
=

ArMO0029

@‘

)

Aol EAH 7IHE o4&

A A S HiARA],

ato] 2

%

gHE

17. A

A2 work

oF

o
N

Adwel A

o

N
R
>

olo

el
TR

~
B

_19_



Z b 5

131,335

46,581 186,141

<EFA:

425 w7)%e)
19914 2004 47.6% =

% ]“‘li‘ ]oﬂ M—L

2. &
73.
=

| ®oIE =AY
aryet
. 139,550E;’ﬂ

L ST (R

9 13, f714 #H71E ALE A

ol
=

3. 2011 2 7] H Ak
=ol TheES 84.4%,

T AR Edo] Y s

) S eEEAAY

AR AR 10% ©] 4

xﬂ ?ZZ]—_Q__Q

o] ¢l B4

A7 & oLl

2d
Ao ATEIL U

<F 20068 71>
g 517 219 T AL, Waste-to-Energy Report(vol.1), 2008.104 >

199735 ALz skel g7t FXEo] AlgsteE 19984
mid 7 Adta 9le. HujdE 19984 26.6%0 4 20041 42.4%
W3k 502 oF 10%7F A& AdS(29 13).

‘WeadA | 2507 —
WP FHOL F 5 464

MAYEE & 1,516 |

nyiE
9,487
Eig

| JiEEs

il s e

WemE 7I00E/S

?rjlﬂ
zn 4912/
L (T48TE/T)

Slillz=

=

WWE 540205/

TR A, 20085

ot
Hl
riot
oﬁ
N
o,
ol
>
=
Do
o
o
*

AL 20106 1,500 Qo) E3sit, A s gF7] w2l o A
o7 Wssta E}"hﬂ v o= FoiE A wo] 20154



5 #H71E duyux3 A A$ 20059 FE 2010 7FA] AlA A F7HE9 2812 6%9
AAES JERYo] 20109 7oz AAA Al 1.9% sidsls 509 @/ Al
A RS Bieta e Aoz Buglyx & et 2007).

i

O

6. 1B YT/ HAW SArEeAe] ARSI HFHOE o Fol A B
qow 3799 YA ket 9199 BANEUS Fu
o) AAA wH7} 79,

7. FHEY ESAH AP o] AxHE 4650 T 7913w w AL o]gow EY Agdrt
=, 1,463 T 31,8809 /m o2 YERE S

8 (FE23AA, (F)GSAA, (F)eiad, (FHaAdd et
SHEFE] Ao BAH R A& (F)dAAlERA2E (F9)
=g

(F21A 71l &5 T3 22 20099709 &t 719 A7t ]%714‘%':}7% g3 Hee F

og Olﬂ
e
K
2
IF
N
o=
Fﬁ
I

F9 Ul #7144 AV 2 9 Ay A%

A2 93t
7] & e Eall HhA) 2 £)i]3} . ols -
(BAYE) e . _ B "
=3 =) GilE 7t Aere .
i g S Aem T ey

S2E2E) 12,777

20114) (/) 4669 7,149 394 u

gete 2 g 17,000

(201013) (m3/2) ] ,
grsel ) 8,438 N I

@0104d)  (E/) , | |

<EFA A ER HVIE AYAA &9 39, 2012 SF-SAAZE, 2010; = A, 2010>

0. MAZFE ol g% FEHA A5 D §714 AVE Aele] peE F) AL ofH mY
Aelol glom AAl fAlE F714 AR Ae R FA B A =

nEoto] A3k gheto] of ¥

10. = el A A=) ks 913 7h5 % & z27] dAR AAG B
S Ao w oby FEst e A7 BA e Ao A wEIF A 20029
aAE R upe] VA o] BTE s s ARl = 2
g E el glal, =8 = Al M = d
i HlHE Ak gloka vk vk gl

Py
ghs
kr
ik
ofo
o
Al
=
1o
o,
o

N
Ay
2

>

Ir
N
(e}
—t
ot

_2‘|_



5 =
woE o
L o ®
ﬂu]u V&ﬂPav;oﬂLN_.
e v 8T - J
- = ) 1%5 i o o § o
T = 1|1_.,1oumoaT(.nsnm T ol o
a«ﬁ.d @x%ﬂ Lioﬂ = oﬂozﬁlr
i&ﬂpu Lﬂ),e_am;_xe = o %mooaﬂ
ﬂﬁmﬂ ;o‘_ﬂ.ﬂTo 0| _ﬂ_gau_oh_ % LE g o oo ﬂl.
g 2 Mwam.uww ~ %%ﬂ%ﬂi? ﬁow_ﬂ,
= 3 _ & ﬂ}ﬁo_o o _QEDTA;O o T
%?Mwu %mw,mxumﬂﬂ T ﬂﬂ%ﬂau%ﬂ %wn%wvmﬂmrm,uoﬂ
) = 0 /\_ ,NE,.J ]\n/. LL] Ie) T 0 of _— 0
BT @E,@E@ﬂp& = g mmu.ﬂ%@%w _ﬁ%MTyo&ﬂmﬂﬁE@%mb
R 2l _é@&ﬂg%a 2 HTmewéﬂ# aam@wo;ummdlfoq
dmaum N g & ﬁoloﬂ < o e Lwﬁ}ﬂoﬂ MWW%HTQ_z]} S ¥
wfﬂ%% _f.o,mﬂﬂ o ﬂm. alﬁjﬁﬁ%_ y,aauﬁ& 2qmoi~17r
\I/\!_‘I —_— ~ Iy ﬂAJ.ﬂO_ X ) - N )
%ﬂwumw ﬂ%mmﬂ%ﬂxwoﬁ xmﬁ E#ﬂ@omaﬂﬁmﬁ ?mrﬂaqwﬂwwm%o%ooswmzf
of 3} Jo ° ) Jl]zo 0 —_ . 1|»mm 98o
G o Qe T = Iy T N R T LR Jo g_
é.ﬂ? Hmbmaz,_“fxw T s qﬁ@mﬁumevﬂ MMEWHWW%BmﬂWﬁ@
Jl_ﬂwﬂ_dn ouvm%ﬂ,#?e_ux‘l. &o% z?iod|7wi£ —_ ;oﬁ9.. ﬂﬂﬁozo.
%X»AL»A; OPhUtH ﬂ]ﬂ.ﬂ‘lﬂ_x ‘O|9 /\‘LI,I‘VIIII,JIIQ D_.EyAHT., EOOO1:_AI1_ZJ ,_lv_mm
NN {3 T@owom = @Da_aﬁxvaw @f@?ﬂ Lpno,ofﬂi
o] ' = szu_x 2 2 X - ATEO ! <A nﬂ]dlz;T%/o/ —
ﬂi@am Lmuown R s mu_%_% LWJ& o+%ovmoﬁdﬂﬁ,me7ﬁouﬂi
MR o B ® X _ _ ﬂeww IH < Qrﬁ. &TL
M@M% gm%awaﬂﬁwaﬁ 4 % %ﬁmﬁmﬁz@u ioﬂjloéﬁ%mﬂwwﬂ@
0 o ]C_\), — X NG £ X ]1_ —
R T 4Wéa7§ v @&HOQW i zwz%maﬁmoﬂo%@&
o) . T o R0 Nlo 5 . T~ i ay ol B ]ﬂon;o o R K Mo Bo o0
9_%%% @%evwo s 2 7 5 o B Pﬂ%ﬂqﬂ huﬂwf%am& ofﬂwo%
- % @z%iﬂ@%%% B = %%N,1wuf% _MLW@H?;E Nm«ﬁo%ﬂ&
17r17rz.§ ?w%%(guo%,m)ﬂ IR, 7_#M1MME|§ ioWﬂHEATW_aTJ&mﬂ,OvAT
- B LAOHT%zm&%a =92 s R L%%HT%aﬂsz1aﬂ1
T Ao ol I % = S quHT%1 o n =M " @;oogﬁl%
ﬂ}%ﬂ %5%% o = LR o M T 6N oo 2 A ﬂ}}_.ﬁo X
5 2 % 1oﬂuTHT DN@ m X zuﬁrﬂ.q%7 @ T gy.@ﬁf_aob,,ﬂao
T ® LJOK o o 1011@17% - L 2 ¥ T
gy W 41ﬂAoux0T? w L 0T P i 1ﬂlo%ﬂi $ o _
GHTHT_E o o Q it et N ﬂléoﬁ] %%]xﬁumoql I ]i
N Euo .e—u;oet _ X ﬂw“ 7ﬂﬂﬂ ]A = ﬁﬁoT AVL9@M0%
duq_ﬂw_ﬁ zdm\aw_ﬁ\)yﬂgown% _1_XI1__A| ﬂﬁﬂovx\O).oﬂr iy illmﬂﬂomv7 Eduo
A z uﬁ%_y6 N { LEO M EO7L DG =
T H11a%%@ﬂ§ M %ﬂé%mgﬂ T %%ﬂ%dﬂ%%1
= MAWW ,HTIEE %oﬂ = O o) N :.LQ ‘m@EHTEeWﬂ/IﬁNQo Zﬂ_‘mﬂo]
I s ET _ o %%Nmﬂ,gﬂ o ﬁyoﬂmo1ﬂq.%, < 3
o fg19uo ° o o ~ %d%ﬂa 7 ZATDQ
1 © S o @E Ewa e LE R =TFgit -
14 o Wﬂ_/mLT_ZTV X .._]XOZ! oD 72 r.c
o Hy G Z,ﬂooovﬂrﬂmollﬂ_/l ]MXXLﬂ m‘meL LMﬂ.E
- = J_A_/E Mz&ﬁ%i o ﬂ%%ﬂ
]Lfmﬂ_su\ﬂﬂ Aﬂ_u]L_xﬁeroEﬂo] e
e 5 ™~ ﬁo =r = ﬂo o X Y XO S N o o HT K
4 7Eﬂwﬁ% o %o x@uﬂwL fowrour«
= 7ﬂm %h_ Urmﬁmﬂdﬂ%lEATﬁWMo o
‘.LO; _XmlLl_A‘Ll /ANXE
g o B’ ﬂr,._ mﬂ ™ o Ho iﬂ Mﬂ %E O% _&o
‘Dro_z,#onﬁwﬂ
._50

- 22 -



HStotrxel &
1,500m3/2

80K

FUIAYA 1Y

AM
=

o
z
AT s
1
1)
i
=
h
%
L
<&
o

a2
PELATEN

9]

F/ 9144

S

pud

T Al A

a9 14 AgtzFAel $1A]

33

(1)

jF =3 Aot of e, FAl

(2) FA:

ol

~
il
ol
N

oo

o

L
B

o

o
)

ﬂw_wo

—

°
Nfo

73
e

B

—~

;O\_

o

M
e

O

s

o

Aol 4 AAFA A

o B

_23_



-
o

17. vho] 2.0] % Hho] 2
7wl R ol el AN

[e]
G T dFE R AER

)

otz edstr] A s vAzFe]
]

£ s 2.

139t F&71%, cell settlerg ©]§3}o ©

=
. vlo]Qol== 7t FAHAAE EESSte Tete] Awst o] 7hsd AlaEe R o
q4& 3} integrated systemS 7HEelS-(29 15)
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Fol o npolord P rEAE AAIHY 2 A (FEHIE A1012444690000%.)"
2 oAENge B¢ AE L ASAREY AN g 2 X ($5Us A
1012511910000%)" = 53] 55 st S(1% 16).

LR

[RIFERS IR iy i Esitaamctianm

R v L

Sulgi s 'ﬂilt:ﬁh Dy dlgw

W |3 3 A

|

el O% A R Hohal: lAEF

_25_
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integrated system”& AASFF o B A Az vfd D A EH| Y EESS A
Ao g FE3le system”S MEstal olE FHEE WHE AASL S
J

=
v, WA EFY vl F milking AlAES eExE BE

, THRE 9 =FHEZ FAH
of ggstd HaFAE y|vtez AA 2 Azx7} 7hs et
(1) 25x4d 25 ZAYY 255 EUHYSY 1 432 =ZE5S Aoste] 44
222 FAEA e VTR TA mARF 2 ALK mAHARF
B B4 HAH2LolA wge] 7Hs
(2) =3 2E: 9 2 milkingAloll &S FHEA EFsE 7ol o dAZ 3
A4E A= 7%
(B) =& EE: 2xxd £98 FHI}E 2 9IS e =23 Y 2 milkingol
a3 gd98 FHI}L AAE L AVES I5EE VT

18. 2014 A4z AAAANIA BF ADE Ba) F = A Aol BFF F vl 2.0

uAel mEe 1202 s =R u}°19_°ﬂL17<1/’ﬂZH*£°ﬂH7<l (% FFD : (20129)
27 & §53, 2014).
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FTa719S MEAdT JHEshar A1 & gd, 2014)

U B FQl FEE vhole AR gFEQ 80%E AASE A2 uio]lduER
A FEREA T8 S St e vollo v g e FE S5, AMRTT,
4 SogRyE AsEa 9low FHT oeke Asle] tmEA Frbge] uE Y89
HZ FAE 7FA =, o9 2 AMg9 TUtE AH A BFo BAE opE A
49 des QS s HAEYEE o] & HAA wloleus F§ V]Es)Ho)
FRH L A (F71E, 2008).

Ul A= 2002 5EFH FEAY AHgEE 24 AR AF FH2 1400 2olA
Hb 2pES ez BD20 (vlelot A 20% &3 AR FEE AW Hgo] AjzEkE Q)
L. 2006 7THEE Hioletd BFAGE AIxor FRHAL, BRFIEHE BD5

BD202. & o] 918} % 9 (275, 2007).

BD5= AARE whelerAl AbarR e whole Al (BD100)& &+ wol Az}
71E ARATe 88 (A= Fha)s S A A A Avsta g

Hhoj et A7 &3 Azl Z7p AuAl A A7t 5
b Abd (M2, BE A7 Al A4 B kil ol (8, 2007).
A vlojende] $7] BE 2EYS 200730 WA, T HE Agd me
20083 E sl A AE Aol Efehe vheletd dRE vid 05% # 5o
2012910l = Aol M AmiE = B 5 vholet A ghdol 3%7HA] oA RS Skl

(715, 2008).
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TUlo] Hiole ] A2 oF 2% HLE zbAstal glom Hio] Qo ehE& ofA AR R
FEHA g JS. mloloyAe] Fo YERE UFHF EE Fodo] AEEHI 9o
U, mAl 7S o] &% AT B ARFA A o] FojF o m 20200 7HA = 7
AzFE ol&3 F&s7t & Ao= o453, vloldehse] -9 2006 who] Qof g
& S Y3 AFAP7F AFEJ e 20073 99 olee Egtddge] Ax F3 o
TE 25 (F71E, 2008)

EAA vlolemjae FAA AMRFE, AP ) Be dEEA 95 (&, U Ee
FAtaE ) ok @ wjAE o Ao waHA e #adoe] EeRa o] dEE
A 52 g837] feiAe gady 3 i AERZsae udERs To=
Helate AAg7E 2o oA vo]lomjad dAe 7=t F37les SES
71 918 71=s Adstal (]34, 2013). KAIST o]/¢ ol o
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(short-chain alkane)< AJ4Fe 4 A &(Choi and Lee, 2013).

%0,

#F 10, =v 719 o AR & FE, 2014).

Fo} 719 Fa 7eAT 2 Ags BE
2006 U Al FEe mpoledwe Fi, @4 Adulg a4 Adiiu
ElL I <= F3) 13
i]'?‘g‘ﬂoﬂl‘:/}__-—% H]' ]4— ] = erﬂ 7]E lll\__O] HH
mlole AmEd % wole sstEd AxWWHoR v F3 Hepd, <
ulo] 2. wulAlol, B3 5 se] 5% 58 &9
o g2
mho] SA~E 2 | BxFoA vlol2dehe S WEE A% $4S A AxE #¥
Hho] &
G )~ A7 = BeA 25 T mlo]edwe ARG 44 2 A THL 4T
Gs gas | 20079 ROl APEE AR ATE AR ol vhole pekE st
Hho] & o il
Ree
SKolmwlo]d | upo] o ek FAo 2 24t ol A& Au F9
SKAMZ | Sy A vlele HA A Z1Q(AsE 12vHE/d)
el A7 8HE AAtale] HekF A2 wolord 989 AFE WS
= AALH (A4 6HE)S 14 F
Hhelev shol 2 t) A eistel olo] miolou A RabE R WASH: HAA FEAMY
N4 | < Fete] FTIE/AEE A4 FAAVL AN 1NES Az LS
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Mol ad BRnASuE o4 AA ol AavlE A
(. 7hoFel =)
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24, @ s R JleNe F

L EAEARA AA AR 2010 1,25091 2ol 20200 25009 Eel= 37 (29 18).
(=91 Alef 2e)

w
o
=]

| B |

el
|

=:1

=
g2l
=yget

] jt!EI
200 -
o
A
150 -
(=3
=
3 100 -
50 -

20084 20094 2010 d 2011 2012 2013 2014 2015

J?dﬁ

9 18, sAEAA AA A FTFE.
<& M&M, Global waste to Energy Technologies Market, 2010>

2. M&M2 AlA #71% oy A8t Aol 20081 °F 207.59 EEloA] 20154 299.8% &
= A%k, 2010 T 20159 7HA] ARt FE o] 55%0l olE Aow M.

3. 2015 @A 7)& Aol WA Aol oF 637%E AA s, 2010 T 2015 A&
71w A Hat AFEC] 883%=2 =4 Ve 2 dAE 7|Eol HlE AFE =&

Aoz A

4, 19909t o]3 AA BAANZL A& A ZF7 e

AL EBIel ] s}
2000 54404 Z&elA 2010 7,9679 del= I3
o

WA & A E
oF 3.9%4 <7hatal

296 Z=7}aFar 20204

o, 2011 ol A 20208 744 At AEC] R E3tste] oF 3.
o= AlAl @Al oF 12 86569 deld ol& Ao A(2d 19)

g 19 AA BBA R B A W (2000 T 2020).
<Z*: EBIL INC.San Diego. Calif.2009 W=} 5>
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10.

13.

14.

17.

87 g WAZ A g AR welowz SAAge fFus AA )
W US$ 1.25 bill (1,25091 €, 1$ / 1,000€) A =o]l™ 40% (5009 9) o]/do] &dolalol Al
Aol A AdE a9l e,

52 open pond4 race wayWH o2 At o] & wlMzFo|H, g (W]l
oaf AAtE WA ZFE open pondit race wayol Al AAArE mlAl =%
T 10819 7HF o ® FAvjEa QAN At FF EHFo R ofz HAAAHQ FHI} 29

A7t BEEA & o T A A (100%)0] e = A4

u
=2,
=)
ol
S5
A&
B
B
-
o

T8 W dAlste] FAZRFE ol &t Al Al&®o] Fr]E A W
2 AA] (Arauzoet et al., 2000; Aziz and Ng., 1993; Carberry and Greene,
1992; Graggs et al., 1997; Lau et al., 1995, Mihalyfalvy et al., 1998, Rectenwald and
Drenner, 2000).

EghH 4 53 | 52 A GEAFE AAS] f&l =7E nAstste] 243 (Tam

and Wong, 2000; Travieso et al.,, 1996).

=
APl ol 2= Al el MEShal s

9= Redcardl] A2Ag FAFANAEE Aruprtet A 257 im0 o ¢
A

hs (¢} =
osta, JlEel AABFAL AVE Bel AaUe YAGE W FTen At

o] mAZRFE o] &3 HATAY AAFAFS T 117 2orm dixdld AHAEFE o&
st #4322l New Zealand National Institute of Water & Atmospheric Research
(NIWA)+ High Rate Algae Pond (HRAP)E ©]&3te #Hl¢AElel sAlod nlAz=F bt
olemiAE AL NIWAS A+ &34 FHoA A&4 ik 24& 5o AT
HRAPS #H4 A2 5&2 Waste Water Treatment (WWT)X.t} <31 pH<8Z #|3}
o] algae/bacteriasymbiosisE F*st= Aol 7Fsd. HRAPIA =7 A4S 18 g/
olwl COE #H7IetH AAbAdol F7F w2 A=l Christ churchol= A ANA 7Hd &
TFE=Z Sha (4 x 1.25 ha)®] HRAPAH] (19 20).
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E 1L &9 mAlERF AFY d48 9 V)=
) Areal Surface Total
HRAP location o
productivity (g/m'/d) area(m’) volume(m')
40 - - -
29.7 - - -
Hawaii 26 - 48 5.8
30 - 9.2 1.1
Commercial
) 375 - 9.2 1.1
production
14 - 100 22.5
New Mexico
21 - 100 225
Israel 12.9 - 2 0.3
California 184 14.8 100 -
33 - 120 -
Israel
35 - 150 -
New Zealand 25 16.8 32 8
Wastewater w
Philippine 15.3 11.9 100 -
treatment
Scotland 18 - 13 -
Spain 27 7 148 99 ~ 115 1.54 -
Kuwait 15 - 12 -

19 20. New Zealand®] High Rate Ponds.
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18. "=+ California Polytechnic State University® Dr. Lundquist® P]AZFZS o]&3F ¥
FA g el A CaliforniaT¢] A2 42 N<2 mg/L, P<0.1 ~ 0.5 mg/L, BOD
(organic compounds)<10 mg/L= AA. H4A2] vH]|€&-S $7 7 12 million capita 1/100,000
How FAHJOH HMEFE o]&3 HFAHYA C N P ratiod] 240 F83S
4% (Dr. Rhee?] N : P ratio &=+ 1-&). NHz;= 75 ~ 90% #|A. Bioflocculation< # 2]
a3 Fov AL (T 20).

20. Phycal A= ©
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ol

Biorefinery 70\ <
milking 2.2 A ZS FE3t A} vpo]leuj~E Wt s T wlo]ouA & AJ4tst
2
H

=
= oAgE 34 A

21. v]=+o] Algae 8 3A= ofgfe} o o] x: 2007) o]A4e] 7I1dE ] algaedl A bio
diesel ¥ bio plastic # 22 A-F3shAlE, F 2 AAFRFAF & A S

7}. Exxon Mobile2 Synthetic Genomics Incorporated®] algae biofuel AAtel] 69 &2 F
Zhsto] tEU 4 A A,

t}. Chevron< NREL# 20073 Algaecl A jet-fuel & bio diesel 59| oils AAksl7] 93k
AFA Al

t}. Shell =3+ 2007d 3}efolol A slefoltst, HR Biopetroleum¥} Cellanaghi= JVA H3}o]
algae bio diesel A4t

2}, 2009 8¥ BPE algac® F-H AUHZAE A2ksli= Martek Bioscienceol] 19 &2 F4}

ul. Conoco-Phillips €A 2008 C2B27} algaeol 4] biofuel A== A= A 4.

A Bill Gates®] FAF3] A} Cascade Investment™ algae bio diesel= AJAFs}= Sapphire
Energyoll 19 & Fx}
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22.

23.

AT AAFl &

2

offf o W

>~
Rl

NRG Energy® GreenFuelrli= TA oA HoE= 9
FHL B3 DL YA wlolo v ARE ALE
U}l Ba dastuat o
3F CEHMM (The Centre of Excellence for Hazardous
Materials Management)< A AFAIA HiEEHE #A5E &85t ofel 9

“oval-shaped “raceway” type pondsoll 4] Z/FE vj %3t

COE o] &3l
Shar v A

New Mexico°l] 4

Mo e o
>~ ol
- =

P2
i T
T
i

I L
flo

2L

1

K
%0
rr

]

S

. 2009 5¢ v muyAE )3 AFE 3 Metropolitan Council &% ol E =3
Hgoll A F7HAQ AR glo] AFE F A 2/ TS A, F85to] nlojodn

[e2e}
g Qasts B ANLade.

2000 T 2007 EE vpo]l Qo ek AR AW 19% F7hste]l 2007 6059 Lel

o= glom 2012:d9l= 1,4939 L2 S717F old s L, nlelevde] A¢ 73t A+t

60%% S 7Fste] 2007 1029 Lol st 2012del+= 3119 L= F7F7} old. A7t

A AR = vpol el = A AAA R AAl #EARY 1% AEE A s

oluf 2030l = Hul 5%7HA S7betaL, E8 Hiol oA o] o Sl

Loy AL FHNE Fo F7FE 2030d7HA A A ol ey A FHE A
[©)

=
ol rr

o

=

2o

= oF 200290 F oz Ay (o)A, 2015).

Hho] @ ol 1] Aaks $1%F /b v e ST wvbe] REAAN Qs daEo] 9l

td, oE 5o WoledRge] AR MR S45E, AL AYFSFE olfae

Bl AL EUS7E oA FAME ol §8)A4 vteletide 7Hg wel A
ke g

35 - 30.60
30 4 27.30

: 21.70
a0 4 17.30 18.60

in Billion Liter
]
h

54 0.89 1.06 1.48 1.83 2.19

2000 2001 2002 2003 2004 2005

| Ethanol mBiodiesel |

% 22, olgehg W vlol v A AAl ik FA (9] Billion Liter, 717k 2000 ~ 2005)(A] 2] 78 A 5, 2012).
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7h wl=

A AA 1919 wlolQ o eke AA= (AZF oF 509 A-)owm A AA F= AakEo
°F 70% 4~ (Pike Research, '12) 37 o] tjst #3} M5 FA e o] nlo]
=) /\]XJ% AGF AZAE 91%E 7128, Aakgko] 2010974 1.5 x 107 AH (5.7

x 10" L), 201297bA4 = 80 x 107 A& (3.0 x 10 L)7A F7k Ro = . 2022
W7kA 36091 Ao HlolLARE AnjdttE BRE HAASY, 1F 2109 Z2HLS
71E SEg I ddEE 099 HojedduE AL FHE U= diole
Ayxel FAR7F SFgoln] A ayviz JE Folv, due i
3491 L oA 2007 dell3= 2509 L 744 S7babglaL, vl 4 g AsRe
e Ak FA8Y] s Arkel AEetobAl Aibvls, dAE, 1
of Festal gl C)
=

I EN

ﬂr
X,
]
o

(o HE)
400
300 HiO|2H g E&
200 7|E ZEa
advanced
100 ’ biofuel
dz=o A
0 A
2006 2010 2014 2018 2022

% 23 v =e) mle]l e AR Hg AFHA G AT, 2012).

. By
AAGNA vhol ool eke Agae] 1 Fe Hapde Agss
22 A 2459 L & ANshY mlFel] ojo] A7 A

Do
o

-y

N
2

L

S

rV’

=

-z

)

m

ALY

i

=

Ak o] o] Apeko]l 95% olghE (EB)=E 3=, dA Babd o 7tHAsA= (FFV)
of HA ApFe] 50% ool 25% o] FolehE wiES oF-steta S (Ahd S
A5 2014).

ok At

nlol e A B F9 %7] @A Z BrampTons A9 wje] 137019 W =o] BD20S AlE <
o, ARE 7|F W o] thulsle] FAlFREE 20108 7bA ¢I7F 5 x 10° L, 20209
744 1 x 107 Le] mpol ot A Aaks 7 T (A2 A A, 2012).



WEAE A7F 3000% FEe mpolot)d At FAHE JHE Folw, HaAH E A
W zo i3] BD100# BD20S Ald & . AFEAded A= 2007d viel e Ao ¥
A 7)FEeke wtdE R oy, BD5 AHES 3 $Y. 98-S Cool EarthE 7|22 vlo] &
e g FFAEE FHste] g TR vl AE o] &3 I AAYA V%

ki ™, 3007 Aol wlolQuj S AN A FEsA FE o] FHUE

[e]

s °o]& wtol o] AL H E 9 plantations F3F oA A= &

o9l ALb7ls i ATl BhabE vhebal s AR AHAR (20119) ol F €

P B R s R T H}ol vl 288 I By wdAAR A3 mA Y

AR 72 (2011)S FE GEAALY ZxromA FHAl

A%t dEAlydA - A 7EEd 715 (NEDO), #4387
k=]

_@

A ooluA - 8 A A
EAENT (ST B¢ A
]

A shol A AT AZ AL L wpele uA FEH AT FA FY, 20149 @
A vho] el 2ol LA A e B vho] el A9 AR AN 2WE AFAY BA
A9 % (NEDO). H¢ Aist 71548 (ALCA) 5% B3l vho]ov)2o] uep

: 445 wE

A COH-E 2 dyA 2 &2 A 7hs3 7js7|d g9 nAES 3
& YA A 5 AF JAE APt d (JSTH(AF, 344, 2014).
vl oy

2053 A4 85258 96 « 107 28] vholoE Aol AusARon, At A A
4o HE0 A9 F W Ad IFE veledAd 4 £ Fedl 2o
g BBH A L GFe 71 FU2 Aske] npolomls gy @ vhFgol Aol §
9 E%f}% Fae AYANUA ol §& FA57] fste] AYANUAY (e AR IFE 1]
AR S AT 2010d vle]ujs A Ax AL Hie 2009 & T3 &
73}t o ‘/} 2020 el = 20100 oy SWi7FRF el 1,000%F Eo® AFerd(del, g
T4, 2014).

a3

| 858 FRdk He A%
597 8 AFHeE
D, BUS| 49 velen g
1—4

= o
st s (Hu H3eFo]l 200398 20100 7kA] 189 &
= o

7Hg ol AAaksteE Ao ® o] Qo e B } ] A 9)F2] AAko] o] Fol A
a5 ol gk o= ZkEH dig FAE Ale 2 oA <lxle] v & FF
A ToE et FHAAESY] YA Ao *4£E7} S }9?\ 7] . 59L& 2E2A,
247 2 H7|E o] &g thdg vlole oy A A AT-E FxEta e, 53] fA
& THoRE st vtojonAd A4k AA 5 F vlol v A g o FA FE N
ATE AAARJ] FEolw, 20108 7bA] FAH A &nvle] ¢F 9% Fo] o] yA] F
v s A% AR VeRad TEE V1Soll Ae. THS A, =X
2, ZEaY 2~ 77 F 5 AREA veloouviA g dEgE FEY H SFUE
Mt Ark A A" s e 7HE AAEde 95 R FEeal e,
53] 1934d 58 d& & Fof ]0}011"1 A LS TR LBAY C4 B A=
Ho] o oA Yoz TOTTUM %5 3wl /H=edA]l (Miscanthus X gigantus)E U}

T FASAE. d=e A °ﬂL1X1 =% HT (156%) @4 s AT ofF
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AR AR 58 AN d5 oF EFAIE (RTFO), AAeYA] d9zZ=2a13 5 &
Fd. MA Hx=Z vlolo Az s A&7 #elE 8] wEE A4Skl AlAAAAE
4 (Renewable Fuel Agency) A X](2007)(A| 2 A A5, 2012; A&7 & 3+4d, 2014).

3E. e MAEFE o]&T HolodEAY A H AW

L =Wl mAZFE o] &3 ve]eds 7s/id 3
7 =il o] mA =R R Aahe ek A AT Aol A Al=E vl
At EAZQ AgEe 20029 AW st (KRIBB)Ol A 2141 7] 21 E

TGS ABOE ‘O WBTAE AP D AL EAIAYE FFPD Aol

Bn @ 5 Qe o F oy RANA fAR ATAAL FA Fol Qv A

A7, Haﬂ%kﬂw%—ca, FAUA 7 AT, s ol MAzF WY
A ol itk @ F & (144, 2012)

27
2 o 2 r2 32

ol
2~
;\9
>4,

G el s 13 LA T A 198835 E AAAA 12672 FRAL AT
o] AAHRT, £HE 0|87 volodux A4 BAANE H= 2~ 3de] sl
TEATZ AFA ATALo] o] FoA T UG, FA AWH T Y S| &R
B ZFANT AuFEe [FHol glow wolowag AN ¥4 wd Axw )
& okl galAE ofd 2RAQ wAle AT oA A AFAHLA & B

24, 2014).
ot shElFA g gl A m AT FAL A=
of 22 Ao ofye} st =AY HAE Holal glon 047101]7\1 *g’\}ﬂb 1] A
v dFHow a7be] FAMES FHEV] oy
of S A+ et A7 Aol a7HE(HA
gh A A B A AL A A ol | %] 7] < 7] 2EAF (2007-2010) ]l
gd A5 (biocrude) YAt7ls A7 ((FF)wfo] 0
(2007-2010)°1 A4 T3t "EHdA SANES A AT G224 (MBCF) 7]

& algae-bacteria complex 9 ©°]7|
7 % ]“r, 2012)
A
Jo

=
SN (F) o=y, BAFANERY DAZR UL nHs)E HES AT
Bl Asw A R SFENY BY Ags NTEEA 3}

Fol 21A4]7] ZE¥Ejo] A EALY ] Ak
2012)ol A1 F3ld ‘AESHH Agto] o3t o]rks}bek 3}
WA, Audd) 5 FAE S vAHEFE T3 vlole uA AAE A7V
=S FHs= AHRE AFUAS(1FE & 73814, 2013).

-
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% F2 o] gd wolo olux A wH U sE ) A8 A A AR, 2012).
I'J—/lg%
- ° EL L Fo ATUE A&
3871
MAZT AANGE, 5
g7)=
- A == Z= nlol o ]
comua |- ses dhol o 12 %% 7%, wole HA
S RES bol @ ol whg 44T aw
aceway m - xR A%, A% AAE )
&
- ga 9 wEEd e
-z o e ok) % () ok
A a5
N EEE - g/ dFndrs e
e | BARAAE | vloledus, - AR %
TEE mzam | wele oo aa - gehE, @ % $939
P EX IR
- AXHxgTHDA 9B F
A% W
= s e EdveE W
of olaEEra WAL 13%
z7}
R EE L EEEEESS A
108 5 nH 2R Eave] Az D IRP EE R R
al S ERas! . .
CENES dhole A A AEE | I FAE S22
- AA LED o4& 2# Y4t 15
W) 27}
- AR SAA olg 2R &
A 90% EA
- , A3} §8 o/ o] AF
\'4-]/\]—;‘8—62}‘,—2_— o]%@— o2 COZ 43 88 50% S
100L + L o - ZtRE == giFALS 9
ggd e | A8Eg 271
3 wre7) g1 R Azeged A
U mAzRel s | Bwmesle A 2 &R
(AE3) s z
o - FRE xR E 27 A
kg Al e e (el &)
o] 23 - HMEE A=z 2= (X —?-_51,
Ertel e zg= | T 0 gag dho] o ol ghe A I e vIE e e s,
Bk g7) HES F0A AN E
715 AA7%)
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2. 3] UAEFE 0§ vhol

AR Zlent ¥

e

@)
[¢) - 1
7o @A mAlzF 7Rk voledw Aatel thdh ANy FApel] wgkFof W wlA

2.

