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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 F£. 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 ArM0029 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 ArM0029C 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 (AChFADG6) that converts C18:1 (oleic
acid) to C18:2 (linoleic acid) from the genetic database of ArF0006. ACAFAD6
encoding 424 amino acids (48.2 kDa of predicted molecular weight) increased over
three times of C18:2 fatty acids in the induction of AChFADG6 in FE'scherichia coli
compared to the negative control (vector-only Escherichia 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 ArM0029 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 recombi

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

nant systems in

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

mutagenesis based on protein structure of fatty acid related genes

Keywords

) piggery anaerobic )
Microalgae ] ) Fatty acid
wastewater digestion

high cell density

cultures
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4. 20119 A vt Akl 222937501 AFS T 209,445,000 24 7=
ExdbAeEe 127985 m/del o211 glom, Lﬂ‘:fﬂl el oA HEe oy VS
o] ¢F 60% = HA, 16%= A, UH A 25% = 3 5Tl A BAstE AR gotE
NS (3 2).

¥ 2 7EEw U 2 Ay A

(¢9:3, A5, m/Y, %)

T 2005 2006 2007 2008 2009 2010 2011
=25 4 125,198 | 135,100 | 174,197 | 181,001 | 189,666 | 212,143 | 222937
Tt EALE T 148532 | 147,072 | 158213 | 171,965 | 179,219 | 208274 | 209,445
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.
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15, 28y A |gA ALk g 7SR 282 T B% 27 dAE BAE
I A PHe w obF FE3 AeAtElvE BA e AAoRA U ddS AR Ve
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16. 7}1=Ex 7439 7pF 2 A

17. A5 e AERE Qe PUE nedE F o AEEnE ¥ 54 B

¥ 5. 7tEERe 99ty x4 (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 CaCOgs 7.0 Cd 0.014
TKN 7.6 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, proleing fatg
(1) hydrolysis W
2 fermentation soluble organic molecules
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a9 6. 71 A e @i aste 4 5 F5

=]

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 sCOD = 2500k A 06 = 1, 500kg/d

& Biogas T34 = 1300kg/ d"04m’fky = B00m'/d
] g uka] 20D M EE = 60
& ool R = 1 080m' DS 000kl im"
= 35,4000kl
4+ PBEET = 100m'/d2C = 2000000kcal/ d
4
o L
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

A7 sAEA el 715 vo] ek A B R A 5
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(1) A= F248 30 7 37C, 2238 50 7 557,
(2) &3t 275 ARbe 2koh WA #AE ded e8] 25 T 30, e

(3) meskA WSo] MEI BTk B pAE Pk HAT AR, 2, nFY @
ol we vl Ae

(EEETFLED

|

a9 10, =gl wE vk B ] AdSE

vl pH

(1) B384 e pH= 65 ~ 75, F4 pHE 72 ~ 74.

(2) pH7F 65 olstd A AF AA Al vlgbBAd Ao #FEFo] 7Hold scum 9
Aol WolX| a1 gas WA Ho] Fo| 5.

(3) pHO Ast= F71=9] Fat7t 7xb7] =obd uw A He=d A A AT
71%E #allol o Ak AEEE wE 9 {7)4kS o] §35e] wgrtAE AYLke)
= WEAAG Al fF714E BelESEE =g 7] it f7]4ke] A o] pHYF e

(4) pH7} &tetstd wigb g A At &Ao] "ol CHy BAE°] 5439] a=)

(5) dyrA o= {F7]4ke] Fx7F 2,000 mg/Ls ] s
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0.25 0.35
0.30
"?’ 20
-~ E —
o 0.26 3
_\-_l:_ =
< 518 2
& o.20 =
-
= ®
Syl N
D 440 0.15 &
~ E
o 0.10 m
30 . =
o pos
- 0.05

4 5 L] r B ]
— R - w = O EF B BN

a3 11 A Exe et axe A pHEA.

A 4718 = (Alkalinity)

D WNELHA GoiA PAUEE T2 W19 APIA LA 2ol FO

/\]—Oﬂoﬂ o3l A
(2) 2stzdd FAE= A A, A2AstEe] & B 45k Ak oA sk
(3) &stdle] hFsee ATt o3 Ao R frlite] FUbeHE vha2l o] kg

CH;COOH + NH,HCO; — CH3;COONH,?! + H,O + CO,

Oll

(4) &7tel =8 S48k pHA o] SARGE A H3tE AT 71 &
of. 7k A" 2 4

(1) COD 1 kg3 0.35 m'e] CHy A4k

(2) HA7F~=+= CHy 60%, CO2 30%, HoS 1%, 71EF Ny, Hy, Op7F2=7F E3HE.
(3) TA7F=e] A& 5000~7,000 keal/m'.

(4) COp greFe] 35% oldd 45 &st7lwdl oldel U+,
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(5) #H7]

(6) °I

227} Apalel

e

=]

],

S

& T4

=

CnHaOb + (n-a/4 - b/2) H20 — (n/2 + a/8 + b/4) CHy + (n/2 - a/8 + b/4) CO,

7. NEERZNE st A At

22

(ke/*(2))

8l

(L/(2).9)

keFULE )

T71=

(kg/F(2).&)

(kg/F(2).)

F(2).4)

720 T 1,260 1.8

200 © 350

3.6

45

30

4

0.15
0.0072

1500 ~ 250
6.75 7 135

300 T 500
300 T 600
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A, 58

=

() @NAxse) Asjedars SHEF, A, e S0 58, A4, 3dvte, dats
Al sol Ao, 7HEA e F, ofd, U o2 Avkdx FUAd Agdl Adfed=
R AL

(2) ase] YEYoE 2375 E A

(3) Yol B odrFole FEe pHASS 9z 7]edst= Ao 2 NHs7l pH 7.4
T 76 o7&l 1,500 T 3,000 mg/LelA, pHell Aol 3,000 mg/L o] i e

(4)

(5)

2 8h 2ol A < Exé%;g% o ofE A = Z}ZE]»‘:T 22 B w EHEAZ 283}

= 1 F%+ sulfides 200 mg/L ©]%, ¢FEw 1,700 ~ 4,000 mg/L, Na 5,000 ~ 8,000

mg/L, P 4,000 ~ 10,000 mg/L, Ca 2,000 ~ 6,000 mg/L s
FEEE FL AW AR A AR

a9 12 MAER 38 27 Agle "ad
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3. 2011 & A A

k

= ss Agshe NS 2AEEAE(E 8).

# 8 dAVl= A 9 7714 Wi T 44

T F 4% B &% 347
A+ S 131,335 46,581 8,225 186,141

<2006 7>

<EFA: AL F A}, Waste-to-Energy Report(vol.1), 2008.10€ >

SAER HIIE AL 199733 Alsgtet Hu|glrt FRFHo AlsdE 19939

3.1%0°ll A4 2004 47.6%= wid 7HAskal 9l EH] sk 19989 26.6%90 41 20041 42.4%
2 Z7FFAe 9. o] Yo% stHE S o= ok 10%7 AL e (2d 13).

g

HYNE | GxadM | 2507 —
9.487 [Me g3zl = 5.464

E/8 pay=us 1516 |

| UjEsSEn gjlﬂ
: ) e o WY& 71008/ — 20 4915 I
HIIS A9 ] usE e [(TASEHE/)
g
139,560 =hills=
_ E/d | gz 4 WM E 542052 -
U225/

2in L AN, dTE Ay 2l s EqHl A, 200859

ol
>~
>
Do
()
o
&

a9 13 {714 #H71E Ads A @34 - A 2 (Fe SR

Eolw J7HEES 844%, S4B =
ey Abs F-o] vkl #EIE dAE o] o] e Rt A S

LS SrzelAAe A A 20104 15009 Qo] Erhahy, 147 S]] WA o) A
Ao ALeshs HAoR Wasa tad dul 2o SuE Ao wel 20159

[e]
7HA AT 10% o]de] nAFAE A3 A



= oduAst Al A, 2005858 2010 7HA AlAl At S7He] 299 6%
BAES Yo 2010d VIEe® AAA Al 1.9%° sdet= 509 2/ de] Al
FArEE Bt v Ao R By (oly e e, 2007).

6. 1 YT HUY Arzee] Anst HTHOR o Fo W Ag A7 207HES)
Ae Azow 347019 oluiA Eae} o109 BavEAL Su A3 o 438019

7. Tl SAbH A g AR o] AXH]= 4650 T 7913wk AE ojlow =9 A v}
=, 1,463 T 31,880€/m' & 2 YEFR S

8 (F)E2IAA, (FIGSAH, (F)EFAN, (FBIRAIS7 5o v719E0] 20004
FURE A BAHoE A% (FARAEZA LW, (F)FPLANL, (3P
= [e)

(F21A 712l Aol 2] T3 22 2001700 &tR ZIGAVE ZIsiEe 83 Ras F

A2 d3t
w7 & g T HAF g 2w el o
(BAEE) _ T _ =3 3¢
e Abgst e Wy dmst &7 Ao A2 o 71e

28227 12,777

R (myep) 4609 7149 394 14
A E 136,000 19000 17.000

(2010) (m3/94) ’ ’

. 5% 96 653 1,492 1,741 3600 26

(2010%) (E/9) : : :

<EA FAEF HVIE ABAAL 9 dd 2012, FH S AAZE, 20105 ) A, 2010>

10 Ul A AR AEE A% FERR BEE Fuo A5

5 * %ﬁli e
=3 Al gzte 7 ol Agst AF Al B e AAowA F
g3t A

gl A 2002

TEPRAY L vl sts o g€ W Adel HEH vl O
el AT, w3 A AL 2011d AR A% oA st Aol g
gota AohE g3k gk a vlwE v 9e
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2L ANEARS UatRE 937 HaiAe nAERFY Y, 78 2 Ad5E
A 5 BEulek 2D M ¥EH| ] FE7]4 cell settlerE o] &3] o] & 4.
% et st 2go] bt Alaglo® T

3} integrated systemS 70EEd (19 15).

R Two-phase Bioreactor;
Phycal US 2009/0181438 Al: Phycal. Inc. US 2005/0203321
US 2009/ 61/177,101
400 Con Sovent o @@ ya
\—lpumra moia— [
st @ St (o 4 )
Datacten | ey ® i T
I @ _— 7 =1
& k o et i

00—

Cell & System KR 10-2010-0108998 : Cell & System Inc.
Cen Sovent —— @
[ soeat + 01 I
- Sobveed + (i —=—
s
B | ® I T

-

‘

R [¢] =
2l AAR olFste] mhole A Axstn Aol AAHE olgle mAERF= HFMGE
J

3= A S o2 TAE integrated system$.
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n
ook

g7

& o] &3 mAlz=F wMdrle F7InstdolM vt vAEFE o] &5k
1-& E

49 AT ol orhag ANEE J1ES Adatel “R/14571E V4
el o% wholerke, AGHEA W VIAET AL Y 2 FA (SHUE A

1011949420000%.)" 53 =3t a(28 17).

ox, }~>«

s}
=

N

k. 2 ogA] AlE A ‘SRS 2 AERgy FE7]E, cell settlers o] 83
integrated system”S A|AlstF ot B Al Autz ‘v L A EH Y FES A%
Ho 7 FH3lE system”S NSt olE FdEE WS AASL UL

ol &
vl v A ZEFY vl F milking Al2ES exxE RE EFRE 2 =ZHRER AL

of gygsd TaFgAE v|vtez HAA 2 AV} e
(1) ==x4d 2a AW 255 EYHHsle] 71 A3E =SRES Aojste] dAs
SEE FAGA s VTR T4 vARF 92 A mAHAxF
BE EA HAHLE A wjke] 71e.
(2) =3 2E: 9 2 milkingAlol &9 FHEEA EFsE 7T e dAHZ 3
A4E A= 7le
(3) =& EE 2Exd 98 FFeE 52 9IS = =E3 Y% 2 milkingol
483 §d98 FHst AAE E AVES I5EE Vs

|

e}

18. 2014 A4z} AAGAGA B AGE F3ll Tl T AAANIA oHFF T vhe] 2ol
UAle] mss 12u2 gt =R upol oy A /AT A (T FEE) ¢ (20129d)
15.2% — (202041) 188% ©.2 @%-«z(zﬂ%ﬁ & @4, 2014),

& HARE AzEglon, 2015 7TE5-H Hiol

] w3k 2w (RFS)E AFE. 20073 99 A%

noy @ARA FEoR AR vole tA F47) mEANS Bkl A2 npole

[e]

n
U4 F47) 2E9 R EPUE SRS ANSEES. ofF 20108 A2% vele A
47 RAAYS Bo) RESAE 292 F7, AoluA 2 Aol A ol -



g},

A},

o}

B 22WS RAs A3 20150 7958 A DAY EAAGL R 2014).
< o 8.16% s 7Fsted, 20129 7]+
oF 85799 RO =Es . (FuGHEr|ER E (A A A AT vlo] . o Y A

R&D 714 we FAE Adstdon 47 71z d7 9 Atdy 9 $H 8T

et

A, AFANEGAE FAFEE AHRY JxAFd 7P @o] FAEa glen, 1
O AT, $8AT o2 Fxg. 44, s $271d o2 AFFanFol
zon, FAAL A A AX ZaF FPstE vk g 7] xA T,
Ta7I9E MEAT JFstar A1 & 4, 2014).
U BHg F 558 vlole A5 dFEQd 80%E AAshE A vlo] Qo gh& R
A FEFEEA F8% IS s U vl ErEE FEA Sg, AR,
o2 NE AT on FHL ogrE Aite] JhmE A FUhge] uwiel dR9
5 EAE 7HA =, oo 22 AR FUhe A A 59 FAE opg A
£AQ oeg AL 98] HASUREE o] & HAA nlolems &g TEdol
FAEL A (F71E, 2008)
Tl A= 20029 59FH FEAN HdEEE AA AN AR T 1409 EellA
bSOl o= BD20 (vhelot A 20% &% A T) 2 AW

R, w1

71 AFAEY 8 (A= Fad)e o d A Al dwjsta Sl BD202
Hpol et kAL 7E 9k Alzste] ArF AuAA Y AV R AHL2E g deUt
7he g AP (B, B, AAAD AR B dviska (83, 2007)
A= Ateletde] AV By 2ERS 200790 2kl

g

< "wid 05% A =9

(+71%=, 2008).
T o] vpolet e oF 2% AL

= 3
= N
Fu4 @x 9le. velerde Fo ARz

Qo EhEE ofA Az B

do] AREEIL gle

[©)
g, AZRE ol % AAATIE Be ARRANA o] FolPozM 20208744 & v
AZFE o183 483 B 02 o3, noledags] 4$ 2006d vho] ooy
e AZATA ALHA 20079 98 e EgAre A4 Fd

= ’
AA el emja=s FEA AR, AR Fe) E

= AEAA d8 B, E BE
FHAbuE F)ek del mA =l o) A A Fe gade] EeRaL gl oghE
A daE &8sty AeiAe Badyd & Aw AERAY HudERs Fo8
Tt dAE7E 28 oA s vlolem 2~ dAEY Ve Ferles dHs
71§18 71&S AMdstar dS(e]4, 2013). KAIST ol 49 w4w2 2013l o3
S o] &3t H/HE AL 47 (short-chain alkane) HEjQ wHlo]l o 7t&#S A=
AFAI}E Natured] HI3AS. WA fadE FHAE AAs] WERES
(B-oxidation)S A@3tial, 3-SAopd-opddtamd g FAE FYSHE FabHE

_27_



fadR =k A7

T 42 (Choi and Lee, 2013).
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=
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=

(short—chain alkane)

T3, 2014).
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24. dfdF H JeE &F

AR A AA APFEE 20109 1,2509] EefellA] 2020 25009 Eel® A AN(E 18).