71950 FAEH AL, 772 Algenol Biofuels, Solix Biofuels, Sapphire Energy 2
GTERE o] 8ot AFAoR FPAQ] vlo]o g /) gA ALt
O~

I 5
of =t orn o]xgtde] SeambioticAt: MFEFE ol&s T TI7F (flue

gas)E X5kl (capture) Hlo]lot]AS AAitets HAnlE ATHow FHadS. E3
Aol o] Ao AA FFE WA Ee= AR S4% 4 Ade TEsteA
gl Aol A g 9 AASt FAlC FAERA vl QU] AmELL] Aol
7Feetths Aol e mAlzRe AddFE, vAEFe] T (species) R Al EF0|
ks AT (dry weight) tiu] Aokl 1% 85%7bA = vhgFst, Aat
o] A}z710](chain length)= CI0GIH C247b4 REHo] gl Ao e, 1l

N

H W= Patuxent Riverol A= Algal Turf Scrubber® (ATS) * +

e ()3 37 250 mg HAet 45 mg 1S A AsIL loew et 2REHE Al
B o 35 23 T 54 mg A HAE (fatty acid)S AAMe A (o] A &
= TP AN IR A4 (NREL)AIA = oF 30052 A Zo] @ w

it
lo

|

—_

=)
>
N o
o
i

I M
AC
o

9g. vhol oA A Sl AL Wk ofe), AFEE, AN sLelsholof
Sk A AEsteke wjksl o] wel zpo]E Ho|=dl, Chlorella protothecoides® 7% =
HAdAez T4 wo AATaFe 145%01 AT FHAFdHE S48 u= 55%
= S7HEE A2 Hd AEFEel 20% ool A A ALk ol 40 mg/L/dayE 3]st
= UAMNZEFZE  Chlorella protothecoides, Chlorella sorokiniana, Dunaliella salina,

FEllipsoidion sp., Nannochloropsis sp., Nannochloropsis oculata, Neochloris oleoabundans,
Paviova salina, Phaeodactylum tricornutum, Scenedesmus sp., 1etraselmis sp., Isochryis
sp., Chlamydomonas BAFj5 & °] R 1% %)3(Choi & Lee, 2013).

n A Z7FE o]gdte] o] EtAE A 7tala vlole AR Y AR7F HE wARF A
Ag grsty] e A7 E At {714 #HFE ol &t mAERF violL
=5 ALkl 95k Ve o] @st 8 5<%l Rhodotorula glutinis®t WAz
T Chlorella vulgarise A #+E ol&3ate] 37 widat™ A& Lipid 339
g A on, A Mgz g vl ova AAE (463 + 015 g/L)F A
A& (288 + 016 g/L)= @ (MOC)9] 7}s4S AA s Qe 7 7]

£
ox
e ©
Jz
(ol ot
ol

=35 VSRS feh A Y =

MBD, Phycal, Cellana &< Zd49 wj7]7F=5 AzHst7] flaid 2d s
power stations ¥ JVCE At F5o=z vAzF AS 7]
Tech., Phycal, Aurora Algaes < A Q¥FS &83lo] Az
A HAsta AF(AAA AT, 2012).
nA T " AL Al2" Ot A A
SV N T Rofm gokd 4 glow FEE A
B dE FANE 7]z dig Aol FHE gl
st A g el Ao wA xR v dEH o

Al gl FUYAF AAN THS T 33 A TAHY I yoro g 7hFEe

=
£
W2 (oxidation pond)¥ FFHEF A= =2 w7= AANAE

A7 A=

=
A=
Gl
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Pond), 18]a =53k 339-S$-7] (photoreactor)E |83} high-techo. 2 WA ZFE

[e)

=]
=
=

Fom AAibste Wy AR FEE F AS AL sH-HTA YA Y mAMx
/ng)\].oﬂ A o] o}x]

HA Ze o oxidation pond (2FEA]) FH A= 1EQ FA|
S

7ol te A7 FHHem o] FojA o glom,

49l
HRAP 34eolAt noh 584 e vAzR A% 349 Awe 4342 steta gl

Colsk A frRelM e MEEE A7)E A e vAxR AkE o

AAe= Agol kg E AL S (A A A A, 2012)

2008 ~ 2009 2011 ~ 2012 2015 ~ 2016
Laboratory Demo & Pilot : Commercial
Wm —_— ’Eli -
MBI Energy (1 (100,000 t/y) |
ha) i !
Sapphire L 2015>
Heliae Dev, f
{PER) AlgasTech al
— 2013
e, (150000t .
: Cellana (4ha) <2014~
- f
L we < F b =
gen (600 hay < fund r,I-_sIn!:j:
i Phycal ' i 2015 >
{3 h - ;
Seambiotics %
— 2011 >
(20 hal "
Sollx Bighisl . . .
{PBR. 4 ha) < fund-raising >

>

a9 24 =A vAlER Z1eE SAEe] A= Ve A S (o] & A 34, 2013).

vh wAl =R N A
(1) wAlz=F A A AL

7h

0;

(
s}

?_

R ol
-

nAzs 29 FE52 A Ad FFS A5HY 50% ol FAHE 4 dow
(Chisti 2007; Hu et al. 2008), o] A &e] @2 BEE2 vlojorjde] d5<l 2]
ol ZF Y M E (triacylglycerols, TAGs)Z A& <
23 HAHE Fa AdEE duyA H =2 dlo]2t A (Schuchardt et al.
1998; Kang et al. 2010), ¥ &-&7]

afnkg-o] =3 A HAol o3 F4h) &
A ZHE 2o (=Y, 2012). wAlER[e A
(triacylglycero)®] A3 A= gk A4= b4 27
AgAL #H&E FAF A7 v A 2
28] EAS AvEWA mAlzs A 2 TAG 349 7]
StAIRE Aol e EAE. mAEFO A olitstErAa 1A
4o shupe] AzeA ARt S4A =S XA A
L 7ol A dold B v A ERE AEAhE 343

“ H
FRe AAS A nAl ZRAAN BaFIE 16 T 189 A

A

oL

A" TAG

=
o,
2
R
)

bl
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o >

o it o
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(Y) C. reinhardtii AEZA3 WolAQl sta6e} sta79] AT+ZA3 ADG-

= Aoz ‘)rE]r‘/}X] g B 7 67 24704 vl vERE ods mlAlER Rl
AE TAG AFAE AVt 42 (Kennedy pathway)oll o8] dojubi=d], o]l t}
2 }7:‘ 2o 93 TAG A (acyl-CoA-independent synthesis) 74 =27} &1
Aow FAHEH. TAHAAAE ¢ TAG 34 AEF] wet & Fds Bolxnh A
FEAC S qE zpolrt FE S HA AHHAAAE AR Akl F2
214 (membrane lipid) @730l AF&Ho] AE FL3} F24& 8 F2 AFSHE
2 @ol S shA RAIN ARGl A4 FAY 2EH A A= YA
doz AAd 257325 AT dad A4l TAG 40 AEH. 2EH A =
Aol AEE™A AEY Sl AE TAG FAdo AFEEo] dAl A2 80%°l °]=7]
T SHoldE & #3]4, 2013).

Lipid _
Body ) f
TAG, s ;"r ,;‘} :
Chloroplast hp ?;’ / /5
f
Acetyl-CoA X \\T—"; i /

ACCase —

1 Fatty acid| DAG f f" f
Malonyl-CoA ‘-H-——i J'l

= =
KAS == —
3-ketoacyl-ACP
KAKRSHD/LNR
eyl ACP —=  Frea FA

C16:0-, C18:0=, C18; 1-ACP

ACH

Cle040

a9 25 vAlER AE AeE AR (BT, 2012).

NH

/\
XA (ADG-glucose pyrophosphorylase) =& o] Aol A &4 FAA9
olef <3 HEFAol AAE TAG #Adol AA F7HeE. =3, Chlorella
pyrenoidosa®l A&7AH WolAAM = vFwmESA g FIHE gaAlEY] A
= WHAIA A vlojley A AT 5

o} olFAFe 5 ol AW 24

A&(49F, 2012). FFAFTHATY (KRIBB) 234 v} A7€L maxFe
EUAPAAAA AAVEE L B HAAS RAD. 444 209 £F
dF A Awdel wss ww, A VA FHdA (BOXE:

Acetyl-CoA carboxylase, MCT1: S-malonyl transferase), TAG3A I#H-FH=}
(ACS2: Acetyl-CoA synthetase, DGTT4: diacylglycerol O-acyltransferase) & 2
A" WstE gRT-PCRe & ##d 7 23 d4723 A BCX1 #%
MCT19] @d o] gawdon, daAdgas £3rdd ofdfolA ACS29 DGAT4
of B o] Sk ACS2e EE £ (CHAHEICIE 7 A4 AF/sE)ddA 2

& S7h 285 DGTT4= ofAlHolE H7F xolA dd®e] =7 71t &
de B, ol HI7E & ofAlElo]EZF TAG @A 9 Adas=z AzhdE. ACS2
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of o]ste] AEZAA ofAEHO]EV} ofAE ZAAA AR A3E a1 o]ojA {7
A Ak Agrsle] AbEo] 71 olAlE Folol 7t AAEO AU EE  (Kennedy
pathway)E T3] TAGZ} A= Aoz FAH()FE & 134, 2013).

Cptonslam

a9 260 A e 9

o
s
=
Q)
=
jab}
]
Q
j=]
@
—
=
[\
o
—_
@
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T =
b "AEFTY 744 NF7Es ol&ste] Ay 2de AAtste A 319
™ 2 o] g% g, "2 PhycoBiologicsAtol A& o F8& 77+ Al
4 3 2 A5 209 FY AFIEA 8 e E S AAkskE
Az7FE MEste] o] &stal Aot MAMEF FolAM = C rembardtii 2 A4 g
A ATT7E P Wol xE s A HEH FHA 2AVE Tl H‘:”Qoi
N, AA7MA =5ZFF (chlorophyta), €%+ (rhodophyta), TFZF (diatoms),
At} (euglenids), 9} 227 (dinoflagellates) 52 &2 1201]/\1 A= ﬁ%‘/\]#
glo] MEJS mAEF AZYUE FHAAE Tdsts B = §x1xE (gene
gun), 8 7T% (glass beads) nwHH, A7 HFH (electroporatlon) Agrobacterium
W Sol JiEEo] A, 5 '—El*o of W} &9 Aol7f doernw #Fo &
doll whet HAs] o] §Hojof (o] g5 <], 2013).

A Transformation B Trangenics selection

]p-unpm GIME J pral | F

D Phenotype analysis C  Molecular analysis

1
7 ‘
e it=d]
]
& o o R o ' e

13 27. Glass beadsZE o] €3 mAxF FAAI7 (LS, 2012).
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. @ 24 a

Zh mAlEF e B Y R gAY, AA 9 58 ddde® FES I8
B2 gt 7tEERY dHAdder A&ste {UIA BHAY, dA 9 T8 IEIF
NAE AREE HAoR Jhs B dRrstal v ARs B4R S

v FeAdT7Ial BAdE A ExE @74 At A st s A4S
R

o 7k Exe] A 412 pHeF EC= pHSF ECHH (Istec-460CP) = SA3E o™, 7]
EES Tyuring &2, F714E B4S 98 Ak kst a=m A $of A4
-+ Kjeldahl &F9H o2, P, K, Ca, Mg, Na, 2 Al Cd, Cr, Cu, Fe, Mn, Ni, Ph, Zn<
ICP (Inductively Coupled Plasma, JY-70C) 933472 249351312 (NIAST, 2000).

. AEEmae] §71% ¥ N, P 5 ddds 2 Fe ¥ nlgds BAL sgon, 7
o) Hitghn 2 A, Aage = r«:aw;{ 13). ¥4 A3 grEe] BRI
EAA7L 2 gow dehta gow, #AEst e we Ao g,

o A5 Mg ALBHE WA WaE HES AT B, Co, Mo HAE 2 FH
2 sn mAxER Al A4 20e ngel A 2AGW AEER F7) sl
28T F US Ao By

2. @7 zske] WA a8 27 Y

7}

.

El
U 2 Aol Abgske @A A4St FedTrIHd EAUSt A TtEERE 9714

2.

Chlorella vulgaris®] 7]1¥8]% = BG11 (Blue-Green Medium) HjA| S A}&-3}o] 4] &}
WA B Ao AFSsETE 7l 2uA ] w2 1 L 94 NaNO; (15 g), stock solutions
2 7 8 (10 ml), stock solution 9 (1 mé) . Stock solutions 2 ~ 82 500 m¢ & Z+7+
K-.HPO, (2 g), MgSO, - 7H,O (3.75 g), CaCl, - 2H,O (1.8 g), Citric acid (0.3 g),
Ammonium ferric citrate green (0.3 g), EDTANa; (0.05 g), NaxCO3 (1 g) o], Stock
solution 9= 1 L ¥ H3BOs3 (2.86 g), MnCl, - 4H,O (1.81 g), ZnSO, - 7H20 (0.22 g),
NasMoOy - 2H-0 (0.39 g), CuSOy - 5H:0 (0.08 g), Co(NO3)> - 6H0O (0.05 g) 4.
Chiorella vulgaris®] T3 dImME2 1 L T KH.PO4 (0.7 g), KeHPO, (0.3 g), MgSOy

TH.O (0.3 g), FeSO, - 7TH,O (3 mg), Urea (0.1 g), glucose (40 g), thiamine
hydrochlorise (10 ug), Arnon’ A solution (1 m@)e] ®lx]elA pH 6.3, 25°C, 15000 lux
FFsolA wldstdS. Arnon’ A solution= 1 L @ H3;BOs; (29 g), MnCl, - 4H-O
(1.8 g), ZnSO, - 7TH,O (0.22 g), CuSO, - 5H,O (0.08 g), MoOs; (0.018 g) ¢

A3lslo] Ao 4stAS QAo AMRI O A ¥ 137 7S

gA A 714 sstele] mAEF Wl v G 2 HHe) BrY 23
Aol Ge ATE FAHA S,
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% 13, 7143 2zt A 4.
Piggery wastewater
Parameter - =
Ahn et al. Hansen et al. Lei Jahng et al TNEERAA
(2006) (1998, 1999) (2011) (818 =90}
pH 6.37 £ 0.10 762 = 0.02 6.60 £ 0.20 6.3
TS (wt.%) 6.18 + 0.04 - 564 £ 0.34 4.74
VS (wt.%) 445 + 0.02 45 + 0.1 369 + 0.22 3.47
VS/TS ratio 0.72 3 0.65 £ 0.01 0.73
Total COD (g/L) 130.8 + 3.0 = 928 + 1.3 83
Soluble
59.7 + 09 - 532 + 09 42.7
COD (g/L)
TKN (g/L) 73 £ 0.1 6.6 7.31 £ 0.22 -
TN (g/L) - - - 4.2
TP (g/L) - - 050 + 0.14 2.1
Ammonia-N (g/L) 48 + 0.1 53 £ 0.1 491 + 0.06 3.84
Phosphorus-P (g/L) - - - 0.35
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ob A= wf el A el |7

2
& 71 a3l o| A wjkEl m) A2
. qu %%#9} BGlle = 84 P74 43

sele Falsts] Asl FHF 2 BGU WA 3N
= o
= o

N o g uA|R| S WY1 Chlorella vulgaris
X5 3 AslH oA T M Z =
*3%‘3}04 %?_HE A O}Xl oot om (29 28), 108] 3843t Ag oA AAstA

79 29 A3 BGIL WA= 10M) 3143k A uj Ao wA2FE =il wjgd At
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Ab. T A 2 A3tRS ARSI 93] MAERFY A BAL 100 ml

. e-a
AzEeaaclA @145 s DW 2 BGHZ 100 W % 10009 54ekel & 4%
M) o 33 S

of, A ZF gl AFgH #AoZ na Standard Methodoll 3¢ hemocytometerE
o] &3 cell countingg 3t} <
A gz s 1A BGIE At wFeE 25C, 571 L 14 - D10 9.

BGl1 x5 ¥33F 49| Ad T Chlorella vulgaris 7] 3% &= 7.3 x 10
T L1 % 10° cells/mb 9.

btz ek 12 kel 2.0 x 10° cells/meo] b vk 12U x7hA] B2 Ax d7]1 43
AS DW= 1008 st A= 27 HFolF Chlorella vulgaris7} 7873314 &k
& 02 Aot vastel DW= 10008 81418 A5 (DW1000)7F 4.6 x 10° cells/
m = Chlorella vulgaris A %Fo] 242, DW 1008 343k A8 (DW100)E A <] gk
Uw A 37HA A ae dERu AA =] Bks. @748 S BGLL HiA 2 1004
s|Ask A& (BG100) = 10008 3]41sk A3+ (BG100)Hth 5P A7k &= AJA| o] ot
RAAIRE 8UAHEH = 148 =4 vEFH (™ 30 2 i 14).

&O

¥ 14. A3 A7 L3N A w3t Chlorella vulgaris® A EF EA.

14 =) 3Y =} 5 =}k 8 A} 10 2} 12 %}
(cells/m0) (cells/ml) (cells/mf) (cells/mb) (cells/ml) (cells/ml)

o) =+ 83 x 10 25 x 10° 2.1 x 10° 2.3 x 10° 2.4 x 10° 2.0 x 10°

DW100 1.0 x 10° 6.9 x 10* 45 x 104 - - -

DW1000 73 x 10" 1.0 x 10° 35 x 10° 42 x 10° 4.2 = 10° 46 x 10°

BG100 1.1 x 10° 29 x 10° 1.4 = 10° 41 % 10° 36 x 10° 3.7 x 10°

BG1000 83 x 10 51 x 10° 2.4 x 10° 29 x 10° 25 x 10° 25 x 10°
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DW 100:1

DW 1000:1

1245 S.0E+6
_ 10E+5 |4 o A0E46 "
2 L™ 2
= 80E+4 \ E wa //
2 6OE+4 s /
i \ i 20E+6
W 40E+4 H /
 ooEsa \ = 10E+6 /
: N————s
0.0E+0 D.0E+0 s
2 4 6 8 10 12 14 0 2 4 ] 8 10 12 14
A zHday) H7Hday)
Md100:1 Md1000:1
50E+6 50E+6
5 40E+6 A, o 40E+6
£ / e Z
3 3.0E+6 / = 30646
¥ oopees ﬁ: //"-'\‘_.
o / ‘i 2.0E+6 /
X 10E+6 T Som6
00E+0 L= 0.0E+0 "/
2 4 B ; 30 2 T 0 2 a g 8 10 12 12
AZHday) NZHday)
e
3.0E+6
_ 25E+6
E 2omse r—k'_\
s / '
£ 1sees /
W LOE+6
* soees /
00E+D [ m——t
0 2 4 3 g 10 12 14
AZHday)
a9 30. A gk Fr)d st ol Al wl et Chlorella vulgaris®] M XSG 4.
7h mebA 2 AREARE FAE F7IA8 Lzt g drId st ANl Chlorella
vulgaris= WFE T+ glom F7d4stAEs A A vjgo] JhsstRen @A
st s DW= 343 AuT= A FrE5d8 285 wiA=Z A8t Chlorella
vulgarise W Fste Aol E&4US & 7 RS
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7k BGI11 712w A 2 1008 3|A e 7|3 A Ho| A vl Fst Chlorella vulgaris® 29,

L.

ofwl Ak B A4k A A vhg i 2

89 42 Dionex ultimate 3000 (USA / pump, autosampler, oven)< ©]-&3}%2
™ Detector+= Shodex RI-101 (japan), column< Sugar-pak (Waters, 300 x 6.5 mm)<
AbgEte] AAE FFE2S Junsei, Sigma A AES FrlEte] o] &

22 A g WS 2000 rpmeol A 1087 SR A F A

2 3 F A5 Addstn ¢
N RES SNEE 25k
)

O—H 9
Z AxAA AES #vEd e 1 A3 Fructos % HE=H A
o1, Sucroset 87.409 g/kg, Glucoset 200.865 g/kgl 2 HE=H A (L )

»RIU

2 - glucose - 9618
n
|I

|
|
i [
] L
3'?5__ pi SUCTOSE T.Ehﬂ |
: | i
] | ||
250 || || [
ki [
i 1 |
|
] N |
125 f | | |
] | II |I II
T |
l,"'ﬁl | || | |
= / |I | ]
000 ~ e \ ) M’I \
i o o —— \r_ .
g = W
] L
2.00 - ! ! ! I ! ! ! I ! j ! l ! ! ! I ! ! ! I ! j ! 'mm
0.0 2.0 4.0 6.0 8.0 10.0 130
No. | Ret.Time Peak Name Height Area  Rel.Area  Amount Type
min *RIU  +RIU*min Yo mg/ky
1 T7.66 SUCrose 3.866 12564 2774 87408.628 BMB*
2 9.62 glucose 6.093 3267 7226 200864.882 BMB*
Total: 9959 4521 100.00 288273.510

19 31. Chlorella vulgarisol A 2813 #2441},
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ofn| =2k B FeElgd3 52U Dionex ultimate 3000 (USA / pump, autosampler,
A AR o0 Detector= FL Detector®}t UV Detectors A X o2 o]
g3, FFEAL 1 nnd/wd Amino acids 17% standardZ 10, 100, 500, 1000 pmol/xl

1A Egete] gt A5 dAHE 70% EtOHd ¥ $F 1A 253 &
Slal 24X ZF AeoA FEH F 02 m ZE F BAs Y om 71 Ay Glutamic acid’b
1619.099 mg/LE 714 ®o] A&=Hdoew, 7 t}& o7 Alanine, GABA <2 & AZEH
A, W, v FFAe] Ao Bo] Fastel dF ofni4l T sl leucine
47005 mg/Lo® AZ=H U, AA 7] ¥9le] 5= methionineS 13534 mg/LE 7}

& desd @

o
w
)

2 o . . FLD Signal A
T
2,50 2
i i
] 2
2.E|:-—_ E
- E -
- -lp' E
] Z 2
1.50 £ =
1 |
B o
1.00-] - r & £ _ B, = ;,,
g n S 3 I -FE g = 3.8 gz _
4 % o E - % = = Fa i Er_ E =
_ [ E_ & E 2% z & g E‘E =
a 3 F = p B2 g fﬁ | % 2
0.50 2 || 1 %||| 43¢ : i ".“ 48 5 4 A
E = G 3 = : = = o \
_ = | = “-"r»J = Bl a5 =2 ’ i
] o, 41 I I Ay I...'_I.' f = I'! FmL‘ Ul Lﬁ"_ - f | R o | Il,\___k‘__'llrl u"l
0.00 —— 77— — ———— o
ao 5.0 10.0 150 ao.o 28.5
Mo, Ret.Time Peak NHame Height Area Rel.Area AIMOoUnt Rel Amount
min L LU min Y mg kg %=
1 2.30 Aspartic acid 0.0 o014 1.71 1053657 2.15
2 4.33 Glutamic acid 0971 o.189 2249 1619.0985 33.10
3 8.02 asparagine 0095 o.o12 1.3F 83268 1.60
4 B.63 Serine 0.363 o047 5.55 228 7615 4.658
5 9.55 Glutamine o117 D.015 1.83 100.E6T2 2.068
= 1022 Histidine o027 D.004 043 88.900& 1.82
7 1067 Glycine O.126 D.018 1.94 55 5224 1.14
= 10.88 Threonine 0174 D.025 2.97 139.5920 2.85
=] 11.58 Arginine D.O7D D.o09 1212 BE_ 5340 1.36
10 12.75 Alanine 1.891 D.244 2004 10014387 20.48
11 13.30 GADA 1291 0175 20.83 8550135 17.48
12 14.40 Tyrosine 0085 0011 1.27F B4 1411 1.72
13 17.16 W aline D250 D.041 4. 83 180.6082 .69
14 17.43 Methionine 0.o18 D.0o2 D29 13.5340 D.28
15 18.65 Tryptophane o019 D.003 0.31 24 8158 0.51
16 19.16 Phemyalanine o.104 D.014 1.64 S0.3515 1.85
17 19.46 Isoleucine 0.041 D.o0s D.62 258836 0.53 ,'
18 20 34 Leucine D066 D.o09 112 47_0050 0.96
19 20.958 Lysine 0.D41 D.00&6 D.66 856988 1.75
Total: 5815 0.541 100.00 4801_320 100.000

%

18 32. Chlorella vulgarisol A o} =4 B4
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d}.

AT,

A4k 242 GC Agilent 7890A (Agilent, USA) 7]17]ol 4 DB-23 (Agilent, 60 mm X
0.25 mm x 0.25 m) column= ©]&3te] AAIsHA 2 Detector= FID (280C, Hs 35 md
/min, Air 350 m{/min, He 35 ml/min)< A&}
A= 9% dAdEgste] 783 A& Teflon capel & FEO i
Methylation mixture (MeOH : Benzen : DMP : H,SO4 = 39 : 20 : 5 :
heptane 200 WS Yol £ F 0TCoA 2417 F=HA4H S AXY. F+=
stol FAdE F T T s FE5te GCE 489 e 1 A3 Oleic acid7f
™ linoleic acid (125.40 mg/g), Palmitic acid (119.25 mg/g),

-

A5

g5 AS
305.95 mg/go & 7Y =ko
stearic acid (49.50 mg/g), a-linolenic acid (19.65 mg/g) <o th& AXHAEL 1.0 mg/g
01’3}3 U HAEHAY AEEHA Fskom F AAE & 639.79 mg/gel Fe(1¥H 33
2 ¥ 15).

FID1 A, Front Signal (0515_FAMEWD515 2015-05-15 14-31-014122F1301.D)
(& 3
pA - @ 04_;5:
z &
al
4
a3
©
T
80
o
©
(5]
; =5
g &
== .
G0 — i
By o
| =
[
= =2
wy
s h
(] ] ’ w2
. ,_bév g &
3 g‘?&fb-
— @ =
40— —*
o
@
[ ]
' c,;:@
S| < B
S [l 5 ]
20 - o N = & < o
{ =]
3 L “,:"5“' &'3 S8 3 = é E &
(] (] T o ) G:
%é} @’5’% A i :56@ %E}e-‘é'. < o d?% bsfga C J\'gg-g 653’{"5 -:_-955\
— b ) 3 2
@,' |2 s | | B5 ok (§r}’.0‘%\ @_“r'b TR
c«‘ 15 {2 — @il G @ @ ey RS
Wb 5 mﬂJ IL e L TR & R oy
o4
————————— —
5 10 15 20 25 20 min
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¥ 15. Chiorella vulgarisol <l A ¥4ke] 2443}

PARCIS £ PARCIES =

o (mg/g) S (mg/g)

Butyric acid 0.00 Linoleic acid 125.40
Caproic acid 2.09 ¥-linolenic acid 0.00
Caprylic acid 0.00 a-linolenic acid 19.65
capric acid 0.55 Arachidic acid 0.70
Undecanoic acid 0.00 Cis-11-eicosanoic acid 0.75
Lauric acid 0.20 Cis-11,14-eicosanoic acid 0.15
Tridecanoic acid 0.00 Cis-8,11,14-eicosanoic acid 0.00
Myrisric acid 1.55 Heneicosanoic acid 0.00
Myristoleic acid 0.00 Arachidonic acid 0.15
Cis—-10-pentadecanoic acid 0.00 Cis—11,14,17-eicosanoic acid 0.00
Palmitic acid 119.25 Cis-5,8,11,14,17-eicosapentaenoic acid 0.00
Palmitoleic acid 3.55 Behenic acid 0.80
Heptadecanoic acid 3.10 Erucic acid 0.00
Cis—10-heptadecenoic acid 455 Cis—13,16-docosadienoic acid 0.00
Stearic acid 49.50 Tricosanoic acid 0.45
Elaidic acid 0.00 Lignoceris acid 1.45
Oleic acid 305.95 Docosahexaenoic acid 0.00
Linolelaidic acid 0.00 Nervonic acid 0.00

Total 639.79
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4. AAGE =ol7] s w41 4A

BG1l ®iAlol A Z@g wjdst mAzFES F838t0] 10° cells/mz 249 Aod
BGI11 wRol| Al A3t A 12, 24 2 72417t 88t A d s FA8 A3 4%
28% A Wkako]l 24N 7F Hed FRE 63%E2 F7IEARS. o] "HolHE ATH JVE =
(mg/g) @9lol™, & 158 oz &3S
5. WAz vl9y] =
7h F71 € E AL FE
(1) F718mE 53 24 FE2UHE “like dissolving like’ g 3Fete] 7]E 7id S &
gt A5 UAES 7R ARAEES vk uitd, $4 AW ghhEd s
3 Zo 7 olgg A Ha AxdoA FAAE A

(2)

(3)
(4)

(5)
(6)

s H]—[—ﬂitﬂ—}\

-+ K 3~ 3] J 5)
FA180-A el BEAE GAe) Hn FHE BEAE sE 7197 s A%
whe Fal B
FAE B vr 7|70 98 Axee E3 Al
Cell #0g 2u gl 3 F/18URE 9% 71802 o5 FuA 2
Aoz FAALE AE wor 3%

- --

.-~ static organic :\‘,\ 5 bulk organic
’ solvent film N

solvent

hY
\

v _cell membrane

<% and cell wall

e

cytoplasm

a9 34 #F718v =23 718 .

<& Kates M. (1986) Amsterdam: Elsevier Science Publisher>
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el

7|

w

|, milking

}31 milking®] &

Sks
Q7 ©

i

G2 FAE S Chiorella vulgari

& A2d.

=
e

35. REWS] B3

(1) "A=x

AAA(LE 36).

]
S
3
v
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(3)

(4)

(5)

(6)

=
‘ﬂr‘:ﬂr =4 glo] AEet HEF & A= &ulEA, dRtd oz S8& 75 (log
& & Al 21)7F 50140l (Dodecanone ©] Tf & ol A "4]9401
4 7 59 &w Fof Ak (hexane), 3t (heptane)S A ¥Eo| 538}
A ofHZ (dipentyl ether)= Al¥o] Fastc;. AlE 5=
, C4-C16 &slra 17] oS x3d 4 9la, Cl10, Cl1, Cl12, C13,
Cl4, C15 == C16 el esteas E
B 7l 7 73 HE dA A9 5
Aol dAAEE= lab scaled] AF, oA d %
22 pilot scale ¢ ¥4 A
2 714 Fst, HRT, 453t 59 s &

Nl
oo M
;"'é

AN dF=

=

+
02121‘

)y o N

S
TE® o My 2
o o =

X 2 1o

>~
>
UB,E]?L'
ot

o M
L
:?l:,"
N
_>|i

(o du ooft i o

My ot B Xl rR e B o
(3
fol

Mo N, lo rt
=)

Lo o N

o
op
o
2
A
1y
et
i) i
i)
>~
=z,

Chlorella vulgaris W& Yol C A C16 €7t (alkanes)e] A& EHAFZ8E 5
D 1v) e 2 5T 7@3]'3& —f?, =389 Chlorella vulgaris W FE<Y 1 ml-S 1/100,0008] 3
Asle] 15% ob7t & Ldsle] FAHE ii‘%e Aste] AP ELAFE8
w7} Chiorella Vu]garzs-J A Eof v X = FEFS HIEe A

a1 A3 AR FE T AL ATl op kel 8191%-% o =29 3.

ﬂl

IESL=SEFa2l Haz 22U =

ci12 ci3
Ilgﬁ!ﬁﬁﬁgm[ﬂﬂ]

a8 37 AEAEAFZ8I} Chlorella vulgaris® A& ml A& 43

22l =
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b ol

s O oln
= =

5

, 150 rpm, =% 15,000 Iux

Chlorella vulgarisS = 17-7v7FA] v %

Al

=
=
=
)

¥ Chiorella vulgaris
e 4 gelol A 2447

=]
=1

Tk 59%7F = A

on
B

—~
10
el

A

o

H7F =7

3|

AE 27 100 mg/L o]

7} &4t (hexane)2t HZ}

(1) Chiorella vulgaris®] A7&o] Z 177t

o

il

(decane) &1 (A& EHAF=8 |

40 k=

1l S-(13 38).

fo] 245

Fed LC-MS #4213

S

=

o

o5
'y
Ny
N

i)

ol

15

|

C 161

.

140

10

130

1

Clé
4

A E=iHk

JE+IG o
JE~DE o
2. E=(H o
1E=[ 4

al, Bzt (decane) &vll AR Al &
BE+D5 4

AL
= 2. B0 1

ESTENT

4 E+0O6 o

1240

]

a0

444

7] Y8l =A% direct trans—esterification

Time{s}
(Lepage, G. and Roy, C. C., 1934).

s

M AL

o

1, v/v) 2 md

F-wEE (2
522l heptadecanoic acid-chloroform solution

S test tubeo] Wil FEE¥E

10 mg

vortex mixer= 10

Ay
ar

-

(Sigma-Aldrich, 500 gg/L) 1 M-S ¥al W
(3) Vortex mixer® 10%37F 4o+ 5 100T

Nia

T

s Imlet

|

o)

S|
T

% vortex mixer® 57t

A7

KN
=

T3, 23l test tubedl THFF 1 ml

3]

l

5|

i)
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6. F7]ast 8 vARF A55S 1% 88
scale Al Z=¥lsl/thekst o
7},

712 B3 JEHE o3 F vialol 1 mS ¥a b~ A2vtE Y] (Agilent 7890) 2
A g

(4) 9% FFEAZ Mix RM3, Mix RM5, GLC50, GLC70 (Supelco)S Ab-g&ale] =it
of A BAS FATA (19 39).

INEYSEFEEM-USEM HAUR FEE NEE

@Y NP/
=REEE~

t

1

| | |

{

a9 39 Alae] AgAd=d FE0 vAs ASAEZFEE R 25dlEEAe a3

¥ scale upe 95kl dA e Al~=HlE pilot
glo] vtoleds (U4, 2 T) AR 7l i

71 10 m¢, 100 m¢ BRFol A scale up 3te] 19 403 & 5 L milking—H} 7] ol A
milking ¥ AELME AFS AT 5 L w7 A wAxzFE HEste] 12 MES
718 S ﬂﬂﬂﬂnﬂM&—ﬁ*T,%l%w=%§1mw§%§9w€:#Q
st om 5 L wjkrlel Holsle 10% wAzFod EFFFmAE H7tste] 2xF vig
79 3o thA] milking dFal 32} B SRS (2 40).

% 40. 5 L vl 2 milking 715S H -3t milking— ¥l %71,
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. Chiorella vulgaris®] &34t 1 L & KH.PO, (0.7 g), KeHPO, (0.3 g), MgSO,
THO (0.3 g), FeSO, - 7THO (3 mg), Urea (0.1 g), glucose (40 g), thiamine
hydrochlorise (10 pg), Arnon’ A solution (1 mé)ol A =33} 2™, Arnon’ A solution
2 1 L 9 H3BO;s (29 g), MnCl » - 4H,0 (1.8 g), ZnSO4 - 7HO (0.22 g), CuSO;, -
5H-0 (0.08 g), MoO3 (0.018 g) <.
. A5 YAl milking 20 AAS Y% AR milking A ¥ 7] Eu) <] BGl1ol A Hj
F3t A EF M FAE DecanelZ 2, 5 2 10w 2 3|4 35lo] Decane W&o wE 1
Z5 AR E 2AMEYG S, 187 250 rpm o2 1wk Al7]a 0, 10 ¥ 30% 7tA o

Al
71805 FEg & HAZRFS 1w AES T 10 o2 A v gste] Al
& 2YHA 95
7l AEFE AFZATH F 43 x 10° cellsy/meo] i, 2 ~ 39 1A 0w MEZslo] AF,
wHzslde. 1 A AA AP TolAN TR AFEET7F =4 YERE. Decane o ®
; i

_]
o

ZHH 514 él;%“ﬂ A FRe Azl e *’?‘ﬂﬁm—é?% VAR AN A 12 x
]

19 ?Q*l@oﬂ g gl ol JJEH Al
T7} 1.0 x 108 cells/m(&, 1.1 x 10° cells/mﬂ o % frAFSFAR S (2d 41 5—! i 16).

Decane 2.1 08 Decane 5:1 08 Decane 10:1 02
10640 10649 10840
_ L0E:8 106+8 — L0EHE
£ g g
s s s
£ 10647 8 10007 8 1oe7
s - ¥ = e ~
H # ]
T z L ]
LOE+6 10E+6 10E+6
e 10845 10645
o 4 2 8 I . 0 2 6 8 10 2 0 g 1 5 [} 10 1
Hedap Azday) Aizday)
Decane 221 102 Decane 5:1 102 Decane 10:1 108
10649 10640 10649
10648 10648 10648 —
= & ey
E //'/-.'\Q E /’/ E
= = =
8 10ew7 8 1oewy 8 107
& / + / I /
o o il
X < =
106+6 106+6 L0E+6
10E45 1045 10E45
0 2 4 6 8 10 1 0 2 4 6 8 10 1 0 4 6 8 10 12
AlZHday) AlHday) AlzHday)
1 308
Decane 2:1 308 Decane 5:1 30% Decane 10:1 303
¢
10640 10640 HE
. 10E+8 —_— 10628 e S
E Z E
= E =
& 1oes - g 1ok
I / i I /
. o 4
X - X
10B46 1046 10E+6
L0E+ 10645 10645
4 % i & u 0 2 4 6 8 10 2 0 2 4 6 8 0 1w
A|ZH
[2Hday) A 7Hday) AlZtday)

19 41 milkingoll A fr71-8 el B4 B A R whE YA
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# 16. milkingol A 718w o] 34 B FFA Al whE YA

SR 1913} 493} 793} 991 3} 1A
541 %/\%j] (cells/ml) (cells/ml) (cells/ml) (cells/ml) (cells/ml)
0% 49 x 10° 25 x 10 6.6 x 107 85 x 10 6.7 x 10

2l 10% 30 x 10° 2.1 x 10 6.2 x 10 89 x 107 6.1 x 10
308 34 x 10° 2.7 x 10 5.2 x 107 1.0 x 10° 12 x 10°

0+ 55 x 10° 2.3 x 10 6.2 x 10 1.1 x 108 7.7 x 10

5l 10% 3.2 x 10° 2.2 x 107 46 x 107 81 x 10 84 x 10
308 3.1 x 10° 2.8 x 107 4.3 x 10 95 x 10 6.8 x 10

0+ 6.0 x 10° 2.4 x 10 6.6 x 10 1.0 x 10 6.0 x 10

10w) 10% 3.7 x 10° 2.7 x 10 5.8 x 10 1.1 x 108 7.0 x 10
308 35 x 10° 24 x 10 8.2 x 10 1.1 x 10° 65 x 107

= 6.5 x 10° 2.7 x 107 5.7 x 107 9.9 x 107 6.7 x 107
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np, B A ANE 7] %35t A% vl YAl Decaneo 2 5 314 35te] 1087F 250 rpmoll A 1
ek 2 1087F 7718 S el sk milking 5’:7d§ At 5.

v, ALujad e EgdkulA] 2 Lo %7] HES 48 x 10° cells/mE 3 F 200 rpmS
2 uketHA 12k wigetH HE 1 T 29 HFoRE AFstgon, Aol Fxd
Al 7ol A Decanel & 58] 3] 3}o] 1087F 250 rpmoll Al a¥kskal 1087 7] 855
s & f718 S vAERF 7 238E 15 L #gEAS st dolle= 500
m¢ VAT 23 g 15 L EFFYmMAE H7tste 2aF wjdS AAIsHA
27k kel Aol TEE AFAANE FYS AR 33 vjFE HAAISA S (17 42).

ClM =R s

O 42 MMl EF ASuEE

A} Al Z 5

13 W% A

7o Aol F=g A A & YELUH 23 w

OMZ&E

LT

(e &

oA 14 g3 vaste] AUAES 40 FAT 5 AKE. 37 W ol A
4927k %]) A st on AAHoR 1, 23 widd vluegs w Ho AE
= A3 AU (2™ 43 @ F 17). Decaned ©] &3+ milkinge] 2xF v %7+ = 2
o) Fsdtin B 3 WA WAERIL BAL wol Bael @A7F e
= ZAowE FAuy.
B 17 vAZRFY Ad&u ek wE MEZSg.
14 =} 2 =} 3 =} 4 =} 7Y =} 8 2}
(cells/ml) (cells/ml) (cells/ml) (cells/ml) (cells/ml) (cells/ml)
12} v ok 2.2 x 107 2.7 x 107 51 x 107 9.8 x 107 166 x 108  1.74 x 108
22 Hf %k 6.4 x 107 6.8 x 107 7.3 x 107 8.6 x 107 1.01 x 10° 1.13 x 10°
32w <k 6.8 x 107 7.3 x 107 79 x 107 9.4 x 107 9.2 x 108 -
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o}, milking 7Es o] &% MAEF
94% A= sl env 23 Hﬁok"ﬂ’ﬂ
439 = AN e, 32k v gl A= A

< A=

__1__
[e)

)

i\ mo o

P
= T
= g

1} " 2F

12} milking&. = °F
Az wgF=d (L9
milkingoll °]3F A¥x &4

NE £lcellm)

a
Al ZH(day)

2AL B 2%

I1I.8E+8

1.6E+8

1.4E+8

1 2E+8

10E+8

S80E+T

HE 3 cell/mt)

6 0E+7

4 0DE+T

20E+7

D.oE+D

A
Al Zr(day)
3%} uj2F

i1 28E+8

iB6E+8

14E+8

12E+8

1.0E+8

80E+7T

HE TeellmL)

6.OE+ 7

4 0E+7

20E+7

C.OE+O

4

Al ZHday)

9 43, n A%

79l

S opel] we AL

Zb wEbA 2 AESujgY AAAFAE Vst AESuld A, 7189 F 5, Decaned]
814\, wRk Al A5 2 AE 59 milking 2HS AESIY] wA|ZFo E4o
S A A9 miking 2718 A4 a7t S

2t milking A$F WAZF 2 {71&0 & Tt dAESd F (29 44), APAS
2138k A3} milking A Pl AIZE5F 639.79 mg/g, milking ¥+ 34.55 mg/golthl H714 UH£01]
= 604.10 mg/ge] £A3te] milking o & 94.4% A|WAke] fF7]&n] Fog wEEHS ¢
T AU (GE 18).
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_6"_



¥ 18 milking ¥ &3 vAZF 2 F7]1&d 9

A A a7 A a9 ¥ ()
(ng/g) mg/g)
Butyric acid 0.00 0.00 0.00
Caproic acid 2.09 0.00 2.20
Caprylic acid 0.00 0.00 0.00
capric acid 0.55 0.67 0.70
Undecanoic acid 0.00 0.00 0.00
Lauric acid 0.20 0.12 0.20
Tridecanoic acid 0.00 0.12 0.00
Myrisric acid 1.55 0.10 1.45
Myristoleic acid 0.00 0.00 0.00
Cis—10-pentadecanoic acid 0.00 0.00 0.00
Palmitic acid 119.25 7.85 112.60
Palmitoleic acid 3.55 0.62 3.35
Heptadecanoic acid 3.10 1.03 2.95
Cis—-10-heptadecenoic acid 455 0.00 4.35
Stearic acid 49.50 0.86 46.30
Elaidic acid 0.00 0.00 0.00
Oleic acid 305.95 11.95 288.45
Linolelaidic acid 0.00 0.00 0.00
Linoleic acid 125.40 5.01 118.80
y-linolenic acid 0.00 0.00 0.00
a-linolenic acid 19.65 591 18.55
Arachidic acid 0.70 0.08 0.70
Cis—11-eicosanoic acid 0.75 0.13 0.60
Cis-11,14-eicosanoic acid 0.15 0.00 0.20
Cis—8,11,14-eicosanoic acid 0.00 0.00 0.00
Heneicosanoic acid 0.00 0.00 0.00
Arachidonic acid 0.15 0.00 0.20
Cis-11,14,17-eicosanoic acid 0.00 0.00 0.00
Cis-5,8,11,14,17-eicosapentaenoic acid 0.00 0.00 0.00
Behenic acid 0.80 0.09 0.75
Erucic acid 0.00 0.00 0.00
Cis—13,16-docosadienoic acid 0.00 0.00 0.00
Tricosanoic acid 0.45 0.00 0.40
Lignoceris acid 1.45 0.00 1.35
Docosahexaenoic acid 0.00 0.00 0.00
Nervonic acid 0.00 0.00 0.00
Total 639.79 34.55 604.10
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Hj ek o] kel HUMAS FHEEA kitE: AMgstdoer TN (HS-TN-LH), NO3
(HS-NO3-CA), NH; (HS-NH3-LH), TP (HS-TP-LH) & 4%¢ %S5 X393
BGI1 wiA 2 1008 A5 F7]dasdel A nAzFE g = 27 449 5=
of 129 ¥ 949 FEE vluste] HARFe YA F5eES BN 27

Chlorella vulgaris H%&% %=+ 9.0 x 10* cells/ml .

Hat 194 4 23 TN 2988 mg/L, NO; 27.2 mg/L, NHz 24.7 mg/L, TP 0.90 mg/L. 4
ko 1243 B A3+= TN 294.3 mg/L, NO3 255 mg/L, NH;3 184 mg/L, TP 0.78 mg
/L 2 Yest #4823 TN 625 %, NOs 2551 %, NHs 1.51 %, TP 13.33 %Y (=L
45 2 7 19). AAHo=R Yolx = HFES How o= 27| Chlorella vulgaris

AE5E7l He Ao A% A%z BoE

NO3 NH3

28 30
27 e

25
6

\‘ - \
s "
4 15
1%t 129x 1%t 1UR
TN TP

300

296 \ .D.S \

L 075

292 T 1 a7

% 45 MM EF wgele] AR A

£ 19, v A2F e $d wa A3l

12 A} (mg/L) 12 2k (mg/L) aE (%)
NO3 27.2 20.5 6.25
NH3 24.7 184 25.51
TN 298.8 294.3 1.51
TP 0.9 0.78 13.33
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=]

21. 7t&EEw AA

h=d}
=

H]

.

Parameter

Piggery wastewater

Ahn et al. Hansenet al. Lei Jahng et al. NEERAA

(2006) (1998,1999) (2011) (&l 2o}
pH 6.37 £ 0.10 7.62 = 0.02 6.60 £ 0.20 6.3
TS (wt.%) 6.18 + 0.04 - 564 £ 0.34 4.74
VS (wt.%) 445 + 0.02 45 + 0.1 3.69 = 0.22 3.47
VS/TS ratio 0.72 - 0.65 £ 0.01 0.73
Total COD (g/L) 130.8 = 3.0 - 928 + 1.3 33
Soluble COD (g/L) 59.7 £ 0.9 - 93.2 = 0.9 42.7
TKN (g/L) 73 £ 0.1 6.6 731 £ 0.22 -
TN (g/L) - - - 4.2
TP (g/L) - - 050 = 0.14 2.1
Ammonia-N (g/L) 48 + 0.1 53 + 0.1 491 £ 0.06 3.84
Phosphorus-P (g/L) - - - 0.35
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@) NEREEe] AYzE 5704 A2 AYE 1@ 5 o, Be FU1E §B
Bol AAI HAaTF BAFOT BiEE/] Mol AFERG 2L nFE §

73 el taiM = A71asE 7 ol e el

(5) 23% 1A dojuis G 14 748z 7E5ERE FFdFE A=, 9
= A% ]

a9 49, AZZR(FH), 23%F(F), FAX($

~—
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=]

22. ¥r&-7] A7)

=]
=

=4 =2

Parameter Size Temperature Rpm
Storage ID 29 ecm x H 39 cm - 72
ADReator ID 38 ecm x H 46 cm 37T 50

Settling tank

Gas colletor

ID 18 ecm x H 20 cm

ID 19 ecm x H 52 cm

a =7lel A=
0ColA 303t

TS(Total solids), VS(Volatile solids)= APHA Standardmethod®l] 2]
Hol A7IZ 105TCAA 4A17F Az Wy 5 FA
Wl 5 T S48 S350+
obF AEl%® A @i, SCOD9 NH, -N, POS -PE 4%
3l absorption photometry¥H < o] &3le] 19 513 %

3] Ak9] kitE DR2500= ©]-&3ste] SAstA=(1d 51 3 3F 23).

=4, A71Z 55

_68_
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3% 23. COD, TN, TP, NH, -N, POS -P9] =4 KitH9.

Category Reange Principle

COD (HR) 100 ~ 1500 mg/L Absorption photometry

TN (HR) 10 ~ 150 mg/L Absorption photometry

TP (HR) 1~ 100 mg/L Absorption photometry
NH,*N (HR) 04 ~ 50 mg/L Absorption photometry
PO —P (HR) 0.02 ~ 25 mg/L Absorption photometry

(3) VFA(Volatile Fatty Acid)ZAdZoz2E= 3% 249 & A AL zH= Acetic acid,
Propionic acid, n-Butyric acid, Iso-Butyric acid, n-Valeric acid, Iso—Valeric acid®] i’

Internal Standard &2 &3+ 2-ethylbutyric AcidE AHE3F3 <.

¥ 24. VFAZ7 3dE9] Specific gravity, Molecular weight, Boiling point.

i . Molecular .. .
23] VFA Specific gravity weight Boﬂmog point
(g/ml) 1 (C)
(gmol ™)
Acetic Acid -
CH.COOH 1.0491 60.05 118 7 119
Propionic Acid
VFA CH.CH,COOH 0.9900 74.08 141
(Volatile Butyric Acid
Fatty Acid) CH,CH,CH,COOH 0.9595 88.11 164
valeric Acid -
C-HuOs 0.9300 102.13 186 ~ 187
Internal 2-ethylbutyric Acid -
Standard ColnO, 0.9260 116.16 193 7 196

(4) Stationary phaseZ} A=< 3}3% 18# 9 boiling pointoll 9]t 2|7} o=
gas chromatography®] FID(Flame Ionization Detector)E HAZ&7]1E A&, GC-FIDY

Z71Le s % 259 7S

3F 25. VFA A4 GC-FID 274 =3,

VFA &3 GC-FID 24 =7

HP-INNOWAX

Column®] & (30 m length x 250 zm ID x 0.25 u DF)
Oven? &%= 80C to 200C
Injectore] &% 200°C
Detectord] &% 220°C
Carrier Gas9 =% % &% Helium gas, 40 m{/min
Injection®] -3 5 ul
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(5)

GC-FIDE ©] &3] VFA (Volatile Fatty Acid)®] £4< 3l7] $lslAE VFA9 x+
=Mool Q3o internal standard$<] 2-ethylbutyric acidS AME3FSI 3l Acetic
acid, Propionic acid, n—-Butyric acid, Iso—-Butyric acid, n—-Valeric acid, Iso—Valeric
acid Z+7}+ 25, 50, 100, 250, 500, 1000, 2000 ppm, 2-ethylbutyric Acid= 1000 ppmo. =
14 &dS wEY GC-FIDE A5t w5 EE peakd WAS internal
standard= & 7|02 A4Fste] graphs A4 TFo 2 VFA F5E59 4S AdaAS
(19 52, 53).

s Acetic Acid s PropionicAcid s Butyric Acid
12 7 16 2
14 y=0.0005x+0.0121 14 y=0.0007x+0.0159 y=0.0008¢+00092
R?=09989 12 R?=09988 15 R?=09996
08 1
06 08 1
04 - 06
04 05
02 4 02
0 T T T T 1 -:‘S-E 0 T T T T 1 l"—E 0 T T T T 1 %__
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500° 0 500 1000 1500 2000 2500
Al Iso-Butyric Acid s Iso-Valeric Acid Als Valeric Acid
16 2 25 1
y:Uko?o_ogxggg.uza . y=0001x+ 00019
15 e R?=0.9999
154
1
14
05 05
U T T T T 1 -loﬂE U T T T T 1 %E 0 T T T T 1 %E
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500

9 52. GC-FIDE o] &3] VFAS| standard curve.

1% 53. GC-FID(&}), GC-FIDE o] &3 VFA F4A 5.
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(6) BiogasS AW HOoZE 19 549 22 FsXFdUH S AMEste HA=HS 43
biogas®E4H o 2= VFASl nlz7FA 2 gas chromatographyS Ab&3t3 oy 7
= TCD (Thermal Conductivity Detector)E A3 (18 54).

e 32
Ly

7]

(7) GC-TCD®] =12 v % 263 25,

¥ 26. Biogas =4 A] GC-TCD A4 =4,

Biogas =% A] GC-TCD A#A =#

HP-PLOTQ

Column®] &
olumn®| &+ (30 m length x 320 gm ID x 20 w0 DF)

Oven? &% 35T to 100TC
Injector®] &% 60°C
Detector®] &% 200C

Carrier Gas®] 7 %2 &&= Helium gas, 20 m{/min
Injection®] -3 50 ul
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10gas
HQasglo

sle] %¥ RE peak?l
J ol (19 55, 56).

SAAN 54 FES COy CHy, NpolH S46k7] 9lsiA

=

==

2]

%= COo CHy N ZH2ZF 5, 10, 15, 20, 30, 100%<!

w2 o

=

Al4teto]l graphs 2t

Area
2000

1500
1000
500

N,

y=13.739x+27.184
R?=0.9941

Area

600
500

CH,

y=5.3998x+25.096
R?=09922

Area

2000

(0,

y=18.827x- 94908
R?=09903

1500
1000
500

400
300
200

% | 100 %

0 Q¢ : : : : ™ 0 T T T T
100 0 040 60 &

0 40 60 80 100 0 2 40 60 80 100

% 55. GC-TCDE ©°]£3l Biogas? standard curve.

(2)

(3)

).

18 56. GC-TCD(#), GC-TCDE o] &3 Biogas =42 E&5(

o

, COD AIAE, TSS AIAE, VSS #AIAE, TN, TP #A1AE& H7}
8 7148t Ao FA e JEEC] WElE dEEe
e ™ influence= #7&%, AD+= anerobic digestion® =
AAZEE YEW L feeding® ov= &l =ujotel A 7F5
Z1&stzxed 4 & o vtk AeE BAE
sl I 7|4t A E,
AA AAES vebleH AAs 7
oA 37094 g/l &, 971
I Grlastze] AAE HE 47.02%, FHAxze AA
771.12% 5 23 (ad 57 9 3% 273 o VSY2 AFgx
, F71agxdd 1128 g/L &, FdxdA 2727 g/l &5
Bt 5352%, WAz AAE Hd 7481%, AA AAE
¥ 58 # xE 27).

[e)
=
=

=

N
i
oo
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e =
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| 199.29 g/L =,
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b
3 4
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g ) —m— Effluent
= 1
1
0 T
100 ient-AD5q |
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80 ralloog
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=] 60
e
o
2
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20
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—@f Influgnt-AD,qy
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>
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©
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9 57. TS removal performance of the anaerobic digestion of piggery waste.
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Feedigg’l Feeding2 Feeding3 Feeding4 Feeding5 Feeding6 Feeding7 Feeding8

—@— |nfluent

%TS removal

14 4 Influent-AD,q |
E AD-Effluent,y
12 A Overallysy

10 o

TS removal rate (g TS/L/d)
¢4

6 - ¥ v 4
2 4
0~ v T : T 1 T f

(0] 20 40 60 80 100 120 140 160 180

Operating period (d)

29 58. VS removal performance of the anaerobic digestion of piggery waste.

®27.TS 2 VS &3dH .

Jehoon Lee Griffin et al Hill and Bolite
Parameter
(2012) (1997) (2000)
TS Removal 62.1 53 41
VS Removal 69.2 54 51




(4) TCOD¥=2 Ad=xolA 621804 g/L =, F714&3kx0) 1663.39 g/L &, 3 xlA
48651 g/L =53 d7astxe] AAS B2 70.04%, Az AAE B2
67.38%, A AAE B2 0%E SA(Ld 59 B F 28) o SCODYFS A=
oA 258643 g/L w5, @71&stxe 229 g/L 3, XA 22549 g/L =5
a @7tz AAE BES 86.01%, FAdxe] AXE Hd 15%, A AAE

it 89.66% 5 AU F(1™ 60 2 E 28).

Feeding1 Feeding2 Feeding3 Feeding4Feeding5 Feeding6 Feeding7 Feeding8

160
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140 - —g— | AD-Effluent,y4
—m— | Overallyog
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—
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a9 59. TCOD removal performance of the anaerobic digestion of piggery waste.
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o -
13) o)

0.0

a9 60. SCOD removal performance of the anaerobic digestion of piggery waste

3% 28. TCOD % SCOD #H]a

Guangqing Liu at al. Moonil Kim at al. Jehoon Lee
Parameter
(2014) (2011) (2012)
TCOD Removal 79 + 2 78.2 85.1
SCOD Removal 72+ 2 75.6 96.6
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(5) TNG2 AAzxolA 43512 g/L =, g714astxe] 38585 g/l &, A ZFolA
27074 g/ =5 7143z AAE HtS 844%, Hdx AAE Hd
2229%, HAA AAE HF& 2025%5 GA(H 61w TPYS A gz A
180.39 g/L %, d7I&astxd 14295 g/L =, FAxAA 109.73 g/L =&AL
71 astze] AAE Hd2 1805%, HHAxe AAE Hit2 1627%, AA AAE

H2 3211%E 2438 A (18 62).

Fgedinm Feeding2 Feeding3 Feeding4 Feeding5Feedingé Feeding7Feeding8

TN(g/L)
N

0 T T T T T T T T
0 20 40 60 80 100 120 140 160 180

Operating period (d)

100
Influent-AD5q4

50 -

WA &
M OAAT®)
R ¢

%TN removal
o

-50 1

-100 T T T T T T T T
0 20 40 60 80 100 120 140 160 180

Operating period (d)

219 61. TN removal performance of the anaerobic digestion of piggery waste.
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5 —=—_Effluent
4 m
-
=
o
|_
0 20 40 60 80 100 120 140 160 180
Operating period (d)
100
+@— Influent-ADoj4
—v— AD-Effluenty,
50 -
©
>
o)
IS
e 0 -
o
-
N
.50 -
-100 T T T T T T ———T

0 20 40 60 80 100 120 140 160 180
Operating period (d)

19 62. TP removal performance of the anaerobic digestion of piggery waste.
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(6) NHy -NY2> A gz A 316624 g/l =, &7I

28k Zo] 24979 g/l #%, AAZ
22221 g/l FEHYL #7128tz AAE B 1674%, Az AAE o
84%, AA AAL HWe 202%s (Y 63)AeH POSP Fe AFE
2353 g/l fr%, @71astx 1673 g/L 5, x4 1325 g/L F=HAL 3
2829 AAL B 2685%, AR AAL BAFL 1352%, AA AAL

3221% = SAsA= (1" 64).

Feeding1 Feeding2 Feeding3 Feeding4 Feeding5 Feeding6 Feeding7Feeding8
—@— [nfluent
6 —v— AD
—i— Effluent
o
)
Z
+ <
I
z
0 T T T —— T T T
0 20 40 60 80 100 120 140 160 180
Operating period (d)
100
50 -
©
>
o
€
(]
z 041
Iv
z
N
_50 4
-100 T T T T T T T T

0 20 40 60 80 100 120 140 160 180
Operating period (d)

29 63. NH;-N removal performance of the anaerobic digestion of piggery waste.
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19 64. PO, -P removal performance of the anaerobic digestion of piggery waste.
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(7) VFA 42 AH&=xo|A Acetic acid 1501.51 g/L, Propionic acid 640.51 g/L, n-Butyric
acid 51451 g/L, Iso-Butyric acid 63.64 g/L, n-Valeric acid 89.68 g/L, Iso—Valeric
acid 140.79 g/L, Total VFA 2950 g/L =, @743t Acetic acid 261.721 g/L,
Propionic acid 121.32 g/L, Total VFA 383.05 g/L 3=, A=Al Acetic acid
206.71 g/L, Propionic acid 85.37 g/L, Total VFA 292.09 g/L. f=5% U2 F7|4A3tx
o] Total VFA A AE HS 74.4%, A 3] Total VFA AAE HA-S 17%, Total
VFAQ] AA AAE HS 79.02%5 S48 A=(19 65, 66 2 % 29).

Feeding1Feeding2 Feedingd Feedingd4Feeding5SFeedingt Feeding7 Feeding®

—e Acefic acid
100 oo e PR o 0P 6 @6 id-
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0
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L 7. e S R R e Y S R O IR SRR & Aretcacid
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12 b [ ~=. Total VEA-.........]
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® 8-
<
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= 8
4 deoe ) BN g B P B g
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2% 65, AFE(SD), F71astx(F), I Adx(okd) VFA W3}
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TWFA removal rate (g Silid)

% TVFA removal
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O perating period (d)

0 20 40 60 80 100 120 140 160 180
Operating period (d)

19 66. VFA removal performance of the anaerobic digestion of piggery waste.

3E 29. VFA &3],

Parameter Ahn et al. Hansenet al. Lei Jahng et al. o
(2006) (1998,1999) (2011)

Acetate (g/L) 2202 + 0.2 11.0 £ 05 14.23 17.79
Propionate (g/L) 52 £ 0.1 - 4.35 7.37
iso-Butyrate (g/L) - - 1.53 0.75
n-Butyrate (g/L) 6.41 £ 0.1 - 4.88 5.74
iso-Valerate (g/L) - - 1.70 0.9
n—-Valerate (g/L) - - 0.75 1.52
Total VFA 36.7 £ 0.1 11.0 £ 05 27.44 33.47
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gk, wlebAa S W oek geke] AR Ut

(1) Biogas® AA WA= 298819 Lojar 1 FAIH] A =ke CHy7F 2063.72 L, CO.7}
184.05 Lol &ld%™ CH; production rate 988 m¢/L-day, CH, yield 210 m¢{ CHyg
COD.aq, CHy yield 400 m¢ CHy/g VS.aE S HA (18 67, 68 2 1 30).

FBEd\ﬂSJ Feeding2 Feeding3Feedingd Feeding5 FeedingB Feeding7 Feeding8

T T Lokl

20 4
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Biogas Generation(L)
I
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80 | 1 ﬁ ;
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T 60+
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o
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—e— BioGas

1000
T
| [
| 800
£
®
®
= 00 4
@
o
3
2 4
. 400 4
%
T
o

200 4

0 T T f T T T T T
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1% 67. Biogas@ A #(9]), % Biogas CH4(%), CHy Produce rate(o}#).
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Feeglhnny Feeding2 Feeding3 Feeding4 Feedingb Feeding6 Feeding? Feeding8

Je— CHj yield {mLig Y5 44)

80 100 120 140 160
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180

3 Feeding4 Feedings Feeding6 Feeding7 Feeding3

—a— CHy yig

d (mLig VS g
d (mLfig SCO

moved)

——+ CHy yig Premoved

CH4 yield

80 100 120 140 160
Operating period (d)

180

19 68. Biogas performance of the anaerobic digestion of piggery waste.

¥ 30. Biogas CHy 4F&% &-3lv| .

Hansen et al. Lei Jahng et al. .
Parameter This study
(1998) (2011)
CH, production rate (m¢/L-day) 1,100 1,000 988
CH, yield (m¢ CH4/g CODadd) 262 210
CH, yield (m¢ CH4/g VSadd) 362 + 45 342 + 73 400
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(2)

NH, —NH,+ H"
(NvH,] - 1077
TNH,] 27929.
[ i) 10—(0.0918+ﬂ)

1K)

19 71. The ammonia dissociation

o ) 9ara
: [V
| Vi

. [1/
Y] .

| A )

10 /1// 20
/ /

NI,

NIy, %
B w
Q_ (=]
_—

19 72. Effect of pH and temperature on distribution

of ammonium ion and ammonia on the water.
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3)

2= 37C, VT YH
40% NaOH& S FU3s

Ivvm, 1 L ®-&= 57) 7}
}o] Control (¥<pH), pH 7.2, pH 9, pH 10, pH 11¢] ¥+
U531 0 hr, 25 hr, 5 hr, 75 hr, 12 hr, 24 hr, 36 hr, 48 hr 5<% % 48 hrs <t

FEYold A4 v& HAEES v Adeda(2d 73 2 % 3.

= g
k=

=
T
o] pHel w&
4000 1
' @ 9 Py Y
A ——&—— Standrad
\X‘Q{g o o pH 7.2
\ A i S o ——-v—— pH90
3000 - N Tl o ——A— pH10.0
" N AN o| —®— pH1IO
a LN A - \\V\\
[ >~
g " ~ ~.
2000 - ~N v
z ' &
. -
T ~ ~
z ~N Al
N ~
- ~
1000 - ™~ - Sa
L ~—
- ~—
|
0 T T T T T
0 10 20 30 40 50 60
Operating period (hr)
100
—e— % NH,"-N removal
80
I
3
£ 60
1]
Z
L
T 404
B
20
0

8 9
pH

500 mE zHzt

dl

AN oo o

a7 73 A el mE dEYol F= Wsk(9]), pHell mE dEUY ol AlA & (k).

3 31 pHel w& FEYeld A4 w= WEsE 93 49 =3,

Parameter Temperature pH Aeration rate
Control 37C - -
Samplel 37C 7.2 1 LL-'min-!
Sample2 37C 9.0 1 LL-'min-"
Sample3 37T 10.0 1 LL-'min-!
Sample4 37C 11.0 1 LL-'min-!
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"3} A LsJ_(No Air),

r, 25 hr, 5 hr, 75 hr, 12 hr, 24 hr, 36 hr, 48 hr
] U:}E oLDQo}H ;O/\ b:l: 71— e

control<

W) %

IR 740 AR @ E R Yol sk WIH(H), &

i7]—%

—
s

NH,"-N (mg/L)

% NH,"-N removal

a0 h

=0
T

—Z
T

| el

O

Z 57l 7tEEwe

3000 +

2000 +

1000 +

Standrad

1.0L L'min”
2.0L L"'min"
- 40LL"'min"
10 L L'min"

T
20

T
30

;
40

Operating period (hr)

T
50 60

100

80 -

60

40

20

—e— % NH,"-N removal

T
4

T
6

T
8

Aeration Rate (L L min™)

500 meE Z+7+ A

U™ A= 1 vvm, 2 vvm, 4 vvm, 10 va-J

L8

o T
o T,

Fo &

48 hr

[e)

==

Hlal Akl

15 &l uhE gEyol AAE(F).

332 FIFAE wE dRYold A4 vk WIE 9 AF 24,
Parameter Temperature pH Aeration rate
Control 37C - -
Samplel 37C 9.0 1 LL-'min-!
Sample2 37C 9.0 2 LL-'min-!
Sample3 37C 9.0 4 LL-'min-!
Sample4 37C 9.0 10 LL-"min-"
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Aol whet el ~EHFE A8E 002N HCIEHS o]-8ste] pH 7.7 ~

o 1=

(5) pH} 714
Y23 160 ml vialol AlE 25 ml, 3R 256 MBS F7HE5ste] 50 mE sk A

T8 HrE

A0S 57 1087 3 & 37T, 120 rpm S & 9= shaking incubatorol| A 25 olat & 7]4
3= 233t WA E = biogast GC-TCDE o|-&3fe] A3 S(2d 75).

AT
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(6) pHel w& 4R
e =
production rate (ml/L-day),

VSuwd T HEES

QA s

&5 HERE (2" 76).

Cumulative biogas production (mL)

% Biogas CH,

140 o

120 o

100 -

80 -

60 -

40 4

20 A

80 -

60 -

40 4

20 4

Q& biogasE
CHy yield (m¢ CHs g COD.,u),
B3 pH 10.07 pH 11.00] ZA

1000

S O
==
=

LN

Z7}E 7 pH 10.00] 718 =&

AdoA 7437 g&Ao0=
9S ul biogas = #=Holu} C

CHy vyield (ml CH4/g

fot

——e—— Control
) pH7.2 a 800 -|
——-—w-—— pH9.0 g =2
— —A-—-- pH10.0 |
— —m—  pH11.0 / E
4 = 600
~ v s
x )/o 2 ——e—— Control
~ / S o pH7.2
T E. g 400 4 ————— pH90
A/A/ _ g — —A—-- pH10.0
~ %45/. - — = —  pH11.0
e ¥ S
S
W 0 |
[ 5 10 15 20 25 0 5 10 15 20 25
Operating period (d) Operating period (d)
30
25 4 ——e—— Control a
) pH7.2 o~
= ——-w—— pH9.0 #~
2 ——A.—.- pH10.0 ~
w20 — - — pH 11.0 &
2 A
= A >
3 / y
£ 151 “ /
——e——  Control 2
o pH 7.2 2 A/ )r/* o
——-—w-—— pHO90 ~ 109 & / o
= AN 5 / eos
— - — pl K v
5 &A = n - mm—m-a =
o,
T T T o T
o 5 10 15 20 25 o 5 10 15 20 25
Operating period (d) Operating period (d)
0.5
——e—— Control >
[} pH 7.2 «
. 041 ——-w-—— pH9.0 A
3 —-—A-—-- pH10.0
K — . — pH 11.0 S
3 /
o
=2
3
E
o
2
=
=
T
o

Operating period (d)

1% 76. pHOl W& Vial &7]43 2 d 9] Biogas
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% Biogas CH,

CH,produce rate (mL/L'd)

(7) &71Fd Foll &

Aoz HNPHH Y= A7) ¢35 BiogassS

CH, production rate (m¢/L-day), CHy yield (m¢ CHy/g

VSuwd FHEES

[e]
M =S 28 S

AN

-{n: o

CODadd)7

H] A A71asF 28
< W Biogas =% @o

CH,4 vield (m¢ CH4/g
B 4 LL 'min'3} 10 LL'min'e] 24 Z7}=t47F 10 LL 'min ']
YEP A (2" 77).

100 120
- ——@—— Control
= 100
80 4 = o 1.0LL'min™ /A/A
5 ——-v—— 20LL"'min" I
£ ——A— - 40LLmin" ~
S 804 R ~ v
2 — —& —  10.0LL'min v
60 3 A v
5 A '(/
£ 60 ~ -
< ._a_j
_S’ ﬁ I-.:%JO/: o
40 ——e—— Control - ¥4 o
o 1.0LL min™ 2 401 ~
——-w-——  20LL"'min" =2 j‘!/g
20 4 — = —- 40l min” E 8
P S //8/
— - — 10.0LL "min o 20 4 W
0 880008 T T T 0 800w T T T
0 5 10 15 20 25 0 5 10 15 20 25
Operating period (d) Operating period (d)
1000 25
A
~
——@&—— Control ~
800 20 A o 1.0LL'min” 4
g ——-v—— 20LL'min" ,
3 — =& —--  40LL"'min" IN
o — & —  10.0LL'min" v v
600 - > PN v
2
—
E
—&——  Control ko]
400 - o 1.0LL "min"? 2
——-%-—— 20LL"'min" <
———- 4.0LL"min" S
200 4 — - —  10.0LL'min”
0 +—eeeees T T T
0 5 10 15 20 25 25
Operating period (d) Operating period (d)
0.4
——@&—— Control A
o 1.0LL"'min™ /
= 034 ——-v——  20LL'min" A bbb
- — =& —-- 4.0LL"'min”
o — —= —  10.0LL"'min™" ~ A v
o
(&)
=
— 02 -
E
ey
Q2
>
=
S 014
0.0 &
0 5 10 15 20 25
Operating period (d)
57 = = : S = 5 : H
a9 77 F7F Yol W Vial €743 239 Biogas w4,
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(2) Azol B FANIW B3 whgshe] Hokgdzit (HOCHO]
A

SrEvIe}, ob R, vt St

NaOCl -> Na®" + OCl

OCI' + H'-> HOCI

NH; + HOCI -> NH.Cl + H,O (Monochloramine)
NH.Cl + HOClI —> NHCl; + H,O (Dichloramine)

NHCI, + HOCl -> NCl3 + H;O (Nitrogen trichloride)

<1>

<2>

NH>Cl + NH4Cl -> NHCIl, + Ny + 3H" + 3Cl (Dichloramine)

3HOCI + 2NH; -> N, + 3H.O + 3H" + 3Cl°

3 (3534 ¢g) /2 (14g) = 380 g of C1 / 1 g of NH3-N

Clb : NH3-N =76 : 1
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(3)

QI

st pHE 752 %4, NaOCl& = T
159, 208 = A-d3star 05 hr, 1 hr, 1.5 hr,
a9} ek yo} Hlo WE A AE H

LEE 2T, WS 579 71EE R 500 mLE 747 A$
[e) [e]

5
)
C
=
+ ~
T 2
= — e Cl,:NH;-N (x1)
...... o Cl,:NH;-N (x5)
14 ———w—— CI;:NH;-N (x10)
—.—a—.- CL:NH,-N (x15)
— & —  CI;:NH;-N (x20)
0 T T T T
0 1 2 3 4 5
Operating period (hr)
100
—&— Dilution
a0
©
=
£ B
o
==
% <r
=
=
=
0

T T T T
0 5 10 15 20 25
Dilution Factor

2F 79 A el e dEYokEs W), Al wE Rl Al & (k).

T 34, 949 gdEYol Ho W& AAS v A x4,

Parameter Temperature Cl; : NH3-N ratio
Control 24T 1
Samplel 24C 5
Sample? 24C 10
Sample3 24T 15
Sample4 24C 20
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@ Fash Guijo v A GIELR 76 1 1ol @k Faich clsln Yo
s Fe 2, 223 9L 5 Oed 249 EAR A9
GO A AaBes oM UE 1, 5, 10w, 154, 20w

$ Bagn

2 44 s.
(5) 949k guiote] w7k 209 B g obAlA &0l 45%7H9 Egko CODsE 2
o o ok f71EE AshsE b

of ™
& fr7lEe] AAE T3 Ego® dR
£

] 8}l (3E 35).

¥ 35 GAaet dREYol vl w2 AAE.

chlorine chlorine chlorine chlorine chlorine
Parameter dosage (x1) dosage (x5) dosage (x10) dosage (x15) dosage (x20)
Removal(%) Removal(%) Removal(%) Removal(%) Removal(%)
TCOD (g/L) 719 26.92 50.06 56.07 7791
SCOD (g/L) 5.25 11.89 32.58 47.42 60.09
TN (g/L) 24.14 26.32 29.31 31.58 33.33
TP (g/L) 16.00 20.40 22.08 23.48 28.75
NH, -N (g/L) 18.78 21.95 35.24 40.70 45.00
PO, P (g/L) 773 8.18 8.57 9.52 10.00
VFA (g/L) 5.29 22.99 65.90 24.12 31.89

2}, Struvite 8-S T3 dEYol AAVE R

(1) Struvite= magnesium ammonium phosphate hexahydrate (MgNH,PO, - 6H20,
MAP)Z A wWAo] Ax Fugejolm Ao mep & @d AA, Mg 24, curds
L gelatin JEH O] EEFS Hal HFS 170/ A A= 7HEAd ol &zkE] pHell A

oo Bg Aol

(2) Struvitet® FFolA g9 (1) W&ol s A=, [Mg™], INH"], [PO,°] F%=9
ol stwites] $AEH (K 2d Ads) Agau, Aol s
(saturation index, SDE 21(2)& °¢]&3to] AAFdS o SI gto]l ¥olW struvite?l 3
dE 7 ASS, 00)d HF *F/Hiﬁ struviteZb A EAY &l HA gom, gold
struvite’} 42 4 9SS YEFY (Merryl, 1994).

Mg** + NH, + PO, *+6H,0— MgNH,PO, « 6H,0 (1)
[Mg* ] [NH]I PO,
K,

sp

(2)

SI= logw
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(3) g struvite FAAWLoA pH7E 453 ortho-P9 H%E7F Sehrks wid Mg ot
NHy ¢ sXv SolA B & struvite Aol A< pH7F EA8HA ¥+ vl H4 pH
= o7l pH 7 T 11°]aL struvite®] &3l& pH 9.0 A AA HAolm=2 dgf struvite
@A whe-el #4 pHe pH 9.0 <A <.