(9 Ao 2e)

w
o
=]

| B |

EEL
g2z
=g

] Az
200 -
o
A
150 -
(=3
=
3 100 -
50 -

20084 20094 2010 d 2011 2012 2013 2014 2015

I 18, sRAEAA AA AR,
<& M&M, Global waste to Energy Technologies Market, 2010>

2. M&ME AlA #7718 oy =3t Al7o] 20081 °F 207.59 @efellA 20151 299.8°1 =&

= e, 20106 T 20159 7kA] At FAEC] 55%° °olE Aow M.

20159 GAE J1% Aol AA Aol oF 637%F A3, 20109 T 20159 B E A
o

5}
Z1e Ae Bt AFEol 88%% =24 e B dAE Tled vd AEE] =

1990 o F A BAAFES A%HAA F/hskm i BBl st A 87 Ae

2000 54409 EeEfol Al 2010 7,967¢ E# = Az 10d7F AHAT oF 39%H SV
om 2011l Al 20209 7hA] At A GEo]l oFF F3hste] oF 3.2%% F7kska 2020
o= AlA Bl oF 1% 8650 el o F Aow ALY 19),

a9 19, AA FAEAE R E A Ad(2000 T 2020).
<Z*: EBIL INC.San Diego. Calif.2009 W=} 5>
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10.

13.

14.

17.

37 AT HAE ek A] @2 WAlRFe vho] Qs I AAIe] FRE AA v
W US$ 1.25 bill (1,250 €, 1$ / 1,0009) 4 ol 40% (50091 ¢) o] o] FotAlof Al
ol A A= S,

) H-2-& open pondt} race wayH o2 AALE o] & wA|ZFoly £=ufE (vfEr])dl
o ArtE vAZFE open pondH race wayolAl AAEE wlA] ZFol H]Ee] HA kg
F 1009 7tAo 2 HujEa AN AsE 5 EFoR ofF HAAAA ¥ 89
A7 BAHA 3 o T A A (100%)0] Huj= i & A4S

= MEs T8 4 AFY B ooyt mAxF A5 B gdd dAXYE IE A
okl A Al oAl B3E M S 5 A

A ZFE o] &3t FAAsle| B3 T8 AFEA= FFGY el A A
H &3 Ak =4 (Aizaki, 1978, 1979, 1980), F-2wjd S M X3t =342 oA s+
Tachibana et al., 1988; Okada et al., 1984) H iL.

+
Ho
N
il
2
)
~

FAE BHE dAlste] mARFE ol &ste A7 Alxgol 7w 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).

Ef s 53 ¥ 52 H5 dSIFE AAS] Y 2FE 2A48ste A¥E (Tam
and Wong, 2000; Travieso et al., 1996).

YD = Ingreprorts 8h, 8 R A #7712 (55 34 AR = 5E rlo] e
7V~ E Agbetal, o] W GRS 7 Ak &E&stH, o2 Qs ABAkE algal
biomassi= ¥AF o2 AEATE sl YRZ ALESHa, 7|Ele ZEkAEHOo 2 HEH
=]
2]

Atz ol2% AFE A

9% Redcard] 2718 $AAMEE ArupAbeh 3 25 dj@u @7 & Qe @
g, 712 AHTFAG A/E wel Azwe A

s
ok
l-'O
o
ol
-
_OL
S
%2
£9

el mAZEFE o] &3 HFAe AYASS £ 119 2o g2 AEFE o&
sk #4322l New Zealand National Institute of Water & Atmospheric Research
(NIWA)E High Rate Algae Pond (HRAP)E o] &3to] dl4=2]g]e} FAlo nAZF n}
ojQuj~E AR NIWAS A++= &84 SWolA &3 it 23S sbao] A+
HRAP®] #Hl4 8] &8-S Waste Water Treatment (WWT)H.t} £31 pH<RZ A3}
o] algae/bacteriasymbiosisE& FA|st= Z o] 7Fs3sh HRAPAA Z/F AMAEL 18 g/m’
oln] COE #H7tetH AAtAdeol F7F w2 A=Y Christ churcholl = AAANA 71 &
TR = Sha (4 x 1.25 ha)e] HRAPAH| (17 20).
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E 1L &9 AR A 83 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 22.5
Israel 12.9 - 2 0.3
California 184 14.8 100 -
33 - 120 -
Israel
35 - 150 -
New Zealand 25 16.8 32 8
Wastewater .
Philippine 15.3 11.9 100 -
treatment
Scotland 18 - 13 -
Spain 27 7 148 99 7 115 1.54 -
Kuwait 15 - 12 -

19 20. New Zealand®] High Rate Ponds.
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u] =+ California Polytechnic State University®] Dr. Lundquist® P]AZHFZ o] &3
g i8] oA+t Californias9] ¥ —’Ffﬂﬂ TFALS N<2 mg/L, P<0.1 ~ 05 meg/L, BOD
(organic compounds)<10 mg/LZ AA. A2 ¥ $7 ~ 12 million capita 1/100,000
Hog FAHJOH, HAEFE 01%??_ HAH2Al C @ N @ P ratio®] 24o] To3%%
7% (Dr. Rhee®] N : P ratio &= 18&). NHs= 75 ~ 90% A A. Bioflocculation * €]
2R Fou nAATE (" 20).

19 21. California, Napa2] AF3}A].

19. Virginiath3} A8 wAZzFAA o B olibstetiet f7]&& Twstd FAR
40% ol oA &S T, = 7P v A v &o] == 1A= AEE e
shA stal FrHA o R di7lEok 30 T 40v) O =& olAbstEAE e Auhdd Al
v 7] 7k~ ] o) 4bster A& 7HS 7hs (Alternative Energy Today, 2008).

20. Phycal A= wlAlZFol g milkings ©]-&3ste] vloletd 9 wertas Yikeh=
Biorefinery 7132 4 &. Phycal A= 20108 7€) wAZFE FZAoA w]dstar

ol x & AAkst

milking©. 2 A A FZ3t3 AL vlo]| QU AE wEl st A o] w
2
=

2 +de 540% v DOEEZFH 24 M$=E A €.

21. "=¢] Algae T8 3|Ab= ofgl&F Zom o]l 2007] o] 7Y Eo] algaeol A bio
diesel 2 bio plastic ¥ 2 A F-3}shAE, sHdE 2 AFRFAE 52 At 9L

7}. Exxon Mobile Synthetic Genomics Incorporated®] algae biofuel A2tel 69 @& F
Zhsto] gtEV 4] A4

1}, Chevrone NREL# 2007 Algaecl A jet-fuel & bio diesel 59 oilS A4+a7] 913k
AeFA A

t}. Shell =3+ 2007 &ketolol Al dtetolthdl HR Biopetroleum¥} Cellanazhs JVA Halo]
algae bio diesel At

2} 2009 89Y BP+i= algae® HE JUH ZA|E AAHSHE Martek Bioscienceol] 19 &8 Fx|

n}. Conoco-Phillips A 2008 C2B27} algaeoll A biofuel BAMet == 23 A4,

A Bill Gates® FAF3) A} Cascade Investment: algae bio diesels A4+l Sapphire
Energyell 19 &8 Fx}
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22.

23.

]

Fas B3 Ads AAtste] oo™ <
v 7 EAR dsketazt gk

New Mexicool A3}l CEHMM (The Centre of Excellence for Hazardous
Materials Management)> Al AFAMA HWlEEHE dH4E F8sle]  of] 9

“oval-shaped “raceway” type pondsolX Z7F& vl 43

Koo
T

%2
x o

. 2009 5¢ wl= wu A€ s A" 3 Metropolitan Council &5 A TFAAE 559
AR Qo] AFT F dE 2FH FS A F83Flo] nlo]ledwm

Aol A F7HHe
al

2 Qe BY 3

o
o o
=
(2
Ol
ol
8
ulles

2000 T 2007 FEE vio]loghs AAEFE AW 19% kst 2007 6059 Lo
o211 glom 2012l & 1,493°] L= F77t dlds i, nfojetjAe] A¢ 71k AF+t
60%% S 7Fste] 2007 1029 Lol st 20124+ 3119 L= S7H7F o349, A7t
A AL E = vl A = A AAIF R HAA FEARY 1% AEE AAde F&
oluf 2030 ell= Hul 5%7HA SrbetaL, ER wio]l oA o] o ool whE nfol
QoA A ZAE Fo F7FE 2030d7bA A AA vlo]l oA ZHE A H FQ

B oF 200x¢0] @ RAom Ady(e]z4, 2015).

it
2

=], & E°] violL , |83
HFo] mig- =1, A2 EUS7F SolA A S o884 rvolends 7Hd @o] A
Ak a gl mAAsle] FRte] wal Algle] Wy ~gdw WA= e EU 3
A=53 2y 5 2 "z A FAAA TSt mlo] e AE oA kel ol
o] &3k A (7 g, 2006)

50 4 4480

45 - "
o 40
S 35 4 30.60
~ 30 4 27.30
=
o 25 21.70
= 18.60
5 20 - 17.30
E 151

10

I 4.13
5 0.89 1.06 1.48 1.83 2.19
0+ g x s 2 T mmmsm 20000 NN 2 _-
2000 2001 2002 2003 2004 2005

| Ethanol mBiodiesel |

g 22, e 2 mpol oA AA A EA4 (¢9): Billion Liter, 717k 2000 ~ 2005)(X] A 7 Al -, 2012).
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7h. =
A AA 1912 vlol 2 oghE Akt o2, A AA F AAFF
°F 70% I~ (Pike Research, '12) 7o tist A 3} Ao FA e FPo] nlo]
o] A AW—S— AGF AGE 91%E 7123k, ko] 2010W@ 744 15 x 107 2H (57
x 10° L), 2012»#77};4% 80 x 10° 2% (3.0 x 10° L)y7tA 718 Aoz i, 2022
W7kA] 36091 Ade uHlo] LU B E AM|ITE ERE AAG

NE S5 713} A2 os9] wpoloARE Aotk APS FYF MTE whol o
duxe] FQr7t S55oln Ho nyeie AR Folv, dwe Aud 1990t
MQLOWﬂ%W”ﬂ*Z%QIJquﬂdML‘ﬂ&%”%i&iﬂzﬁ%%ﬂ%@
NS IS FHE] s Aske] AFeholA YAr)E, DA, 15 A

[o o
=)

>~

i

LN
o FHew Ye. B HE sﬂzeg o3 A3, MRFe| Fhsh
=

(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 W] vpoledm By AlE (A A A AN, 2012).

o} me
AAGNA vholoolee Hea&o] 14 B BAAE AFE4E FARE ol odw
% A7 259 L & AAske wle) olo] A A29] £E9. 19809 vh e Bk
AR o] ge] Aol 5% AL (EHE LA, @A Hebd W) APRARAF (FFV)
of AA Ao 50% ol Folar, 25% o F| RelErE WFS o Rasm S (AAEY

A5 2014).

o} Ayt
nlol et A W e 7] @A Z BrampTons A9 We] 137the] W 2o BD20S AM&
. A¥= 715 ool tivlEte] FAFEEE 20108704 A7 5 x 10° L, 2020
7HA 1 x 107 L) mlol et d Aaks F3 FA (X2 A A, 2012).