(4) Struvite B4t ¥4 A4S @ magnesium source?] 19 717, @ struvite?] i
714, 3 23949 ortho-PY %%, @ ortho-PY AAE So e Z24%n Ak
2 magnesium source (MgCl,, Mg(OH), )2 ¢ 7FAe] HAAAdel 7 & 93
v x| B2 F9 magnesium 3tFE9 9 A H3 magnesium FH Yol ol& Zhssirhd
wf§- v A, Bk oz AE struviteE FHE HE oz #vlsty] s
= struvited] F3l 22 (F55 )0 A ook 3

(5) Struvite?] AL 9] AL vy 2= a8 803 e §EA blS )yl B3

189,

L

Magnesium hydroxide solution

/ 3 mm plastic tube
A
» (pH
pOs @)

et | —

V notch weir

L] Effluent

Settling zone with
e ID 600 mm

A4
) Clear PVC reactor, ID 300 mm,
o total liquid height 1365 mm,
total liquid volume 143 L

o | air bubbles in reaction zone

o
Centrate from T
wet well

"

% l MAP crystals (settle to
% bottom when air off)

30 mm PVC pipe

Compressed air

MAP product removed
intermittently (when air off)

1% 80. Struvite FAARESE A3 F5 ¥ES-7](Munch®} Barr, 2001).
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6) 28y struvite FAS E3 dERYolAIAE %7] NHy/-N F=7F AYAA =L
struvite Aol Z 23 POS Po HE® vron kel Mgo]l Ha 7 34 Hol u
2t OLU‘/]O}ZHH g&o] AYAA Fs Aoz oid.

al m

(7)

minteq 3. lolﬂ‘rl:—
Jabetel ghm

j=
RUN s
o e BT struvite BHEE FE A

file  Paameters  Solid phases and excluded species  Adsorplion  Gases  Redox  Multi-problem / Sweep  Database managemert  Help

Visual MINTEQ

Activty covrection. Davies

Cancentration unit

Millimalal
PH Calculated hom mass balance - Temperature * oegC
lonic strength  Fuced ot
Add components
Component name Total cancentration Fixed astivity
Solect from st - o ] | Add to list
Run
L View | edit list
ShoW oaNG components Wi MINTEQ
View output files
Reset
Agg SOM

File Options

No. of iterations 82
PH 5459 Sum of cations (eq/kg) IOTTIE-0T Equilibrium pe  8.000
lonic strength ¢ 1662 Sum of aniens (eq/kg) 1.0454E-02 ER (mV) v
Charge difference (%) 43428582
c is and of ic species (mol /1) | PrinttoExcel | ‘ Gases
Concentration Activity Log activity =
ALOHM2+ 1.0342E 07 7. 8010E-05 =7.108 =
AOH)S (aa) 8 6124E-09 8 S4BAE -3 -8,048
AOH~ 1,6885E-09 1, 2570E-09 -8,901
A(S08Z- 5,2879E-10 3 973E-10 -5,401
Al+S 23755607 1 B748E-08 =7,721
AZIOH)2+4 53048611 5 82256-13 12285
AZIOH)2CO5+2 2,74T3E-22 8,8023E-23 -22,051
AIZPOS+S 5.3921E-07 4, 2609 -08 =7.370
AHOH)A4S 65920613 571826-16 -15,243
AlCTs2 1,7651E-24 57131E-25 24,243
AHFC4+ 1.12186-04 B ABAE-(S 4,073
AOH+2Z 1,8690E-07 5, 40206 -08 =7,267
AISO4+ 4,0801E-08 3.0624E-08 =1, 214
CalNH3)2+2 11538E-12 37340E-13 -12.428
Ca+Z 1.1 744E-03 3,8013E-04 =3,420
CaCle 2.4692E~20 T.1424E=20 19,146
CaCO3 (aq) 9187923 95463623 22,020
CaH2PO4+ 55,4832 05 4 B788E-05 -4.312
CaHCO3+ 71979620 5420620 -19,265 -
View species l Display indices L q d mass distribution
Execution tme (s). 1449210 ‘ Amount of finite sclids Back to input menu ‘

19 81. Visual MINTEQ 238 A

z73
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336 Fash dFRYol Hlel mE AAE vl A9 23,

Visual MINTEQ 3.1 &4

23 ZeRpc gl

- Speciation, solubility equilibria,

- W33 pH, Gase F-2¢+
orption®] equilibrium 2@ A A "

- pH, Ionic strength, +%, &% ¢ - Z} speciation®] &%=, activity

st F71EA 152F, #71=4 51F Ay - Fol e -] e

(7) Visual MINTEQ Z 271318 o] &3t dRYIAAE e 7t5E =2 Struvite 34
< NH,'-N, PO# -P7} obd NH,', PO,/ ¢ EH|Z o] Fojx]7] wj&o] NH,', PO, =
Al A8S A3 Mg™ el 42 Ev= o Z&o st POS o 1.2v)
US F9 gL Mg”S MgCl - 6H0% o= 3ate 49 MgClh - 6H098 %4
2875.33 mg/Lol FEH 2E Ayks NHY, PO v 22 dadoz A9 (F 37).

¥ 37. Visual MINTEQ 7}5 A3},

T2 (mg/L) T8 & =9 & A &
PO/ 1120 272.72 847.28
NH,' 4680 4519.06 160.95
Mg, 343.91 127.01 216.9




(8) Struvite AL FF Fmwijol AALE 35%%0] Jox ggrow] 27 drye}
S7b B3 struviterh FAHE GEUel B BApego] wa Qo] FE RE:ahn F
HHoE Mg el e dol F A% AAGoE melsol 7] W] gmio} A7
el QoA WE& A WEAE 38)

¥ 38. Visual MINTEQ=S o] &3+ Struvite I d< 3 otr Yo} A 7.

T(%) Struvite Aol |3 A A&
PO,/ A A& 75.6%
NH, A A & 35%
Mgy A 71 & 63.06%

ah 37FA] el HluLE F

(1) dEYot~EgFe 75 pH 100149 dRYo} AAE] 76%°] A=

(2) 92993 Fdo A5 da9 drYole] FYHIE 20 ¢ 1= g A5 dEYol AA
$o] 45%0°]A &

(3) Struvite A2 4% Mg?ol PO ¢l 128 F13 4% ol AlAeL 35%0]0S

(4) tEYo} AAHAM = dEUolAEZ P AAEo] FAavdd FYRG 26 o] Fo
] A4 T Al AVt dEYoES A A= AREEE Ao ofyEk dlF-E
=& AAstE AMEEoRE fRYolrER| o] 1 AAg

(5) T3 struvite S T dEYoF AAEL 35%5d YA ggon %

FE7b 3 struvitert BAEE G0l Bxie] Rzl vt oo F

FhoR Mg®el 42 Wol & A% ZAHoz nelsjok 57 W o

Eelgo] o HAg.

e

H

O

]_

offl

(2) &F9 ®3l& e pHel A 43S wed o]zl F2ksty] (OH-)ol sty o
o] ~~2 HalE +£ dE= EA (self-decomposition)S 7}A 1L Q7] wjFEola o &&
Aol A= vl A A AR QU)o R AeE RIS ETE WA H. ol 4
4ol gle &Y dHdAxm FAakstr]el ofste] ezt W] AlFteked S A
EAR kst A radical (HOp - )3 Z23AFSHE radical (0; )& F43tH, o5

ThA] 2 & Bx19} whe3dte] @ Futol= radical (Os-)e S EE 73 OH radical
(OH - )& A4 g,
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(3) L9 82 yEb mio} o] @EL FAksEY] ofo Aol

A

TR

0

7FA ™ (2.80 volt), 79

=
=

Ane we 239

19 8394 vERd whel o] o F&=i At
247 = (Direct reaction pathway)¢ OH

AR

o] =
A

el AgHow
ghe] 2

g

o

[eJE=SNeR
—ad-1_. =

SEEES

17 & (indirect reaction pathway)® -

A

H=

J

radicalel <

—_
o

IH

ok

G
i

e

T
TH

NI

oh
T
oy
iod

0,

T
o

iz

o}
M.
o]

™

» M, (Directreaction)

Re

» M, (Indirectreaction)

M

+

Scavening

» Radical

uv

H,
elc.

Tw
3

H
alil
of

ol
o)

a9 83 =0

- 100 -



(6) ©F F71%, AEPW o} GEUE AA @ F7b ded £3 Br EAstE
)

45 =2 A0, )8 Zo] whes ek

O3 + Br -—> OBr + O9
OBr + H.O -> HOBr + OH

weEkA gl =2 H), DE AA AG), 6)3 #Zo] dAEwgol doju

2]
Bolurt Aoz AAZE .

O3 + Br -—> OBr + O
H" + OBr -> HOBr
2NHs + HOBr -> NHBr, + H.O
NH,Br + NHBr ; -—> N, + 3H' + 3Br

A7), (8) Br o J&ol &3 Aitsintgom R Yolrp AlA R = 4.

HOBr + NH;" -> NH:Br + H" + H,O
NH-Br + 303 —> 2H™ + NO3; + Br + 30,

4(9), 10€ Br-o 9ol ol 0 A4 U] dasugoel olste] gruiio}st
A A = w9l

NH; + O3 —> NO; + H + H.O
NOy + O3 > NO3 + Oy

F Qojut ghmjoby

S BEole (Br)e Ao}
gl =

=z

(1)
(2)

(3)
(4)
(5)
(6)

(7)
(8)

9)

(10)

|=23
=
A

=]
6) 28 =79 AL 2&1A7] LAB-S (L.&H )& 014‘16}04 &l 7] skl AT

] 100 ppmo2 FHFAE. W& (ID 10 cn x H 20 cm>oﬂ 37128k 500 meE A
T LES FUSE. ol A oF FYFE 66 gh, 25 24T, pHE 80 T
85% frAlstal 5.

(7) AE=E 744%2 AAHQAIL F7182 337% AAHAE. Solde TN rohy

Aol AAHE @] veua(2d 84 3 & 39). ©]

Br 9 9dko g exurgo] < A A = o) % = g

5]
a
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SEAAN ] A2herg st
1% wgow

[e] = ]4_ 7/\ T_'l
MEZFAZ Aaf7F H= dRYolddArs MRS 3 AL ] FA)d AA

al

1

i



ol

N

AN

T A= FeA S AAE TS B3 daAg el g IR ELS g E
sto] Z2 AIZE (20 7 30min)Wlell el E o] FrEAQl FeE AAHe] LS
e FHE A D U.
6
——@—— Color(g/LPt-co)
5 “ - e O ........ TN(g/L)
) \\ ——-w——  TP(g/L)
——A-—-- Ammonia-N(g/L)
N — = —  COD(gL)
O T T T T
0 5 10 15 20
Incubation Time(hr)
Y 84 L EF] 93 Friaste] A W3l
F 39 2EFol g3 dryolyd Hx 2L AE AAE,
SCOD TN TP NH, -N Color
Parameter Removal Removal Removal Removal Removal
(%) (%) (%) (%) (%)
ozonation 33.7% 85% 9.3% 82% 74.4%%
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A= M

A

1. NaOCl& ©]

1 —~ : = SUCIr ol or B T nI¥IB g F
W L = o < w o o ® & o oo of
= Q e y T w
— O . )
e z K P HOE LT o)
) A R e Ay o B
hee 7 G I R T W= L _
37 o o o B mo o | W ooy T pajul ) 2
o o T o oo W g BT o CE- G
5T 5 B oo Wy e N mwmm S
A o g M RE D W gy cEg 2 4
7 A ! m " P,ﬁ o ) W ° ° 5 & ¢ S
i~ © ~ TH — T ] = o &
K ﬂ B UEEMMEMUMO»H_A%Q] mMH/D\ X
i ° = W, = o S3d s,
JMINJ © v WNJ@%E AT]Ho,mﬁ mrD\mbC 7o
= - i Crowmm e © Y 25 2° =
< N < T = oo N XL - QZ o+
o W Z R < u|
y o wEHIRA LR dE XS 3
o o , w B A T P X N -
T = @) o} ) N ETﬂ ,Mﬂﬂlﬁﬂﬂq o R o oH
W) o O - o - _xanﬂngal.%_ﬂ; s ’
do T S N T R Pl gEte T
0 ' o L N o~ n 5 <
o T Z. o N ° QVU%H%LEWATLMMO WNC+ W
= A o far oy qr = B ol - ® N, =0 N A Ao
g . I M AL L S
— r - __ |
2 . 8 9 g T zrRipEtamasg g0 E @
; Q o} o U o B g 2 . S 3 0 8¢
4 sk E o CCl e mae 9o A 5
TN ° p e R AL lR ELEL s
5 O & s jd moﬁ%mr%%aau_/n« S )
o = I ~ oF = M &= ° LN ,ﬁ_\r} S Il e
=S 3 < Pa R REE s HESE
o = X el o of Y 4 ~ z 2 an R
— % G o TR - SR (NS Z
T R 4 = i%%&ﬂgd%@r@ > )
= 7 g s 2T ER YD Vg I 9
o @) o I~ R B Z. 9o
=y ) @) < oW DA =~ =
CUN- R —~ = oy oy o W Lo -2 % T
~ X p ™ Eoﬁoko.ﬂl Hﬁoﬂﬂ ~
ﬂr.»ubﬂ ‘M]ﬁ .W. L.Lﬁo .bt+,1&|ﬂwﬂ&| ‘.uxw‘u
w2 W K 8 FETagqeN gk T
b oer mxr T ﬂmﬂﬂ%%MiaWﬂ S
= S 6

=
-

(7)

=

=

76 ml/L

1
T

=
FdFE

Ea

=

o]

o

1
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: NH3-N = 76

olwyold A 1 mé/Lol of
Cly

aw

}

3(334¢g)/2(14¢g) =38 gof Cl/1g of NH-N

Lol w2 mjge] a7 22 2

7

-
X

(D3 el A
Al

Al
A



(4)

AE 7Y s AYRFIEE HOE gastel A9 002 A5
Yol Aa7b 4 @3 o] Aarts (N2 Wal 37 Fo ujatso]

3HOCI + 2NH3 -> Ny + SHzo + 3H" + 3Cl (8)

o] Mg AA
DEE RS
S Fe

Chlorination®] =7

N

. NaOCl %‘ﬂ% &3l %ﬂ*@r 3 ]’\ﬁ}"“ H]E 10 1=

o
“
of FUSRE. Amel A5

& 1500 mg Pt-Co/Lell Al 615 mg Pt-Co/L7F4] 65%7} #| A =
g, e Gael A MEww oma R Ax 5 OE QRS gy

AALN LS. E3] 7159 AAES 634%=2 MEe A9 H=3 AALES UEgIS
(717 86 % F 40). T3 FaTdoz Adle] FFAL7F HAHAS. o T I
FAR7 A A ZzF mAE 9IS gofsta g Adrr dobd AA HAHo] F7t
Aoz AQ3H

¢

—@—— Color(g/LPt-co)
5 L S IR O e TN(g/L)
~ ———w——  TP(g/L)
R — - —A-—---  Ammonia-N(g/L)
— - — COD(g/L
n N (g/L)
CETTA N
..... e
. L
LR vy RO .O ................................................... O
\A— VaN
5 \ .......................
< -— =
1 -X
v————v———v———-v————;— ——————————————— -
0 T T T
0 1 2 3 4

Incubation Time(hr)

:lB]EI 85, 4 10]] o] &t ‘6:]7]}\§],oﬂ_4 AR ]7%

F 40, daFdel 9% A B {1E AL

SCOD TN TP NH, -N Color
Parameter
Removal (%) Removal (%) Removal (%) Removal (%) Removal (%)
Breakpoint
o 63.4 29.5 195 37 65
chlorination
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t}. Fenton?t3l#H ¢l H, 0,2 o] &3 MeAA7< 7

(1)

(2)

(4)

HAELSE S-S Habstri (H,0,)9F 27F 2 (Fe?™)o] AMEA F (Fenton's reagent)
S AREste] Wb F A= OH radical (OH -)9] Atslg oz Add ¢y LHEY
T 29 EdEs AYste Vw2 AEA RS 18949 =9 3}8+A} Fentonoll ¢ &l A
Aoz WAy AELS)] sk Qg W 7Y F-2> Haber and Weiss (1934)0l 2]
ste] AorE e, 1 & Barb et al. (1951)2 °]& A5 Az, AELS v
$& F7)Eo] EA3A &S ujo = Haber-Weiss cycleo]#} &&= AdfursS do
71 ol B3 25 (19 86).

H,0, + Fe** — Fe” + OH + -OH
H,O, + Fe* — Fe* + H + -HO,
‘HO, — O, + ‘H
Fe?' / Fe*
2H,0; — Oy + 2H:0

<
1

m\l

ol fF71% (RH)°] &A3te] OH radical?} W83 7% thg AoA] B vieh
o] 7|5 radicale] A= o] AHukLo] dojyt,
RH+OH.~>H20+R(01JHXJJ+ _%_
R- + H:O, — ROH + OH-
R- + O, — ROO-

—_

% W H o] &8 Fe’'$} Fe¥' Alo]Z =35
ol&] Fe*'= Ar3tE WA OH radicals A4

A7) ol A AAE OH radicale ] of Aulxlo] {7]% radical (R-)S WHEH
o] §71% radical& Fe¥'& thA] FeZ*i SHAAZIHA 222 A AbsE s (L™ 87).
a8y §71% radicalel 98 Fe''o] Fe*'2 $YE % d=vhd Fe''o w27t EolA
Fe*'& F71H o2 FH3A &S 4% A3 nkgo] Suy i ol f7]Eo] dy W
Sl ZEAQ FolgtH AL g Fujrl AFLEHAN 284 s Aol B &
o] Fuj7} Za3sHS ou g

]

il

F

"~

' ' | CO,, HO |
IFeEIIII

i i
H.0. Cycle Oxidation
— H-Q, ‘\:I products
5 Fe(lll)
(o) e
Organics Organic intermediate
RH Radical species
% 86 MEASE vHE WAYE
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N
Chain termination

Fe™ Fe*

Further reaction

2% 87, HEA

LT

(5)

30 T 35%S AF&E A Fe*'& FeSO, - THOA oFS
105, 1:1,1:2 & Fo] FYade. ME AL FYu|go] 1
AAES Vel on ojue] Ao Fhi=

7HA 63.6%7F AAE A (1H 88 I 41). ey

OE Aol i AAEAE

o‘"l‘a T“‘l‘

g AAES YEHH(ZE 89 B K 42).

24C, pH 3 7 35, pHFY &Y o 2= HSO, (1 + 2)84S
T8tk H0.9 Fe H

14w 7+
2,832 mg Pt-Co/Lel A 1,042 mg Pt-Co/L
2 A=k ol frlEH 2
E3) §7120) AASE 554%% MEsh A9 HZ

By vrs A=

3000
L
N\ —e— H,0,:Fe*=1:0.5
2500 -+ \\' O H,0,: Fe?'= 1:1
AN —w— H,0,:Fe*'=1:2
S 2000 A
Q
&
=, 1500 -
£
5
8 1000 © o o
500
0 T
0 1 2 3 4 5
Working Time (hr)
a9 88 HMEALSEY Fule] o Mm A AE.
& 41 AEARSPE Foin]el ofgk M A A L.
H,0, : Fe*' H,0, : Fe* H,0, : Fe*
= s =11 = 2
Parameter
Removal(%) Removal(%) Removal(%)
Color
534 63.6 34.6
Removal
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——@——  Color(g/LPt-co)
........ o TN(g/L)
———w%—— TP(gL)
——A-—--  Ammonia-N(g/L)
— = —  COD(g/L)
O ........... O .......... O ................................................... O
.......................... A
=
(@)
———————— ]
L
0.5 1
Y Y ———————————— v
0.0 T T T T
0 1 2 3 4
Working Time(hr)
% 89, HyO, @ Fe¥ =1 : 1 dujo] A& AA.
¥ 42 HyOp t Fe* =1 :1 4ol A% AAE.
SCOD TN TP NH, -N Color
Parameter
Removal(%) Removal(%) Removal(%) Removal(%) Removal(%)
Fenton
b55.4 3.3 5.1 2.8 63.6
method
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(1)

(2) 3

e msh vl AER Yol vAE o gte)
13

Mok A EF AR mAE 9y

A=A g

(]

by
o Eoho] Mms) .
szt 100, 200 S4F Aol 0 Hel F MEF MG AAHAS
3 29 903} o] AmsF Ae o) Ao A A %
& A oldl oA Amol RE 10wl F9ok AREEA sk 20l 49}
A5E7E 6 Boe. AR JBRY ohe eEAYIAN FEF frlRHF
Eate] T2 Aelahgat viast AgEEs Fathn BeE(1Y 90 L E 43).

riN

Noox x oy ot fo o
=

10000000
——e—— Sample,(x1)
o Sample,(x10) poD
8000000 1 | ___y———  Sample,(x20) o
— A= Control(ChlorellaVulgaris) s
8 6000000 - AD
[S ~
5 ~ _
£ A 4 v 1//'_ Y
© S _ v
¢ 4000000 a5 /’
A s /r’; 000 000
> . /3_-6/ e} o
2000000 F—@—9=
0 T T T T T T T T T

0 20 40 60 80 100 120 140 160 180 200

Incuabation Time (hr)

10000000 ~

——e—— Sample,(x1)
8000000 - o Sample,(x10) A
——-w-—— Sample,(x20) x #
— A= Control(ARF0004) ~
B 6000000 AT
1S ~
2 /
T o
O 4000000 /A__ A —'__'_’r_'_.'——f—v
A o
p '/,—‘;-Oooo.oooo
— W=~ 00

2000000 +

0 r T T T T T T T T T

0 20 40 60 80 100 120 140 160 180 200

Incuabation Time (hr)

1% 90. Ozonation g7} @ 7|3 Ao nlAxHF vid ($-25T, oF#l-120).

- 108 -



F 43 =AY o7 mAxEF AR wiAe = B AR A WL
BOLDS L= o vAzF Asfad AAE
BASAL Blue—Green 3] 7] 25} o
Parameter Medium
MEDIUM
(BBM) (BG11) Ay (x1) Az (x10) A; (x20)
Total N(g/L) 0.04 0.2405 0.76 0.082 0.051
A =
(mg/LPt-CO) B B 392 o1 2
Chlorella
vulgaris(p) - - - 0.0036 0.0055
ERE
R - - 0.0028 00052
RS S B P ES AR I B B

A=

g2 9] A ADHG L

@ @723t a0l MFEEAA AR A2 Fol AL
AR &

o ammonia stripping® chlorinations %138 3 A}

X 44, dEYol B Mm7E A A" § 7|48

hYA
ar

ol

o)
(1) d7) 23R ammonia strlppingTJr chlorinations &3l 4E Yo} 4
of Fdart HAYE o A Fol T R

449} 2

o
=
7 459} %%

M= B AAs

_/J’:7]. u];q]za A Aol u| x

[‘TF
o2

Parameter Soluble Ammonia-N  Phosphat-P Color(mg
(Sample) coD (ga) TN &L TP L) oy (/L) /LPt-Co)
Piggery wastewater 5.16 3.3 0.57 3.2 0.25 1478
Piggery wastewater (x10) 0.492 0.31 0.059 0.31 0.026 145
Breakpoint 0.194 0.24 0.042 0.21 0.021 64
chlorination
Treat] pir stripping 0.371 0.11 0.052 0.067 0.023 109
ment
Breakpoint
chlorination + 0.182 0.102 0.041 0.063 0.02 61
Air-stripping
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F 45 HFAARTE AAE Fastede] AAE.

Parameter Soluble
TN TP Ammonia-N  Phosphat-P Color
(Removal, %) COD
gﬁgﬁﬁlﬁg‘; 60.57% 22.58% 28.81% 32.26% 19.23% 55.86%
Air-stripping 24.59% 64.52% 11.86% 78.39% 11.54% 24.83%
Breakpoint
chlorination + 63.01% 67.10% 30.51% 79.68% 23.08% 57.93%

Air—stripping

(3) MEe] A9 =X X< 33 7 76 mg/LPt-CoRtt £ w2 61 mg/LPt-Co7HA| #| A
shelvh. fFRYol & A H3x <20 0062 T 0.153 g/Lell sidH = 0.063 g/L7t

o) Aelsel MAERE WFH AW VAEFE
o

10000000
——@——  Chlorination
- PN
o Stripping I~
8000000 4 | ——-w———  Chlorination+Stripping
— D — Control(ChlorellaVulgaris) A/
R
_ /
g 6000000 - A
~”
£ =
< e
3 A
& 4000000 - At
2000000
0
0 20 40 60 80 100 120 140 160 180 200
Incuabation Time (hr)
10000000
——@——  Chlorination
8000000 o Stripping A _A
——-w——— Chlorination+Stripping
— D= Control(ARF0004) ~
~
& 6000000 A AT
€ ~
2 s
3 4
& 4000000 - RN S
2000000
0

0 20 40 60 80 100 120 140 160 180 200

Incuabation Time (hr)

a9 9L AFALE AAY @r1askHe] vAEF v (91-25T, ofef-12T).
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(4) chlorination® 2] #A ol A WA g HFAne o mAlzF o] AME FAoH
Ay 7+ 3k
B) daAgHAAdA B AFALTE AT AFS Adfstes AS &A "ol wet
nAE FEFS dotr7] A& dES A=
6) FaAeE Adsf B FFALE A6ty 8 GRS AHES B AAZES
5.2%, 12.3%, 24.4%, 36.5%, 36.8%= Sokth. o] IFHL7E EAlskE @7 st He T
AzFE e ds o]l AdstA Sda(1d 92).
10000000
——e—— Sample,(removal 5%)
e} Sample,(removal 12%)
8000000 4 ———¥-—— Sampley(removal 24%) - /.\./l— ]
—..—A —..-  Sample,(removal 36%) e
— —#& —  Control(Chorella vulgaris)
8 6000000 /
§ o
= e
< )
8 4000000 /./'/
2000000
0 T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200
Incubation Time(hr)
10000000
——e—— Sample,(removal 5%)
o) Sample,(removal 12%)
8000000 4 ———¥-——  Sample,(removal 24%)
—-—A —..-  Sample,(removal 36%) = g% g
— —m—  Control(ARF0004) o -
g 6000000 - /
€ y |
2 | ¢
8 4000000 - // g
2000000
0 T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200
Incubation Time(hr)
a9 92, ZFAAE DA el A Fr]AstHel mAzF w g (91-25T, oF#-127C).
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(7) 34

= AARES WS o] IFdA7E S FrIAastdo nAEFE &t

T AAEC] F2 wiA = AFeA R

8) FFFHA AAEC] 62%2 90%Y Wl Chlorella Sp ArF0004= M3k 0.0025, 0.0040<,
Chlorella vulgaris= m %k 0.0037, 0.00515 €A S(2d 93 2 % 46). Wi i

Qo s e wAzR Adl As7t 1.

AR NagSOsE ©]&3 A9 AAZTES 127%, 62.4%, 89.2%, 932%, 94.3%= =
7

10000000
¥V
—e— Sample,(62%) v
8000000 - O Sample,(90%) /f
—-¥— Control(ChlorellaVulgaris) /
v—
b
@ 6000000 - ,
o)
[S v
=} 4 o o
é ,——V/ 0 OO0
& 4000000 - v/'/ R o
,/* 00
Ve
v
2000000 §

0 20 40 60 80 100 120 140 160 180 200

Incuabation Time (hr)

8000000
7000000 { | —e— Sample,(62%) i
O Sample,(90%) ,//'/
- — /v/
6000000 4 -w— Control(ARF0004) e
[0} s
9 5000000 4 ¥
1S s
2 7\*"
= /
3 4000000 V/ 0. 000 O
4 o
3000000 - s 0.0
» o
s O
2000000 ¥
1000000 : : : T T T T T T

0 20 40 60 80 100 120 140 160 180 200

Incuabation Time (hr)

19 93 IAFraas EdAel s AR F7143k10 W B4l vAEF g ($1-25C, oFe-12°0).
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346, F71 st o] vt v xF SR v,
Basic 7] 2 5} ol AFAL7F AAR
expierment volmm A7) &5t
. . S S, S3 Sy 1 Ay Aj
Parameter —12C 25T )y o) 20 0e0) OOl oy x10)  x0)
190hr  190hr  180hr  180hr 180hr 180hr  180hr -  180hr 180hr
ArF0004(p) ) ) ) ) ) ) ) .
o 00066  0.0022
ArF0004(p) | ) . \ \ ) . .
o 00068  0.0038
Chlorella
vulgaris) 00023 00075 - : . = - - - -
BG11
Chlorella
valgarisi(m) - - - ~ 00053 00059 00084 - 00051 00058
& 7] 23}
ArF0004Gro _ - ~ 00050 00056 00068 - 00040 00054

ERE
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v, zbFAksk Al AlA 7 & S (S eSS o] &3k IR AA)

(1) e o 7 AarAAE AAAS. 255 24T A controle Fil S &S
1g 5g 10g, 15 g, 20 g & U¥yo] FYeUS. A= 20 g Y AgolA
FHAE 36.8% ol AAFA &g dF FFdas AASEJSY SCOD7F 42.1%
AAHHA PREE G7EZ AAGYS(2Y 94 D T 47). webs] S-S o) &3
of HFALE HUHor AARE G A5 AR WEel Tt gl
I AFst s, A8 FYH o]l Thegt W oEE o]2udyx], UV, A
5 ool glou 7 AgAQ SaA wEe Austel A

25
g 20 €
g 15
é ——@—— Control
'g 10 A o) Sample, (19)
2 ——-y-—— Sample,(59)
< —.—A—-- Sample,(10g)
% 5 — - —  Sample,(15g)
8_ —.—0——  Sample,(20g)
£
0 T T T T T T
0 20 40 60 80 100 120 140
Minutes(min)
99 94 B FFe] @ ARGz A
47 4% Fd e nE FFdxe fUlE AAE.
Sample; Samples Samples Sampley Samples
Parameter
1 g) (5 g) (10 g) (15 g) (20 g)
OCl" Removal(%) 5.2 12.3 24.4 36.5 36.8
SCOD Removal(%) 7.9 15 23.5 35.8 42.1
AL ZEFAESHAl Al AV SR (HAAS o] &3 FHFA A AA)

(1) F&Fddd AHEE &9 NaOCleo] ¥H&-3tH 4hsel S W HOCIS A3 o] HOCI

S AAB7] H8A FLAA NaSOss T8kl AAs 7] &) AHS S+

NaOCl -> Na, +OCI”
OCI'+H'-> HOCI
HOCI + NaSO3; —> H+Cl” + Na:S0O,
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(2) NaSO3+= 3¢ | =2 Na2SO47]' HH = Ao A, o] 9
sto =z A mAZRF Ao A7t He 4bstE S
4CoNA control& Fi NaSOsE 1

5)
A 0 g PP AAA BRALE 0

=z =
azTr
Kol
=

HOCI& #
gl

&3e] HOCI] OF
A7 395
2 o] FA89L.

4967} Al iﬂ g% 95 9 3 48) o=

A A
QT =

T -

AR AA B TS AFES A By §849) ﬂlﬂ = B

20
3 18111(3\,_2_ a— ® ® ®
2 =g g
_(% 16 \\\l\\_lq\\ o -0
5 14 = ‘D\\\.\\\
3 . \\ \‘
§ " \\ NN \\\
& 10 — \ A N

—— 1
% 8 Qs 82:1;?61(19) \\\\\ AN
] ———w—— Sample,(59) n \ . A4
g 61 —..—A-—..-  Sample,(10g) ~ \\
£ 4] — —m—  Sample,(15g) O\
8. — —0——  Sampleg(209) N \\
£ 2 NS
.
0 T T T T T T
0 20 40 60 80 100 120 140
Minutes(min)
O 95 A FAF ok AFAAL A A,
¥ 48. NaSO; = &) w2 dHFdh AAE.
Sample; Samples Samples Sampley Samples
Parameter
(1 g) 5 g) (10 g) (15 g) (20 g)
OoCr
12.7 62.4 89.2 93.2 94.3

Removal(%)
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r°1'
L
oK
o
{0
N
N
offt
SE,
Ho
2
B
a2
o

13. ghLjo} AA A, /148, AEAA FANE A
hoARE FAE AR AA TR L
(1) & 49 o] @/1&% F gEUch AAS A% AAS AYF B AHY =2
el AA, @288 AR FAAZ A= AAZ AL 7

S xegst,

F 49 A FAE Al wE A A

A8 ¥4 (A2D process) T2 ¥4 (ABC process)
St o o
FEU ) aoag | aman | @z AL T
A A Al A
batch test reactor test

o #7143t & 47

() 7t&E=s d71x
2 da HgE APt A =,

(2) 3£ 503 o] 7F&5Eme AiEEse] #7148 ¢ air strripping, @ 4A S Tl @A
HE A AR =

(3) HFHo= SCOD 427 g/L, TN 42 g/L, TP 2.1 g/L, Ammoinia-N 3.84 g/L,
Posphat-P 0.35 g/L, Color 2512 mg/L Pt-Co%l 7[&Ew7} A FHE 7% SCOD
191 g/L, TN 1.09 g/L, TP 0.4 g/L, Ammoinia-N 0.65 g/L, Posphat-P 0.19 g/L,
Color 621.8 mg/L Pt-Co%l & 7]A4sdS AAHsIA =

dEYole} MEAAE &gt 45
ot yol AAFAFORE air strippingS 2 AsF A E A A

i

F 50. fFEYop B METE AAE Frlaskee] A4

Parameter Soluble TN TP  Ammonia-N Phosphat-P Color (mg
(Sample) COD (g/L) (g/L) (g/L) (g/L) (g/L) /LPt-Co)
e 42.7 4.2 2.1 3.84 0.35 2512

7] A48k 5.16 3.3 0.57 3.2 0.25 1478

Air-stripping 3.89 1.17 0.50 0.69 0.22 1111
Treat| Breakpoint
ment| chlorination 2.03 2.55 0.41 2.17 0.20 652.4
Breakpoint
chlorination + 1.91 1.09 0.40 0.65 0.19 621.8
Air-stripping
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59 AAEelH SCOD, TN, TP, Ammonia-N,
Ao M= 87.1%, 21.4%, 70.2%, 16.6%, 24%, 38.5%
S @A g L daAE FAHAAME 60.57%, 22.58%, 28.81%, 32.26%, 19.23%,
55.86%E YAt A . Air strippingd Aol e 24.59%, 64.52%, 11.86%, 78.39%,
11.54%, 24.83% 5 2433 =.

(4 % 51 7z &4 dAE AE
RETA
[}

3 5L Yol B ME7E AAE @7|astee] AA L.

Parameter Soluble .

(Removal, %) CoD TN TP Ammonia-N Phosphat-P Color
7] sk 87.1% 21.4% 70.2% 16.6% 24% 38.5%
Breakpoint 6057%  2258%  28.81% 32.26% 19.23% 55.86%
chlorination

Air-stripping 24.59% 64.52% 11.86%% 78.39% 11.54% 24.83%
Breakpoint

chlorination + 63.019%% 67.10% 30.51% 79.68% 23.08% 57.93%

Air-stripping

oo dAA gz Yol AA, F71A4s, FAYUE MEAAS A B9

(1) 7t a1 dRYolsE AAsH] Hste] dREYol ~E8PE st &
N2dts WIS

2) 7FEwus dEYol 2Ef ey 1wk dRUoE AAGt & A& d7|A
st& Wdstr] Aste] 71ES Fr1AFAR 1119 HER EFFoEN, JAVIAE &
st o] WEAPATS AFEA S B, dEYol ~ERY HA F ~EYFS
Ao sdxzAoR AP tEwu®: I F7asE AP A .

(3) drYel ~EFF oz StrYolrt AAH 7hHEwet FUIAhstE A8 95t
drRYol ~EZY F Frrgd EFHE AR A A= F 524 17
S+

(4) A2 &4 (A2D process)e] 74-%-, SCOD 419 g/L, TN 52 g/L, TP 09 g/L,

Ammoinia-N 4.7 g/L, Color 16567 Pt-Co%l 7[1&E %S dEYol ~EZY FTAHS
A2 SCOD 359 g/L, TN 2.2 g/L, TP 0.8 g/L, Ammoinia-N 0.9 g/L, Color 10,500
Pt-Co7t Al A &gstal @7 Astl s &9ete] F7|asE ddAstL Ue.

(5) &F 53v HAAE T8 dEYol ~EHF o3 JtHFEn AEEY AAEO
TN, Ammonia-N, Color7} 8714 3t8% A 583%, 81.1%, 36.62% AAEAS. 4=
Yol ~2Eg P& A &3 pH 101, 37Coll A 12A412F &<t wh&st 7S5 we] 45
TN, Ammonia-N, Color7} 17.9%, 24.7%, 10.5% A A% A <.