L o\



WEAE AZE 3000= TFEe] vlelenid At S Ths ol A R A
H 2o dis]l BD100¥} BD20S Ald &4 T, AR = L

% & whdskslen, BDS AHE= +1 9. d2& Cool Earthe 71Z & ufo]
AFE sk gt 2 ; |
o, 3007 A <fell who] @ v e}
AL, d7l= 5 ol &3 wholeo A At B s

L
1
Xl
ot
of
=5
_O‘L
kl
1
i
o
ofo
g
w4 o do rlr My fo o £

W% AE AN AT wRE s 9. FRAR QAR (20119) ol F
A GEE AMG $lste] vloloula HES F BAW BAAAZ A3 wA
A 7JEA (011)'S Fa) QRALe] 2o FAH oA - 87 4 A
Agh QR A - 471 EEFAALI T (NEDO), #87140E7F (JST) 59 A
A ol HAH AMY A AL L vele olUA AEFH AT F4 FU. 20149 @

A wpol oo A 7] & E wpo] o ul 2 oy o] A GAYA RIS AT A
A9 & (NEDO). et Aetast 7l=/WdAd (ALCA) 55 &3l vlo]lmj~9] n] kA
2 COFH A4 oA 2@ =4 A 7hsd 77w g9, nAdES &83 1
& YA A & AT FAE ALt S (ST, g4, 2014).

up, 3t
20053 HAE/FZHE 96 x 1028 FE wlo]etdoe] AaEon FH: AH Al
ol 7hEd A F iR AR o]F=E wpo]ot A tigt 87} HF3] Skt
Ao, FE AR L et 7|FU R Aste wpolew] s A F o thekgdol A
A BHE T3 AAAUA o] &S FHEY] skl AMAUAY (AR IR T
MAEREEZ)S A3 20109 vlolvf2~ A Ax A HiEE 2009 = 5ol
Bkl ot 202000 2010 thu] SER bR SRRl 1,000%F Eo® Adaksh (e,
S8, 2014).

u} OEJ
EUE 2010974A] o]4tsleh 2 wj& %S 1990 wiZE = tin] 8% S #=afof 3t o

A3l FF5E veledRng FES =87 H3 HAaHow =Y

KR

shal Qe (Ha H3E o] 200331'?—151 2010744 1888 F 7). EUJ 78‘*?— nio] o t) A
il

2] A
=

po

-

e

R REN
Aol SRS 8 AG N B A ALY, SAL EA
o -

al

3 = d

=2 8 A7IE o] 83 thekdh vpoleeyA] At AgE FHsta glov, 53] #A
= Ao sk veleud Ak AAl 75 9 veledAS e A 5 WY
AT AAAS FEolH, 20108744 Sl dA] anje] of 9% 9] Hpole oA ¥
w7 guE 9% ﬂ?—ﬂ%%}# ZlEEFe S 7l&elal e FHE A, 29A e
2, SO s, 378 F 5 AR AelLouA g dAsde F3NT R §537)=
Mket Ak, 7 Alé%ﬂ Mts &3 7H4 75‘%233491% A% o] FHs Y,
53] 1934 e ¥ 5 %OWOMW A FAAL S FHst] A C4 vl
Ll

o
ol]¢oyx] AYoz TOTTUM % 3ujx] 7HeeIA] (Miscanthus X gigantus)E T}
F AT I AAA Oﬂﬂx] 53 HF (16%) 245 9l Aoy =] o



A AR FE5E AN AR gF =F
d. AAl HxZ2 vlo]l e ARl tigk A&
% (Renewable Fuel Agency) A %] (2007)(7<]’517§Xﬂ~r, 2012; deii

A = (RTFO) ZH*MH A]
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L =W "AlZFE o83 vlo]od® &
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= 20029 g et (KRIBB)ol A 214171 5 Ejo] <A
of dgtor ‘ojntsteka Az H AT/ e FAALD Aol Aol
7 u FX Tl d=nk FAAREE
st Sol AR Wik H
= il of dvkar & g U5 (XA E A, 2012).
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HFAL A= v ARFE gFo s Ailkste
A B4% Heka glon of 7| gty = 1A

2] 2HES BHSE7] o $ algae-bacteria complex & ©]7]
%%a AT Fxe AT Aol 8 FHA DA, 2012).

7] 71 A (2007-2010) 9l A —’,“—6351 WA o] &g niol e
I <A77 (F)RlelLEE), d9it

(2007-2010)°1 A Tt " A A AN E e mAzRF ©$aA st (MBCF) 7]
=/ ((F) ol=H =), THFAEFT WAZF o]ikstetA g rs A&S 9g
e Al P B S EAY Hd A8 7w %]

9] 214171 ZEE o] A hEAL +
2012)o A ¥ ‘AESA A3kl
UJSLELOJ]?Q] Aty =9 ¥
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(A 273 A5, 2012).
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2. 9] MAEFE ol &3 HloledRw Ve A
©)

7F @A Al EF 7Iake] wpoled i Akl ik Ayl FApel] @utEo] @2 wlA

71950 APdET U3, =2 Algenol Biofuels, Solix Biofuels, Sapphire Energy %

SolazymeAl & HFEFE ol&ste] AF3Hom AHAQ] violeogs /oA ALt

of EYstFom o]~gtde] SeambioticAtE MTFERFE ol &3 FHIIZFA (flue

gas)E 2R 3to] (capture) vlo] ot AS AAbst= AB|E AFHoRE S5 5. Eg

Ao Qo] Ao AA JFEFS BA e vAHAERF SN 7 A9 FFESTA

g A A A QL AAL} FA FALEEA vio]l oA AmEA AJilo]
o

| A& HAl 7o A3
ueb AZFH (dry weight) ] =2 g
o] A& o] (chain length)® Cl001A C247bA] E3xHo] ¥ Ao 2 YENGS. n=
w2 P = Patuxent Riveroll A= Algal Turf Scrubber® (ATS) A9 &Ho =z A
HE (m)3 87 250 mg Ak 45 mg 1S AASA dom s 2REZFEH  AF
e SHF 23 T 54 mg AAE (fatty acid)S AAtstal (o] dE & #H 34, 2013).
= F YAl qA A4 (NREL)OIA = oF 30059 A deo] B2 mAzRE +8 st
Ae. voletl A S QA A AT Bk oy, AFEE LGS 3Tl she]of
Sk A Ageke wjokst Ao uel xpo]lE Holi=ul|, Chlorella protothecoides® 738-% =
HAFdaz A o] AAFLE 145%0 AT THIITHE ST v 55%
2 S7FE A2 Hd AF Tl 20% oldolar, A ALk o] 40 mg/L/dayE ‘3]st
= WUMZEFZE  Chlorella protothecoides, Chlorella sorokiniana, Dunaliella salina,
FEllipsoidion sp., Nannochloropsis sp., Nannochloropsis oculata, Neochloris oleoabundans,
Paviova salina, Phacodactylum tricornutum, Scenedesmus sp., 1etraselmis sp., Isochryis
sp., Chlamydomonas BAF}5 5°] E1%%3(Choi & Lee, 2013).

MAlZFE o]&ste] olitsteAaE AZsta wloled R el AT He vAEFY
As FHst7] 9s) A=rtS7IE AFsta #F7144 HsE ol&sto] vAlEzR{ Hfo
| ~5 AASE7] Y3 Vs o] @t an 2 Rhodotorula glutinisSt W] A
F Chlorella vulgarise A HGTE ol-§ato] T4 widety A FE 7 Lipid &
st et on, A Wiz g0 w nloje s Hiks (463 + 015 g/L)3 A
AAFE(2.88 £ 016 g/L)&E MAAE 5334 (MOC)9 7FsAd& At . 2t 7]

_—

@ N fo

MBD, Phycal, Cellana 5-& Aol i
power stations ¥ JVCE A
Tech., Phycal, Aurora Algaes < A9 Q¥ 4+= &8alo] Az

A Asa Y1434, 2012),

o

Fe AEAow A WA FAH g, &

Ae T 33 A 24 @ etow Fad v
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Ex2 oo sh-AFA e 2aA 8] A S A= w4 (HRAP; High Rate Algal
Pond), 18]1 EE3F 334k3-7] (photoreactor)ES |83} high-techo 2 WM ZHF=
o= ‘3’&3}% W o 37}X]i :r“dﬁL T A5 HAZL shHFARGAA Y mAx

10] (AFstA]) SR olA = et A
ﬂ ]‘ﬂqoﬂ e A7 SHALSE o] FojAaL Jom,

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, '
{PER) AlgasTech al
— 2013
e, (150000t .
: Cellana (4ha) <2014~
- f
L we < F b =
gen (600 hay < fund r,I-_sIn!:j:
Phyeal ' i 2015 >
(Hha), !
Seambiotics %
— 2011 >
(20 hal "
Sollx Bighisl . . .
{PBR. 4 ha) < fund-raising >

>

a9 24 =A vAlER 71 dAbEe AR Vel AR (o] & A 34, 2013).

uh v A EF NG AT 5

(1)

0.

A 2R ADHA AT

OhH MAzRR 22 52 A Ad FFS AT 0% ol FAATE F oo
(Chisti 2007; Hu et al. 2008), ©o] A& W2 FEES vlo]or]de] 53l Ef
ol =8 A& (triacylglycerols, TAGs)Z AT = AL, o] TAGsS E# o g
23 #4E& T AiHE duyx "= 22 wlo]otA (Schuchardt et al

1998; Kang et al. 2010), 2¥ 337 A5 % IdH 7IEd (548t A4 FHu) &
g0l =3 Al HAol o8] A Toz AA WHEEH 4 QoA oux U=
2R 7IHE Roa J(HEdE, 2012). vAIZRF A4 2 FAAW TAG

(triacylglycerol)®] A3A ZHA=Zo] that A= o}d Z7|whA ottt S5 A Eo A A
AAL T FAF FAAZ rAEFIAE EAs e AR dedS. AT E FHd
2ol EAS AHRH v A zF{ ALt 2 TAG 49 7124Q oA gS 5
SHAIRE Aol HE EATE MAMEFY AF olitstera aAHAAA TAG T4 2
A o] shute] AMEoA dojuA| vt SAAES A Ho g 4o thE 24 o]
U 7)ol A dojd. S mAERF = AWAES st S3AER

R AW QAT oA ZRAA TG 16 7 184 A



Aow YeAR g4 5 658 24704 vdetA vEdE & S Al ERol
TAG A2 AVt 42 (Kennedy pathway)ol €3] dojip=d], o]Llel t}
YA 2ol 93 TAG A (acyl-CoA-independent synthesis) 72 &7} &7

2 F449. 444 < TAG A8 AEFo wet g2 Fge HolA vt A
Aol o= zol7b F 5. HA AT AR Akl FE

A (membrane lipid) Aol Ab& o] AE Ed3 F4S g F2 ALgHE
Fol FA4E& sk AW AAAZAC] FA FAY 2EH A ZHAAE YA
FAAE AE Fadt AW TAG 4] 2184, 2E¥~ %

ALE™E AEd @i de TAG S0 ARSEo] Al A2 2] 80%° ol=27]

X

!

o

A o ko2 oX Y fn 2 orr
o, X
Y
o3
(i
il
g4 4

Lipid B
Body ) ! ==
TAG, 94 4 F/ / ’;‘}
Chloroplast SRppT ? / )
(/] [/
A econe ‘DAG [ / V4
ACT ase ——, = id Y,
Malonyl-Coa ———— o] aa L, /
KAS — | 'PrdoH |'I
= S-Eﬂodwl:r.l.ﬂf:r gl ( T 1 g—?
KARS HDSEN :
s tn ) s o |
C16:0-, C18-0s, C18: 1-ACP cLe:o foh| r\ \\ " \\ k.
'._\ \\- _—
\ \\\\\\ \\___J

a9 25 vAlEF A2 AEA A= (LS, 2012).

(W) C. reinhardtii 323 WolAQ stabel sta7e] T2 ADG-=F 3
EZ g A (ADG-glucose pyrophosphorylase) B o] AopdelA] &4
ole 3] Mol A= TAG #Ael AA FIHE. =g, Chlorella
pyrenoidosa®l AEA3 WHolAd A= bt EXs A WA SUHE BAANEY 4

ojuvf o]FA e F T AWl 2AZE WIANA A9E nloletAds AT

[e]
e (AAF, 012). FFARFHATY (KRIBB) 7314 Al A7RE v]zFo
1 A

(ACS2: Acetyl-CoA synthetase, DGTT4: diacylglycerol O-acyltransferase) &<
A WelE gRT-PCRS &all #&3st 1 2y, A2y dedA BCX1 ¥
MCT1¢] o] iAo, ALrZAFsR £FFYE obdolAd ACS2¢ DGAT4
o WwEl o] SU13 ACS2® EE XX (ohAEHICIE 7, Aa4 AF/FR)AA T

A% Z7F 18l DGTT4E ofAHolE H7F oA W Eko] =4 Zrlsle &
S BAEd, ol H7F 3 olAHolEZF TAG A9 Astasz AZbE. ACS2
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of o3te] AMEAA olAEH|ETL ofAME ZAAY AR MBH I, oA Fg
Akt Agkste]  AbEo] 71 ofAdlE Fof o] 7l AYA AVt 4 E  (Kennedy
pathway)S %3] TAGZ} A HE Aoz FAHH (o] AFE 8] 4 2013).

tE
2024

Cptonslam

a9 26. A A 3] &4 4 Z(Ramanan et al., 2013).
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A AT

7ol a4 JMF7IsS ol&ste nRIHA BEdE Adtetes At I
ol ZHdH o o8& Sl =2 PhycoBiologicsAtel A= o7& 4794,
7154 HEtol=, A, §4 T 209 FFHY HF A F& G Ed S AASE v

d Fe a1

AzFE AEste] ol&sta Yub vAZF FoAME C reinhardti | A48
A AT 7hE Bol A E, YA HdAY FHAA 2-7]E ol EEo
S, AAY7A =FF (chlorophyta), 3%+ (rhodophyta), 7% (diatoms), =
A}t (euglenids), 9t 2 ZF (dinoflagellates) 59 @2 ZFoA FHA AEA =
ol JpHE NS MAER AEWE FHAAE =dcks BHdl= A (gene
gun), 87& (glass beads) wRFH, A7]d3FH (electroporation), Agrobacterium
W o] JidEe] AAR, wFE EAC wel g8&9 Aolrt Jornw w e 5
goll wet A -3B8] o] g ofof 3H(o]EF 9, 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 | 0
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2. ¥

7}

.