_—

H,
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F 52, FEYork AAE ThEEx B AAE Ao d14s A AEsExe]

ABC process

FAe 54)

AZD process
(AA==E4)

Piggery Control
. . Ammonia
manure
ARISTORNG | Ao Stripping Ao M+ @ @+ O
digestate(1) Stripping stripping
(2)
(3)
pH 75 85 9.6 9.1 9.8 7.7 7.6
Total solid
(TS, g/L) 97.4 98.0 93.0 94.5 97.4 96.8 935
Volatile solid
VS, g/L) 30.5 6.9 6.9 36.4 29.4 17.7 15.8
Total chemical oxygen demand
(TCOD, me/L) 80,933 15,300 14,163 78,600 67,300 52,967 36,850
Soluble chemical oxygen demand
(SCOD, me/L), 02 ym Filter 41,867 4,137 4,000 35,900 31,500 23,467 14,800
Total nitrogen
(TN, ne/L) 5,200 3300 433 2,167 4,267 3,067 4,100
Ammonia-N
4 21 2 4 2,19 24
(NH:-N, me/L) 7703 3,217 73 887 3,643 ,190 3,247
Nitrate-N
(NOs-N, meg/L) 153 15 4 14 22 16 16
Total phosphate
(TP, mg/L) 856 70 68 767 500 129 335
Color 16,567 6,700 6,267 10,500 14,833 9,400 9,667

(120 color, Pt-Co)
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F 53 A sl A% rhsEwel dRYol % A AAE.

A2D process (A 2]&4)

Parameter
(Removal, %) Ammonia Stripping Control__No stripping
Total che(r;igng OXH?;%E? demand 988 16.84
RES = o
o)
Color 36.62 10.47

(120 color, Pt-Co)
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(2)

(3)

-InX

-InX

Aslbol wjde v M ZEF{F=  Chlorella vulgaris®t Chlorella sp.
ArFO004E5 AH&3t9 s, ZAAEES 9ot =Xdd el vA] g+ 2R/RE ALHSA .
ASH AWt A2 (25C)dA A 7Vest Chlorella vulgariss 474, A&d A= (1
2C)ol A ABH 7Vs3t Chlorella sp. ArFO004S A A3 S, o] MAZFES 743
Aol wjFatr] Holl LwkAl iAo vt 5. ol FF P7IAsHA o] v dksto]
Al dataet vlastr] s XL H . Chlorella sp. ArF0004+= 12TCelA BBM
(Bolds Basal Medium)oll W &stR i Chlorella vulgariss= 25Col4  BGI1
(Blue-Green Medium)°ll #jFg 2 =
2R o] fQd ko wet A RE Felst
M ol

20| AAo] B A AITA

R R EA P E

z=x,e", Inx = pt+Inz,, Inz — Inz, = ut

L A3} Chiorella sp. ArF0004= BBM#| Aol vl F S wf 127TolA e M g2 0.0066,
25Col el M 72 0.00225 2A St Chlorella vulgariss BGIl1u]A| o] wjoFgl S uf 12
Cell Ao M gk 00046, 25ColA9] M #2 000755 SAAS(TH 96). whabA
Chiorella sp. ArF0004+= A 2ol A &0l Chlorella vulgarisc 18 ZdoN%= A% o] 7}
53t w3t Chlorella sp. ArFO004X.T}y Chlorella vulgaris®) A dEo] 5 ¢ =& A

KN 1/]_ E]» 1} O
= AN A .
a) b)
04 1.4
024 | —®— ARFO04, —&— ARF004gq
O ARF004y,, 1.2
) O+ ARFO004ge,,
0.0 4 —w— ChlorellaVulgarisgg,, —w— ChlorellaVulgarisgg,,
y=0.0066x-0.9324
y=0.0068x-1.0244 1.0 4
-0.2 y=0.0046x-1.0363 —
=
=2
_0.4 = o8
o
a
-0.6
0.6
o B S At 2 Shk i A A
-0.8 G
0.4 4
1.0 ¢ 9
1.2 T T T 0.2 T T T
o 50 100 150 0 50 100 150 200
Incuabation Time (hr) Incuabation Time (hr)
c) d)
0.4 14
—@— ARF004y,, »-———v—
0.2 o M
O ARF004,, 1.2 ARF004ggy, ¥
0.0 4 | —w— Chioreliavuigarisys,, O ARF0045,, s
y=0.0027x-0.8987 —-w— ChlorellaVulgarisgg, v
02 y=0.004x-0.9659 v
: y=0.0085x-1.0481 5

DCW(glL)

200

Incuabation Time (hr) Incuabation Time (hr)

a9 96, MAl =T = -12 C, )¢k d) -25 C.

i
3
o
ol
&
S
g
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up, 7hEE el w M RF Y
(1) g71astde vMzFE wdstr] Ao 75l vAl
e, A% el fels) 100, 200, 509, 1004 3] 4] o] =
A3} controlE A Yst RE FAA mAZXHFE AL Ee9s(ad 97 2 7
ZS

5
(2) o= @714t vAlzF7E AFdud @714 std g oA vAEFe] s A

o

sk mAe] fole] AAHAGE o3,

(3) A& 2w Qe f7)%o] Hmels] wel WAxFA AdetA By v 5
lont 108e]4 1008717 4 ske] s A9t f718e FE £G 48] §
4 A9e

(4) w2bA 7718
7

7 86l oa) aE AERxnAA nAZFI 4R
E{l_

ofUeh 7HE R el wXe] wAxR 44 As)alol

N M

o S——s
——e—— Sample,(x1) _D./D/
........ O--ooroo . Sample,(x5) ,EI'/D/.
— ——w-—— Sample,(x10) /'
6x106 4| —.-—A.—..-  Sample,(x50) |:|'.
— - —  Sampley(x100) | /
- — —O—-—  ARF0004 /
=
S 4x108 AT
[
[ .
O o
-/
w999 -s-8sn-n N 27
2x106 &
0 T T T
0 50 100 150 200
Incuabation Time (hr)
| .0
1.2x107 ° Sample, (x1) /D/
........ O Sample,(x5) /
107 - ———w——  Sample,(x10) /
—..—A-—..-  Sample,(x50) o
. — —m —  Sample,(x100) /D/
5 | .
9 8.0x10 —.—O—-—  Chlorella vulgaris o
g -
3 7
= 6.0x10° - o
[ /D/
© /D/'U.
4.0x106 - o
o
/D/.
e o o o 5 o o988 K83
2.0x106 &
O T T T
0 50 100 150 200

Incuabation Time (hr)

a9 97, kSl miAlER wj($1-12 T, ofef-25 T).
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¥ 54 7tEEnAdA T EA ool Ak

Parameter TS VS  VS/TS Sglgll)jle TN TP  Ammonia- Phosphat- Color
(Dilution)  (wt.%) (wt,%) ratio (/L) (g/L) (g/L) N (g/L) P (g/L)  (mg/LPt-Co)
S (x1) 1.60 0.88 0.55 48.6 4.3 2.3 4.2 2.2 2512

Sy (x10) 0.17 0.13 0.75 4.92 041 0.22 0.40 0.20 253

Ss (x20) 0.09 0.05 0.55 2.35 0211 0.113 0.232 0.13 127

Sa (x50) 0.02 0.01 0.5 0.94 0.089 0.049 0.88 0.047 58

S5 (x100) 0.01 0.006 0.6 0.45 0.040 0.021 0.041 0.021 28

vh @7 AstHo] mAZEF uf Y

(1) 7FEE=7F 13 3714388 AA 2 FriLasddd vMzF dids AAS9S.
7]zt o] ¥ 108, 208, 508, 1008) 2] A Hell mA| =75 W) s

(2) 1 A7 dH7 108) A Ao viFs Z2F= A KeFAARE 2084 <k 508 3] A
Mo wjget 2R/ I (2" 98 2 & 5H).

(3) 208f<} 504 &]AMof wjkst ZF Chlorella sp. ArFO004= M % 0.0050, 0.0056<,
Chlorella vulgariss= m %t 0.0053, 0.00592 <Al 3%

(4) 7FEixe] 9 A AE AR ARG vAzFE A ZPUAN 7] 435
Gyl A NS wjx 2 A} L3 A= AAAEE S

© ol WALANANN F7BRL ohfe TAZF G A A wIAe) 2
of AAAAHE AL vhehd mebd VAT A3l Adt Hi e BEe] gwy)
b AEE AAGe] AL WS AN A NALE 49L ST
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10000000

- .
—e—— Sample,(x1) /.‘./
O Sample,(x10) f
8000000 7 | ___o __ sample,(x20)
—..—A.—..-  Sample,(x50) /
) A=A —A
— . — Control(Chorella vulgaris) A
g 6000000 - o~
£ - g VvV
> -
c /./ /A ',/T
3 a" .~
& 4000000 - - Pt S i v
- /A//v— v
| N
i
2000000 T
0 T T T T
0 50 100 150 200
Incubation Time(hr)
8000000
=—n
— @ Sample,(x1) _./n/
Qe Sampley(x10) -
- NN
———w——— Sample,(x20) - el ~
6000000 41 _A .. sample,(x50) - Ul
— - —  Control(ARF0004) Va
@ / Y-V
o X v—v
g om _'// . P v
2 4000000 - P Saand
= o
(&)
2000000
0

50 100 150 200

Incubation Time(hr)

a9 98. F7) A3t m A EF HlE(-25T, oFef-127).

%55 @718 A3 54 A,

Soluble

Parameter TS VS  VS/TS O TN TP  Amnonia-  Phosphat- Color
(Dilution)  (wt.%%) (wt,%)  ratio @/L) (g/L) (g/L) N (g/L) P(g/L)  (mg/LPt-Co)
S (x1) 1.01 0.56 0.55 526 3.3 0.67 3.1 0.56 1500

Sy (x10) 0.10 0.056 0.56 0.519 0.32 0.066 0.30 0.064 148

Sy (x20) 0.049 0.027 0.55 0.265 0.165  0.0334 0.153 0.027 76

Sy (x50) 0.02 0.011 0.55 0.105 0.066 0.0135 0.062 0.011 33
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o AREAge AHMEls H7F dEyol 2 AMnyt AAR AEERe dr128ke 4 xS o]
43 v =7 )

(1) Wang 5(2010)°] 93, 743l wjdumjA 2 o] &3] Chlorella £& W%
A5, mAERTe 27 HE ol Chlorella® *ﬁﬂ of d3S wFrky Hg

(2) 1 x 107 cells/mb F 0.2 Chlorella 8% A @743 Ao A nAxFo HZE ¢
sk dlo] 7H4 glo] 7V & AAST A -TL??P Ao, 1 x 10° cells/mt ©]3}<]
HEEFd A5 vAxzR/R7E AAeA gevkta Hasth

(3) ool E AFolM= BG-11 iAol T4 wAZEF Chlorella vulgarisE 1 x 107
Cells/mﬁ FEoR HFEsY, 25ToA 1494 FoF widdd om optical density 2
dry weight (DW, g/L), algal cell number (cells/ml)E ZF743sto] nAxZFo S
#HEA A (1" 99).

(4) =3} biomass productivity (P; P = (DW; - DWy) / (ti—ty)), specific growth rate
(u, d% 4 = (nNy - InNy) / (t o~ t1), N = DW, g/L), doubling time (d = In2 / p),
specific growth rate constant (k5 k = 1/Log2 x 1 / tx (LogN: - LogNy), N =
DW at time t and ty), @A W3dk yield coefficient (¥; Yyxs = dX / dS, X =
DCW and S=amount of substrate(nitrogen) consumed)Z A A&} 312

24 /l 1000 -~ 1.2%10°
: 4 [ 900
= L o0
L 800
E - 700 fﬁ,, L Boxir 2
2 E @
= - 600 £ 8
@ 0] o
- | 0 2 [ 60107 B
8 S z
B 40 5 oo O
: - 300
04 - i*’fﬁ —e— Optical Density (680 nm)
»x,“ —&— Diry Cell Weight {(mag/L) L 200 -2 w0’
02 ;',A —s— Call Number (cels/mL)
o ¥ : : : : : : 100
0 2 4 6 8 10 12 14
Time (days)
2% 99. BG-11 mediume °©|& 3% Chlorella vulgaris®] ¥l %.
(B) =LA v A ZEF Chlorella vulgaris= BG-11914 129 %<t AN EF7F F718 92

(6)

(7)

HHOL 12%‘ o] M A ZF O uto]l = FUEE oy Al FHATH

AES] F7F F7H7F #EEHE F 129 w717 9t biomass productivity (P)i
0.06 mgL 'd'el™, 496%¢ ¢ doubling time¥ 0.14 d'¢] specific growth rate (u),
0.249] specific growth rate constant (b2 A %o #&E L.

Z2X v MEF Chlorella vulgariss= BG-11¥%#], 25T w] oA dry weighto}
optical densityAtolel 0.45 x ODgg — 0.17 (R* = 0.97)¢ A AAES B,
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<2
N
e
e
=
g
ol
)
Lo
o
&
o
=)
>
KN
Hu
Lo
=
o
=
)
i
°

&3t7] flsll A= 15~50uH 7k A]

Fol Zo] 2o & ATeAe= AlHES HA3 e 98t

|
o s tEiol B MES AAse] WA ol Gakis PEe v
(9) 9t Yo} @ AMw A WHOo g = R ol~E ¥ (ammonia-stripping) ¥ & A3
2] (chlorination) WX & AF-&3l% =.
(10) dxyol~Eg 2] A9 1L ¥37](ID 90 x H 200 mm)o] pH 10 ~ 10.1,= Z4 3t
ZhEEw 2 d7]4As 500 mlS zHY 37CoA 1 L/ ming olo]E 1243 &5
st Ay e AS 9 ¥rS7]9 pH 769 5% A5 12% NaOCl 50 m¢¥} 3
AIZE RES ) NapSO3E ol &3t IFdLE &3] AAE.
AD FEEnsl @728, dudoiasa g 9o AdD 4 An JRYF B
3w E 560l GehAS
X 56 dEYolet METt AAE Vst @7 AstA Y] A
Piggery Wastewater (PW) Anaerobic digestate (AD)
. Ammonia L
Ammonia L L Chlorination
PW ~ Chlorination  AD Stripping (D+(2)
Stripping (2)
1)
pH 7.63 9.49 7.6 8.49 9.48 7.63 7.63
Total solid (TS, g/L) 59.6+0.51 56.7£0.78 54.4+1.31 53.4+4.72 4014229 26.0+0.45 19.5%0.1
Volatile solid (VS, g/L) 27.0+0.65 28.2£0.45 254+0.76 259+6.69 158+241 6.2+0.38 5.60.1
Total chemical oxygen demand
754+01  70.1+056 54.6+0.31 16.7+0.15 13.8+05 89+0.32 6.5+0.36
(TCOD, g/L)
Soluble chemical oxygen demand
24.4+0.27 19.9£0.36 181041 6.1x0.38 5.9+0.27 5.0£0.35 4.3£0.2
(SCOD, g/L)
Total nitrogen (TN, gN/L) 5.9+0.3 2.2%0.1 41+0.21 4.0+0.12  2.0£0.15  3.8£0.06 1.4+0.2
Ammonia-N (gNH; -N/L) 3.95+0.03 1.08+0.02 3.6+0.05 3.7+0.06 092+0.01 3.0+0.03  0.8+0.02
Total phosphate (TP, gP/L) 0.47+0.01 0.44+0 0.41+£0.01 0.3£0.01 0.29+0.01 0.27+0.01 0.29£0.01
Color (120 color Units, Pt-Co) 7,133+153 4,067+231 5,300+100 8,367+208 7,767+306 5,583+95 4,400+458
12) FEUolAENRE o848 4% mEEe] ety A% @ AR} 77 T0%,
40% ol AAES ¢ F I+
13 @aAde 2% 4% 2 AL AA G35 AR "ot ruolyAisl A

7} o el .
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(14) Chen (2012)2 TN®| FZ7F 200 me/L7HA] A€ 7t 7] R Al vl A
279 wgo] Jhesttta Haskgl o, Zhu 5(2013)2 7SR E
8] A8k o] g3ske] 1,900 me/Le] COD, 148 mé/Le TN, 156 m¢/Le] TP =2 Hj%F
v 2ol | W M Z 5% Chiorella %< A374o] A3ttt Histel&.
(15 91 2ad £ 7lF o2 s ey, gREYol @ M s AASe 3]A% 7}
SRS 9 74398 SR 2 AMES T4 v M ZEF Chlorella vulgaris (2
n| M| %5 Chiorella sp. ArF0004 (12T)Z 1 x 107 cells/ml 5o &
HEskaL, 747 wheFete] ZF wj kiAol e s #Ee S (2E 100 2 % 57).

- " — s
h—ﬁif‘;_j;“ -

el . =

sl Ammenia Stripping Chis &) A Ammonia Stripping Chlorination Ammonia Stripping
24 = B F#4  + Chlorination % M

At S A 2 o] 83 Chlorella vulgaris®l A7
Al 9o dryol~ER Y W AaAHE F At 1

F 57 7S R F7Iastee] Tedl ] widmiA ok AYEFAA WALl v EF A Bl

Piggery Wastewater (PW) Anaerobic digestate (AD)
Ammonia Ammonia Chlorination
Not treatment o Not treatment o (1) + (2)
Stripping Stripping (1) (2)
Dilution 1 x 10 x 1 x 10 x 1 x 10 x 1 x 10 x 1 x 10 x 1 x 10 x
C. vulgaris
- + - e+ - - - 4+ - - - 4+
(25°C)
C. sp. ArF0004
- - - ++ - - - +++ - - - +++
(12°C)
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(16) G3AHETE dRYol~ERPow GRYoldALE A7t 34 ujgst
ZhsiEx R F7AstRed A T2 B A2 PAxRFe AFe Holds & F
N

(17) ©<=3) X v A & o] 83}l Chlorella vulgarisE 7L 7F vl $E 39 wAZxF
o wjFol wig- =lA #FEFHASY, dRY }*Eﬂ%ﬁi ALFIFE AASL
sl A gk wikui A1 o] 49 BG-11 vl v < Eoh wE A7go] gl 3l

(18) Z+ wyFui Aol W3t Chlorella vulgaris® 2743 Ao st AFFE&S F 589
LR,

¥ 58 AAARI AAR AEEw D Gr1asle widiA R ol 88 Chlorella vulgaris®) A% 54,

Growth_Dry Weight (DW, g/L)

C. wvulgaris (25°C) Biomass Specific Specific

o Doubling Nitrogen yield
productivity . growth rate growth rate o
. Time (d) o coefficient (Y)
(P, g-L'dh (u, d") constant (%)
Blue-Green medium (BG-11) 0.05 3.55 0.195 0.281 0.003
10 x
. Not Treatment 0.20 12.18 0.057 0.082 0.016
diluted
Piggery o\ monia-Stripping 0.57 3.40 0.204 0.294 0.040
wastewater
Not Treatment 0.03 Not growth 0.026 0.038 0.002
10 x
) Ammonia-Stripping (1) 0.22 3.56 0.195 0.281 0.067
diluted
Anaerobic ) nation (2) 0.003 Not growth 0.004 0.005 0.0003
digestate
1) + (2) 0.07 6.19 0.112 0.162 0.013

(19) BG-11 ®iA| o Chlorella vulgarisE 7L 3F vl¥& %, biomass productivity (P)
= 0.05 gL'd'el, 3559¢ doubling time¥®} 0.195 d'¢] specific growth rate
(1), 0.281¢] specific growth rate constant (k)¢ A #o] #AZ AL

(200 ¢EYol~EZFor JIFIAFE AAstL A wiFwiA oA S biomass
productivity (P)& 0.22 ~ 057 gL'd'e]lw, 34 ~ 35692 doubling time¥} 0.195
~ 0.204 d'9 specific growth rate (u), 0281 ~ 0.294¢] specific growth rate
constant (£)¢] Aol #H&H 5.

(21) ¥ 4A 2 (Chlorination)®] 79 wAlZF/7F BAeA] &5 e 2 F71E59 9F
HoE =2 oryole =% uio|dt AR E.

(22) tEYol2EYF wjduiA e A5 BG-11 WA g FASAY =285 =2 A&
Bl =& LS BG-11EY dEYol~ERY WS o83 /iRy ¢
7)1 aste vk Al o] EAEtE =S TR FGEFY dFoE A7,
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(23) Eol2E P} FaA e
R R E S PES

A #7 %
AYEts= mAlzF g §F IFdEEF AA 2 drAgel HE&o] 2
3 o] %
A

i
iR
o
e
o,
o
2
3
g C
9
[>
m
v
o,
[-‘11
ol
=
ot
4
2
=

[e}
A o A4 9. 5 & .
o# AgE £ BG-11 MAS FASAY BA BRE,
_]
o

|
FufA ol T A4
S

RSN = .
o HE RN B7125002 o83 MARR N 22 FY U JEIF AASY o}
g7l astele] JFIF olF = L Az

FoF T GFIT AASHN A FES Solnn I
(@) VIAZF g AET AEHER D @rlastde] JFIF RA HF T
ARG L AAES H 59 ey,

(3) T4 WAZEF Chlorella vulgaris®l 735 650 ~ 7000 mg/Le] TCOD, 430 ~ 2000
mg/Le] SCOD, 140 ~ 220 mg/Le] TN (&< F %4, TDN: 100 ~ 140 mg/L), 80 ~
100 mg NH; -N/Le] o2 yotd A 4 ~ 49 mg NO3-N/Le] A4k, 16 ~ 44 mg/L
o] TP (&< F¢%1, TDP: 1 7 14 mg/L) sEA Aol 7t5dS & F Ao

® 50 MR @ W7 489S MAMAR o) &7 Chiorella vulgaris®l F%AF AA 5A4.
SCOD TDN TDP
C vulearis (95°C) Initial ~ Final - 1 Initial ~ Final - i Initial ~ Final - 1
. vulgaris
< Cont. Cont. cnova Cont. Cont. cmova Cont. Cont. cmova
W% W% W%
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Not
0.1x 2140 £ 26 333 £5 821 380 17 R7+83 230 5+£01 58+006 624
Treatment
Piggery
Ammonia
wastewater o 1990 +36 360 £21 819 137 +2 606 733 144+02 2701 813
Stripping
Not
613 £+ 2B7+67 583 H3+15FH3+31 256 127+06 99+01 218
Treatment
Ammonia
0.1x o 50 +26 241 £15 592 103+ 15 D1 +21 219 77+£06 6301 17.8
Stripping (1)
Anaerobic
. Chlorination
digestate 500 +35 206+ 44 47 320 £ 10227+83 179 87+15 108 +02 -

(2)

() +(2) 430+20 20£12 536 103+21 6£12 36.4 7+1 119 +£02 -
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% 120 color units® =43 Ay, 800 Pt-Co |3t =9 njoku]x| o
5

o 2 1) 2] of A
8131 400 Pt-Co ol3te] B weld F4x9 AASHe] GHFS &

(4)

O
o

o

7}
(5) Hol~Eg g & 314 ARggh wfujAlel A AAdg wAxF= 37 7 80 me/L
THA] DA A 7bs s BG-11 vl A AfE EYE 129 ol wiged A§ 4
I& (20 mg/L TN)ZHA] A&A A7 7hed Ao 2 At d.

Hj e x] W AaAHe & s|A wYul A& o] &3St Chlorella vulgarisE
pootuel FA a7 A Al
of F-3tatr] gk AsA ol

I ca s St

AN

SURBB /AR PR - )

N
i
-~ N

(6)

>
oty
>

[e]

ﬂ
e
W &
o =
and On.z
[o e
02 on
A o
2
o =
0 x
N
=
_ :m
= N
BN
Ju 2
- =
=
O
o
ol o,
4 3
n 2
N g
AN ot
Hm

)
2 et

(7)

ol MEnths gEUclgdie] FEst mAxFe 4%

R oA )

o
_

)
Ll
of o
o

&)
(9) FEL o}~

14. E7143F A3 pilot plant 7}, trouble shooting, d 537} A= &1

7b AA Y, @748 A 3R TS % A3 g

(1) #+ d79 dF2434E EUE 7t5idx F7|4stde dYd7E AAS 7] fAsiAe
A z2Fe] WY, F44 (TN F2 (TP)S] s=E& WFTFTA7|=71A A A7)
Ak Aol Hast

(2) APAFAA IBS 7t FA7a
o] Eo] HQsto] wAxRF ujgo] of
7 8=

(3) Wb, & d7E ATk JHEEn A= i Ea
£ 3gote dAE dAAoE Ao, oy A E2setd AeE Fsto
3| SHA| @1 Fr|Astde we Jor EASt Y FUNE E JIFIFE A

Atz g,

o .

(4) Eg)3tstaAel= 9488 (centrifugation), 33 (coagulation), © 7] (air stripping),
A4 e (breakpoint chlorination) 5 49AlE T4 o2 Mg (2H 101).

Breakpoint chlerination
— Centrifugation — Coasgulation [ Airstripping p— or Fentonoxidation 4CHH|
or Ozonation

Anaerobic
digestion

a9 101 494 =2 ste e Ak
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(5) YA 4
A A 'c‘ﬂﬂx} A4l £

l woll # Aol FHA
2000 ~ 12000 g 7+Al 671 <]

S (19 102, 103).

(7) A3 Z+zy 70%, 71%, 81% Al
AF AL, o] o] ] Aol A ﬁ‘ﬁf‘% At 2 AolE HolA %S, 30 minEg X
749 TCOD, TSS, TP7} 27+ 74%, 91.8%, 81% A A= AL 60 min X33 23}
o A dE=A &e. wEkA 6000 rpm, 30 min YA EEE F8e= Ao] H Aol
al , o] AALES E 600 AA T

6) £

rﬂ
L
Ol
=)
22
=
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o ;; E==1 Conpentration
£ —ap— Remons] rate

Concentration of TCOD (g/L)
n [=1] |

]
[=]

gl L
1 J
2 L
Q o T : ; : T
o 2000 4000 000 2000 10000 12000
G-force

EZZ1 Concentrabon (L)
—&— Rzrmowsirae ()

Concentration of TSS (giL)

in

o

=)
=

AD  2000g 400g E0D0g S000g 10000g 2000g

G-force

n @

EZZ] Concentraton (L)
—— Remowsirae (i)

[ T O ]
Do oo
L

=
=]

Concentration of TSS (g/L)
i ] 3
=] (=]

L

L=
in

=)

=]

4000g E000g 8000g 000g 120009

P
=)
a4
&
™

AD

G-force

a9 102, AgAeed e daliy A7
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() @Bl [ENOWEY gl eEd Erowey () @Bl [ENOWEY

TCOD

: : : g
g 2 = 8 a g 2 g 2 8 o g 2 2 = 8 a M
L L L 1 L L 1 L L L L 1 ﬁE
T
. =
i} i} i}

m o T/ ri m d _./ Fe m d T/ ri
5 5 5 ™
gg gg gg H
38 38 38 =

L e | 3 L
f¢ T/ " f¢ T/ " f¢ T/ " o
E E E o

E =] E =) E

T/ re v 0 T/ Fe 7 &) T/ re v 1U_ﬂ
§ £ = E
= = - T
=
N
s I us s —_—
<
™
K
=] I =] .
o™
(@}
—
™
“ "—..4_ _mu _u._ (=] L=} 0w - ™ = “ "—..4_ _mu _u._ [=] =] w - 3] (=] “ "—..4_ _mu _u._ (=] L=} 0w - ™ = 1

(1Bl go gL jo uenenuasuag (16l go oL o uonenuasuog (1Bl go gL jo uenenuasuag
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He
Hr

Centrifugation

Removal rate

(6000 rpm, 30 min, g/L) (%)

73

91

24

85

10

E 60. F7Iast AT A
Parameters Anaerobic digestate
(g/L)
Total chemical oxygen demand 993
(g COD/L) '
Total Suspendedsolid 167
(g/L) ‘
Total nitrogen 40
(g N/L) :
Total phosphate
(g P/L) 0.57
Ammonia-N a1
(g NH;-N/L) )
(® S A%, LS AP o] Fol = §9
715, Ql & AAstLA s S
© ¥ A7e AS guAen AgHAE &7
sty HA SIAE $AHR HASAL
T+ pH 58 dAsFom, &34 FHZFS A
A5 20 g/LE AAsto XPetd . SH{A F
Q1g3te] MR &L 61).

¥ 6l. &

&

Qe ER

W EA4)8

I 9E FRoluy BH
Alum, PAC, FeCls 9] 83 &
A A4 pHE Al 7FA S Al
lum< 25 g/L, PAC+= 0.3 g/L FeClz9
AA pHE Lee 5 (2004)<

Jo

o

bl

Acid coagulants

Name Dosages (g/L) Optimal pH
Aluminiumsulfate (Al,(SO4)3) 25 475
Ferric chloride (FeCls) 2.0 475
Ferric sulfate (Fe,(SOy4)s) 2.0 476
Poly aluminiumchloride (PAC) 0.3 45 7 95
Ferrous sulfate (FeSO,) 2.0 576
Ferrous chloride (FeCl,) 2.0 576
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(10) 71 A& age] =2
&o] 7H =%=(29 104, 105).

TCOD Total phosphate

T ExF] Concnatration (gL} | | oo .08 4 EZZ] Concnetration (g} | | 0

—8— Removsl raie ) i —— Removalrae (%} )
20 2.08 - &0
S T L7 07 e
T e
A % 0.08 / | eo
i |40 0.04 S |40
/ ' 1 I20 0.03 4 . L
/ L 20 a0z 4 // / |20
5

AD C AD_Alum AD_PAC AD FeCl2 AD_C AD Alum AD_PAC AD_FeCl3

-
L

T
Removal rate (%)

Concentration of TP {g/L)
= 5
H

Removal rate (%)

Concentration of TCOD (gL}

Treatments Treatments

a9 104 A E S F AARS.

TCOD Total phosphate

I 50 EZZ Concnetraton {gil) | Lo
—— RemovalraiE (%)

in

- i ) ooe ]

3 I z 2

=} % £ o E
3] : @ S Eg len T
S -. i :
23 // / o 72 B 0 =
g / 2 g
g / o T @ EE w g
£: / // g § €
g ; / |30 & L3

5 3

8 :

A1) AAEesh 0§ ol EAstn Q= BL %ol me AALE JFL F
£ ow ged meb F A Aepgel Aol e AAEES Fohusl 9
sto] 4E2 APAAE

(12) o) W, $H 43 dFxPe GH HPAGeI M A4 pHE HFH pH 52 245

P (17 106 2 X 62).
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1. AD (Anaercobic digestion)

2. AD_C/F (Anaerobic digestion+Coagulation)

| 3. AD C (Anaerobhic digestion+Centrifugation)

| 4, AD_CfF_C (Anaerohic digestion+Coagulation+Centrifugation)
5. AD_C_C/F (Anaerobic digestion+Centrifugation+Coagulation)

TCOD TP
20 100 100
== Concentraficnig/L}
L zo —0— Remavalrate (%) =5
2 Feo 5 & s =
e T E 0 E
g === Concentration (gL} o ¢ =
= —o— Removalrate (%) || E £ - B
£ gz T g
8 E 2 £
g2 - “’
8 F20 o 2 =
5
: F2 0
) AD ADGCF ADC ADGFC ADCCF AD ADCF  ADC ADCFC ADCOCF
Treatments Treatments
TS8 ™
20 100 0

== Concentration (g/L)
L 2o g —o— Removal rate (%) L 2o
[ Concentration (gL} =
—o— Removwal rate (%} | 0 - L s

— 144 5

3 23 2
1z 4 =

: f5 3

B 10 9 5B @ 5

< 2= 2

8 s 2g 8

c £ c 5

g m 25 o

[ b o 20 o

" ’_‘|_|I—|!_|

AD ADGF  ADC ADGFC ADCCF AD AD.CF  ADC ADCFG ADCGF

Treatments Treatments

Ammonia-M

5 1
—= Concentration (g/L)
—<— Removal rate %) L go
4

ra

Concentration (/L)
=
&

Removal rate (%)

AD AD_GF ADC ADGF.C ADCGF
Treatments

19 106, AR - Aol MM AARE ¥l

F 62 dAEY-&F 2dee A A EE vl

Treatments TCOD TSS TP TN NH3;-N
(g/L) (g/L) (g/L) (g/L)

AD 18.70 17.72 0.34 5.80 4.46
AD_C/F 475 2.84 0.22 3.25 3.15
AD_C 6.40 1.49 0.08 3.80 3.30
AD_C/F_C 2.05 1.20 0.17 3.45 3.15

AD_C_C/F 2.25 1.15 0.07 3.25 3.03
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AFfA o friastdls AARERE Aestal $& st 80 M E80] F
S o e

71 astde EAetn e vFe FREdYd /UE 58 AAsS] fg vE
oz AWoy (Microfiltration)s &3l o™, WHATMANALS] cellulose
ester 0.45 um filterE ©]-&3ste] A& Pt =(2H 107, 3 63).

1. AD (Anaerobic digestion)

2. AD C (Anaerobic digestion+Centrifugation)

| 3. AD_F (Anaerohic digestion+Microfiltration)

i 4. AD_C_C/F (Anaerobic digestion+Centrifugation+Coagulation)
5. AD_F_C/F [Anaerobic digestion+Microfiltration+Coagulation)

TCOD
20 1 4]
- &0

.5
E T g
g == Conceantration (gL} o
ﬁ 10 —o— Removal rate (%) 40 E

d r i}
5 5
ju E
3 xn @

i]
AD ADC ADF AD COF AD FOF
Treatments
P

0.5 100

0.4 -2
é - == Concentration g/} | [ *° &
L= —— Remaval rate (%) g
g L 40 =
8 ooz E
= 7]
& / 20 OF

0.0 : 2 . —_—

AL AL C AD F ADC OF ADFCF
Treatments
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TN

—= Concentration (g/L}

—&— Removal rate (%) | =
o oz
= o
% 2 | 40 E
g
E ._o-// =
s =
E Z /0‘ L 20 &

F O

o T T T T T
AD ADC ADF ADCCF ADF OF

Treatm ents

Ammonia-h

100
=—= Concantration (g/L}
—o— Removal rate (%)
S o)
R
8 ] 2 I
a
AD ADC ADF  ADC OF AD F OF
Treatments

Ol

9 107 AR - 42

%

deAde] A AAEE ¥l

F 63 ARA-&F 2T AYeHE AAEE vl

Treatments oI i)y IN NH; ~N
(g/L) (g/L) (g/L) (g/L)
AD 19.0 0.325 5.65 498
AD C 5.6 0.079 4.00 3.74
AD F 7.4 0.076 3.65 3.28
AD C C/F 5.0 0.008 4.05 3.58
AD F C/F 5.95 0.013 3.35 2.98

(15) dalEelel Aeolat = 7px9] A AARE vl 23 dAdEds
2 o

™=
16) Thee QRS $HS Bohel Be Fo) FHBA, 4712, 9o AAHUA
A% mEER EASE AAE AANY A FRvotrEdYe AYse

- 137 -



=4 o T 1 <) :l' %
g-gFHdo=z Aeld F714ast 500 mge AL 38CoAl 1 L/mine] &F7]& 18
(" 108 R E 64).
i 1. AD [Anaerobic digestion) i
2. AD C_C/F {Anaerobic digestion+Centrifugation+Coagulation) |
| 3.AD_C_C/F_ 5 (Anaerobic digestion+Centrifugation+Coagulation+Air stripping)
TCOD TP
25 100 0.4 100
1
20 e I ree
[ Concentration (g/L) 03
— —O— Removal rate (%) -
3 o g3 Fo g
£ - s
S g ©
B F4o g g 0.2 4
§ 10 A ag) § [ Concentration (g/L) g
8 L 20 X 8 —O— Removal rate (%) L 20 &
0.1
5
0 ro
0 T T T 0.0 T T T
AD AD_C_CIF AD_C_CIF_S AD AD_C_CIF AD_C_CIF_S
Treatments Treatments
™ Ammonia-N
6 100 6 100
T
5 r 8o 54 s L 80
T
—_ I T
3 41 F60 3 4 - oo 3
2 e 3 S
% 31 r 40 g g 3 b 40 é
< [ Concentration (ag/L) E § [ Concentration (g/L) %
8 21 —O— Removal rate (%) L oo X § 21 —O— Removalrate (%) | | o0
L e 0 1 o Fo
0 ‘ ‘ ‘ 0 ‘ ‘ ‘
AD AD_C_CIF AD_C_CIF_S AD AD_C_CIF AD_C_CIF_S
Treatments Treatments
2% 108 AR -SH -G R Yot ER Y A2 3
(AD: Anaerobic digestate, C: Centrifugation, C/F: Coagulation, S: Stripping)
# 64 AAEY-S-dEYot2EZY AT A3 zp gad A
Treatments ANE0ID, e I DI, N
(g/L) (g/L) (g/L) (g/L)
AD 22.40 0.98 547 5.15
AD_C_C/F 2.05 0.032 4.40 4.25

AD_C_C/F_S

1.85

0.032

0.75

0.63
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(18)

GEUcl~EdBS 1 Lmin® 3779302 A7 Q4% a3 18 hrol
ol Bpaka gryole] AAZLEo] 90%0) wE

o)A GRUelE RS AW Bast drka wastgon,

8 L/min0& FRstel A4 248 A4shr] 9% 49¢ AAHLY 100 2 F 65

Ammonia-N Ammonia-N

FZF1 Concentation gL} | [

L L min
1L min —— Remoos! rate (3

Removal rate (%)

Concentration of Ammonia-N (g/L)
&

04 s k20

a1 % -

> - ¥ o0 - (]

2 3 8 3 iz B ADC CF ST_fwam ST _Zwwm ST -nw 5T _ s v
Operating time (hr) Aeration rate (LL'min™}

a9 109, E7IFdE 2 AYAZe e 2] e

iR

F 65 BVIA Y A IFAF R ARl mE Ry ol A F4 A

1 L/min 2 L/min 4 L/min 8 L/min
0 hr 4.20
3 hr 2.37 1.63 0.89 0.40
6 hr 1.75 1.12 0.50 0.24
9 hr 1.50 0.72 0.26 0.09
12 hr 1.13 0.59 0.19 0.06

(19)

(20)

(21)

A4 F7IFdFe] 8 L/mindl 4 FRyoke] AARE] 9%=A 7 =%
on, 8 L/'min® &7]FYFLR 6A1ZF jEEgF o]Fol= 1 Aea& ] Ael7h A9

Quta ey wel dmyoliEwde] HA AL 8 L/min, 6 hrow HAAd
AMBe e rwjolaEnW o] A 71X TA o= COD, TP, TNo| Abuhin
AAE PR o} A o] EAFFE TCODSF #Estar 9= TNS #A|As7] s8] F=
dayAor AAFUW (breakpoint chlorination), 2.3 2% (ozonation), 3EAF3}H

(fenton oxidation)S 3§35

ArFYWe 49 &4 Yo ERstE dRYotet FUE daFol v mA =
daFol A7) wiwol $HA SR NH;-N3t Clo] HA AhulE e 4TS 138t
Ao (e 110) NHy-N=t Clo] A&nls= 76 1 1 (o] ), 10 0 1, 15 0 12 73}

of 183
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o 0.080 =
=3 Concneraton{gl) | |50 Lso
2z —— R=moal rats () . _ 0.06D | .
B " o 2 oo et o | I
8 204 / . -~ é :.“ 003 B ?E
S D o o
o 7 o ™ E S oo | i £
E & e - | 20 2 E L 7 / -:-:- 5
5 N 7 S | 54 5 0,010 . L
- T L 2o 2,005 | : 5 Lo
00 ﬁ o ? : o 0.000 % : o W A o
AD_ST Ch_7.6:1 Ch_10:1 Ch_15:1 AD_ST Ch_7.84 Ch_10:4 Ch_15:4
Treatments Treatments
719 110. NaOCl Fi & daxe At
(22) A=A TCODS A5 AAZE] A Aol7F flas B NH;-N9 7§-°r 76
IR 10 : 1, 15 : 1olA o] AARE] E%kaL o] F 7kA AFu|o Ao 559 Ao
7t A9e. webd NaOClol #A A= Azl 10 : 19 WE HHoz A4
(23) AAATE Bohe] AAFRE A9 A4 FWUlE o= £F AAL 5+ ATh: A
& setalgla, BRF AN AA £7¢ duvolrre B3t vass) ek o
2 AL,
(24) HAAstE 3l dRYolel A4 AFHE 10 12 A% ’5‘} 171wl A e -
=] o
=} [¢)

A2 ® 100 mee] 7] Aastde= 33 mee] NaOCle

7] Aed 100 mb @714k = 5 me] NaOCls 9 1&912@, 10 M NaOH, 12N
£ ol&3to] pH 72 243t 30 rpme = 2 hr

112 2 % 66).