.

et

3 d, A 2 55 dUdeE IS 8
w2 sto] hHEwe] dFeddon Agas §714 9o, A4, 52 ILIF
ZIAE ARG A oR JhE B drstal de AiEs AR
AEAT7I R FANSGAN FuE G714 st AL astel] g £
o] o
=1

A2 pHeF ECE= pHeF ECHIH (Istec-460CP)= S 3t o™, 7]

=]

RS |

o, RIE BAS S8 i Blseas ARE T 94
H o

=S Tyurin®d

2% Kjeldahl &FH o2, P, K, Ca, Mg, Na, ¥ Al, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn<
ICP (Inductively Coupled Plasma, JY-70C) 3324 7]2 43195 (NIAST, 2000).
Zhsdmde] f71E %, N, P & o@dFda 9 Fe 5 v#HFdL: #4& 9o, 7+

Zho] Fagst 9 A, Arge RAGCE 13). B4 A3 R FAGBAA
Ph 2 Aoz wehtn gon, A% S we AR FAW,
A ER Wl ALEEE Ash MaE #9e 4% B, Co, Mo 9
St wAER wge A 272 wgel S 24U AFE

o
=
289 5 92 o B

Z1&std AV As 21 gy
Chlorella vulgaris®] 7]1¥8]A= BG11 (Blue-Green Medium) HjA| S A}-&-3}o] 4|3}
HA & Aol AREEF . 7l Eul R o] 2> 1 L 9 NaNO; (15 g), stock solutions
2 7 8 (10 ml), stock solution 9 (1 ml) . Stock solutions 2 ~ 82 500 m¢ & Z}7}t
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), Na.CO3 (1 g) ©]1, Stock
solution 9= 1 L B H;BO; (2.86 g), MnCl, - 4H,O (1.81 g), ZnSO, - 7H20 (0.22 g),
NasMoO, - 2H-0 (0.39 g), CuSOy - 5H:0O (0.08 g), Co(NO3), - 6H-O (0.05 g) <.
Chiorella vulgaris®] TZ9 IS 1 L & KHPOs (0.7 g), KoHPO, (0.3 g), MgSOy
7TH.O (0.3 g), FeSO, - 7H,O (3 mg), Urea (0.1 g), glucose (40 g), thiamine
hydrochlorise (10 xg), Armon’ A solution (1 mf)2] wiXelA pH 6.3, 25C, 15000 lux
s A wsledS. Armmon’ A solutione 1 L 9 H3BOs (29 g), MnCly, - 4H,O
(1.8 g), ZnSO,4 - TH,O (0.22 g), CuSO, - 5HO (0.08 g), MoOs (0.018 g) <.
2 AT AFEee FUIA A A S AT A gstud A TtERteE 714
2glele] Ao AFAS YAo g ALLF 1 AL ¥ 137 7S
FA st A A7 Astoo] wAF wjekel] mA = @3 B HAO P AF
Aol gt A5 FTHsHA =
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F13. @71 &stele] Y

pS|
.

i

Piggery wastewater

Parameter - =
Ahn et al. Hansen et al. Lei Jahng et al TNEERAA
(2006) (1998, 1999) (2011) (BAdg 3o
pH 6.37 + 0.10 762 £ 0.02 6.60 £ 0.20 6.3
TS (wt.%) 6.18 = 0.04 - 564 + 0.34 474
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 83
Soluble
59.7 £ 0.9 - 53.2 + 09 427
COD (g/L)
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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A EF el HAe HrAsdS 7] 98 TRHT 2 BGIL w2 54
A7) st Aol A vkt A xFo] AAY BAS .

. “ﬂ;ﬂ TH T BGl1o2 314 gridasido=r uAwAE WWE3L Chlorella vulgaris
S Zwste] BEE . BGL viAl do F 5wl S|AE @) Adag oA wAzFE
*5‘%‘3}04 ZEYE FAstA K stden (1® 28), 108 3]A gk Ag oA A st
£ A (¥ 29).

a9 29, 254 E BGI1 wjA = 10M] A g A uiA o mAxFE =wste] wfj g A
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A HIA 2T a g HA FUId S HS AA s HEl vAlERFe AAE 412 100 ml
HAEGAIA @748 DW 2 BGIIZ 100 ¥ 2 10008 348te] % 4%
KA w2 o A 28t 5

of, mlA|Z5F vl A AFEE Ao =% v Standard Methodel|l <£3}9 hemocytometerS
0] 83} cell counting= 312

A gz 71 A9l BG11S AMEskal ke x 25C, #5771 L 14 - D 10 ¢.
BGll tiz+2 233k 4o Ad 9 Chlorella vulgaris 7] 3% %+ 7.3 x 104
T 11 x 10° cells/m 9.

2 25wk 129 kel] 2.0 x 10° cells/meo] a2 %k 12U X714 #23 A3} 743}
s DW= 1009 3|43 A= 271 HFol§ Chlorella vulgaris7y 7374344 &9k
&. o2 A9k masted DW= 10008 848 A5 (DW1000)7F 4.6 x 10° cells/
m % Chlorella vulgaris A %o 23, DW 1008 3143k A3+ (DW100)E A< 3k
U A 37k AE A 2R AR Boks. @745t S BGIL WA 2 1009
sl Mgk A3 (BGL00)E 10008] 1A gk A3 (BGL00)Eth 5Y X 7kA] = A A #Fo] vt
RAA R 8LAF-H = 148 =4 YERFH (2™ 30 2 1 14).

O

¥ 14. gA 3 A7 L3t AN A w3t Chlorella vulgaris®] A EF EA.

14 =) 3Y =} 5 =} 8 =} 10 2} 12 %}
(cells/mb) (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 = 104 - - -

DW1000 7.3 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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bW 100:1 DW 1000:1
1245 S.0E+6
_ 10E+5 |4 o A0E46 "
E soeea \ E //
= \ = 30846
2 6OE+4 s
i 40;4 \ i 20E+6 /
W A0E+ 1
= \ T 10E46 ‘/
20E+4 < - /
0.0E+0 0.0E+0 s
2 4 6 8 10 12 14 0 2 4 6 g 10 12 14
A 7Hday) H7Hday)
Md100:1 Md1000:1
50E+6 50E+6
o ADE+6 /""‘*\._____. . ADE+6
E E
%‘ 3.0E+6 / = 30E+6 ,/,,-q\‘_.
:H_l' J0E+6 / E 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
Aday) NZday)
=7
3.0E+6
_ 25E+6
E 2omse r—k'_\
3 / '
£ 1sees /
W LOE+6
* soees /
00E+D [ m——t
0 2 4 3 g 10 12 14
Al {Hday)
a9 30. A Fr1AdAastA A w S Chiorella vulgaris® AXES 4.
7h wmebA 2 ARdEARE FAE FJ7IA8 Lzt g AU LSt dHol N Chlorella
. o _ - o = - - -
vulgaris= WSS ¢ glom FUdAstAES A A7 o] Jtestden drlAa
stele DWR HAd AncE 449 EAS 23 AR 34840 Chlorella
vulgarise W gt Aol E&AYUS & 7 dAE
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3. &stole W& WAEFY FEd, ofrl Al BOAEAE E4
7F. BG11 71 28R 2 1008 s|dE 7|t Hel A alSst Chlorella vulgaris®] 29,
ofml Ak B AL FA AdE o 23S

U fd"d 2248 Dionex ultimate 3000 (USA / pump, autosampler, oven)< ©]-83}% 2
™ Detectori= Shodex RI-101 (japan), column< Sugar-pak (Waters, 300 x 6.5 mm)S

AFgEte] AATE EFE S Junsel, Sigma /‘P«] AES TFuste] o] &3

o 24 A s wddS 2000 rpmoll A 1023 A EY A F AT ds Aleetar
< HAEF ARE ARAA HES f‘ﬂﬂ&’iiﬁ 1 A3 Fructosew HEH A &Sk
[e)

™ Sucrosex= 87.409 g/kg, Glucoser= 200.865 g/kgl & AZHAS(2H 31).

=

L . Ri_1
s rRIU
] 12—9Ium5&—9.613
] i
5.00] |' '|
] [
) || |
. |
3'?5__ pi - SUCTOSE - T.Ehﬂ |
e | I
] I |
250 ! || [
] i |
4 | | f |
125 f | | |
] | II II II
7 |
4 Pl | | | |
= / | | ! | |
000 ~ r\\v,,/ \ )\ M; \
-\.a""\'-_,a/ T T — — e
7 &) =
| . A
. o Sl
-2.00 - I ; ] | 1 ] ! T 1 T ] I ; ] ] T 1 ] ] 'min
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: 9.959 4.521 100.00 288273.510

19 31. Chlorella vulgarisol A 813 #2443}
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g}, ol At A4S FEld ¥ U3 Dionex ultimate 3000 (USA / pump, autosampler,
A A 0.1 Detectori= FL Detector2} UV Detectors WA A o2 o]
S8, FEH LS 1 nmol/gl Amino acids 17% standardE 10, 100, 500, 1000 pmol/u0

nh, A g= A= -GS 70% EtOHO ¥ & 1ARF 2539 =
&3l 244 7} 02 mm ZE F BAs9om 7 Ay} Glutamic acid’}
1619.099 mg/L2 71 ol #A&EHUeH, 71 &2 Alanine, GABA 22 &Y
. W, 5 TgxzA o] AR @ol Faste] g ofnx=At T Skl Jeucine
47005 mg/Lo 2 AEHH A, HAAF S7Fe] ¥Ylo] =+ methionine 13.534 mg/L= 7}
d9A ded(ad 32).

=
ox °

¢

2

2

4

L

-10[1 F-|-':

A

2 o . . FLD Signal A
T
2,50 2
i i
] 2
2.EE-—_ E
- E -
- -r' E
] Z 2
1.50 £ =
1 |
B o
1.00-] - r & £ _ B, = ;,,
g n S 3 I -FE g = 3.8 gz _
. X *E TEm 3 2 P
] x E- & E A 2 & £ E‘E .'?.
] # E = ¥ z B = | ‘é E §
050 3 || -y 337 : . ;’;“35-3 L f\
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 2.08
= 1022 Histidine o027 D.004 043 88.900& 1.82
7 1067 Glycine O.126 0.018 1.94 55 5224 1.14
= 10.88 Threonine 0174 D.025 2.97 139.5920 2.85
=] 11.58 Arginine D.O7D D.009 112 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 1.27 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 D.066 o.009 112 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 vulgariso| A o} =4t B4

_49_



np AHkAE B8 GC Agilent 7890A (Agilent, USA) 7]7]°l4 DB-23 (Agilent, 60 mm x
0.25 mm x 0.25 mm) column= ©]&3te] A A8+ 2™ Detector= FID (280C, Hy 35 mé
/min, Air 350 m¢/min, He 35 ml/min)<S A}-& 3.

Ab AR AA R = dAB8E dalieste 88 AEE Teflon capel e FHO Y1
Methylation mixture (MeOH : Benzen : DMP : H,SO, = 39 : 20 : 5 : 2)& 340 !,
heptane 200 wlE Yol & F 80TAA 243 FE2HAS AXY. 5 & 4= Y7
stol FE 7 F T ATAE FEEY GCE EAEHE e 1 A¥ Oleic acid7f
305.95 mg/go 2 7F =92 linoleic acid (125.40 mg/g), Palmitic acid (119.25 mg/g),
stearic acid (49.50 mg/g), a-linolenic acid (19.65 mg/g) <o ©& AWAHELS 1.0 mg/g
olat2 A AEHAY HEHA ko F A &+ 639.79 mg/golRa(LH 33
2 ¥ 15).

FID1 A, Front Signal (0515_FAMEVWD515 2015-05-15 14-31-01\122F1301.D)
A s o
: z &
& 5
e
4
a3
s
T
80
o
©
(5]
. "brﬁo
8 &
- .-
G0 — i
e 8
| =
4 o~
= =2
wy
s h
(] ] ’ w2
L P 8 &
3 3 B
— @ =
40— —*
o
w
© ®
21 4F o
| & T
S | @ ]
20 - o N = & 2 o
3 s |2x ot X 8 = <
O | o ] & »
%é? S o4 I R 2 ST0 O U 5 & cgf'“‘:
e ; B W w0 ¢
@,- | B8 ST T"“” ga_o%"' B BT SR S
S e U cEIRE S 5 B m°
d Lk 5 mﬂJ IL U Al | e e & B
o4
PP P Y S S S S T S S
5 10 15 20 25 30 min|

1% 33. Chlorella vulgarisol A A ¥AF 224 3}
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¥ 15. Chlorella vulgarisol A A WAake] #2444 3}
T T
)2 )
(mg/g) (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. AAZEF Eol7] g8 420 AA
BGI1 HlX oA @AY mIFd mAzRFE =38t 10° cellsmz EaYd
BG11 v x]ell A &7 5}
28% A Wato]l 24A17F AP FHE 63%= 7. ©] deolE=

a9 A 2
A 12, 24 R 2 3bel ekl AAE S 24T A =
A A 7=

(mg/g) ©elel™, & 155 vlE o= AFEstl &

5 A ZE vay =

7} f7180E A

N

P
rot
X
oy

=W “like dissolving like”#t+= 3}she] 7| E Jid S

= 3
2 7P APAEY FEUS MR, FH AP we 2w
z

FJoz FFoA thE FHog o|TE A Hia AxHdA FAAE A H
HAZF HE7F sitolyg F22F 3 22 FFA9 frlEvd =Fo] HW, o &
71 g7t AEES Ea AXER So7bA H.
% Rk a2 3S o) gste] FAAAWY A
F71Em-A e EdAE s Hi 49 A= sk 7127l o Alx
g Fa Ak
AAY B 25 7S 7)o o8 AEULS =& Ak
Cell #¥& %3 Qe HE F7I8vi2Fy F f7]&m=2 oA A A
Hqog FAALLE AX Wfoeg FEH1, ¥4 7] & &€

Y. Cell FHE 2 e HE /F718vl 2EL f71Evet Axele JEsgoes

- -

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

solvent

hY
\

v _cell membrane

<% and cell wall

e

cytoplasm

a9 34 #7182 718 A,

<& Kates M. (1986) Amsterdam: Elsevier Science Publisher>
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43
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X0

olo

A

olo
Ny
-
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(2) A]
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S

Jol 4 el <o
o 5

&

-
X

Al

pas

[e)

ol It

o
aL, C10, C11, C12, C13,

[e)

T

hYA
-

Al

e

1

(dipentyl ether)

FE8m+=, C4-Cl6 &shra 171 o]

13
.