<Stripping 0| = chlorination>

A bi Mi 1
r_ﬁera_ < - Centrifugation |—] Flocculation [~ Airstripping |— Chlorination }— |ca:oa _gae
digestion cultivation

<Chlorination>
Al:laerc!hlc -— Centrifugation —] Flocculation [ Chlorination |je- er.foal_gae
digestion cultivation

a9 11 27-daFdd, 9Ty AgeAds
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! 1. AD (Anaerobic digestion)

2. AD_C_C/F (Anaerobic digestion+Centrifugation+Coagulation) 5
i 3.AD_C C/F_S
(Anaerobic digestion+Centrifugation+Coagulation+Air stripping) i
14, AD_C_C/F_CI i
(Anaerobic digestion+Centrifugation+Coagulation+Chlorination)
! 3.AD_C_C/F_S_Cl :
i {Anaerobic digestion+Centrifugation+Coagulation+Air stripping+Chlorination)

TCOD
25 100
T
I
r 80
20
= —_
) r 60 ‘L\o,
= 15 P
£ ©
S r40
= >
o
8 10 =
IS o}
8 L 20
5 -
r o
0 T T T T T
AD AD_C_CIF  AD_C_CIF.S AD_C_CIF_Ch AD_C_CIF_S_Ch
Treatments
LIz
0.4 120
T r 100
1
0.3
. 80
?'» X
o)
5 R
® 024 =
go S
S 3
Q b
e [ Concentration (g/L) 40 £
8 —O— Removal rate (%) &
01 4 r 20
r o
0.0 T T T T T
AD AD_C_CIF AD_C_CIF_S AD_C_CIF_Ch AD_C_C/F_S_Ch
Treatments
TN
6 100
T
T
5 L 80
T
3 + -
@ 4 A T r 60 §
c E k)
2 ©
£ 39 P40 g
5 <)
o €
S 2 = &
1 Ce tratic L) F
o = remoai e 2
L e T Lo
0 T T

T T T
AD AD_C_CIF  AD_C_CIF_S AD_C_CIF_Ch AD_C_CIF_S_Ch

Treatments
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TN

6 100
T
5 r 80
T

-5 —_
:0) 4 T r 60 §
c + Q
= S
T 3 F40 5
s 3
e §
Qo 24 [ Concent tration (gL) | | 20 O£
(&) ~O- Removal rate (%)

1 o/ - 0

=
0 T T T T

T
AD AD_C_CIF  AD_C_CIF.S AD_C_CIF_Ch AD_C_CIF_S_Ch

Treatments

I 112, GEYotAER-daFS, 927 AdeAd AAaE vl

Treatment TCOD TP TN NH3-N
reatments

(g/L) (g/L) (g/L) (g/L)
AD 22.40 0.98 5.47 5.15
AD_C_C/F 05 0.032 4.40 4.25
AD_C_C/F_S 1.85 0.032 0.75 0.63
AD_C_C/F_Cl 1.17 0.0013 3.73 3.65
AD_C_C/F_S_Cl 1.05 0.0025 0.35 0.63

(25)

(26)

(27)

AgAdd @7] & aFYs sk 3444 TCOD, TN, NH;-No| A7A &&o] 7
7} 95%, 93%, 88% %2 7 ko, TP A% AAEZL] BF 97%oldoz =&
Frollem AA Aolrt YA ok

o E=AYHY A-$ ozonation:= A H 3 AkztAl @ FEE o] &3dte] F7]ESE, F7)
G2 ABIA A A ASE WMo, e EL FAE o o Bajrt AFEY =
< ALAE Zb= OH #dZ-s wrEY A9 EE f7|E v$ wE 52 983}

EAYYEE pH, T71F9ZFR AL Sl wet AAEEd dFS wE B AT
A= 12N H,S0, & o] &3te] pH 8% xA43tgon, o2& F4EFS 1.2 g/h, FUA
7he 30 minZ WA (Y 113 E F 67)
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Concentration of TCOD (g/L)

(28) e&A YW A4 HA S s Aztel wE TCODSH NH;
et 1 Apol7t A9 glas B

-No| AAZE

1. AD (Anaerobic digestion)
2. AD_C_C/F (Anaerobic digestion+Centrifugation+Coagulation)
| 3. AD_S (Anaerobic digestion+Centrifugation+Coagulation+Air stripping)

L

4. AD_S_O (Anaerobic digestion+Centrifugation+Coagulation+Air stripping+Ozonation)

TCOD TP
100 400 100
2007 350
15.0 - k90 1 ’_I_‘ F 90
10.0 300
[ concentration @y | | 80 __ 30 [ Concentration (mg/L) | - 80
3.0 -@- Removal rate (%) < 284 —@— Removal rate (%)
+ 70 _ 2 26 r7
X T 244
254 Y
I ré0 o F 224 - F 60
© G 20
2.0 1 L 50 B 5 18] L 50
Lo 28 167 k40
1.5 A S g 14 4
4 ]
b 30 o 12 I 30
1.0 S 10
X 8 5]
E 20 r 20
05 €1
’ + 10 44 10
2 -
0.0 ® . . . 0 0 ® . . . 0
AD AD_C_CIF AD_S AD_S_O AD AD_C_CIF AD_S AD_S_O
Treatments Treatments
Ammonia-N
6000 100
4000
2000 4
3 80
g 500 [ Concentration (g/L) [
E 450 4 —@- Removal rate (%) _
S 400 - 2
£ T 6o o
E 350 -| T ©
G 300 4 + T
c o
S 250 4 r40 g
8 4
£ 200 4
8 150 1
S F 20
O 100 4
50 4
0 o—| ‘ ‘ ‘ 0
AD AD_C_CIF AD_S AD_S_O
Treatments

a9 118 AR -SH-GREYAEY Y- =AY AT A

F 67 AR -SH-dEYetAEY G- EX Y AgeAde 7 FE5E At

Treat . TCOD TP NH;-N
reatments
(g/L) (g/L) (g/L)
AD 21.33 0.3294 4.62
AD C C/F 2.73 0.0218 411

AD_C_S 2.8 0.0161

AD_S_0O 2.35 0.0120

0.36

0.29
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(31)

(32)

(33)

A, Aubd o g AATE W TCOD, NH; -N, TP¢] 7
o] Z}7Z}F 89%, 969, 93%°| o o] = ‘?}EHO]-&EE]%U]—X] S
A A7 /&

HAEASH] A FAaksea (H0)9 27F Ad (Ferh)e] #HEAISF (Fenton's
r%@mp‘} sto] HkS- 5 AAIE = OH radical (OH - )9 At3tzE o 2 24 H 4=}
SHAEY F9 o9=EAS
Deng 5 (2006)°] <]&} )
pH, =% o W&} AAZEd I & F vt Bk 53], ikstes v
7V Fold s {7E A al
mebA, 2 A= WA Ao R A gk Sk EAlskaL e RTIES FUIES Al
Asl7] flste] dikskraet Ao FYn / 2 )ZE 3st¥en, 12N H,SO, &
ol-g3te] pH 5= 24, 100 me] Al & F7|astde] 1.8 me 2Hitsraet 107 mee] FeCl
5 - 6H,0Z FY3ke] 300 rpm o2 30 min RS- A3PetdS(2d 114 2 F 69).

E
ol
nqo
P
H
e
™
i
=
T

i
Do
&
L

TCOD
30 100
25
- r 80
> [ZZZ Concentration (g/L)
5’ —@— Removal rate (%)
o) 20 + &\o/
e r%0 o
5 o
c 15 §
s 3
S r40 g
= <
S 10 14
o
c
S
© k20
54
. Z 7 VA T2 v .
aBpnIS AV oBnyiud0 yopenBeod  Buiddfifepixo uoued
Treatments
P
700 120
600 - r 100
-
D 500 4 r 80
‘E’ <
e S
= 400 4 VZZ] Concentration (g/L) | | 60 2
‘s —@— Removal rate (%) ©
S ©
2 300 4 0 B
2 I £
< o)
€ 200 =
S 1 F 20
(@]
100 0
0 T T 7 f Z 7 f 2

96pnIS AV oBnpIUdD yopeinBeod  ulddifepixo uowSd

Treatments
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TN
6000 100

5000

4000 - [ZZZ Concentration (g/L) | 60

—@— Removal rate (%)

3000 o

2000 4 / L 20
1000 - / Lo

0 / : / vz i

Concentration of TN (mg/L)
8
Removal rate (%)

oBpniS AV ofnuRd yopeinbeod 5U!d°\‘f6§eplxo uoyuad

Treatments

Ammonia-N
6000 100
5000 r 80
4000 + 60

EZZ2 Concentration (g/L)

—@— Removal rate (%)
3000 40

2000 - // L 20
1000 / Lo

0 ez B /17|

Concentration of Ammonia-N (mg/L)
Removal rate (%)

oBpniS AV ofnpudd opeinbeod ﬁuld%ﬁepgxo uojued

Treatments

a9 114 AR -SH-27]-AEASY Agey dAE AAEE.

X 68 YAEY-R -2 -AEAMIH HEFAHY 74 FqEE A,
Tieat ¢ TCOD TP TN NH;3-N
reatments
(g/L) (mg/L) (mg/L) (mg/L)
AD sludge 27.7 620 5,400 5,240
Centrifugation 5.6 90 4,130 4150
Coagulation 2.8 33 3,130 3,690
Stripping 2.5 33 250 250
Fenton Oxidation 15 4 300 260
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(35)

grol glolA A

b A Al Al Al

4A A X3

o AAEES

Concentration of TP (g/L)

Concentration of TN (g/L)

Concentration of TCOD (g/L)

=) = - L= B X
& oW ki3 7} <7kekl 01 = HACHAM kitE o] ate] w4
S Z =L X =
2 & golue] gEel Aol Wel AR F8F Aow Wiy
7 a3
%0 = = b2 = o T
et AAhFYH, eTAE, AEASH Y fUE 2 49
ey slal o olsl % o 5 w o
Hlastel A gES 99 Aede vudh(ad 115 2 £ 69
TCOD
30 100
28
26 + 80
EZZ3 Concentration (g/L)
7 —@— Removal rate (%) <
6 - F60 g
7 ®
54 ©
>
°
4 tao g
5}
[v4
3 -
2 4 r 20
0 L 4 T T 0
oBo® 0\26“3‘“\"900\\2\“6200 6U‘dd\)\s \\e\JUO\\‘\Quo\\euoigxo \"mugd
s
120
600 A ZZ
r 100
100 Leo =
90 EZZ3 Concentration (g/L) <
80 —@— Removal rate (%) %
70 - reo g
3
60 %
50 4 F40 2
40 4
30 4
r 20
20 4
10 A E;;é
0 T T T T ZZ2 0
2600 %“ieﬁm\nua\?o“e\“eeoG) t‘:\l\dd‘“S \eu\ko\“ouo\\e"oigxo uowe3d
TN
120
5000 2;;
4000 A
z; r 100
3000 -
500 —_
r 80 9
EZZ2 Concentration (g/L) >
400 4 —@— Removal rate (%) TE
r 60 ®
]
300 A £
151
Fao o
200
0 =/ ‘ ‘ ‘ 2;2] ‘ ‘ 0

&

oY Cle} e} NS Ve 20 N:E)
2BPN° 0\‘96@““ opeinB20Y guddis | auuol uo\)i‘;?\ep“y\o o
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Ammonia-N

120

(%) @1el |leroway

(=} o =)
=9 © < 134

r 100

EZZ2 Concentration (g/L)
—@— Removal rate (%)

\
N\

Z

5000 -

o o o o o o
o =] o [=} o o
5 [to] < @ 3 -

4000

(71/6) N-ElUOWWY JO UOIBIUSOUOD)

0

<0 uowe3

e
uO‘.\Bp\'

W

BN \gge@‘“"““eaox,\ﬂ\“ﬁew au\dd\"\?o\,\e“‘-‘c’\“ouo

o

ojp
o

A A

=
ﬁe
il

~
;OO

(mg/L)

NHz-N

TN
(mg/L)

(mg/L)
620

TP

TCOD
(g/L)

Treatments

5,240

5,400

21.7

AD sludge

5.6 90 4,130 4,150

Centrifugation

33 3,130 3,690

2.8

Coagulation

33 250 250

2.5

Stripping

10

50

16

Chlorination

13 240 210

24

Ozonation

260

300

1.5

Fenton Oxidation

=
o

_Z‘.ﬁo

7128k {7

|
=

—Efl,

W dEst e s A

~
ok

HH

~O

¥

99% =4 7}t

FARE 2 Aol HE A es vAzFe] uje]

S
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o
o

= 27— ES B 49 AP oR A,
+HE YA

AR 49 @748 A S Hanil-SUPRA 30KE ©]€3te] 6000 rpm2. 2 30 min
o AyPsgon, 7o AS 3Fw F7 a8t jar test (JISICO, J-65)E o] &
sto] Jgstd o pH 52 A % IM FeClz; 9 $3AE 6 ml T3] 220 rpm,
30 sec® H<E k75 rpm, 15 min® &Lyt 1 hr AGAAS APt LS. o]|F A
S NG 3|¢dte] kR Yol ~E g3 S packed tower aerator (Diameter 10.8 cm, Height

108 cm)E o]g3le] 8 vwvme F7]|FYH, 38T, 6 hro] wrEA|zto g7 2 3se] om,
P s. sEA3E e 49 Heating mentle (ScilLab, WCL-3)& o] &3] &%= 5
0C, WS+ 300 rpme 2 LA 3Fe] 1 hr ¥H8-8le] 3438 A (19 116).
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Concentration of TCOD (g/L)

A
N
T
ofm
ook

4

i
—6—7-1>

(=]

Anaerobic
digestion

Centrifugation

—

EEEEIEEEEEEIEEEEEESEEEEEEEREE

pH5E 273

Coagulation

l<_

Air stripping

Chlorination
or AOP

Microalgae
cultivation

|

43 EBIY>
Anaerobic
digestion

3CHA|

Centrifugation

s

Coagulation
+H,0,

e

'.__---L".__T"

EesmmmsmsssrmsmsmsznsmnnEnnnnd

e

Air stripping

FLTTTTTETTPrErrErrrErr R rerrr ey

pH5E2 23 i

Fenton
oxidation

pH11Z 2

o

Microalgae
cultivation

WRSSUIIF B
oy 17 " =AY e s

i 1. AD_C (Anaerobic digestion+Centrifugation)
i 2. AD_C_C/F (Anaerobic digestion+Centrifugation+Coagulation)

3. AD_C_FT (Anaerobic digestion+Centrifugation+Coagulation+H20:2) (Cf. FT: Fenton oxidation)

i 4. AD_C_FT_S (Anaerobic digestion+Centrifugation+Coagulation+H202+Air stripping)

25 4
20

EZZ3 Concentration (g/L)
—@— Removal rate (%)

7.

100

r 80

r 60

b 40

r20

Concentration of TN (mg/L)

5500

AD_C

TN

AD_C_CIF AD_C_FT AD_C_FT_S

5000
4500
4000
3500
3000
2500
2000
1500 4
1000

500 -

N

7

2
. -

EZA Concentration (mg/L)

—@- Removal rate (%)

7.

100

r 80

r 60

t 40

AD AD_C AD_C_CIF AD_C_FT AD_CFT_S
a9 118 At -3

Removal rate (%)
Concentration of TP (mg/L)

Removal rate (%)

=AkE -]

620

600
580 -
560

140"
120
100
80
60 |
40 4

20 1

100

—@— Removal rate (%)

[ZZZ1 Concentration (mg/L)

r 80

iz vz

r 60

r 40

r20

5500

AD_C

Ammonia-N

f
AD_C_CIF AD_C_FT AD_C_FT_S

5000 4
4500 -
4000 -
3500 4
3000
2500 -
2000 -
1500

1000 -

Concentration of Ammonia-N (mg/L)

500

2

.

7

%

ZZ3 Concentration (mglL)
—@- Removal rate (%)

%

100

r 80

r 40

Removal rate (%)

F20
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Treat . TCOD TP TN NH; -N
reatments
(g/L) (mg/L) (mg/L) (mg/L)
AD_sludge 25.7 590 4,800 4,740
Centrifugation 5.36 91 3,820 3,640
Coagulation 3.22 75 3,210 3,000
Fenton Oxidation 1.98 11 2,200 2,100
Stripping 1.40 9 580 550

6) 39Al EEstetd Aeevdon A4S 1P 29 SHTAES AASAL LR L
A o w o5 WEol F wkSAIZEo]l 1AIZE o] EojeloeH, AAR

o A =

9] 49 TCOD, TP, TN, NH; -No] Z+z} 95%, 99%, 89%, 89%°] %+

o T3 AsHHLAEL AAS, MAZRF wWE 5)

(1) AYATE T3l 729 =8stetd AggHez AHed griistde HFHo=z n

FE WYstel @38 HeBrtE AT

(2) ¥ Ao A= BG-11 vl#], BG-11 + glucose HlA| (o] F 7}# wjA]Z control®] 2}
ZAD, By AgE dr1as el T vAMEF Desmodesmus communes
S HEst, 27TCoAA 119 &<t &3t o™, optical density (OD)@}  specific
growth rate (g, d'; g = (InNy - InNy) / (tz - t)E SAH3] nAxRFI A4S
Hst A (1d 119 9 & 71, 72). BG-11 ¥l #], BG-11 + glucose (10 g/L) Hl#] <]
A B friel e mAxFe S dobr ] flske] light, dark, light : dark
(12 hr : 12 hr)¢] o= WS st o, E8ste2 AHed 7|4t
light : dark (12 hr : 12 hr)¢] o2 ¢S APt <.
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—e— BG11(Light)
--4-- BG11{Light Dark)

81| —4— BE11+GlucoseLight)
—-4— BG4+ Glucose] Dari) et JEEENEEE,
71| ——@— BG11+Glucose(Light:Dark) R

0D GBO

T
Q 1 2 3 4 5 8 T t} 9 10 11 12

094 | —e—— Breskpocint chiorination
........ wooe Ozonation

0.8 { | ——-m——- Fenton oxidation {4 steps)
— =@ —-.  Fenton cxidstion (3 steps)

0D &80

Culture time (Day s)

a9 119, wiA, el mE Al (9] control / ol A2l d7]AB}e),

3E 71 vRA], wFERde mE A xR AFEA A R (BG-11, BG-11 + glucose (10 g/L)).

) Initial Final Specific growth rate u
Medium a
OD OD d)
BGI11 (Light) 0.16 0.53 0.110
BG11 (Dark) 0.17 0.19 0.010
BG11 (Light : Dark) 0.17 0.52 0.101
BGI11 + Glucose (Light) 0.17 7.45 0.344
BG11 + Glucose (Dark) 0.16 3.60 0.283
BG11 + Glucose (Light : Dark) 0.17 3.54 0.276
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F 72 WA, i FEdel e AR AT AHEdsed Aeld A7) ask).

) Initial Final Specific growth rate u
Medium i
0D OD (d))
Breakpoint chlorination 0.31 0.53 0.049
Ozonation 0.23 0.39 0.048
Fenton oxidation (4 steps) 0.22 0.43 0.061
Fenton oxidation (3 steps) 0.26 0.55 0.068

3)

(4)

)

A%k & optical density<} specific growth rate®] #4123} control #iA||A+= BG-11 + glucose
HjA] Sl A "Wo] Eaidh= wiA|elA ] final OD7F 7F8 ke oluwe] 4 e 034400
=3t Aeld @7)aste wix|eA= 3uAl =2ty AelE g 49 Final OD7F 056
olglom u - 0.068EM 2 3714 AEE H74stdET H9ke-

B3k, TCOD, TN AARZES E4ste] 2o wixlef =3 W& 7|[dHadts
Ay 120, 121 2 X 73 T 76).

LF.A. de Mattos (2016)%5 2 A&+ AA7|7F EAst= & Holl Desmodesmus
sp.& HE3ste] 30417 widd F9 TCODE 27 g/LollA 175 g/Le 2 oF 40%, TN
o] A% 14 g/LolA 750 g/Le& ¢k 50%7} AlAD T B3

4 —%— BG11+Glucose | Lihgh
—w— BG11+Glucoss {Dark)
—&— BG11+Gluccse {Light Dark)

Concentration of TCOD (/L)

Cuflture time (Days)

——#—— Breskpoint chlorination
=0d .. s C=nnation

—— -8 —— Fenton oxidstion (4s=ps)
—--—p-—-- Fenton oxidstion (2 st=ps)

Concertration of TCOD (glL)

0 1 - 2 2 5 8 7 5 3 10 12
Culture time (Days)

1 120, ¥iA, vl Fzzdel wE TCODAA Wlnl(9]: control / o A 2dl & 7]23k9).
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X 73. WA, vz A wE TCODA A 44 3(BG-11, BG-11 + glucose (10 g/L)).

Initial TCOD Final TCOD Removal rate

Medium (/L) (@/L) ©6)

BG11 + Glucose (Light) 10 0.15 98.5
BG11 + Glucose (Dark) 10 0.39 96.1
BG11 + Glucose (Light : Dark) 10 0.53 94.7

374 wiA, wiFEel wE TCODAIA &4 23 (=elstets Agd d7]ashd).

Initial TCOD Final TCOD Removal rate

Vedium (/L) (/L) ©%)

Breakpoint chlorination 1.6 0.8 50.0

Ozonation 24 1.3 45.8

Fenton oxidation (4 steps) 15 0.28 81.3

Fenton oxidation (3 steps) 2.5 0.99 60.4
40

— 1 1143 { =)
——f@— BE114GucHss {LihtDaK

g

o

1
=

Concentration of TN (ma/l)
=

=

1] 1 2 3 4 5 & 7 8 5 10 1 12
Culture time (Days)

400 | ——a—— Breakpoint chiorination
........ w...... [Dzonation
——-@—- Fenton oxddation (4 steps)
Q —--—&-—-  Fenton oxidation (3 steps)
o
E a0
E b
\ e —— B
s 2 r,r ............... i il "
= e g T T e R R
£ 200 ~ ¥
= Y S —
= &—- 4 Tl —dr Tl e
e —
o
|
=]
Q100
'.\/_._\_’_.‘\1/'\\\0
0 T T T T T T T T T T T

0 1 2 3 4 5 L 7. & k] 10 b 12
Culture time (Days)

29 121, viA], wjkzAC wE TN A4 ¥]2(9: control / oFzf: @@ & 714319).
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3E 75 wiA], wFERde mE TNAA #4172 3(BG-11, BG-11 + glucose (10 g/L)).

) Initial TN Final TN Removal rate
Medium
(mg/L) (mg/L) (%)
BG11 (Light) 250 200 20.0
BG11 (Dark) 250 240 4.0
BG11 (Light : Dark) 250 210 16.0
BGI11 + Glucose (Light) 250 20 92.0
BG11 + Glucose (Dark) 250 90 64.0
BG11 + Glucose (Light : Dark) 250 30 88.0

F 76, WA, Gzl e TNAZ £443(=2stes] Agd d714sh9).

Medi Initial TN Final TN Removal rate
edium
(mg/L) (mg/L) (%)
Breakpoint chlorination 50 30 40.0
Ozonation 240 230 4.2
Fenton oxidation (4 steps) 300 220 26.7
Fenton oxidation (3 steps) 220 160 27.3
(6) W ¥ TCOD®C #2443 controlwl A FolA BG-11 + glucose (light)u] =] 2] #|A
8o 7ME =3R4 dark, light @ dark 279 vjA o 9] A AGTE] BF 94%
ooz =A Yeld. 28ty Agd 714 mAdas HASAHEE AE
23tE AEs driagdo el TCOD AAZEC] 7 =show, 44 &2 3}
f;; A T HET AHMY=R AN E DA H§ 81%, 3vA HEASE

(7)

TN B2 A3} control#f A FolA BG-11 + glucose (light ZZA oA ulj %)uf=] 2
AAZE] 7 =9ko, light @ dark 2319 A A AATE] BT 83%
oo g =A yetd. =Estet4 Agld 7|4 wjH A= HFAYR AT
Y-S &gk Fr]astdo A o] TN AAZEC] 7P =R AlA" TN o] 20
mg/LE wkotom AEASE 2 Ao AAE TN Fo] Aojr o= waks.
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15 7kt @71as A sAA Ve A
7howdeAe AA QA ' oA Ve A4

(2)

(3)

(4)

(5)

(6)

2 A9 AFUHE F pilot plant X mE AA AR D W T|E ZAdALE o]
A3 A9 pilot plant’} A% Esto] wal A3EA Yol A scale upe B3 =3
&

i
Lo @riaste Ag 7S AFAdA 9 T 1 ad
S 115 ID 29 em, H 39 cmol™ 72 rpm&. = L
o] A7]+= ID 38 cm, H 46 cmo]™ 37TColA 50 rpmo. 2 wHHd g 3
29 cm, H 39 cmO]U:] Az AE 7|43l 343510 20 L T

ol
9

d

2
ol
BN
Lo
W
N

RS )

o] 3hohA A 7 %%L%WA A WA GAR dAEEe AF IS dAFolA AREE

Hanil-SUPRA 30KZ o] &3} 6000 rpme. & 30 min 3o, F Ha whA <l
wAbstke] A9 &2A9k pH meter7t F-2FE )3l ID 20 cm, o] kg

H 30 cme HF2-7]o
QJ“—E‘ﬂi aAEZ7 ©H FrAg S 50T, pH 5, 300 rpme] 2Hd o=

R

HAEASHE S5 d7)astele dRYot2ELF S x1ds7] e NaOHE 546t
pH 112 Z4stn AAR}ES ddste] $HE4 2 w8 F Holddes d49E AAs
Ao, ©o]%, HEZ (Green Tech, GP-100)E Al&3ste] HHdE &A= AAsIGoH, &
7143t e Feds d|HoR O]%?—é}.

B8-S o] &3 dEYolrERF] A9 ID 108 cm, H 108 cme] WHg-7]ol ofojsf L
(AW H LP-40A)E o]&3lo] 8 L/mm_cli 715 Y39, 6 hr ¥ 35

O

At B Wolasee HEe
o 4

AbE-3ke] ID 20 em, H 30 cm® A &= o] % 3d}
o AAstdon, A7 A

23 Ay ARE olgle] 18 122, 1239 A
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ct.

17. ole] 744 hmuel AA Z1% L 2 AF 7% A4S T AR o

7}

g},

16. F-ap gl whe
7} %
L

A48t =19 HAg B &3t s A7t
bt 174 #7143 71Ex7: 37T, HRT (209)
d7) 4829 TS, VS, TN, TP, TCOD, SCOD, NH#+-N, POS—P, VFAS] AAL: TS
= 47.02%, VS = 53.02%, TCOD = 70.04%, SCOD = 86.01%6, TN = 844%, TP =
18.05%, NH,' -N = 16.74%, PO, —P=26.95%, VFA = 74.4%
7] 43% CHy 7}~ 4F& : CHy production rate 988 mé/L-day, CH, yield 210 ml
CH4/g CODadd, CH, yield 400 m¢ CHy/g VSadd

L2
!
L
O
=
=
N
to I
N
5
X
N
-

ol Yol ~EgHE: dE Yol AE 76% (=74 pH 10.0)

'min -!)

U, dagad F9 GRYOMAAE 45% (27 d49 dEYoel | 204))
t}. 2
2}

C FEYol AARNR M= dEYAE G AAE] Aavtd FHRG 28] o]

Struvite @A4: ¢EYol AAELS 35% (=7 Mg? o] PO,-¢] 1281 F9)

H

o davdd FY A Gask FRUelnE A A

A
T f71ES Ak AMgE R dhRYotaERge] B A A S
s ™

oo

o
o
off
g
N
X
i
R
@
=
o
=.
—t+
o
N
N
oft o

g
o
)
a2
o
ol
=
i)
v
1o
(o]

ACEDASE A4, 2&, UV 55 ol&ste] AeAqA 7|« g

A7 nstde] Aw AAL A 2E AF 744%, A2 A 65%, HELS]
A9 636%%2 &> QLEHD Y AUt A

a8y g Mg Evhs 1y @ o] ofyet Mx A Al HAsE ghRAkskAl 9 7
Ef JEEd od mAzRRF ol Hs7t He 2AES ngdol srfa desi S
AME7F AAEA & F7IastAd e ZstA] Xetdal e w27t =2 dra
st A A Al ZFE A BaldS. ARHoR g4 A= MErt 76 ng
/LPt-Co o4, A8 49 2%+ 64 mg/LPt-Co o]Ate] ME7} ¥ ojoldl,
AaAGIGAAA HAS FFALE AAS A3 S 49 36.8%, FAA] 45
9% = AFALAA7IES FAA ] F7F T80 =US

AL AAHA Fe @l nstdol A= st &st

2 FrlastAol A A mARFE AFeA Ketde. AAAHSE 67 mg/LPt-Co ©o]%
o] M7} wojofdl

7143 ¢ dEYol AAL} AME AAE P F92 SCOD, TN, Ammonia—N,
Color AlAELS daxe] FAANA 60.57%, 22.58%, 32.26%, 55.86% =, SE Lo} ~EF
3 A A 24.59%, 64.52%, 78.39%, 24.83% 5 EAsIS. AihAHE FHAHodAM= F7]
T3 M=o AA a7t gdEYol ~EE BAHAN = dEYol AA BRI Holw
o

= .
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1o,
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2
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2
i&"

9. &EUYol AA dAE, F7|ash MEAA FAE A3 A
7}. FE Yol ~EZH I} dAaH T4l A3E ABC process (4
SCOD, 67%<] TN, 79.7%<] NH3-N, 57.9%<] color AAH Z3&
20. &7143F AFA pilot plant”}s, trouble shooting, A5 H 7} A5 & H
7} Pilot plant v A X2 sl AFA FFoz2 A4S UPs3 <.

L e 7] E23EhA AeE 4‘;}74]i TAHA o2 Jdste] f71E 2 dG=EdES A S
ot A9 Egstetd AeaAY A o GAE pH Ao ztol ofF AR o] T
= @] Qo] o] & H&stal }3‘474] EEshety Age g AAstA S,

(1). 4274 =2 s}st4 ﬂﬂl

7hH) YAET - -IdEYol~ETFA-HAFY: TCOD, TP, TN, NH;-N A~
Z¥ZYy 949, 99%, 99%, 99%°] %)

(W AR -&H-dRYol2E"P-2FEAE: TCOD, TP, TN, NH;-N 174 &0
Zy7}y 91%, 97%, 95%, 96%°] =

(th AAEE-&F-dret=Eg - E4sk: TCOD, TP, TN, NH;-N AAZR
ZyZ}y 949, 97%, 94%, 95%0191%.