=
ST
B

A= =
TAE

o] 21)7} 59]7e]t} (Dodecanone

N 4 7 520 &uf Foll 4t (hexane), #E (heptane)

3}

P
T
&

]

, HIZHE (decanol), tholdE o €]
s

Cl4, C15 =+ C16 719

o 7t

]

al
S

)

o

=K

oo
o

vzel
Mo
e

g A s}

oL

[}

TFEE pilot scale 9

=

T

I

B

Tor

EERER

=
=

[e
RS

A

Hpo] Qo] =] WA zF wF 7] milking 7]

T = o 7]
(5) Chlorella vulgaris ¥} o¥-g ] C10 WA C16 &7} (alkanes)e A

3
&

1/100,000H

KeN
=

S B3 Y Chlorella vulgaris P88 1 ml

o] Eo] =3l

o

X
o~
i
LO

D 1H &2

S|

T A= (2" 37).
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=4
5 L9 wFAAoA wHkER 150 rpm, % 15000 lux 3F F& ourg &lof A
Fet S o kAol MxFEAFA7F FHlE A2

Chiorella vulgarisS = 17-7Y7FA] vj <
FE5AAANA 500 g/LE sFeRaL, MESZGXAAN F5E Chlorella vulgarise A
std Fadol EZghe A A =GR 5%7F HA H7Mg S48 Ao A 244 s
ot =R+

(2) T 7] sA8AS dqAlste] 7] #71AEsE a4 =EsetA £2 AESA
Aoz AAF=E7F 100 mg/L o8zt WA AAadS AAs AEE 435305

(3) Aado] AAE o FrAHTE ALA=EY FEo] S/HES AEE SAA
713, AgA=AS Sdllste AA=AFE=L9M7F <49 A7) AE £o= §olst
A Faete] ASHAEES &l &alT + J=F AEE WEAFL

ek M) A=A —ir%ﬂ nAE AgAd=dFEE 2 259l v‘i"éﬂfﬂ =7

(2)

(2)

(3)

3
40 K= 7ﬂo ek, A
fe AAS Cl17S ¥522 dlo] LC-MS 243
Agake] 5E7Te] A EHBAFEE EFH F714
a1, 2k (decane) &vil AMg Al &S HAE 7 AEAEE FF ARE 5%

A

A E={H}
JE+DE o Cl%e
1E-E o e
2 &E-06 1 €16:1
& .
g cue) C13:
E 1 E=0f 4 .
HLE=05 4 150 5
4 E+05 - - I
-1 E+05 a—— e — g i . b - ..
240 444 40 B4 1640 1240
Time{s)

FEH AT oY F AW IS F4517] 918 4% direct trans—esterification
HE /‘}%3&1 2 (Lepage, G. and Roy, C. C., 1934).
F= 94 Z17F 10 mgs test tubeo] ¥l %EEJ -HEE 21, vV) 2 e ¥e F

vortex mixer® 101'?—7J olFa Wi EFE4 9 heptadecanoic acid—-chloroform solution

(Sigma-Aldrich, 500 xg/L) 1 mé= €L ¥ghS Imeet 2 03 ml= ¥ol =
T =

Vortex mixerZ 10%7F 430l H 100C &dFoA 1087F vESA 7] & Ao A F
B3 23 Fa, 23 test tubed TFHT 1 mlS F7FE F vortex mixer® 587 442
T AAEE7] (4,000 rpm, 102)oA4 LA EE s FEE E & F olHFS FTA
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712 B3 dHE2 o3 F vialdl 1 S ¥ b~ A2vE Y (Agilent 7890) =
i T

(4) 9% F=E2=Z Mix RM3, Mix RM5, GLC50, GLC70 (Supelco)S AF-g3Fo] = HkAk
o] A B YA (2¥ 39).

INEYSEFEEM-USEM HAUR FEE NEE

=EE NLLmg/!
=RESE-~

f

1

| | |

s

{

a9 39 Alae] AgAd=d FEC vAs ASA=EFEE R 25

B

AsE e 57

6. F7]ast &8 vARF d&5Td 18E 9 scale ups #18ke] A7 A]=EE pilot
scale Al 2=®138l/ TSt FJEjo] vlo]e AR (Fh2, oY T) At TlE A

7k 71 10 ml, 100 me w<Foll Al scale up dted 1% 403} £ 5 L milking—l 7]l
milking 2 AEu G APE 2P 5 L wigF7loA mAz{TE HEoteo] 12 g
g & /718w E H7bet] milkkings ¥ ¥, 77189 F 2 HAEFE 0%E T
ﬂ$9F15L‘ﬂ*ﬂQ]”ﬂP = 10% WAl ZFo SddEMAE Frkske 22 wif
3 79 Fo thA] milking 3t 3% WSS FAS (2 40).

—_

9 40. 5 L 91 ¥ milking 7] 5 & X3 milking-w] 7).
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. Chlorella vulgaris® &3t dnde 1 L 9 KH.PO, (0.7 g), KesHPO, (0.3 g), MgSOq4

THO (0.3 g), FeSO, - 7TH,O (3 mg), Urea (0.1 g), glucose (40 g), thiamine
hydrochlorise (10 ug), Arnon’ A solution (1 m)olA 33t A 2™, Arnon’ A solution
2 1 L 9 H3BO;s (29 g), MnCl 5 - 4H,0 (1.8 g), ZnSO, - 7H,O (0.22 g), CuSO;, -
5H-0 (0.08 g), MoO3 (0.018 g) .

. AEM YA milking 2 AAS Y3 AR milking 2 F2 7] EuA 0 BGl1oA] Y
ot n M ZF wYgd S Decanel® 2, 5 2 1082 31235l Decane H|&° wE H]
AzF AdEsts A9 S 183F 250 rpm e 2 awk Al71ar 0, 10 2 30% 3t o
2 #7183 2% F Az %— 1 ml AEste] F3F 10 Moz G u]gsto] AL
TE EUHE st 5.

L2 ATEE AFATL Hit 43 x 10° cells/mel i, 2 73U rACR AEsH] A,
RS L A AA AP Aol HExTEY AEEETF =4 UEE. Decane 2 2
2uf 2] 4] %‘?‘é?fﬂl/ﬂ e Aol =& AATYTE Hl*ﬂé% MAF=7F Hd 1.2 x

10° cells/ml & =S, Decanel ® 58] 3)A8 A=
o A &l= ¢kgrom, Decaneﬂi 108) 3] A sk stq:rLt :,tg/\]

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 718 vl 214 B oA el uhE A
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_;J_ 16. 1 i = — =] (= €]
7 g U] & S} 01 l_ /Kg ;(ﬂ .

Al & ?_
. = D‘ 1 01;(‘]_ 42 ;(|_ Zoexl— 9OE ;(l— OE 7(}-
3] Al (S C ”
}\] 7} (cells/m ) (CEHS/HIQ) s L
(CGHS/IHQ) ]—
0 eHS/ E) (
— 6 @ cells/m )
H 0 4 9 0 5 0 66 X 107 8 5 X 1 4
10 3.0 x 106 2.1 4 | — 7
2 doX 10 62 X 107 8 1 4
H =] 9 X 0 6 ()
. ] 7
0 11 8
H 101 32 X 106 22 107 >< | X 1 7
) ] 7
5 3 by X 10 81 X 107
R . 3 4
(0] X 10 . X 107
1 6.0 X 106 | >< 1 7
| H 0 4 10 66 X 107 1 O X 1()8
101 3. X 106 2 7 | | >< 1 7
w AoX 10 58 X 107
(0):) 3 / / 11 X 108 7.0 07
U 1 . x 1 4 1 1 X 1 8 () 5 ()
=z |
EH 2 X 107
?‘ 5 X 107 X 4
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A2 i 9A] Decanel & 5HHl 3] A3sle] 108-7F 250 rpmell A wL
& w88k milking 21E AAIA S
2 Lo 7] HEL 48 x 10° cells/mE 3 3 200 rpmo.

4% 51729 pAow Asaaen, 440 2%

g vjrelel 15 L £RIPuAS 171

22k wiFel el TaE AAAME FAF HAgo R 33 i g

OMZ&E

ClHZS HEH (FHeeh

a9 42 MAzR A5 EEE.

Ak 12F Wi F Al FIAI RO o] FEEAIA 2 v 23k b of
At A T 12 vt} vt HWAEFIE A4S AT AAS.
A2 7= A AE] Adstd e dAAeR 1, 2x v vlust s o Hd
= A3 AP (1Y 43 E FE 17). DecaneS ©] &3t milkingo] 2% wjd7tA = A&
o] 7hgsittal IetE Y 3%} vl A= n M ZF7F EFE S wrol Aol A7 vERY
= HoE Hud,

¥ 17 mAEFe] A%l mhE AES

197 294} 34 497} 74} 84}

(cells/ml) (cells/ml) (cells/ml) (cells/ml) (cells/ml) (cells/ml)
12} v & 2.2 x 10 2.7 x 10’ 5.1 x 10 9.8 x 10 166 x 10°  1.74 x 10°
27 vl & 6.4 x 107 6.8 x 107 7.3 x 107 8.6 x 107 1.01 x 10°  1.13 x 10°
34+ Wi <k 6.8 x 10 7.3 x 10 79 x 107 94 x 10 9.2 x 10° -
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o}. milking 7]&< o] &3 v A% ZujF A9 Az X HAEe 13 milking o 2 9F
94% A% F33P o 23 HH%OHH D]Aﬂ&%t H A Al m M Z2F a3 (2
43)9 S & 5 e, 32k ol A= S o] A3 milkingol] o3 MXE &4
]_ I~
B

= Jd=d

1} " 2F

HIE +(cellml)
n
f
+
o

o 2 . 8 =3 2
AlZHday)
2%} uj2F
I1I.8E+8
I 6E+8

1.4E+8
1 2E+8

1O0E+S d"-____________ _____,-/"
2 0E+7 ’—___'___/
50E+7

4 0DE+T

HE 3 cell/mt)

20E+7
D.oE+D

o 2 = & 2
Al Zr(day)
33X} v 2F
i1 8E+83
i1 6E+3

14E+8

12E+8

1.0E+8
/—-r ——ze

80E+7T

6.OE+ 7

4 0E+7

HE TeellmL)

20E+7
C.OE+O

o 2 L3 (=] a8

Al ZHday)

A webd ¥ A&uFel 4gAng slxstel A% A, #7180 FF, Decanesl
=]

A4 A& WA A AT Sl milking £AE R LA £

2. mllkmg Z*—?F‘ u] A 25 % 7189 5 sy
218 A3} milking A ©  639.79 mg/g, milking :Gy;t‘ 34.55 mg/g ]Uﬂ - ] nj| & o
[e)

+ 604.10 mg/gol EAS ilking & 2 94.4% *|¥Ako] {7180 o8 wWiEEs &
T ARNE(E 18).

EPN

_,4
2
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2% 4. mikking ¥ F&3 AR T 2 7180 S 2457 9 A
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¥ 18. milking & &3 vAZEF 2 F7]E0 =9

A AL B

o v

~

o] A

A JE2 07 4 TR s
(mg/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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st mlAl 27 ik HAstd dr)dastels 2AeA X g A o BG11
A &= 1008 3] A3 A7 ARl A vAlZRE wdetaA FYFHe WEE A
o
A

HjoFel o] of okl & HUMAS FZEA kitE Abgstgew TN (HS-TN-L,H), NO3
(HS-NO3-CA), NH; (HS-NH3-L.H), TP (HS-TP-LH) & 4%9 32 BA59S.

A
BGIL WA 1008 84 #71Q&stlel s MAzRE WFd ¥ 27 JFY FE
o 129 F UG BEE wastel vARFe JFY FrEEe PG 2]

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

Pyt 192 ¥4 A3 TN 298.8 mg/L, NOs 27.2 mg/L, NH;3 24.7 mg/L, TP 0.90 mg/L ‘}
o 12¢x #AZA¥= TN 294.3 mg/L, NO3 255 mg/L, NHz 184 mg/L, TP 0.78 mg
/L 2 Yest #4282 TN 625 %, NOs 2551 %, NHz 1.51 %, TP 13.33 %% (1
Y 45 2 % 19). AAHoR YolAE AIS HJow o= 27 Chlorella vulgaris

AE5E7l He Ao A% Avz Bed

NO3 NH3

28 30
27 e

25
6

\‘ - \
25 "
24 T 1 15
1%t 125t 1%t 1295t
TN TP

300

296 \ .D.S \

L 075

292 T 1 a7

a9 45 AT afgFd e Y Aot

T 19, vAZF wFele) Fd B4 At

12 A} (mg/L) 12 2k (mg/L) e (%)
NO3 2712 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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sto] Wi 6L xbol Chlorella vulgaris
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21. 7=

A B oA

A

Piggery wastewater

Parameter Ahn et al. Hansenet al. Lei Jahng et al. 7lI=E%A%
(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 - 92.8 £ 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 5.3 £ 0.1 491 + 0.06 3.84
Phosphorus-P (g/L) - - - 0.35
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4 7HEREEY AY2s 74 AEFH AgE 19T F doy, 52 f7E % 9
o AAF agFo] @AHoR Bilsety] uFEe] hEERY 2 nFE F7

(5) ii}i 17hell A dojus & 14 7|43tz E 7EERE TFisTs A%x,
= S

I 49, AFEEFH), 23x(F), FAE(F).

]

>
i

¥ 50, AA =
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3220987 A7) 2 od 2234,
Parameter Size Temperature Rpm
Storage ID 29 ecm x H 39 cm - 72
ADReator ID 38 ecm x H 46 cm 37C 50
Settling tank ID 18 cm x H 20 cn - )
Gas colletor ID 19 em x H 52 cm - )

71228k S

0CelA 303t 2 ¥ § 57 SAske] SAAE.
(2) TCOD¢ TN, TP+

SJAFS] kitE DR2500S ©]-&3te] SA43A (29 51 2 ® 23).

TS(Total solids), VS(Volatile solids)= APHA Standardmethod®l 2]

do] 7|2 105ToAA 4A1F Ax 3y 5 FA A, A7|= 55

ol Ae % sk e :, SCODS NH,-N, PO/ Pe 4%
Z

T A5 AukS 71X a1 absorption photometry®H S o] &3] 18 513}

2% 51. KitBox(#), DR2500(%), CODheator ().
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# 23. COD, TN, TP, NH,'-N, PO/ -P¢] =4 Kit¥H 9.

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)Z#3Z o0 2=

¥ 249 22 AAES zZ= Acetic acid,

Propionic acid, n-Butyric acid, Iso-Butyric acid, n-Valeric acid, Iso—Valeric acid®]i’

Internal Standard & 2 &3+ 2-ethylbutyric AcidE A3}

oj o
AN H .

¥ 24. VFAZ7 3dE29] Specific gravity, Molecular weight, Boiling point.
i . Molecular . .
213 VFA Specific gravity weight Boﬂmog point
(g/m) " (C)
(gma )
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-HuO» 0.9300 102.13 186 ~ 187
Internal 2-ethylbutyric Acid -
Standard CeHnOs 0.9260 116.16 193 7 196

(4) Stationary phaseZ} Al=59] 3}3t% 3138 9 boiling pointol]l 9] 27} dojy=
gas chromatography®] FID(Flame Ionization Detector)E #HZ7]|Z A&, GC-FID9

ZAae s #2659 £S5

3# 25. VFA 5744 GC-FID 44 =1.

VFA &% GC-FID 24 =7

HP-INNOWAX

Column®] &7 (30 m length x 250 zm ID x 0.25 u¢ DF)

Ovend &&= 80C to 200C
Injector®] &% 200C
Detector?d] &% 220°C

Carrier Gas9 =% ¥ &% Helium gas, 40 m{/min

Injection®] -3 5 ul
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(5)

GC-FIDE ©] &3l VFA (Volatile Fatty Acid)®l Z4& 317] $1slA+= VFAY #+
XMool "Qa3o @ internal standard£ ¢ 2-ethylbutyric acidS AM&3FSIil  Acetic
acid, Propionic acid, n-Butyric acid, Iso-Butyric acid, n—Valeric acid, Iso—Valeric
acid 247} 25, 50, 100, 250, 500, 1000, 2000 ppm, 2-ethylbutyric Acidi= 1000 ppmo =
aAel gHS wEo] GC-FIDE &2Asle] ¥ HEE peak® WAL internal
standard® 2 7|50 % A4Ete] graphS Ao ® VFA dEE9] kS AH#HdAS
(719 52, 53).

s Acetic Acid s PropionicAcid Als Butyric Acid
12 7 16 1
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
Als 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 %
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500

19 52. GC-FIDE o] &3] VFA?] standard curve.

% 53. GC-FID(#}), GC-FIDE o] &3] VFA =AA] 25($).
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(6) BiogasZ=AWWogi= 18 549 2o FFEHAWHS AMgste] WA ES A
biogas%i'—@,‘?ji 2= VFAQ‘r UP‘W}XIE gas chromatograph S ARgstg oy HE7I

3L 1

19 54. Biogas ¥ X3

o
2

dlo
=5
o
=

(7) GC-TCD®] =& o

¥ 26. Biogas =4 A] GC-TCD AA =4,

z7

HP-PLOTQ
(30 m length x 320 gm ID x 20 uxl DF)

Biogas 4 Al GC-TCD 4 #

Column®] &
Oven? &%= 35C to 100C
Injector®] &% 60T
Detector®] =% 200C

Helium gas, 20 ml/min

=i} s
=~ -

B

Carrier Gas?9 <
Injection®] -3 50 pl
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(8)

GC-TCD=
Biogas?] =
Gas® & wHEo] GC-

1

T

CD=Z FHs3to] % =
Ao 2 biogas EEHEQ &S AHEFeA(2E 55, 56).
CH H 2 = -
Area N, yeta7sans 274 e ! “fﬁ’?ﬁ;zi"’% Hrea 0, s
N 600 =0, R?=09903
2000 Re=09%41 2000
500
1500 0 1500
1000 300 1000
500 200 500
% | 100 %
0 \ 4 T T T T 1 0 ¢ T T T T 1 0 T T T T 1
0 0 40 60 80 100 0 20 40 60 80 100 0 0 40 60 80 100

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

(2)

(3)

18 56. GC-TCD(#), GC-TCDE ©| &3 Biogas

A AL, TSS AAE, VSS AlAE, T

-‘H%H 7143t A 3 ol AEEC 7
YEFHN ™ influencer= # &%, AD+ anerobic digestion® % & 7] A3}
AHx2E eI feeding®] ov]= &l 2T oloA] 7SR nE Al
Astzxd FY & o mit} 2FE

17197¢e] Z} wkgzo| FE@ J7iastzd AAE, xR AAE, P74
Z7} olofA = A AAES UEHH oW AAE 7S FU|AstE Vo R A S
TS &2 AFzolA 37094 g/L F=, @748tz 19929 g/L &, HAx
7518 g/L r=%HAaL @rIAastxe AAE B 47.02%, X AAE H

S UL

%, effluencew
2 Fgdkol 37

=

FA|SE A,

=] %
=
7
i

576%, AA AAE Hde 77.12%S @A4(2d 57 @ #F 273 on VSELS A *f@ﬂ
A 25129 g/l fr&, @748tz 1128 g/L 75, JHAFAAA 2727 g/L &AL
x|

A7) sk x] Zﬂﬂ% 2 53.52%, Az AAE H 7481%, AA AAE 3
3O

2 87.61%E 248U (1" 58 R E 27).
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Feedirl‘g1 Feeding2 Feeding3Feeding4 Feeding5Feeding6 Feeding7 Feeding8

D
3 <
( —&@— Influent
—v— AD
» —m— Effluent
2 21
i gb
1
0 T
100 ient-AD5q |
Effluent,y
80 ralloog
]
g 60
o
2
X 40
20
10
—@+ Influent-ADyqy
s 2] Lol AD-Effluent,gy
|
5 —m—~ Overallyog
=
= 6
2 S
o
©
3 4 v
S 3 3 v
2
2 -
0+ T T E T T T T T
(o] 20 40 60 80 100 120 140 160 180

Operating period (d)

9 57. TS removal performance of the anaerobic digestion of piggery waste.
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Feedirég’l Feeding2 Feeding3 Feeding4 Feeding5 Feeding6 Feeding7 Feeding8

—@— |nfluent
6
[22]
= 4
=S
2
(o]
100 Influent-AD5q
-Effluent,y
80 ralloog
S
o 60
£
o
Z
xR 40
20
(o] T T T T T T T T
14 4 Infldent-AD,q |
AD-Effluent,y
. 12 Ove rall22d
=
=
@ 10 ~
=2
L 84
©
©
S 5 g N4 4
: Al
o
0 4
=
2 -
0~ ¢ 7 . T 1 T t
(o] 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 B2 VS &3

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) TCODY = Azl 621804 g/L =, @714l 166339 g/L 5, %

=

48651 g/L &AL F7asx AAE Hd2 70.04%, Fdx AA
67.38%, A AAE B W0%E B4(L" 59 H i 28) Fow SCODY
o| A 2586.43 g/L 5, 7143tz 229 g/l 15, FAxANA 22549 g/I F&
a1 @r1Astxe] AAE WES 86.01%, IAxe] AAE HES 16%, HA A
B2 89.66%5 A (1" 60 R E 28).

ulal}

O
o o oy
v og by

oo l‘ﬂ,J
o 32 N rlo X

)
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160 4
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—m— | Overallyog
120 1
= 100 A
>
() 4
°o 80
2
60 1
40
20 A
120 T — T T
Inflyent-AD,q
AD+Effluent
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0 20 40 60 80 100 120 140 160 180
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29 59. TCOD removal performance of the anaerobic digestion of piggery waste.

_75_



Feegjng1Feeding2Feeding3Feeding4 FeedingSFeeding6 Feeding? Feeding8
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= —@— | Influent-AD,y
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(0]
100 A
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& 60 —— AD-Effluent,yy
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Q
3
2 40 A 4

il o

)
2.0 . . . . 1M\ -4 - AL -

S 1.5

=)

=

% —@+ Influent-AD,qy
§ 1.0 4 —+ AD-Effluent,y
o

£

1<

a

S

o» 0.5 4

—m+— Overalloog
A
S7

. . . . el L
0 20 40 60 80 100 120 140 160 180

Operating period (d)

0.0

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

3 28. TCOD % SCOD <@ H]ul

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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(B) TNGS AFxolAM 43512 g/L =, d71&astxo] 388 g/L #=, A

b\

==

o kI X rlo X

ol
BHFL 844%, AAZ AAE PFHL
] A %o

270714 g/l & Mﬂ A4zt AAE

Bie 2925%E 2419 eDdew TPYS ARz
180.39 g/L %, 3 71;@}5011 142.95 g/L 3, IA=xolA 10973 g/L F=9A
d7) a5z AAE HiFS 18.05%, FHFx AAE HS 1627%, DA AA
HrE 3211%E 24389 (19 62).

(]
Do
[\
8
X
o
2
2
0 3

Fgeding1 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-AD5q 4
AD-Effluent,
50 A
% AORS w: ! :
E W,
(] 0
zZ
'_
x
-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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19 62. TP removal performance of the anaerobic digestion of piggery waste.
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(6) NH,'-NGFS AdzxolA 316624 g/L w5, F71483k=x0l 24979 g/L =, Iz

22221 g/L =¥ @71astxe] AAE F2 16.74%, Fdxo AAE H
84%, HA AAE FE 20.22%5 A (1 63w POSP FE& AFFA

2353 g/l %, @71&stx0 16.73 g/L 5, XA 1325 g/L ==HAL &
stz AAE Fie 2685%, A AAE B 1352%, AA AAE H
3221% 5 2AA(1H 64).

Feeding1 Feeding2 Feeding3 Feeding4 Feeding5 Feeding6 Feeding7Feeding8
—@— [nfluent
6 —v— AD
—i— Effluent
o
3
Z
+ <
I
z
0 20 40 60 80 100 120 140 160 180
Operating period (d)

100

50 -
©
>
(o]
1S
(]
z 04
I<2’
z
xX

_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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Feeding1 Feeding2 Feeding3 Feeding4 Feeding5 Feeding6 Feeding7 Feeding8
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<
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-
o(f
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ADxEffluent,
50 -
©
>
9
IS
(]
5 0
OV
a
*
-50 A
-100 T T " T T T T T

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

19 64. PO, -P removal performance of the anaerobic digestion of piggery waste.
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(7) VFA 42 A A=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 =, @743tz Acetic acid 261.721 g/L,
Propionic acid 121.32 g/L, Total VFA 383.05 g/L =, J#dZA Acetic acid
206.71 g/L, Propionic acid 85.37 g/L, Total VFA 292.09 g/l &% d7]4stx
o] Total VFA AAE& Bt 744%, %] Total VFA A|AE& Hit2 17%, Total

VFAS] AA AAL BHte 79.02%2 SAFAS(LH 65, 66 L & 29).

Feeding1Feeding2 Feedingd Feedingd4Feeding5SFeedingt Feeding7 Feeding®

—e Acefic acid
100 oo e PR o 0P 6 @6 id-

—m+ Butyric acid
—+ Iso-Butyric acig
—@+ |zo-YalericA cid|
—a— Tot3gl VFA

=t

<L

Ty

>

0 20 40 60 g0 100 120 140 160 180

Cperating period (d)

Feedingl Feeding? Feeding3 Feeding4Feeding5 Feedingé Feeding7 Feeding8

L 7. e S R R e Y S R O IR SRR & Aretcacid
—=— Progionic acid
12 b [ ~=. Total VEA-.........]
10 A
iy
® 8-
<
L
= 8
4 deoe ) BN g B P B g
o s 210 GpTER AT | D B R e I (T EOPRRR | piiaeey T S SRR
0 : e e
o 20 40 60 80 100 120 140 160 180

Operating period (d)

Feeding1Feeding2 Feeding3 Feeding4Feedingd Feeding6 Feeding? Feeding8

G 1 NSRS RN WD NETRFERRU T, VPSRN VEPNTUIw o | . SR
—=+ Propionic acid
12 4 v Total VEA ...
10 o
-y
5 8
&
= 6 -
4 -
2 w3
0
0 20 40 60 80 100 120 140 160 180

Operating period (d)

a9 65, AFES), @71astx(T), dd=(erd) VFA sk
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TWFA removal rate (g Silid)

% TVFA removal

10

Influent-AD gl
AQ-Effluent, |

0 20 40 G0 80 100 120 140 160 180

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.

3 29. VFA #&H]a

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

Acetate (g/L) 22.02 + 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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g, vE kg E 9 uek gk HF Hot
(1) Biogas® A 2AZe 298319 Lol 1 A4 WA= CHy7F 2063.72 L, COx7}
184.05 Lol 313%™ CH; production rate 988 ml/L-day, CH, yield 210 m¢{ CHy/g

CODyag, CHy yield 400 mé CHy/g VS.as B7838HA= (1" 67, 68 81 3% 30).

FBEd\ﬂSJ Feeding2 Feeding3Feedingd Feeding5 FeedingB Feeding7 Feeding8

T T Lokl

20 4

BioGas

Biogas Generation(L)
I

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

Fee%rbgﬂFeed\HQZ Feeding3 Feeding4 FeedingS Feeding6 Feeding/Feeding8

%CH,
80 | 1 ﬁ ;
-
T 60+
@
fu]
L))
o
m
40 |
=
20
0 20 40 50 30 100 120 140 160 180

Operating period (d)

FEEdi?gJUFeedingz Feedingd Feedingd Feeding5 Feedingb Feeding7 Feeding®

—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
0 20 40 60 80 100 120 140 180 180

Operating period (d)

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
Operating period (d)

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 2t&% 319,

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)

FRUctAEZY 24 R0} Holgli HGe] F7]% Bol@ow AA%el o
wyolst g7 o wESA H olw A FolA FE NHyot NI, &= 55004
FAZHE A" THsH HFe oled Heo pHeb 2ol

%9 grEUel ¥ gui o]e Exol WAL pHS LES) FFe
3+

NH, —NH,+ H"
(NH,] Lt 107
TNH,] 2729.92
[ g 10—(0.0918+ﬂ)

1K)

19 71. The ammonia dissociation

1 Y
) A8/
, (A
- [,
/ .
20 | / 7°"C . 80
10 // 20

— 100
& 7 8 9 10 1t 12

NIy, %
L
(=]

NI,

19 72. Effect of pH and temperature on distribution

of ammonium ion and ammonia on the water.
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3)

eeE 37T, TNFHE
40% NaOH&- o1& F3

W= 0 hr, 2.5 hr, 5 hr, 7.5 hr, 12 hr, 24 hr, 36 hr, 48 hr &<t & 48 hrs

lvvm, 1 L ®¥8-% 57l 7}
21&to] Control (45+pH), pH 7.2, pH 9, pH 10, pH 112} ¥k

= 3
Fiw

500 mE Z+zh x

N oo o

Eol =

A

Lo e

O]

= O | = 0 O 15 =Lod O o s
of pHell & R UYold dAA w5 A ES vl AP (1d 73 2 3 3.
4000 .
' @ Y 3 Y r'y
A —8—— Standrad
\X\Q‘{o o o pH 7.2
\ A Yl o ——-v—— pH9.0
3000 - N \\\\ o —-—A-—-- pH10.0
" N A 0| —®— pH10
o b\ N T
=) N T~
£ " N ~_
2000 A ~N v
z
ol \'\-\ A~
T ~.
z ~N A
~N ~
AN ~
1000 - T~ Sa
.\\
~—.
0 T
0 10 20 30 40 50 60
Operating period (hr)
100
—e— % NH,"-N removal
80 4
©
3
IS 60
1]
Z
L 404
=
20
0

T T T T T
6 7 8 9 10 11 12
pH

3 3L pHell w& ¢hyelyd Hd4 w= WsE 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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(4) %=+ 37T, pHE= 99 pH (64), IL¥FS-= 5719 7[5+ 500 mE 22t A &,
control2 F7]1E FYFA ZF3a1(No Air), YH A= 1 vvm, 2 vvm, 4 vvm, 10 vvm<]
WS-7]E WE3 0 hr, 25 hr, 5 hr, 75 hr, 12 hr, 24 hr, 36 hr, 48 hr &< & 48 hr
e St VT WE dRYold HA TE AT ES H %1636}915
(19 74 2 % 32).