(2). 3@ =2l 3kshA A2 e
7h dAEg-A=4s -k yolt2Eg g TCOD, TP, TN, NHs-N #AlA&&0°] 77z}
91%, 96%, 96%, 97%°] AU &

ol Belgtety Aol te GAR nAZF wNFHAs donz FyFe] f718 ¢
w7180 Bad Ao Wog wHd A 2] G Fow, A, 4719 HEx
RZo] 71 AL 337 B3 AYgFxAES HA EgyHoE HAGA L.

ol Belslsty Aeld dvlastelel viAzR Wk A, 394 Belsetd Ade @ 4%

o

Eis
Final OD7} 0.55¢1 % 2™, u k& 006821%1 E}E 37}11 Aeld @7]ast iy =%
Kel

L
A ABH O TP, TN, TSSS 4% Wi+ $471%2 e4% Aoz #as, TCOD
3

o A% obd 1 FFe] g

21. 7l 97148 d3A +d 7 24
7F. T4 A5 Pilot plant P]AX 2 Qlste] A AUl A scale ups F3ste] A <l
2 g A TEs A

22. ArM0029 w59 EAA=4 A
7F. Ribosomal DNARQ! SSU @7IXE 4 A3, Chlorella %0 &3t HAZ/F=E &4 %
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1t Alignments ]
Total Query E

Description Max score o ] vika Iident Accession

[ Chimeits.sp. NDem 8721 T-13 185 nbosomal RNA gene_partial sequence 3160 3160 97% 00  99% AY1876725.1
] Chisresa sp MDLA-1 185 ribosomal RNA qene. partial cequence 3160 31680 97% 00 99% AYIVE2L1
[ Chioreta sp NMXI7N 188 rivosomal RNA gene. partial seguance 3156 3156 97% 00 99% JETEIAZY
[ Chinteds sp V111 18S ribosomal RNA a6ne. paral squence 3155 3155 7% 0o 99% EJ0463843
O chiore 185 1) |A gene, parhal 0y 3158 3155 97% 00 99% DOITEMT
m] ganes for SSU IRNA TS, 5.85 rRNA TS LSU RNA culture cofiection: NIES 2171 3149 3149 97% 00 99% ARTIIEQ4N
[ Chigrela sp V14 138 rbosomal RNA gene. partisl sequance 3149 3149  97% 00 99% FJMERSS 1
[ Griorets so EQS-4C 185 ribosemal RNA gene, partial sequence 3145 3145 97% 0.0 99% Ei4eNES)
[ Chioreiz sp WO10-1 188 nibosomal RNA gena. parfial sequence 3145 3145 97% 00 99% Fid6886 1
[ Micractivum so. NIES-2171 18S ribosomal RNA geneparial saquence: internal transcried spacer 1 5 85 ribosomal RNAgene 3140 3140 97% 00 99% 8806411
[ Chioresa vuigarnss genomic DNA comtainng 189 fRNA gene, (TS1, 58S 1RINA gene, (TS2. 285 IRNA gene, culture colecion GG/ 3140 3140 97% 00 9% E 3.1
a 3133 N3 97% 00 99% EM20SEIT
m} 3125 3125 97% 00 99% AYS015161
] k1P 321 7% D0 99% KESA4472
[ chisrstia spZJUG204 185 ribosomal RNA geng. panial cegusncs nn nn 97% LX) 89%  JXO97056 1
[0 Chigresia:sp IFRPD 1018 genss for 185 iT51, 585 RNA 1TS2, ng COMpiate SeqUance 2 321 7% 00 99% AB260893
[0 Chnistess sp iFRPD 1014 genes for 185 rRNA ITS1 58S rRNA 1TS2 partial ang COMpIets sequanca 3121 2 9T% 0o 99% AB260897 1
O chioret iana 125 (RNA gene. strain UTEX 7805 I 3121 97% 00 99% AM&INIGXY
[J Chioresia sorokiniana 185 rRNA shrain SAG 211 3ns s 7% 0.0 99% 441

O Chiorelis iana Genes for SSU ANA ITS1, 5 88 RNA [TS2 LSU RNA cultire colection NIES 2173 3116 3116 97% 00 99% AB7MA021
[ chisress sorokinian: L IRNA ITS1 5 85 (RNA IT: PRNA Cult spction NIES 217 3116 3116 97% 0.0 99% AB7AE01Y
O Chioeia sp V12 188 ribosomal RNA gane_partial sequance 3116 36 97% 0.0 99% FiR46BS3)
| gstrum by chii 125 rRNA gana || i) ITS1 IRNA gens ITS2 f eng I} strain 3116 3116 97% 0o 99% EM 1

a9 124. ArM0029 SSU 9714 <€ €] Blastn #4 23

°= z?f’"ﬂ“#f# &3%4_,_
'ﬂ:?'"”f”# B

Eﬁm 200853
Chion lguwm'%ﬁfzn "‘K e

SAG1891

1.00/100}

né’ eyeval.
%;aggf:fﬁgﬁﬁn -
g

Pa"c’rf"fu § 2 54293
%7""& des onﬁ i

f" ”""v {f gmmﬂh

f @%
,a ‘,‘3’%‘6 fos CCAP2222D
tonica 1221620 5, hlorelle 0 des NIES2165
"f:;‘::‘.'i"'?é"gjg’
reﬁg%;rcno saS F%
su

umﬁrr:"g%gshe/mnmmccrcs 100773
0079 s, chamgfos‘?ar'mé’eﬁgi
Mesot znlumhm IM22 "
PR e
g

Chlorellales

10011004

1.00/90

1.00/100™ Pseu f
0.83/60 091773
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19 125, ArM0029 SSU A 45 7lwte = 3 AlgE7dT 23
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Incubation Time ( Days }
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23. ArM0029 9] A AT &4

oMAEF ARTR RS YA
shel AR A, ADL Fhs
oA pEEol AAG WAEF R

o= #4357 9
Ao
N e

Fluorescence
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. FAME C8(C24 mix standardE 7|Fo= ArMO0029¢] A&
chromatography " o2 FA3 Ayl nlolotjde] FHF Yol & & <)
=2 C16 : 0 (palmitic acid), C18 : 0 (oleic acid) A|WAko] Hjw % =&

- =
FAME C8-C24 mix standard
1400 00|
=]
]
120000 o = a
=] 2 8 4 g
Z ¢ O =
100000 = =
&=
Q - =
30000 o Q
w (=} i)
g
=
#0000 o -
=
™
L%
40000
00 00|
000 L
oo0 1000 000 4000

ArM0022 lipid content

oo

058 1000 20.00

¥ 129. Gas-chromatography S ©]83 ArM00292] A 2 A&

)
EE
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. LC-MS

|21 a1 q \ 1 TOF M5 ES+
i 552 DG & TG L,
] 1 "
ArM0029 Lyso-PC, Lyso-PE f|
L |E ‘:E.l..;s:l: b -Iru
i 1 sq | T4l
| | s o
11 T | | | r | ‘ I 49 870
2 T ] ||,. e
| .mﬂ .s:-s J ‘ il |
e | i | \ S | f/ || 111
1] [ I LT
i | | | | 382 b HQ ! | | il
07t | | |
: b i '”.J' i' I| I W N -\f.;-l '.".,_,";-ﬁ: /1 ."‘”-' LA |__| i il; l' ¥ 01 1
I.‘-'SD ' IiIl . \ISZI . LEI] l 25'] ! 3&0 ' JISCI IAEI:I y -!;_"nD ¢ SIII] ) 5‘5E| I E\IEIZI ! Blg.'l ! J1IB i'lﬂ] i BiJJ ; 8:58 ) Bll.'ﬂ ' Dél :
BB 4t 1 TOF M5
1 1 a5
Jj’ﬂ
CC-125 |
% T4
40
o | l l L5
| g4 I| JII Ml 1 i| a7 |'| -
o0 5 2;1,,“ ot w0 AR f o A )
“E“J, ji | '|'|1.'.'|’|| [
a KR '-.-'.I' '-'-I E—. =005 . ; =hes = i
GRS M 550
719 130. LC-MS #4& %
2. NUE WMFS AT $FTF AN
7} 240F9 =A vAMEFE gz 29 wAE gy 249 A3, ArF0004,
ArF0006, ArF0022, ArF0024, ArF0032 & 5& 9 A% 35 A3t o
4°C
1800 4
E 1600 - 6
T 1400 - .
3 g N i
g 1200 +
@ oo ——ArF0004
8 i —m—AF0006
o 600 —t—ATF0022
0
% 400 == AFO0 24
& <ArF0032
2 200
2
0 1
100

1=
RS

FH ofF Huf

Ao
=1

=

5%

2AE

PC. 5M, PG, PE, CE
A

Adet  ArM0029 <]

triglyceride (TG), diglyceride (DQG)
]/\L 6’1— o Q 74 oy B

;(];d —1.5_

A }\]’

=]
Rt |

phospholipid,
A 7o wild-type Chlamydomonas sp.?l CC-125

Incubation Time({days)
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Total number of cells (x10% cells/ml) Total number of cells (x107 cells/ml)

Total number of cells (x10% cells/ml)

8°C

1600 4
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——AF0022
—&=—ArF0024
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1
100
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e AFFO0 04
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=il ArFO006
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e A FE00 22
G600
e AFO0 24
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1600
1400
1200
1000 —t— AF0004
800 =i AFO006
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400 e ATFO0 24
“AF0032
200
O
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a9 181 R 5% 2= AAEE 4.
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1} Nile Red

ol
X

o

ArF0006

ArF0004

ArF0024

ArF0022

Positive strain (Botnsococcus braunii)

Megative strain (Chlamydomonas reinhardiii CC125)

ArF0032

1% 133. Nile Red
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25. T2 H ol A AW mARF] v FH A8 2AL
b AP FFo Aol = A RF ArF0024 5ol AR HAFE 9 HAux AF
s A4 YHS AHEste] g

A Q1 TAP WA & A}&38to] wjxel z+ A

0] 5
o]l FaAES AA3SE Elimination method &

—

FolA U A AT wAE AL
A7, Fo8E 005 vgkelA =

M)

=
S
ax

400
350 A
300 A
250 H
200 A

150 -

x10* cells/ml

100 -

1
19 134, TAP #iA19] 2z} &S A9 ArF0024 m Al =5 w52 w4
TAP ®jA|o A Tris base (1), Ammonium chloride (2), Magnesium sulfate (3), Calcium chloride (4),

Potassium phosphate (5), Trace elements (6), Acetic acid (7)2 A& ste] wjdst & AMEFS =4 vud

P

3 B 5 6 7 8

¥ 77. ArF0024 v A %5 o] 3k Elimination 24 3},

Variable Component “value “value Effect T statistics P value
(g/L) (g/L)
Xy Tris base 0 2.42 337.3 17.77 0.000
Xy NH4Cl1 0 0.375 310.0 16.33 0.000
X3 MgSOy 0 0.1 270.7 14.26 0.000
Xy CaCly 0 0.05 295.3 15.56 0.000
X5 Potassium phosphate 0 0.432 260.7 13.73 0.000
X6 Trace elements 0 0.0977 310.0 16.33 0.000
X7 AcOH 0 1 338.3 17.82 0.000
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o},

Plackett-Burman methodE %] 83}9] positive effect® §- 3= componentE A A 3}=
AYS 7Y ol E Hst FaEAAE 7TY TEE A7 VIEELEY 282 EmoA A

WA FEAES T

2. 7o &E 0.05 "|9F A Trace element™ non-significant component® UWE}EO ™,
Tris base, Ammonium chloride, Magnesium sulfate, Acetic acid®] 47} A&+-&
negative effect& H 3, Calcium chloride, Potassium phosphate®] 271 A&-&
positive effect& H.o]= FOZ ZALE A&

¥ 78. ArF0024 v Al zZF 5o gk Plackett-Burman method 2 3}
) —value +value o
Variable Component Effect T statistics P value
(g/L) (g/L)
X Tris base 0.484 4.84 -30.58 -5.54 0.000
Xo NH,CI 0.075 0.75 -12.48 -2.26 0.036
X3 MgSOy 0.02 0.2 -65.72 -11.91 0.000
Xy CaCl, 0.01 0.1 30.93 5.60 0.000
X5 Potassium phosphate 0.0864 0.864 25.37 4.60 0.000
X6 Trace elements 0.1954 0.1954 -7.83 -1.42 0.173
Xz AcOH 0.2 2 -67.82 -12.29 0.000
n}. Box-Behnken designg ©] &3

FeAes 18s HAxAS "HAS] 18k,
Plackett-Burman methodol Al 2t 6719 fFadEE59 Faz8&S &

3}l positive effectE H.Ql 27§2] A+ (Calcium chloride, Potassium phosphate)< 7|
= Fd% o 2¥lE, negative effectE® H.Ql 47019 AE (Tris base, Ammonium
chloride, Magnesium sulfate, Acetic acid)< 7] FdHFo=Z 3}o Box-Behnken
design WHE . o MEFE=E [23 - 42Xy + 461Xs + 404X3 + 7404X, +
8Xs - 80Xs - 32X,° -1838Xy" - 5655XsT - 62157X4 - 97X5 - 468Xs0 +
382X1Xe - 19X1X3 + 64X Xy + 3X1 X5 + 201X Xg + 3742XoX5 + 256XoXy - TXoXs +
28X,Xg - 2167X5Xy - 38XsXs - 42Xs5Xg - 1320X,Xs - 5IXXs + 265X5Xe] x 10°
cells/m¢ = 45 3.

(X; = Tris base, Xo = Ammonium chloride, X3 = Magnesium sulfate, X, = Calcium

A}

chloride, X5 = Potassium phosphate, X5 = Acetic acid).
A7) AR o8] =EF¥ ArF0024 WAMERTF Y HAMA 24 2 sEE %
799} Zow ol mAXF AMEY FEE 58 x 10° cells/mlE AAE AL
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3E 79. ArF0024 P Alz=F T FH AR x

)
ER N

Variable Component Concentration (g/L)

Xy Tris base 2.42
Xy NH.Cl 0.375
X3 MgSOq4 0.1

Xy CaCly 0.05
Xs Potassium phosphate 0.86
X6 Trace elements 0.0977
X7 AcOH 0.81

oirias ";'.}iﬁé.
A ,ﬂ.ﬂ.l'l-l'lln'; ALy

LT TR
Ty

FTIRTENENED
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% 136. ArF0024 vl Al Z=F7 7ol oist fFad®e] &9E EA8 contour plot A3
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2
2
Lo
44

4

Al A EF ArM0029C w59 Ak HAstE 918 HAuA 4
WS AEske] Falsh 7] wj A TAP wiAE ApE-3to] wix| o] 7} A
st A A viAE AbEste] faAdES A4S Elimination method
A, 59 E 0.05 v]vte| A Tis base, Ammonium chloride, Magnesium sulfate,
Potassium phosphate, Trace elements, Acetic acid’} positive effect® T+ Ao =2 3}

olg 1 ar, CaClbe= Hl+&4E (non-significant component) = & 3.

oy o 1
ey
2By
iRt

=2

M oM

2ot o go

700

600

400 H

300 4

% 10% cells/ml

200 4

100 +

1 2 3 - & 7 &

(%a}

¥ 137. ArM0029C "M ZF F wjkuix|el TAP ®ix]¢] zZ} AES Asle] wjdst A3 TAP
v <ol A Tris base (1), Ammonium chloride (2), Magnesium sulfate (3), Calcium chloride
(4), Potassium phosphate (5), Trace elements (6), Acetic acid (7)E A 2|dle] v &3t & A

XFE 54 Ak

¥ 80. ArM0029C "M ZF 59 i3 Elimination 7] el <3 Az},

. —value +value L
Variable Component Effect T statistics P value
(g/L) (g/L)

X3 Tris base 0 242 64.6 17.19 0.000
Xy NH,C1 0 0.375 296.7 9.03 0.000
X3 MgSO, 0 0.1 211.3 6.43 0.000
Xy CaCl, 0 0.05 -13.7 -0.42 0.683
X5 Potassium phosphate 0 0.432 111.7 3.40 0.004
X6 Trace elements 0 0.0977 75.0 2.28 0.036
X5 AcOH 0 1 570.3 17.36 0.000
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2}, Plackett-Burman methodE 4 -8-3}9] positive effectE 5o 3}
28-S 3. Elimination 2 S %OH AR 6719
2ol = FoA AHESA FEAES sk FolgE 005 v wklA  Potassium
phosphate, Trace element®] 27§ A —E’r% negative effectE X %13, Ammonium chloride,

Hol& ZAOE ZAEAS.

il

Magnesium sulfatei= positive effect

¥ 81. ArM0029C "Ml Z=F o thek Plackett-Burman methodol] 2] 3+ 23}

) —-value +value ..

Variable Component Effect T statistics P value

(g/L) (g/L)

Xi Tris base 0.484 4.84 -22.0 -1.11 0.279
X, NH,CI 0.075 0.75 57.4 2.90 0.009
X3 MgSOy 0.02 0.2 57.4 2.90 0.009
X4 Potassium phosphate 0.0864 0.864 -47.0 -2.37 0.028
X5 Trace elements 0.1954 0.1954 -320.3 -16.18 0.000
X5 AcOH 0.2 2 -23.1 -1.17 0.257

2}. Box-Behnken designg ©]-&3h %‘i;‘—}%% n#Eg HAZAS A7) 95k,
Plackett-Burman ®'#olA 22 4709 & olx 7] <3}
A (

o] positive effect® H.<Ql F A# (Ammonium chloride, Magnesium sulfate)< 7]&

kol'
X,
S
il
1o
- ox
fol
o
ofo
[o
o
X
e

=

Tl 2vl2, negative effectE H<Sl F A&  (Potassium phosphate, Trace
elements)< 7] FYHo 2 ZA3so] Box-Behnken design 33t A AXsEs
[76.9894 + 1008.27X; + 1196.68X, + 433.663X3 + 3601.52Xy - 112897X;* - 4137.4Xs° -
142.603X5" - 29733.7X,% + 364.856X: Xy - 547439X; X3 + 244875X, X, - 295.353XoX3 -
1369.14X,X, - 3451.59X3X4] x 10* cells/m -2 (21714, X; = ammonium chloride, X, =
magnesium sulfate, X3 = potassium phosphate, X4 = Trace elements).

7F 371 A 98 =E&E ArM0029C PIMEF o HAwA 24 2 FEE
823} grom, olw WA ZEF HME FEi 587 x 106 cells/mb & AL 5.

=]
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3 82. ArM0029C W Al z=

Aod

T HAHujA =24 B FE

Variable Component Concentration (g/L)
X1 Tris base 242
Xy NH.Cl1 0.54
X3 MgSOy 0.16
Xy CaCly 0.05
Xs Potassium phosphate 0.04
X Trace elements 0.08
X7 AcOH 1.0

Coells (x10*&ml)

Calls (x10°4/ml)

Cells (x 10" 4ml)

SRR R E 5]

Calls (x 10+ 4/mL) - Cells (x10*&iml)
¥ 138, ArM0029C "M ZF 5o s 489 &35 Z=A|stE surface plot 23},




013

WS04

o

/
T T
o or

HHPO4

- 175 -




26. AW HNZEF oY tARA &4
7}. Next-Generation Sequencing (NGS) ®WrH o] <
of A AR F AW el #HEH 52

/\} 7(:)1;8 =S R

= 11T 71 2.

o,
H

=H A "AERF o5 ArF0024

Aot Akl B dwE ]l o

o
%

. Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway program= &3}o] =] H)
AF e #EE FHATE #steE GAE AR

¥ 83. KEGG mapping®ll 2%k ArF0024 "IAZF 9 AWt 3 &3 ik 34 o §4xF AH,

]

Fatty acid biosynthesis

arf24_contig 12273, arf24_contig 18435 arf24 contig 20101, arf24_contig 26639, arf24_comtig
ec:13190 11 30477,arf24_contig 31086, arf24 comtig 33507 arf24 contig 39740, arf24_conhig 39788, arf24_
contig 40002, arf24 contig 46393
arf24_contig 356, arf24_contig 763, arf24_contig 4148 arf?4_contig 9253, arf24 comtig 9632, ar
f24 contig 11464, arf24 comtig 14237, arf24 contig 20101, arf24_comtig_21308, arf24_contig 22
287, arf24 contig 22320, arf24 contig 22321 arf24 contig 24447 arf24d contig 30477, arf24 co
ntig 40928 arf24 contig 41932 arf24 contig 43367, arf24 contg 33520 arf24 contig 34867

Feductaze
(NADH)

Carboxylase eci64.12 19

Reductase ec:1.1.1.100 3 arf24 contig 3633, arf24 contig 20101, arf24 contig 30477
Synthase ec:23.1.86 2 arf24 contig 20101 arf24 contig 30477
Synthase ec:2.3.1.83 1 arf24 contig 549037
Ligase ec:i6213 1 arf24 contig 22722
Synthasel ec:23141 4  arf24 contig 3706, arf24 contig 14839, arf24 contig 20101 arf24 contig 30477

S-malonyltrans
-ferase
Desaturase ec:1.14.192

ec:23139 3 arf24 contig 11993 arf24 contig 20101, arf24 contig 30477

[

arf24 contig 4639, arf24 contig 19001

Hydrolase ec:3.12.14 2 arf24 contig 20101 arf24 comtig 30477
Reductase
(WADFH, ec:13.1.10 1 arf24 contig 20101
si-specific)
Fatty acid elongation
CRoEs oyt § adRdcuts 3061
-ferase =

Dehydrogenase ec:1.1.1.35 4 arf24 contig 2134 arf24 contig_ 3012, arf24_contig 43486, arf24_contig_354371
Hyvdrolaze ec:3.1.2.22 1 arf24 contig 13326
Feductase(NA

- K. - 'J =
DPH) ec:1.3.138 1 arf24 contig 23930
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n-6 family
1 farnily
16 o]
16 o v
¥ .
v Y
1% o &8 o A2 o Al 0 o 18 o L]
as 49,12 ARILLS LEZIL1S L
¥ 3 ¥ Y \r
¥ ¥ ¥ L\ ¥
m o o o0—2 po 4 g w o o o8 50 8 44
v &1l ALLELLT AR LLIALT n’-_'-\E*ll.l-UT . All All14 ABIL L4 ASEILI4
A ¥
v ¥ ¥ M
n O o oo 7 O o o a—¥ »o
v i SRS A I 2 ¥ AlL3 213,16 53.]0.#3.16 A4710,13,16
ol i
-+ i ¥ Proxdabon v § ¥ Foxidabor
fare] M
2, [+] +] O—=—r0 g
A a3 ASILIRIED  AGPIZISIE2 4 c Le) a2 50
A5 ABIZ1518 AGRILI512
Enzyms EC numbar ContizID
Faductaza =c:1.1.1.100 arf24_contiz 3633 arf24_contiz 20101, arf24_comtiz 30477
C-aeyltransfarase ec2.3.1.16 arf24 contig 3161
Diesaturase ac:1.14.19.2 arf24 contig 4639, ardf24 contig 19001
9-dasaturaze sc:1.14.19.1 arf24 contiz 409, arf24 contis 36703
Oxida 1114 arf24_comtiz 775 arfld_contiz 6009, arf34_contiz 8652 arfl4 comtiz 11249 arf24 contiz 13165 ar
= S £24_contiz 41396, arf24_contiz 54483
Raductasa (WNADPH)] ac:l.3.1.38 arf?4 contig 23950

9 140. ArF0024

]/‘ﬂ_u_-rr Ir

KEGG mapping.

27. AW A=

o Bxsl AWt s o @

i
o,
e
Jo
2
o

i

o] A BA

Blast2GOol| <] 3t

7}, Next-Generation Sequencing (NGS) w98 =X wlAZF ArF0024 =
ArMO029CE tatoe = A G4 BAS 533
. ArF0024 PlAl 2R/ w5l tid 25 dA FdA 24 A, dolE e dAE =
=% read= 9F 12,885,000 oJ/lE EAES I readoll w3k assembly analysis %
55,8947l €] contiguous sequence (contig)E X3} .
X 84. ArF0024¢] ==Y cultured] gk Next-generation sequencing (NGS) Z 3},
Number of Number of reads Percentage Avg. length
Name Avg. length . . .
reads after trim trimmed (%) after trim
124-12_S7_1.001_R1_001
aeT e 5,747,330 236.6 3,238,751 56.35 1579
(paired)
f24-20_S8_1L.001_R1_001
et Ao HE 5,149,068 2159 2,992,875 58.12 151.2
(paired)
arf24-4_S5_1.001_R1_001
. 5,813,622 230.2 3,364,061 57.87 156.6
(paired)
rf24-8_S6_1.001_R1_001
e 5,722,264 2304 3289740 57.49 1565
(paired)
Total 22,432,284 228 12,885,427 - 156
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i 85. ArF0024¢] &%=

cultureol] ™3k NGS #

yS|
ax

% Assembly Z23}.

Nucleotide Count Frequency
Adenine (A) 5,979,000 18.00%
Cytosine (C) 10,543,825 31.80%
Guanine (G) 10,796,757 32.60%
Thymine (T) 5,838,164 17.60%

Any nucleotide (N) 580 0.00%
Length
N75 392
N50 751
N25 1,663
Minimum 95
Maximum 13,916
Average 593
Count 55,894
Total 33,158,326
1

10105

§07554441 257217199187 179173173159159156140140138134113107105104103101101

i
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= E - 'm = 0O »v E = =5 g g = = =
B E==>802 g Fe BEEgABRBR Ly
o2 Rz pgpsgHdgEazd p o g =
B> BEES E g - TgFOR g =R
> a B E E S 54 Ege £2 24
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T 86, ArFO0249) A ALWE FAAE

Feature_ID NAME 4T 8T 12C 20T
. cobalamin-independent
arf24_contig_b51831 o 560.1 66.9 23.8 6.3
methionine synthase
. chitin binding
arf24_contig_13180 ) o ) 535.3 3279 85.2 8
domain-containing protein
) cell wall protein
arf24_contig_35669 ] 502.2 140.7 21.1 0
pherophorin-c18
arf24_contig_24047 zinc finger protein 484 338.9 29.2 1.1 0
arf24_contig_b4757 periplasmic protein 319.9 24.8 3.1 0
arf24_contig_35780 aldehyde dehydrogenase 285 108.3 17.2 0
arf24_contig_18646 membrane—anchored protein 277.3 93.4 105.7 16.8
arf24_contig_36669 alcohol oxidase 186.5 103.4 30.8 7.1
) hypothetical protein
arf24_contig_1033 185.2 22.8 2.7 0.8
BEWA_030380
arf24_contig_51096 light harvesting protein 183.2 54.7 39.8 4.7
) cell wall protein
arf24_contig_51539 . 178.6 58.6 124 0.3
pherophorin—-c18
arf24_contig_3203 c6 finger domain 178.1 24.2 3.3 0
arf24_contig_25825 glycine cleavage p protein 176.8 112.1 46.9 7.8
arf24_contig_39369 chaperonin 60c 169.5 16 33.2 19.6
arf24_contig_13002 ubiquitin-activating enzyme el 165.7 109.5 85.8 95
. hypothetical protein
arf24_contig_28903 155.5 1.2 2.5 1.1
CHLREDRAFT_193060
arf24_contig_52084 glutamine synthetase 154.2 19.1 73.9 2.7
) cobalamin—-dependent
arf24_contig_27691 Lo 149.6 170.6 64.2 5.1
methionine synthase
arf24_contig_24058 c—-c motif chemokine 19 149.4 15 0 0
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¥ 87. ArF00249] ¥4 A4t A #d F-dAE (RPKM sum > 26).

Seq. Name Seq. Description Length 47T 8T 12C  20C  Sum eValue Similarity
arf24_contig_54263 long—chain fatty acid 331 869 1737 2085 783 5474 371E-35  71.60%
arf24_contig_12069 1Aty acid Sgﬁgﬁgase subunit 691 501 507 495 512 2105 O8I ogo0%
arf24_contig_8191 Cyd‘)p“;l;";‘féﬁaf;gty acid 277 311 553 514 458 1836 1.14E-45  77.00%
arf24_contig 2154 . )fldiu@m Myaid 2381 496 248 30 384 1428 0 78.40%
arf24_contig_10593 fatty acid desaturase 1459 26.5 19.9 26.5 514 1243 0 75.80%

. delta-6 fatty acid B
arf24_contig_52822 a6 fatty : 373 267 392 241 222 1122 708E-26  63.80%
arf24_contig_49213 delta fatty acid desaturase 407 41.8 29 18.1 226 1115 143E-27 84.40%
arf24_contig 12275 Uy acid synthase subunit 333 88 962 241 205 1086 14IE-50  91.80%
. . omegal3 fatty acid
arf24_contig_3852 ald fatty 2600 379 193 286 218 1076 0 70.20%
arf24_contig_48657 1°“g’Chall?g£aSteW acid-- 403 274 256 315 227 1072 361163 48.50%
arf24_contig 18435 [y acid synthase subunit 00 333 17 153 244 90 143E-76  94.20%
arf24_contig_4oooz TV acid synthase subunit 545907 309 20 86 892  208E-50  94.20%
arf24_contig_2776 fatty acid delta-12 1522 101 138 132 45 821 0 78.80%
. s fatty acid hydroxylase B
arf24_contig 9693 g MY A0 WAIO0TS e 252 152 138 232 222 744 L79E-08  5620%
. short-chain fatty acid
arf24_contig_54403 han B 246 135 112 188 76 511 0735026  54.00%
arf24_contig_17383 delta fatty acid desaturase 677 54 2.3 285 13.8 50 1.07155 72.00%
. fatty acid B
arf24_contig_25620 P, o 2. 317 165 101 222 0 488 607E-23  71.20%
arf24_contig_40047 ~ fatty acid Sgﬁ?j‘se subunit 455 103 21 106 26 445 325E-77  92.00%
arf24_contig_52793 fatty acid synthase 261 27.2 10.2 5.9 1.2 441 499E-11 60.50%
. . delta-6 fatty acid B
arf24_contig_52494 a0 fatly : 728 78 176 167 0 421 6I8E-82  6880%
. elongation of very long B
arf24_contig_13053 Oty Code 338 122 83 126 54 385 400E-26  6580%
arf24_contig_17130 fatty acid desaturase 717 10.3 14 124 0 36.7 2.53893 49.50%
arf24_contig_201 fatty acid desaturase 2637 1.5 0 3.2 28.3 33 0 81.60%
arf24_contig_2227 CVCIOD“;@?;E;S%“Y acid 2103 93 108 83 26 31 0 70.40%
arf24_contig 2227 Cydomggir;ﬁal;fty acid 2103 93 108 83 26 31 0 70.40%
. . omega—3 polyunsaturated
arf24_contig_31043 e st 224 12 82 103 0 305 100146 48.75%
arf24_contig_20728 long‘Chall?gigy acid—- 598 5 74 93 71 288 250E-07  66.00%
arf24_contig_53171 delta fatty acid 246 2 47 74 146 287 166E-24  7580%
desaturase-like
arf24_contig_631 omega-3 fatty acid 224 46 83 115 4 284 0 85.00%
arf24_contig_51109 fatty acid elongase a7 79 8 46 79 284 128E-54  69.20%
. short-chain fatty acid
arf24_contig_7011 o 437 35 13 108 1 283 248746 47.00%
arf24_contig_32047 fatty acid desaturase 307 2.3 7 19 0 28.3 6.87896 58.00%
. elongation of very long
arf24_contig 19568 ConEation of very long 246 206 35 35 0 276 03345716 51.60%
omega—6 fatty acid
arf24_contig_26484 desaturase (delta-12 221 13.1 4.1 0 89 26.1 1.19E-39 91.20%

desaturase)
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¥ 88. ArF0024°2] KEGG mapping®l] &3+ x|¥Al sk 2 H3f

e

Fatty acid biosynthesis

arf24_contig_12275,
arf24_contig_20101,

arf24_contig_18435,
arf24_contig_26639,

Reductase 1319 1 arf24_contig_30477, arf24_contig_31086,

ec:1.3.1.

(NADH) arf24_contig_33507, arf24_contig_39740,
arf24_contig_39788, arf24_contig_40002,
arf24_contig_46593
arf24_contig_356, arf24_contig_763,
arf24_contig_4148, arf24_contig_9253,
arf24_contig_9632, arf24_contig_11464,
arf24_contig_14237, arf24_contig_20101,
arf24_contig_21308, arf24_contig_22287,

Carboxylase ec6.4.1.2 19 i .
arf24_contig_22320, arf24_contig_22321,
arf24_contig_24447, arf24_contig_30477,
arf24_contig_40928, arf24_contig_41932,
arf24_contig_43367, arf24_contig_53520,
arf24_contig_54867
arf24 _contig_5653, arf24_contig_20101,

Reductase ec:1.1.1.100 3 .
arf24_contig_30477

Synthase ec:2.3.1.86 2 arf24 contig_20101, arf24_contig_30477

Synthase ec:2.3.1.85 1 arf24_contig_54937

Ligase ec6.2.1.3 1 arf24_contig_22722
arf24_contig_3706, arf24_contig_14839,

Synthase I ec:2.3.1.41 4 ) i
arf24_contig_20101, arf24_contig_30477
arf24_contig_11993, arf24_contig_20101,

S-malonyltransferase ec:2.3.1.39 3 .
arf24_contig_30477

Desaturase ec'1.14.19.2 2 arf24_contig_4639, arf24_contig_19001

Hydrolase ec:3.1.2.14 2 arf24_contig_20101, arf24_contig_30477

Reductase )

) . ec:1.3.1.10 1 arf24_contig_20101
(NADPH, si-specific)
Fatty acid elongation
C-acyltransferase ec:2.3.1.16 1 arf24_contig_3161
arf24_contig_2154, arf24_contig_3012,

Dehydrogenase ec:1.1.1.35 4 . .
arf24_contig_45486, arf24_contig_54371

Hydrolase ec:3.1.2.22 1 arf24_contig_15526

Reductase (NADPH) ec:1.3.1.38 1 arf24_contig_23950
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t} ArM0029C v AlZF 5o tisk =¥ dAA 44 E4ox GC ¥ 61.41%,
05,453,218 raw read, & 18,062,167 bpE &H 3l oW o]E<L assembly analysis 3+ 2
7} 34,822 unigene} 29,622 singletonS X 3} <.

E 89. ArM0029Ce] &=, wj X AALA 4 A3}
FASTQ (Quality scale : +33)

Sample Yield Read GC (%) Q20 (%) Q30 (%)
29A-12 5,807,756,389 42,773,518 0.009 48.30 82.957
29A-4 3,725,738, 790 27,150,686 0.008 48.08 83.14
29A-8 4,502,442,302 32,901,450 0.007 48.19 82.21
ArM29-4 4,205,413,237 31,384,042 0.008 48.17 83.50
ArM29A-12 4,155,487,928 31,242,336 0.007 48.29 83.13
ArM29A-16 3,973,102,328 29,515,322 0.006 48.29 82.91
ArM29A-8 4,291,215,909 32,212,762 0.007 48.00 83.84
ArM29A-F2 3,945,114,812 29,173,608 0.008 48.32 82.46
ArM29A-TAP 4,518,339,620 34,066,348 0.008 49.01 82.07
F2291A-2 4,537,675,667 33,856,014 0.007 47.65 83.36
TAP29A-8 4,726,607,596 35,391,224 0.007 48.37 83.87
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3.2 Assembly Results
* Unigene statistics { 11EA pooled data |
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* Differentially expressed transcripts(unigenes)
- MA plots

Frmpd o, Tewpdl Trmpd ' Tewgld Pl i, Tl

Sompd v Templht

I 148. ArM0029C¢] 2= HALA] RNA-Seq? intensity-dependent ratioS ] 3d MA plots.

Coccomyxa subellipsoidea
6.6%
Chlarella variabilis
5.0%
Physcomitrelia patens
0.9%

Micromonas sp.
1.3%

Chlamydomonas sp.
1.1%

Selaginella moellendorffi
0.4%

Dunalielia salina
0.3%

13 149. ArM0029C9] contig 894770 ™3 top-hit BEF HA],
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3 150. ArM0029C2] Gene-Ontology Classification.

¥ 90. ArM0029C2] =4 wjx|ol| A wrdo] =713 §ARE.

TAP - F2 - BBM -
ArM29A  ArM29A  ArM29A F2 - TAP - BBM -
. -TAP - -F2 - -BBM - ArM29A ArM29A  ArM29A
Feature ID  Length Annotation
Total Total Total -F2 - -TAP - -BBM -
gene gene gene RPKM RPKM RPKM
reads reads reads
5-methyltetrahydropteroy
contigh603 2594 Itriglutamate—-homocystei 1145 15 1748 04 28.2 39.8
ne methyltransferase
. atp synthase subunit
contigh863 483 bt 3344 1402 18940 209 442.4 2314.1
eta
contigh764 1481 binding protein 1 177 140 1381 6.8 7.6 55
. cell wall-associated
contig875 2746 8441700 7402391 8512552 194086.2 196439.4 182940.6
hydrolase
. chlorophyll a b binding
contigh266 586 . 2918 411 2025 50.5 318.2 203.9
protein
. chlorophyll a-b binding
contig3584 348 652 245 601 50.7 119.7 101.9
expressed
. chlorophyll a-b binding
contig78 300 . . 843 57 376 13.7 179.6 74
protein of lhcii
contigb041 714 chloroplast precursor 533 81 473 8.2 477 39.1
. cytochrome oxidase
contig3974 3283 . 12148 12425 22794 272.5 236.4 409.7
subunit 1
contig1602 295 cytochrome p450 liketbp 24342 1977 13874 482.5 5272.7 2775.4
contigb04 5797 cytochrome p450 liketbp 1498013 703823 1705802 8741.4 16512.4 17365.1
contig3985 2489 elongation factor tu 13154 9785 20377 283 337.7 483.1
contig4133 1578 fe—assimilating protein 1 641 381 1707 174 26 63.8
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TAP - F2 - BBM -
ArM29A  ArM29A  ArM29A F2 - TAP - BBM -
. -TAP - -F2 - -BBM - ArM29A ArM29A  ArM29A
Feature ID  Length Annotation
Total Total Total -F2 - -TAP - -BBM -
gene gene gene RPKM RPKM RPKM
reads reads reads
glyceraldehyde
contig4748 837 3-phosphate 463 90 590 77 35.3 41.6
dehydrogenase (nadp+)
contig10492 216 heat shock 11 12 185 4 3.3 50.5
contig113 1027 histone h2b 512 232 1056 16.3 31.9 60.7
light-harvesting
contig1266 313 chlorophyll-a b binding 1343 98 771 225 274.2 145.4
protein 1
light-harvesting
contigh220 384 chlorophyll-a b binding 1745 208 1120 39 290.4 172.1
protein 5
light-harvesting
contig13480 333 chlorophyll-a b binding 352 111 311 24 675 55.1
protein lhch4
light-harvesting
contig11630 418 chlorophyll-a b protein 249 32 182 55 38.1 257
of photosystem i
light-harvesting complex
contig4l15 1034 ii chlorophyll a-b 2529 246 1410 171 156.3 80.5
binding protein m3
. light-harvesting protein
contig3393 527 . 509 61 441 8.3 61.7 49.4
of photosystem i
. light-harvesting protein
contig3394 297 . 234 17 152 4.1 50.3 30.2
of photosystem 1
contig2854 238 luminal binding protein 77 46 265 139 20.7 65.7
contig2855 614 luminal binding protein 82 35 631 4.1 85 60.6
contig2423 1406 orfl6-lacz fusion protein 562526 461429 600061 23628.9 25565.6 25186.1
oxygen-evolving
contig8913 738 enhancer protein 622 156 650 15.2 539 52
chloroplast precursor
. pgl homology to homo
contig2819 1622 . 1072539 616124 1174620 27348.9 422534 42736.3
sapiens
contig13875 1903 protein 2961 6170 10884 2334 99.4 3375
. s—adenosyl homocysteine
contig12542 1434 896 100 1556 5 39.9 64

hydrolase

- 189 -



0 10 0 30 40 50

cell wall ==
cedl wall arganization or == mOEG
vacuole T BWWhole

nitragen cycle matabolc, ===
Golgi apparatus =
nuclecius =
GTPase activity e
photosynihesis
ribosome biogenesis T
cyiosol [—
ANA Binding [r——
phasld Eeee——
translation =N
structural constiuent of 5§
gene exprassion

19 151, ArM0029Ce] &g ajX|oll A E&Ho] F71s FAAE2 KEGG category w47,

¥ 91. ArMO0029C9] sl HjR| A L& o] FItek FHAE.