4000
b A S d ° °
N
\\\O ——e— Standrad
'\O o 1.0L L'min”
3000 - b0, ———w—— 20LL'min"
0\ V‘xi’\ ——A = 40L LU'min’
Q R\A \\\\\ Ne) — & — 10 L L " 'min
2 s el o
‘ZI’ 2000 \a A T~ o
"Iv N~ V\\\\\\
=z I\\\ ~a ~v
1000 ~ T
B ——A
\.\\\
\.___—-
0 . . . . .
0 10 20 30 40 50 60
Operating period (hr)
100
—e— % NH,"-N removal
80 -|
s
g 60+
[
Z
g 40
=
20 -
0 . . . . .
0 2 4 6 8 10 12

TR 740 AR mE R Yol sk WIH(H), &

Aeration Rate (L L min™)

SRR

Aol AAE(E).

F 32 7IFdEel wE dEYolkd 24 vk WsE Y A =34
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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Ao el odmyol ~EZFI AJEE 0.02N HClE9S o]&3te] pH 7.7 ~

160 mé Vialoﬂ A& 25 ml, £e1A] 25 M-S F7HE8ete] 50 mE ghe] HA

FYS 5 71087 3 3 37T, 120 rpmO-% 9HE shaking incubatorol| A 25 o)At 74
= 3P3tar WA EE biogass GC-TCDE o] &3le] =A3AS(2d 75).

(5) pHS} 5715
782 SrEal

9 75, pHeF FIFd el el Yol AEYT Alse 24 & Vial
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(6) pHell W& FRyold HA F& AT &S v HAYPdA FH7as7F 28402
AP = gQlstr] $13] biogasE wASAS U blogas =2 oy} CHy
production rate (m¢/L-day), CHy; vield (m¢ CHy g COD.aq), CH; yield (mE CHyg
VS HES EH pH 1007 pH 11.00] ZA S7Fst7F pH 10.00] 714 =& &
5 e A (2" 76).

n: rulo

1000

140 -
= ——e—— Control
E 120 o pPH7.2 a 800 -|
= ——-—w-—— pH9.0 g =
2 ——A-—--  pH10.0 / =
g 100 4 — - —  pH11.0 E
3 £ = 600 -
=4 x o
= 80~ v ®
8 ~ > © ——e—— Control
S ~ /. .© 8 o pH7.2
S E
S 60+ T E. 8 4004 ———v-—— pHO90
o A/A/ _ g — —A—-- pH10.0
= ] ~ E* = — = —  pH110
S 40 e ¥ [5)
E v v.© 200
3 s of:
N W
o T T T 0
[ 5 10 15 20 25 o 5 10 15 20 25
Operating period (d) Operating period (d)
100 30
25 ——e—— Control a
80 [S) pH 7.2 o
= ——-w—— pH9.0 #~
3 ——A.—.- pH10.0 A~
- w20 — = —  pH11.0 &
L 604 = A
[} > ~ »
2 = / r
-8 E 157 . v
o = # /
@ ——e—— Control = v
1 [
= o pH7.2 =, « > o
—— % —— pH9.0 = 10 A ~ 7 ° o
—-—A —-- pH10.0 o / ®-O
— = —  pH11.0 v
209 5 - eAr - S0 f
o,
o T T T o
o 5 10 15 20 25 o 5 10 15 20 25
Operating period (d) Operating period (d)

05

——e—— Control >
o pH7.2 «

. 0419 ——-w-—— pH9.0 A

3 ——A-—-- pH10.0

8 — . — pH 11.0 A}

Q /

Q

o

=2

3

E

b}

2

=

<~

x

)

25

Operating period (d)

18 76. pHOll W& Vial €7]43 239 Biogas #4].
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% Biogas CH,

CH,produce rate (mL/L'd)

(7) 371Fd =l o
HoF RN3Px
CHy4 production

2 9gryolyd AA L AT ES
A=A ety 93] BiogasE #

rate (m¢/L-day), CHys vield (m¢ CHy/g

A1 &)<l

Hla Ao @748 36
S Wl Biogas =4 %o

CHy yield (m¢ CHy/g

< B9H 4 LL!'min'® 10 LL 'min'e] ZA Z71¥t7F 10 LL 'min o]

&S HEAS (" 77).

A=

CODgqa),

100 120
- ——@—— Control
= 100
80 - = o 1.0LL'min” /A/A
5 ——-v——  20LL'min" I
2 — =& —- 40LL"'min" ~
S 80+ m o ye v
2 — —& —  10.0LL'min v
60 3 A v
o A/A/A '(/
e 60 4 e
o - e
40 g ﬁ'-.:%{o ©
4 ——e—— Control g }/ /T)é o
“Imin > 40 xo
o 1.0LL"min = A
——-w-——  20LL"'min" =2 j‘!/g
20 4 — = —- 40l min? E .2%-/6
p=3
— = —  10.0LL'min" O 20 4 W
0+ 8800 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
~
——e@—— Control ~
800 20 A o 1.0LL'min” 4
3 ——-v—— 20LL'min" ,
B ——A—-- 4.0LL"min” s
€N — —& —  10.0LL'min” & v
600 | > o y
o
-
E
—@——  Control k]
400 + o 1.0LL "min"! 2
——-%-—— 20LL"'min" <
———- 4.0LL"'min" S
J— J— A1
200 4 —= 10.0LL 'min
0 8008 T T T
0 5 10 15 20 25 0 5 10 15 20 25

Operating period (d)

Operating period (d)

0.4
——e@—— Control A
o 1.0LL'min™ /
— ———w——  20LL"min" pots b
g 039 — A 4.0LL'min”
3 " min
o — —= —  10.0LL"'min™" ~ A v
o
o
2
— 4
E 0.2
o
2
>
<
S5 o014
0.0 +—8—88%
0 25
Operating period (d)
4 77 37)1F Y ] wE Vial ¥7]43F 239 Biogas 4.
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Cly
Cly, HOCl
HOCI
HOCI, OCI"
OCl'
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7 vke3le] ol A4 (HOCI) O]

(2) Aol B a7 s
BB wgetel FRdne 44T,

FELjo}, o}Rl R, ofy]

s )
e
:

NaOCl -> Na* + OCI

OCl" + H'-> HOCI

o
=

NH; + HOCl -> NH.Cl + H,O (Monochloramine)

NH.CI + HOCI -> NHCl; + H,O (Dichloramine)

Ot

A3l

NHCl; + HOCI -> NCl;3 + H.O (Nitrogen trichloride)

al

NH.Cl + NH4,Cl -> NHCI, + Ny, + 3H" + 3Cl" (Dichloramine)

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

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

Cl, - NH3-N =76 1
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(3) &= 24T, ¥rex 570 7F&=E % 500 mLE 27 A& 3 40% NaOHE&AS F9
st pHE 752 %4, NaOClE S FYste] dae dxyole] HE 18], 51, 10
w, 154, 2002 A A3t 05 hr, 1 hr, 1.5 hr, hr, r529 & 4 hrset =43}

2 4 5
dael ehEYol vo] mE AAE v DA (2H 79 B F 34),

5
)
5
%
+ ~
T 25
= — e Cl;:NH,N (x1)
...... o Cl,:NH;-N (x5)
4] ————— CI:NH,-N (x10)
——a—.- CL:NHgN (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

29 79, Aol W dEYolE: WMBH(S]), Al wE fhEyol A& (of).

334 daeh bR Yol Hlel whE AAE wal A9 24,

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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(4) 949t dEYol v gk o]202 76 ¢ 1oy A7t dEYo} ook dAE
ZH]EE= NOy, Fe?', Mn*' 3 7|5, B¥3} a3l5s 5 gds B4 E42 s
o224 dewny ¢ ¥k Bagow oM AFe= HE 14, 58, 1049, 1549, 204)
2 AAsA .

(5) G4t dRYole] Hl7E 20810 A9 FEYolA A E ] 45% 7 =g e CODSF 2
2 7189 AAE £33 =502 dEYoMHET oy {U|ES AAS=H dEE
AAE Y= (& 35)

¥ 35 94 gdrE Yol vl wE A AL,
chlorine chlorine chlorine chlorine chlorine
Parameter dosage (x1) dosage (x5) dosage (x10) dosage (x15) dosage (x20)
Removal(%6) Removal(%) Removal(%) Removal(%) Removal(%)

TCOD (g/L) 7.19 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
POS P (g/L) 7.73 8.18 8.57 9.52 10.00
VFA (g/L) 5.29 22.99 65.90 24.12 31.89

2}, Struvite F8& T3 dEUol AATE JHE

(1) Struvites= magnesium ammonium phosphate hexahydrate (MgNH,PO, - 6H:0,
MAP)ZA wWae] A4 Hargejoln ggol wep 2 wel A%, wAF A4, curds
U gelatin FE9 E&S Hi wFS 170w Al AE el el pHOA

sl 2aAe.

(2) Struvite FF A theel (1) wrgol o) @4
Fol struvited] $AEA (KHuoh =W FAs] Agse, dee] Eaheld s
(saturation index, SDE 2](2)E o] &3sle] AXES uw] SI gro] 4ol struvite’} &
AE 5 dSS, 0ol HYNEEA struvite’t FAFAY &3H A Zow Sojd
struvite’t @42 & 955 YEFHE (Merryl, 1994).

AEH, [Mg*], [NHY], [PO,"] H%9

N
ol

(o

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

sp

SI= 10g10 (2)
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(3) &3 struvite AWl pH7F 453t ortho-Po sX7F &el7ks wbd Mg®' ¢t
NHy ¢ sk Yo 2R struvite &4l A<l pH7E EAsHA ¥+ 6t A4 pH
= W7l pH 7 T 119]3L struvite®] &3l& pH 9.0 ZAHA FHAolm=2 g struvite
g wrs-el 54 pHE pH 9.0 <A .

(4) Struvite B4 &4 F A1/ @O magnesium source®] % 7H4, @ struvite®] i
714, @ 2349 ortho-P9 %, @ ortho-P2l AAE Sol o&f Z4%w Uut
2 magnesium source (MgCl,, Mg(OH), )2 T 7FAo] AAde 714 & 94a&
U)X 22 44 magnesium 8= 9] A #H3 magnesium &3 Yol ol& 7edoA
]9 v ea, Frpg oz AAE struviteE THE VR 5oz Ausr] 9sA
+ struviteel 3l 24 (F5% F)ol FrEA Folok I

(5) Struvite®] F4E fsiA AF&sh= WHE7IEE 19 803 22 et WEU7E &9
AHE-H.

2

o

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)

% 80. Struvite WSS A fF54 ¥ES-7](Munch®}t Barr, 2001).

_96_



(6) 2} struvite FAS T3 dERYolxAE 7] NH,/-N F=7F Ay A
struvite Aol "2 PO/ PO BEE
gk dEUolAA g&o] AYAA & A
(7) Struvite A

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

Visual MINTEQ

Activty covrection. Davies

Cancentration unit

Millmolal
PH Calculated hom mass balance - Temperature * oegC
lonic strength  Fuced ot
Add components
Component name Total cancentration Fixed astivity
Seluct from It * @ o | hadto st
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 (%) 43 423582
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 94B4E -05 -8,048
AOH~ 1,6885E-09 1, 2570E-09 -8,901
A(SO)Z- | 5,2679E-10 [ 3,973E-10 | -5,401
A4S I 2.37556-07 I 1,B48E-06 I “7.921
AZIOH)2+4 | 53048611 5 82256-13 | =12, 236
AZIOH)2CO5+2 2, 747322 8,8023E-23 -22,051
AIZPOS+S | 5.3921E-07 4, 2609 -08 | =7.370
AHOH)A4S 659729613 57182616 | -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 | 1I53BE-12 37340E-13 -12.428
Ca+Z 1.1 744E-03 3,8013E-04 =3,420
Catle | 94692620 I 7.1424E=20 | 19,146
CaCO3 (aq) ! 9187923 95463623 | =22.020
CaH2PO4+ 55,4832 05 4 B788E-05 -4.312
CaHC O3+ | TA979E-20 54200620 | -19,265 -
View species l Display indices L q d mass distribution |
Execution tme (5). 1449219 ‘ Amount of finite solids | Back toinput menu ‘

1% 81. Visual MINTEQ A& 1 x73tW(9]), A & At (obd).
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E 36 Gash gmulol we] nhE AAL W 4Y 27,

Visual MINTEQ 3.1 &4

23 EERpe gl

- Speciation, solubility equilibria,
" oor e . W pH, Gase] H34
orption?] equilibrium =9 A4k

- pH, Ionic strength, <%, ¥ % 49 - Z} speciation®] ¥, activity
- AFshE F71EE 152F, 57154 51F Ay - Fof = EEo Euje
- A7 BA 72070 Al - 1A E2 9] saturation index, A&7 o

L7 24 AAR P o} Qe o

O

rr

(7) Visual MINTEQ Z218-& o] &3le] GEUYolAIAE 9§ 7I5Exe Struvite P4
2 NH,-N, PO# -P7} o} NHy, PO/ 9] ZH|Z o] Fo]x7] wjio] NH,, PO &
Absle]l AES AL Mg ol ¥ EnZ Ao g8 slgdsts PO 9 1.24)
FE F9 AAL Mg” e MeClh - 6H0%22 3448 4+ MgCl - 6H,09 &&
287533 mg/Lol G RE Ay= NHy, PO/ 22 dad oz A S(F 37).