TAP - F2 - BBM -
ArM29A  ArM29A  ArM29A F2 - TAP - BBM -
. -TAP - -F2 - -BBM - ArM29A ArM29A  ArM29A-B
Feature ID Length Annotation
Total Total Total -F2 - -TAP - BM -
gene gene gene RPKM RPKM RPKM
reads reads reads

. p700 apoprotein al of
contig2593 3971 . 435572 815513 675145 14786.1 7009.1 10033.4
photosystem 1

cell wall-associated

contig6567 2197 artial 1845302 1895692 2015267 62124.2 53670.6 54131.9
partia
. cell wall-associated
contig10414 424 52911 66819 56301 11346.4 7974.1 7836.1
hydrolase
. p700 apoprotein a2 of
contig10789 2717 71500 103633 73672 2746.2 1681.6 1600.2

photosystem 1
contig7909 1461 ammonia channel protein 1 3381 0 166.6 0 0

ribulose— —bisphosphate
contig8321 1927 carboxylase oxygenase 72178 98698 90710 3687.7 2393.4 27779

large subunit
cytochrome b6 f complex

contig10732 2593 L. 9981 22885 13382 635.4 246 304.6
subunit iv
) high affinity nitrate
contig3875 2460 136 3415 40 99.9 35 1
transporter
. photosystem ii 47 kda
contig14722 3255 . 1713 9358 3215 207 33.6 58.3
protein
contig11478 654 ribosomal protein 114 3771 6788 4887 747.3 368.4 441
. cfl alpha subunit of atp
contig2765 2343 22192 45034 38205 1383.9 605.2 962.3
synthase
) hypothetical protein
contig3737 1383 13 1603 7 835 0.6 0.3
VOLCADRAFT_106678
contig2538 1117 ammonium transporter 0 1135 1 73.2 0 0.1
contig4892 1504 ribosomal protein sl11 6224 14417 10771 690.2 264.4 422.6
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TAP - F2 - BBM -
ArM29A  ArM29A  ArM29A F2 - TAP - BBM -
. -TAP - =102 = -BBM - ArM29A  ArM29A  ArM29A-B
Feature ID  Length Annotation
Total Total Total =2 = -TAP - BM -
gene gene gene RPKM RPKM RPKM
reads reads reads
contig7365 340 atp synthase cfO ¢ chain 9211 12528 12748 2652.9 1731.1 2212.7
. neurochondrin family
contig12871 389 o 8240 13489 13637 2496.6 1353.6 2068.8
protein isoform 2
contigb394 1781 low-co2 inducible protein 3580 7978 7308 3225 128.4 242.2
. cell wall-associated
contig875 2746 8441700 7402391 8512552 194086.2 196439.4 182940.6
hydrolase
contig7091 961 ribosomal protein 116 4994 8203 8195 614.6 332.1 503.2
contig10130 1426 ammonium transporter 1 1244 0 62.8 0 0
contig4690 398 ammonium transporter 0 329 0 59.5 0 0
. nadh-cytochrome b5
contig8547 673 . 26 603 20 64.5 2.5 1.8
reductase 1-like
. ef hand
contig10147 787 . . . 5 548 0 50.1 0.4 0
domain-containing protein
contig13875 1903 protein 2961 6170 10884 233.4 99.4 3375
contigl2473 247 ammonium transporter 0 125 0 36.4 0 0
contigh98 2101 photosystem ii protein d2 47117 54693 47867 1874.3 1433 13445
contig 13005 715 40s ribosomal protein s20 515 1213 483 122.1 46 39.9
contigh74 1969 nitrate transporter 2 732 4 26.8 0.1 0.1
contig2456 1015 ammonium transporter 0 357 0 253 0 0
contig&4 1689 tubby-like protein 53 705 45 30.1 2 1.6
contig362 1165 ribosomal protein 15 482 1273 238 787 26.4 12.1
contig3466 278 protein 1 83 4 215 0.2 0.8
contigh875 1648 alpha tubulin 690 1716 357 75 26.8 12.8
contigd741 380 nitrate reductase 2 109 0 20.7 0.3 0
. echinoderm
contig3465 275 . . 0 68 0 178 0 0
microtubule-associated 6
. ferredoxin——nitrite
contig7535 2045 33 555 30 195 1 0.9
reductase
) fucoxanthin chlorophyll a
contigd621 553 . 6 142 0 185 0.7 0
c 1i818 clade
contig8872 477 60s ribosomal protein 123 2082 2688 2364 405.7 278.9 292.5
contigl976 2242 nitrate reductase 36 541 21 17.4 1 0.6
) zinc c2h2 type family
contig2285 660 0 130 2 14.2 0 0.2

protein
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TAP - F2 - BBM -
ArM29A  ArM29A  ArM29A F2 - TAP - BBM -
. -TAP - =102 = -BBM - ArM29A ArM29A  ArM29A-B
Feature ID  Length Annotation
Total Total Total =2 = -TAP - BM -
gene gene gene RPKM RPKM RPKM
reads reads reads
contig2453 3789 rh protein 55 880 25 16.7 09 0.4
contig3464 436 protein 3 90 0 149 04 0
contigl3613 562 ribosomal protein 123a 1431 1923 1530 246.4 162.7 160.7
contigh78 830 kinesin light 9 162 2 14.1 0.7 0.1
. argininosuccinate
contig6050 1558 142 530 124 245 58 4.7
synthase
. mgdg specific palmitate
contigdl7 1908 247 750 218 28.3 8.3 6.7
delta-7 desaturase
contig895 289 60s ribosomal protein 131 373 543 374 135.3 82.5 76.4
contig3487 1340 #NAME? 78 337 48 18.1 3.7 2.1
contig3263 3291 ammonium transporter 207 841 20 184 4 0.4
contig13153 557 protein 1456 1829 1235 236.4 167 130.8
. cell wall-associated
contig1534 681 . 1272 1662 1036 175.7 1194 89.8
partial
contig6590 228 protein 1569 1770 1099 558.9 439.7 284.5
contig2067 356 60s ribosomal protein 137 1054 1293 856 261.5 189.2 141.9
. plastid acyl-acp
contig10810 1552 181 498 120 23.1 75 4.6
desaturase
contig7345 849 protein 2563 3122 2079 264.8 192.9 1445
contig11352 417 60s ribosomal protein 137a 515 707 416 122.1 78.9 589
. xanthine uracil vitamin c
contig1085 2785 . . 298 801 47 20.7 6.8 1
permease-like protein
contig6065 2002 pyruvate kinase 224 590 138 21.2 71 4.1
. carbamoyl-phosphate
contig7818 1505 . 322 664 219 31.8 13.7 8.6
synthase s chain
. hypothetical protein
contigh562 788 175 350 128 32 14.2 9.6
VOLCADRAFT_87928
contig3208 1435 beta tubulin 496 870 373 437 22.1 15.3
ribosomal protein
. component of cytosolic
contig10113 368 . 680 852 550 166.7 118.1 88.2
80s ribosome and 40s
small subunit
contig13071 992 60s ribosomal protein 139 633 944 555 68.5 40.8 33
. 60s ribosomal protein
contig 13840 305 . 283 392 273 925 59.3 52.8
19-1-like
contigl2777 229 60s ribosomal protein 110a 846 935 331 294 236.1 85.3
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TAP - F2 - BBM -

ArM29A  ArM29A  ArM29A F2 - TAP - BBM -
. -TAP - =102 = -BBM - ArM29A ArM29A  ArM29A-B

Feature ID  Length Annotation

Total Total Total =2 = -TAP - BM -

gene gene gene RPKM RPKM RPKM

reads reads reads
contigh068 310 protein 850 873 406 202.8 175.2 77.3
contig938 745 elongation factor 1- 2891 3159 1923 305.3 248 152.3
contig4295 246 nhp2-like protein 1-like 657 632 341 185 170.7 81.8

. translation elongation
contig936 225 . . 830 736 482 235.5 235.7 126.4
factor-like protein

60s ribosomal protein

contig1042 1138 110a-1 1764 1953 1020 123.6 99.1 529
-
. elongation factor-1
contig935 361 . . 1217 1060 722 2114 215.4 118
alpha-like protein

contig3933 785 40s ribosomal protein s4 1460 1392 792 127.7 118.8 59.5
. 60s ribosomal protein

contigh873 571 1261 1755 1682 1184 212.1 196.4 122.4

contig10573 581 protein 527 552 211 68.4 58 214

contigh801 672 protein 1126 1324 804 1419 107.1 70.6

contigl1364 1565 low—co2-inducible protein 684 1014 259 46.6 279 9.8

contig12899 462 protein 924 804 471 125.3 127.8 60.2
. family transcriptional

contig7987 662 1431 1462 971 159 138.1 86.6

regulator

contig6239 551 ribosomal protein s18 862 937 563 1224 100 60.3

contig7871 593 40s ribosomal protein s13 614 761 397 924 66.2 39.5
) 60s ribosomal protein

contig8059 344 . 268 332 144 69.5 49.8 24.7

119-2-like
contig13268 502 60s ribosomal protein 136 1222 1382 1009 198.2 155.5 1186

. nuclear localization
contig9335 1818 Lo . 802 1033 278 40.9 28.2 9
sequence-binding protein

contig10639 300 beta— partial 103 171 47 41 219 9.2

. carbamoyl phosphate
contig3280 593 . 141 236 34 28.7 15.2 3.4
large subunit

acidic ribosomal protein

contig12648 338 0 529 523 310 97 87.1 47.1
p

contig13839 249 60s ribosomal protein 19 333 356 222 102.9 85.5 52.6

contig6243 611 60s ribosomal protein 121 808 693 400 81.7 84.5 386

. hypothetical protein
contigb06 784 270 373 111 34.3 22 8.4
VOLCADRAFT_106850

contig3359 526 60s ribosomal protein 135 1016 1032 751 141.3 123.4 84.3

contig11577 485 ribosomal protein s25 1206 1257 994 186.6 158.9 120.9
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TAP - F2 - BBM -

ArM29A  ArM29A  ArM29A F2 - TAP - BBM -
. -TAP - =102 = -BBM - ArM29A ArM29A  ArM29A-B

Feature ID  Length Annotation

Total Total Total =2 = -TAP - BM -

gene gene gene RPKM RPKM RPKM

reads reads reads
contig4701 578 40s ribosomal protein s23 945 1061 761 132.2 104.5 7.7
contig3326 942 ubiquitin extension protein 1396 1339 884 102.3 94.7 55.4
contig4698 854 60s ribosomal protein 118a 1086 1066 669 89.9 81.3 46.2
contigh987 399 40s ribosomal protein sl11 487 512 328 924 78 485
contig11381 255 60s ribosomal protein 114 325 406 282 114.6 814 65.3
contig14200 374 40s ribosomal protein s24 664 751 564 144.6 1134 89

) zinc finger protein
contig2514 1997 . 429 700 163 25.2 13.7 4.8
862-like
. mitochondrial substrate
contigb771 498 . . 164 194 54 28 21 6.4
carrier protein

contig11794 1084 ribosomal protein 128e 752 1037 606 68.9 44.3 33
contig13638 1254 sulfate adenylyltransferase 789 638 249 36.6 40.2 11.7
contigl718 566 protein 1236 1307 1049 166.3 139.5 109.4
contigb36 539 protein 859 824 588 110.1 101.8 64.4
contigh34 546 40s ribosomal protein s16 665 741 515 97.7 77.8 55.7
contig8060 512 60s ribosomal protein 651 584 385 82.1 81.2 44.4
contig4399 1520 60s ribosomal protein 16 1386 1077 571 51 58.3 22.2
contig7333 432 protein 428 508 344 84.7 63.3 47
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30, A8 MAER TR A4 ALL WoR F FEBAY WE L G
71 ArFO006e] NGS Wol lele] 358 %¥s A §4 &4 F44 F omega 6 BT
: g F 5k B4 o AT

.

A,

. pET32 2d e AChFAD6 A4S 247 &d A =g gt
o]

= H
st AR S0l B FAAE Adste] olE
55 @ vAERFolA 2 = J
o d7I= FAE dom E FHAe] WEA] 4247]9] ofw =4t 2 482 kDad] wh
2 A71E Y= o=
AEEF A+E 5o AChFAD6= Chlorella vulgaris 2 Chlorella variabilis®] 53
AAE G40 opn| Ak w=& ZAB/AE =& AoE BAHSNL, Ve 5% 7
| =759 BEX3 At IF &3t AoE A,

AChFAD6= " @bl d 2 A &3} A4k G477 7FA= His-rich domain®] &3k

Aoz B3

E)

3t & AChFAD6 @ W& Al Western blot analysisoll ¢]ste] 2 &

= .

. AChFAD69] 9Jslo] F7Fe E3x3) Wit o5 #4317 9139 gas-chromatography

= ALg3 B4 Ax) C18 : 2 fatty acid (Linoleic acid)”7} o) Z<tol] H]3Fe] F7138F3 2.
AA ko] ¥l AChFAD69] ofr]ieqbs th & ofn|ieito g dia] Al, AChFAD6 &<
o] @4 #Ao] Wslylo] C18 : 1 fatty acid (Oleic acid)E Z7HA7]= EE3 Awak

g4 @49l stearoyl-CoA desaturase® A SHE = Zloz BAEAS

T\ — Arabidopsis thatiana (NP_194824)
3 L Descurainia sophia (AB|_T3993)
Brassica napus (AAT_85208)
Nicotiana tabacum (AlA_Z22326)
Sotanumacaule (AGW_21888)
Solanumcardiophyum (AGW_21600)
871 Solanum commersomir (AGW_Z1688)
Tarenaya hasskleriana (XP_010548500)
Jatropha curcas (ABU_98T42)
Carthamus tinctorus (AEK_DG3TS)
Olea suropasa (AW _63039) Plants
Gossypium arboreum (KHG_05519)
Theobroma cacac (XP_00T011948)
Partulaca oleracea (ACB_142T5)
Morus nodablis (XP_0100865850)
- Arachiz hypogasa (ACZ_0S0T0)
ﬁEﬂeﬂm&go truncatula (XP_003610331)
62 Glycine max (NP_Q0M238236)

qrE.FArabl'desrs Iyrata subsp, lyrata (XP_002867319)

| Medicago fruncatula (KEH_38076)
L Cryza sativa Japonica (BAD_0D207)

Ginkgo biloba (AEJ_87548)

Physcomiirela patens (XP_001 7T8885)

Mesoshigma vinde (ABD_S8898)

saACHhFAD
_l;[ChIomln'a vuigaris (ADB_03432)
o7l Chiorella vulgaris (ACH_S056T)

Chigrella variahilis (XP_00S843560)

Coccomyxa subsiliipsodea (XP_005648776) G I'EE n
Auxenochloreiia profothecoides (XF_01138T548) =
Monoraphidium neglectum (KIY_93798) Microa Ig ae
Chlampydmaonas reinhand i {(XP_D01683068)
Chiamydmonas sp. Wal (BAA_B3B22)

59 Chiamydomonassp. ICE_L (AEK_TE0T4)

EaE

19 154, ArFO006°l A e &3 A Aak 4 &4l AChFAD6GO thdh AlS&w 2



AChFADE
Chlo_vul_01 1 S SLEAG Y- -k ARTAR P LPACPPGVGYL
Chio wul_02 1 CEEatE et NS s e e i 1 A gEAAFRELVLARTAS LA

o_var 1 Lo ol = CRARY T SR !

Chla_rei 1 i d 7 = CVOTHARALE: y
Chia_sp 1 [ ! rE8E 3 TEA--NAFT I

AChFADE
Chle_vul_01
Chila_wul_02

o_var

Chila_rei

Chlaf:.p

AChFADE
Chlo_vul_01
Chlo_vul_02

o var
Chia_rel
Chia_sp

AChFADE
Chle_wul_01
Chig_wul_02

o_wvar
Chila_rei
Chla_sp

AChFADE
Chlo_vul_01
Chia_wul_D2

o_var
Chia_rel
Chia_sp

424
423
423
425
424
422

19 155, AChFAD6% Aol = =z AR X3t AWate] ofvwql A Hlal

& P 60
MOATACARAPMGLSAQCSLRR PAARGAGAARPRRSVLART AMPMVGLPACPPQVGYLGDE
-

120
ERAELAKQFGFRSIGKELPDSVTLODI IKSMPPSVFELNAFKAWSAVAIATASFGASLFL
. S, S, B Sl R TS e, Vi e e

. EARE 180
ISICPAPLLPLAWALSGTAMTGWEFVVGHDCGHRES FSENELVED IVGTIMFMPLIYPFDPW
e e R R e, e, e, e e, R, e M R e,

240
* Rk kK
BIKHNQHHAHTNKLVE DTAWHPVOKETMDAWGPVEKTLYKFFLGSPLKLFASVGHWWIWH
- - -

300
FDLSEYTEQOKPEVLVSLAAVGLFMAVGWPLLVY Y TCWWGLVEKFWLMPWLGYHFWMSTET

| 360
[ ] L] LEE S ]
VIHHTAPHIPFEPAGEWNAAKAQLSGTVHCDYPREWVEFLCFDINVHEVPHHVMSKIPWYHNL
- -  w e e W " w W
420
RAATDSLEONWGEYMTEARFNWEMLEKY I FTHCHVYDEDERNYVPFDFAKEEAF FARQEKVL
T, e, e, e, | e a, Te Yy h ., Y, B
424
FNINM

719 156. AChFAD6S] &l 2xk+x &4, 24, beta-helix; W4, alpha-helix; s+& 55, A A4 W
1=}

=
YAk ofu| =ik AME &, * His-rich domain.
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Amino acid sequences of AChFADBG

a9 157. AChFAD6°] AA= Wl $1Ast= obmwe4l 578 724, (a) DAS programel] 9] g
transmembraneous region Z ¥}, (b) DAS program Z¥E 7|¥te g =A% AChFAD6Y

amino acid structure topology.

(a) (b)

M U 1
75— e _4 75— Wy \p——
4 — — q. 54— Py Coms S
42— . u
35— e .

.i

a9 158, tigatel Al A7l AChFAD6S] &

3 A3, (a) Coomassis blue @] &3 wad ukg
LA (b) Western blot analysisel] &3 whulz w-a] Al
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(a) i E. coli
B BL21 (DE3)
£n
uy
8
£ % c14:0 c18:2
£ _|cizo C16:1 | g |
G 25| i ‘ s g
& .

Time (Min)

(b) oo AChFAD6
£
=
@

s
°
£
i
o=
Time (Min)

(C) o Mut-AChFADG
=
= C18:1
2
'_E 50 C14:0 ;Q1g:2
E |[&20 c16:1 !

s i v :
[}
o

Time (Min)

-

13 159. AChFAD6°o] 2w tfato] ek xAak 24l 2 3Fake] gas-chromatography S AF-&3F A
g A (a) 2T (pET32-vector only), (b) AChFAD6 2@ tha+f, (c) ofv] =4S W

A7 EdAWo] AChFAD6 #d o %d+t.
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wA A3,

¥ 92. AChFAD6°] 23 % o] tisk A

WAL 24 2 k9] gas-chromatography S AFS 3k A &

o =

Microorganisms analyzed

Escherichia  coli C
reinhardtii

pET32a (+) Induced cells by Induced cells by CC-195
(Negative control) ACHFAD6 Mut-AChFAD6

C12:0 154 + 0.05 299 £ 0.17 348 £ 0.17 N/D
mg/g (%) (4.06 £ 0.24%) (5.32 £ 0.97%) (5.39% * 0.35%)

C14:0 3.85 + 0.15 5.02 + 0.25 5.38 £ 0.21 N/D
mg/g (%) (10.13 + 0.65%) (8.93 + 1.58%) (8.32 + 0.45%)

C16:1 1.11 + 0.06 1.26x 0.05 2.23 + 0.07 1.00 £ 0.02
mg/g (%) (292 + 0.23%) (2.24 + 0.38%) (345 £ 0.16%) (0.77 £ 0.03%)
C181 056 £ 0.05 545 £ 0.16 9.23 £ 0.18 140 + 0.04
mg/g (%) (148 £ 0.17%) (9.67 £ 1.52%) (14.27 + 0.49%) (1.08 £ 0.05%)
C18:2 2.06 £ 0.12 6.73 £ 0.13 424 £+ 0.13 N/D

ng/g (%) (5.43 + 0.45%) (11.92 + 1.76%) (656 + 0.30%)
Total fatty acids 3807 + 0.97 6366 + 1.27 6471 + 097 130.00 + 156

(mg/g)

* N/D : not detected
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3.

. FAO (UN A #&594717, 200

6. AaPdoM =

g
rgk
=°|=|'
o
ic]
Jo
N
>
o
HI

)=
AET089 47 7% A=E 99T

ok Ao® Asta glow, ww, EU, 4, B
Be yeso] woledw A wAg sbela Qrka B

Wijffels & Barbosa (2010)& A F-=w3ke} oY= 9717} A&+ T84
ANUYA| 7| EANZ Aol oA 2/ AEAE ALt dAls AN SA oA q 7]
=4 R o) &% 5 7 15do]d AgA ALbo] s stthar ®alg

Chisti, Y. (2007)+= "M zZF7F Aikel= # 2 (Lipid) & F&3F9] wlolegdz = 3ksld
T O QARRE AGT F Y] WEe] AT WAEFI vtolonz gUow 71y
W s 53], ® 91 EW v AR & AEAd vlEA G Aidoe] 4
53 Be Aow 2AHYL
3 93, vlolety Ao tigh theFek = o] vl
Cro Oil yield Land area Percent of existing
P (L/ha) needed (Mha)? US cropping area®
Corn 172 1,540 846
Soybean 446 594 326
Canola 1,190 223 122
Jatropha 1,892 140 7
Coconut 2,689 99 54
Oil palm 5,950 45 24
Microalgaeb 136,900 2 1.1
Microalgaec 58,700 45 2.5

? For meeting 50 % of all transport fuel needs of the United States.
b 70 % oil (by wt) in biomass.
¢ 30 % oil (by wt) in biomass
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4. f712 2 JLEE AAEE STUHE 4
7}. Deng 5 (2009) = 5
AegAor Folxl

wpo] HAg FUgS 3

It

749 Absl7F 7HAaste] COD A|AEEo] Yolxitta W
g/L FY4& 45 H,0. 5 24 ml T3}
2 B8t 0, + H,O P = whg-35)
5 AT W
7F. Wang 5(2010)e ¢3tH, 37143t A S v SR = o
S MM ZERFY 27 HE=o| Chlorella®) 7o 3k
. 1 x 107 cells/ml S & Chlorella 3% A &7)
Do) A4 glo] 7Hd 2 ARt ®Basta 9l
Fd A AT e A gevkal Bargh
t}. Mattos 5(2016)2 Desmodesmus sp. & 4% pH 7, 25T, 3 g9 wHEE oA 304 7H
sl & A9 TCOD, TN ZHzF 36.2%, 52.1% A A= vk B g

6. Christenson, L. and R. Sims.(2011)= H2HA njA2F sl S-S v A 2F »

tlo ofo
ol
ol
2
Q
=
Q
q
~
N
4
o
=
o2
et
o

Fol &.mf 2] 3
TRk ofygt &8 FHoANE f&atth HyEAHE et AAS FARAA vAZFE WS
g A= oy o] dem, E 949 ol 7ESY FHA mAERFol Hs Aol
A e S
3 94 MAEF wGE Ry wE 549 vl
) Culture density .
DYsign Gas exchange Scalability Culture control
(g/L)
Raceway pond 0.25 7 1.00 Low High Low
Tubular reactor 15717 Very low Medium High
Biofilm system 70 High High Low

7. Z5/At =8 (algal - bacterial process)S &3k 317 43}
51
H

H
7 HaA e AR 2R/ AT SRl A =R/ %



- Tempsrature increase

- pH Increase
- Algaecide : - DOG Increase
- - Bactencides
Microalgas Baclaria

1 00;_, consumphion

+ Growth promaotbens
+ Extracediular matter "

+ DOC decrease

9 163, M A zFek el el of Abol o] Az g(SAE N, 2014).

£ 5. A g & v A ZEF (microalgae) -8 Abd.

A& AL W & A3 3
Grobbelaar et al., 1988.
- Pilot & Lab &9 FA=HE7|E o] &3 st % .
o s < e o N Martinez et al., 2000.
BOD H Aol A mAEFe kA S 048 T 1.85 , ,
‘ } } McGriff and McKinney, 1972.
A 2] ke/doll &b, A AolM mAZEF 1 kg 9F 15
~ 1.90kge] AFAZ AN A 98 Munoz et al., 2004.
. T = L A1- = h=3
< Oswald, 1988.
- HAERFE @9d (MAxRF A FE9 45 T 60
-~ 1 & ) \. B Lalibert et al., 1994.
%), WA R JAAH FAAE S8 i S He =
QEAF | ool ATFS QERFE Ao Fr Sagrald, 2003
: ~ McGriff and McKinney, 1972.
] 2] - FLETFY AAZ G FAGolA pHO F7HF
) Nurdogan and Oswald, 1995.
=7l wZe] gEUele] &7 EE 1o HAS f =
- Vollenweider, 1985.
- AR AES Ax xde E8 53, o] 13 | Chojnacka et al., 2005.
2@ gst & TR A%, ¥W JA, 4ksk 39 ¥kg | Kaplan et al., 1995.
e AAge i FuEHS 54 T T US Kaplan et al., 1987.
TES - F4E TEE52 25 9% dAE AEStAY 545 | Rose et al, 1998.
| 2] W2stE 98S 3, M ZEFE F50l2S &85} | Travieso et al., 1996.;
o M & tabE: 3 Al 5 S V an Hille et al.,, 1999
- HAMEF g 9% pH S7he T559 &S | Wilde & Benemann, 1993.
g A Yu and wang, 2004.
Aiba, 1982.
Mallick, 2002.
MaE |- WAERE Aol pi, £E 0 §ENLE Foa | oAb 200
N ‘ Mezrioui et al., 1994.
] 2] A HAdTe FHAEE A
Robinson, 1998.
Schumacher et al., 2003.
3l = - 54 527 €2 92FE 54S /M F3ES ©4, | Semple et al., 1999.
=1 2] A 3 e o2 A ALRE & 9lS. Subaramaniana and Uma, 1997.
- ZF/dte glol vio] i ~E o] &3t A &S |
Hlo] @ 7}~ N i _ ® " " | Eisenberg et al., 1981.
wWEers AAE Al Ade FAd veSs A ¢
At oo Oswald, 1976.
A




% 96. &7 wtH ol == mHERFd gt /f7] LdEE A A.
A A&
3= A =4 Fi <ty 53
C. sorokiniana®t
600m¢ ek W3- 2,300 Munoz et al., 2005.
vk 2] of
A EYEY
Chorella/ Scenedesmuis}
50 L FAENS7] . 432 Munoz et al., 2005.
alcanotrophic ®HH] 2] o}
Chorella/ Scenedesmus®}t
m¢ FH i - Safonova et al., 1999.
alcanotrophic ®HH] 2] o}
290
=T
Chorella/ Scenedesmus/
100 L wkg-x A 55 Safonova et al., 2004.
Rhodococcu/ Phormidium
2 L 2dig=e} C.sorokinianaS}
. 192 Muoz et al., 2005.
10264 8] 25 10% | Pseudomonas migula
HIE A
50ml FE. 2} 20% C. kini.
nt 2.5 208 G s | 576 | Muoz et al,, 2003.
A =25 Pseudomonas migula
600m¢ ~ElTh= 9 C.vulgaris/
" Larts 9 Essam et al, 2006,
8 g/L NaHCO;3 Alcaligenes sp.
=
100m¢ E-Z&=3 Anabaena variabilis 44 Hirooka et al., 2003.
C. sorokiniana/
A A4t 600m 2~ eiTh= . o 2,088 Munoz et al., 2004.
Ralstonia basilensis
C. vulgaris/
p-UEZH - “ 50 Lima et al, 2003,

C. pyrenoidosa

- 212 -



8. 20143 7x} Asian Pacific Phycological Forum (Z=)
7}, 2014. Dang Diem Hong. et al. Explore the potential of producing biodiesel and

valuable co-products of squalene and polyunsaturated fatty acids from heterotrophic

marine microalga of Schizochytrium mangrover PQ6
SRS FH2EHE I 9GEAL SEH RO

- 2FdHe 2 gAaArE R E =
AR AFAY. AL FAstAl, A, YA B, IRESs 2dE AW
aga aAEFTE e AR BE2 Aain Q. Schizochytrium 45
o] g3to] BEXAHAS AAE £ S o] Hiolodw, IEA UL FHFEFOR AL
7k

=

Z1¥] 164. Hong et al. WFE A=,
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1. Tomonori Kotajima. et al. A novel Al5 fatty acid desaturase involved in synthesis

of octadecapentaenoic acid, 18 : 5, in the Haptophyta Emiliania huxieyi.

E. huleyi ©] C18 A|¥AF 242 C18 : 0, C18 : 1 A9, C18 : 2 A9, 12, C18 : 3 A9, 12,
Zy7}+ o] desaturase”} <A &FA| qF

15, C18 : 4 A6, 9, 12, 15, C18 : 5 A3, 6, 9, 12, 15 .
A3 desaturase: °L?4?<]7< %o 7+7He] desaturase FAAE o] W3 Ele] o] F AL
A EAS teE = g3E delsk E3] AlS desaturases A A O 2 1A

= =
257 '—TO]AE)] = g]' %4

=

19 165. Tomonori Kotajima. et al. &¥ A} 5.
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9. 2015d 9%} International Algae Congress (EZF7)
7}. Duarte Rego. et al. Pulsed electric fields; a tool for upstream and downstream

processing of microalgae cultures.
- A2717%4 PEF (Pulsed Electic Fields) & ©] &3 WA=/ J2EQY, E2EF 7]

M A ANFS BEIE AL AT R
A

F aA)e AE AdEgle]l 55 S PEFY A714 Al7I= 900 Vieem, 65 ps

[e)
pulses of 50 Hz= AA3Z}F o] 7]o|A QAEY ZHo|A nAzF ZAE 100% A
5

Ag = 5. 10 kV/em, 5 ps pulses of 200 Hzoll A= 7154 &4 F=0°] 7M.

13 166. Duarte Rego. et al. &% A&,
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1}, W. Frey. et al. Pulsed Electric Field (PEF) treatment of microalgae: Benefit of
cascade processing.

- AR G AEY Fehevk Be pzHoR e dBE £ JE fEe 7Y
rEold o]y g AL AEY =S W wd F £ v
TAES adFoer we 7Eo T
A AF Wi, 98d AP
25 1 ps, 34 kV/emo. 2 A7
of 84 Bd 3% /b vz
e B & HEE. 9714 &viek RrIewE 8 Vedudy Ads 5T 5

AR+

19 167. Frey et al, ¥ A& 9} Cascade processing.
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t}. 2015. Ju Xiaohui. et al. Selective recovery of gold and palladium ions from metal
wastewater using a sulfothermophilic red alga, Galdieria sulphuraria.

- wi FEH e 98, da, Fuibsdel A Fart SrkE A A 8% kel =
A o3 FoAdow G el JiEE I UAARE 10 ppm °lEte] s& X
A 347} 5. sulfo-thermophilic red alga € Galdieria sulphuraria = 39 &
Au”, Pd*, Pt"E ¥& FToR F5F o] e U2 g% I5E M 3§

= B2 FollA gl o #FE Ay AA

= )
= — =2
ANA &&stH 53 FettlES a2 oR I Aow Vi

[V U %
0 2

19 168. Ju Xiaohui. et al. W& A7 E HFolA 38 F3 ZEr$ oL
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A 7
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b AR RAe] B A7AA

T2 = e geuE |degn | oot | aeey
SCI H]SCI =4 5= 5=
HTER 4 - 2 1 1 1 -
=3E
Ad =
A A 1 1 3 1 1 5
=53 2 1
22 A &
A A 1 3 1 4 1 2
=3 2 1 1 1 1
3 =
A A 3 2 2 6 3 5
AT (%) 100 - 250 400 - 200 400 -
2. AP
7 PR
=g/ ) 2 | =AY | Brpact | =EAAD | (@A TS
Wz || wmEn/ss /e a8 | - T saery
=3/ 71 E5155=} | Factor | /51552 e Qasp- 5
7)E} FEapp | T °
Q15 H| o B ol A ALAZL|
. (F)mfo] AT
1 | =% Fdo] w2 TA1A o - 2014.12.01 - -
Qo]= g}3]4
ERES e A
A comparative study
on the alternating Journal of
mesophilic and Environ
2 | =% thy hili 2] o L tal 3.26 2014.06.01 - SCIE /
i ermophilic ' 8 4 @en ) . 108 olg
two-stage anaerobic Sciences
digestion of food /&
waste
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content at low 10Process
I E s EE
emperature o an
3 | = > 9 v | man | 1901 | 015106 | 9=} | S
Arctic algae Sjerst 2 Biosystems
Chlamydomonas sp. B }\L Engineering
KNMO0029C -
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=71
= P | =AY | Impact | E=RAAY | (@54
el | wE/Ee /7 e a8 | o T _” (SCIo/
53]/ 7] E315577| Factor | /53155 Ee= SlasPm )
71e} FEApp | 07 °
EEEDE
oy | HEE A w @A
9| P ES S e | - - -
= b e g o g 2} 2014.01.14
AZF B olg &
Fe) ER s
N I T
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10 1et7) <= gkl - 2016.04.25. - -
a0 | Awa wanas [T gy | T —eron
El o]g] %‘—E it (ET_ E)
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BILelR s s
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s | 2EIA N &/7 3439 a3 A 2
7)&
§_} 30]:—;-551], 51_ j§11,7/\%
el dmiEd ] | A A 2w 9%
1 2013.09.26 | 7l=¥ ¥4 (KAIST) Sl 2 58} 3] Chl hyll W3 oA
274 KI5 TPy e e
Cultivation and Lipid
Skl et Formation of a  Green
2 | 20140409 | 7= 74 AT ddsd | A EF3E | Microalgae, Chlamydomonas
SA AT sp. Arm0029A, Isolated from
Arctic Sea Ice
EEE DL
HAEE3ld s Di i i
5 20140416 | 7129 24 3o & 2] St iversity of unicellular green
- A algae from Ny-Alesund
A A4
e The arctic Chlamydomonas sp.
N . as microalgal candidates for
4 12014.0920 | 71&=d ¥4 Wuhan, china APPE ) ,
biofuel production: The analyses
SAAFA
for growth and lipid contents
Sk )8} The new arctic Chlorella
5 2014.09.20 71ed 74 Wuhan, china APPE species:  growth  and  lipid
FSA AT contents
Cultures of microalgae for the
== ) . .
6 2014.09.%6 |t 8 o‘T" 2|25 p.roductlon of bio—fuel usm.g
A o] &= piggery wastewater anaerobic
digestate
S LET Cultures of microalgae for the
ducti f bio-fuel i
7 2014.11.98 %) ) 8 31 8.7] 49 21915t 3] 71l 79 DT’O uction o 10—tue usm.g
piggery wastewater anaerobic
SRR
digestate
Sh=-3] &)} lish Growth and Lipid Content of
isbon, .
8 2015.12.02 | 7Y 74 EABA Psychrophilic  Chlamydomonas
portugal
A A4 sp. KNMO0029C
Bl=-5f| A3} 5+ ish The Arctic Chlamydomonas sp.
isbon, . .
9 2015.12.02 | 7l=¥ ¥4 EABA as microalgal candidates for
portugal . .
FA AT A biofuel production
B B A ZF SS A SR
ju=] Skl 5= 23} A 53 B X
10 | 2016.03.23 g2 ghar s =378k s] | H-4F BEXCO Qo) ssone] QA
. . Y - " 7t @7)AstdS o] &3k 1
28k B L L5 A BB A
11 | 2016.03.23 Jeiska St =374 8ks] | 4k BEXCO Wzse] ek W ederels 47
AT Y 3 Al -
12 | 2016.05.19 | (FF)ufo]Qo]= | g3l &3} 3 T4 BEXCO | %5 $1%t CHorella protothecoides
o] 3% =3 vl A s}
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