3 37. Visual MINTEQ 7}s 23}

T (mg/L) T8 & =9 & Add &
PO/ 1120 272.72 847.28
NH,' 4680 4519.06 160.95
Mgy’ 343.91 127.01 216.9




8) Struvite AL F duLjol AA LS 35%40] ox grow 27 drye}
b %3 struvitert FAHE GEUel B BAFo] v Qo] FE REshn F
AHow Mghel ¥ dol & A4 AAAez naslol ¥ Hie] sl A7)
ol QlolA HE& A PEAE 38)

3 38. Visual MINTEQS o] &gt

T=(%)

PO437 Xﬂ A&
NH4+ Xﬂ 7 % %

Mgy A A &

&3 Struvite A& &3 Yo} A7,
Struvite 3 el 93 AAE
75.6%
3.5%
63.06%

uh 37FA] W o] vluE F3 HAWHe HF
(1) dEYeol~Eg gl 4 pH 10014 9] FE Yo} A A&l 76%°] A+
(2) Oﬂ/\&}ﬁ T A5 dihe FEYole] FYHIE 20 1 12 3 A9 gdRYol AA
&0 45%°] A 2.
(3) Struvite Al 49 Mg”eo] PO/ ¢ 1.2v] F48 49 Rl AAEE 35%0] A+
(4) rEYol AANHFAME Yot ERF ] AAE] QAT FYR 20 o] o
W AR FY Al AATF GERYoRRS A ST }%Q% Aol otz -2 7]
o A= AFSE R PR oliER]Po] o A3t
(5) B3 struvite I AE T3 dEYol AAEL 35%45el oA Fgoern 7] Ry
of FX=7F EaL struviteZt A H = ¢FEYol &2 Aol wal Qlo] F ke REE)
o F7FH o R Mghe ¥& Yol & A% AAFgez mysiof H7] wite] gro}
2Eggo] ¢ -3
12. 94, 25, UV 55 ol &3 MEAA 7= /d
7 2FE ol &3 MEAATE N
(1) &9 £3 MAYUFOLE &L 37 T 4 52 & ALE o] &3ste 7t A
2 HAA7=d 0ES 7 Aol §&F AF A &HAA AFEARE AL H
NA FFOEE wlg EQbGate] & Aol EafEo] 20TAA ¥H71= 20 T 30
min g =<
(2) 2F9 PalEEE pHol A 9GS g o)A F4ksy] (OH-)oll 28l o2&
o] ~2~2 ®3ld F A= 54 (self-decomposition) S 7FAIL 7] wjiFolil FEL
A A= HaLA QEASHA R A7) o R AeE FaESETE WA A @ ol &4
Edo] gl &Y 4 FJ] NA & FAs 7] o8] Eaf7F =7 AlZstEd T3 A4
& S ) # 2AELE radical (0y - )& FAEHH, o5

ThA] @& Bx9} wke-3dte] @ Zu}ol= radical (Os-)e FUHEE 7% OH radical
(OH - )& A st
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(3) 198 82 el npe} o)

F40)

Zolut frl=el o= Eavh A

Z gz Al Aol radical 24 5

e O F

(4)
ool AgHew 7%

radicaloll ¢3te] EaluH = HHAR
gl &8 s A A o eERA e} wkg-Alo] 7 EHo] wol A3
AHAZRe APd F JEF sta, LIHELY] &Y g Au A
P2 EAE A9 OH radicald] S S7HAZE & JEdE 20E& =
o] &&Aql.
T 1
L) M|
|OH __\.:._ M —
OXID
]
| Oy» > 'HOy 17— My
@l b
D*' 0, N 0
.I .

Fhkst7] oo A4
xLQuq

O =
7FAH (2.80 volt), Ao =

o e

Agoll s 3l
3RS

R

o

o =

AEdR AGE
=
L

1% 83004 UERA whep 2ol
b A7 &2 (Direct reaction pathway)ﬂ OH
(indirect reaction pathway)®= T+ % o] 7.

» M, (Directreaction)

03
o
a.f-.
v R,
H0,
elc.
Otk " Mag (Indirectreaction)
. » Hadical
Si Scavening
0 83 eFe oF f71% RAAR,

- 100 -

_—

AA o8 gy
OH radical

RS R

o
p
o

W, o B

%
:

o



Ag =2 A1), 29 o] wkgs Y3k
Og + Br -> OBr + 02 (1)
OBr + H.O -> HOBr + OH (2)

et e 2 A0), e AA HG), B)F o] dEubSo] dojut ¢
Eolurp dam AA7E .

O3 + Br -> OBr + O, (3)

H + OBr -> HOBr (4)

2NHs + HOBr -> NHBr, + H,O 5)
NH.Br + NHBr > —> N; + 3H" + 3Br (6)

2(7), (8)2 Br o 93l ¢

rok
=
oty
rE
[e}(e2
o
fru

bt AAHE 4.

HOBr + NHy -> NH:Br + H + H,O (7)
NH,Br + 303 -> 2H" + NO; + Br + 30, (8)

(9), (10)& Br-o] 9dgke] ol o= 2] ol Aakshutgol ofste] ghuijelzt
AAHE 89,

NH; + O3 => NOy + H + HO 9)
N02 + 03 -> NO:{ + 02 (10)

9 BEole (Br)e A4de @
ol ES

of E3 dojut kRl 2

5
6) A% =39 4% 2ELA7] LAB-S (&£, =5 ol&dto] f7]astdel 4o

H] 100 ppmo 2 FYtS. wS-= (ID 10 em x H 20 cm)ol 537]/\§}°“ 500 mlE x|
e F 0FES FURYL. ol A 0 F F —8— 66 g/h=, £E= 24C, pHi= 80 ~

[o5

(7) MEZi= T4.4%= xﬂﬂxﬂ a fr7lEe 337% AAEHJE. SoldS TN ol
Ao AAHE el e (2" 84 B % 39). ol LEAAWS A&t
Br o] g&Fez ddntgo] dojup A Aew Adyold]. o5 ugow
A7 As7t He= dRYekddiet MEg 3 A4S Fdl sA A &

=)
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Gtk bsAe AAE FUS. EF dadeds e ARoEe W% B
stel #e A7 (20~ 30minel Rl FAAHe AFeE ARG Ba

°H
G AHe ML 9

R

6
“ —@——  Color(g/LPt-co)
. S o 1T TN(g/L)
\ ——-v—— TP(glL)
— - —A-—-- Ammonia-N(g/L)
\ — & —  COD(g/L)

O T T T T
10 15 20

o
&)}

Incubation Time(hr)

9 84 eEFYl o3 Frlaste] A4 Wtk

F 39 eEFel o7 drYobd A % Mk 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 A7 = N

s

1} NaOCl& o] &
(1) + HA

o

el

AR
AN

t}. NaOCl

o}

B (Cly) %+ LA (Ca(OCl,, NaOCD9] o]

(1)

NaOCl -> Na'+OCl'

=] R
L=t =

ato] A ul

(2)eF 22 BAZE lem 2k 9

(2)

OCl' +H"-> HOCI

—_
fie)

e}

=
7

%_]_.

U

o
=

HOCl1¥ OCl 9] @

g

-
e

=]
.

o] 337}

Ho) Ashe AR

Ay
fn Y

=o =T oA A

S|
&

o

ol

)
X

el
10°
MO

—

)

!
0

el
oy

2]

(3) (), (5), 6)F o] T3t

o] 4

3)
(4)
(5)
(6)

NH; + HOCI -> NHyCl + H;O (Monochloramine)
NH,Cl + HOCI -> NHCl; + H,O (Dichloramine)
NHCI, + HOCl -> NCl3 + H,O (Nitrogen trichloride)

NH.Cl + NH,Cl -> NHCl, + Ny + 3H" + 3Cl" (Dichloramine)

° ¥l
.

o] Wl wa}

o)

o

dRYobd A 1 me/Lel o

)
=

(713} Lol Axtstd

Lo wel I wjgo] A4 22 2

233

A9l

(7)

3(3534g) /214 ¢g) =380 gof Cl/1g of NHs-N

o1

" NH3-N = 76

Cly
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(4)

AgFe] Aad FY ¢ WAL AFARALE Bl Basd] A 002 A
S stwyoly a7t 4 @7 ol Aarbs (N)= Wal 57 Fom wabo]
AAE

3HOCI + 2NH; —> N, + 3H,O + 3H" + 3Cl° ()
of A& AWM A% AT FASW FYL) wAstel fEURTF ArFel Frehe
0 AR dawd el A feURF G2t dEur] Adss 4e
S e 257 olgha

2 3t S 2% 24°C, pH 75, Y&
° 2= NaOClE AHE3F&. NaOCl €98 F3l 9o d7asty vu&E 10 12 F
o] FAsAS. Mol 4 1500 mg Pt-Co/LolA 615 mg Pt-Co/L7FAl 65%7} A 7 &
R, el Ao A9 A=En oiyet {f7]E3 é‘i T OE AuEol gy
AALRE. 53] F7129 AAELEL 634%= M=t Ao n%3 AAES UehiS
(19 85 92 3% 40). =3 daFHoR 3t FALT BAEAS. o] A

H
FAR7E Azl vA= S getstal Ao AsvE duw AA Aol F7t

N_I

.

—@—— Color(g/LPt-co)
5 L S IR O e TN(g/L)
~ ——-—wv—— TP(gL)
R — - —A-—---  Ammonia-N(g/L)
— - — COD(g/L
. N (g/L)
Lo w
..... e
. L
> 31 R
\&....o ................................................... o
\"A— ..................... A
5 \ .....
< -— =
1 -b\‘\‘\\*
v————v———v———-v————;— ——————————————— -
0 T T T
0 1 2 3 4

Incubation Time(hr)

29 85 daFel o3 Frlastde] A AA.

F 40, daFdel 9% A= B {7l 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’l3}H
(1) A=A}

(2)

71
=

o

el

17132 o]= A A ¥ OH radical ]
| 715 radical& Fe¥'& t}hA| Fez*i 3}k9)

&3 A=AAY = A

R4

ro
e
&
i
-

TAAL kst (Ho0.)9F 27F A (Fe* )2l sMEASF (Fenton's reagent)
ARg3te] WES 5 A4+ OH radical (OH - )¢l Atstg oz AHgdHgy L AES
SHEAS Ak VleR WEA R 1894 °§j?4 5}8k2} Fentonol ©] 34
o7 WHAFEAn AMELS ] gk vhg w7ty FS Haber and Weiss (1934)9] 2]
Aot om, 1 & Barb et al. (1951)2 ol& 43t A7, A=) vk
F71E0] EAEA &S o= Haber-Weiss cycleo]2} &l ddirsS do
ol tad e (1d 86).

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

<ol 7% (RH)°] &Astod OH radical?} &3 4% ths AolA H= npet
71% radicalo] A= o] AHRES-o] dojH.

RH + OH- — H,O + R- (4] A3} ¥-g)
R + HO, — ROH + OH-
R- + O, — ROO-

el

% u H o] 22 Fe?'¢} Fe¥' AlolE £:3ks
olall Fe*'= Arstxw A OH radicals A4
of Ay=eo] {7 radical (R-)S THEH
AA1 714 Al A= 4bsl el g (e 87).

(4) 22} §7]E radicaldl 93] Fe’'o] Fe2'= 395 A &=tld Feb'ol HL7t ol

Fe*'& F7H o2 Fd3stA &g A 2t whgo] Fds

ol wlE
ol &R Aol A2 o SZvlrb ARG EARE 28X FE Aol

[e)

A5t

o]
- o O]:
- o [e}

' ' | CO,, HO |
IFetu]I

¥
-
i i
H.0; & Cycle :I Oxidation
. " products
& Fe(lll)
‘~ e
Organics Organic intermediate
RH Radical species

a9 86 WMEAS g mA Y E
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g " ——
l.hain tarmination

Fe™ Fe*

Further reaction

a2 TR EAe] e A=

i

a9 87. BEAS ] o3& A E OH radical® 7]

(5) 2% 24T, pH 3 ~ 35 pHFY&H o2 HSO, (1 + 2)8A4S AH-&3F T HO,
30 ~ 35%S AFE3E AL Fe?'2 FeSO; - TH:0A kS F9 &kt Hi0.9 Fe?' Bl S 1
105 1:1,1:2 2 Fo Y3 S, A= Ag FYulge] 119 wf 7P =2
AAES Ve om ojmje] Mre] Eri= 2832 mg Pt-Co/Loll Al 1,042 mg Pt-Co/L

A 63.6%7F AAENS (2 88 L X% 41). 28 A8 ol {r|E e
e JESo] giE AAHUS. 53 §7159] AALL 554%=2 ME9} Ao u%
sk AlASS YERH (29 89 2 i 42).
3000
L
2500 | N\ t H202fF9:1f05
N It
(’3\ 2000 -
%-, 1500 -
£
§ 1000 - © o o
500
0 T
0 1 2 3 4 5
Working Time (hr)
a9 88, FMEALSHH FYuled &g ME A AE
X 41 AEAERY FYdd o3k AE AAE
H,0, : Fe*' H,0, : Fe* H,0, : Fe*
=1:05 =1:1 =1:2
Parameter
Removal(%) Removal(%) Removal(%)
Color 53.4 636 346
Removal
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——@——  Color(g/LPt-co)
........ o TN(g/L)
———wv—— TP(@L)
——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)
19 89. HyOy : Fe* =1 : 1 dujo] A& AA.
¥ 42 HOp 1 Fe?' =1 :1 duje AR AAL.
SCOD TN TP NH, -N Color
Parameter
Removal(%) Removal(%) Removal(%) Removal(%) Removal(%)
Fenton
b55.4 3.3 5.1 2.8 63.6
method

- 107 -



e ME ARG G Ve g gte}
(1) A=A AEF B ¥
o AEAA P F daAd @
Fato] Amsh gLIobE

(2)

B o
oty
(o,
&
i)
—_
o
=
[\
(@)
=
ot
>,
o)
2
2,
to
i
Wi
fr
x
=
=,

-
2% 907} o] MErF W ol 27 o A] d
A oA AA] ME7F ZE 100 A7 AFEEE vkeka 20u1 9] A 97t
=7 9 =% AEe] 99

Fol v Aeabd 3 vashd AASerE St ddE (2 90 2 O# 49).

BN

o
b

Noox & o i fo o

ﬂd
SE
=
)
T
™
to
BN
Au)
&
o
2
o
ofj
r
<
2 o
N

(G
:OL_‘,
N

AR
N

|

[«

10000000
——e—— Sample,(x1)
o Sample,(x10) AR
8000000 1 | __ 4 —_  Sample,(x20) i
— A= Control(ChlorellaVulgaris) s
g 6000000 - AD
[S ~
g /A/ //v——v
= A —V—v
-v
8 4000000 - pa s
s Y 000 000
A A ~ /3—-6’ o000
2000000 &= =
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) ~
& 6000000 AT
[ ~
2 /
= A
8 4000000 - a7 _y
A 1""”'_'_"—+
4 — - ) 0 -+0-0
- 4=V 500000
s »~YXx o0
2000000~°7‘g'O > § 0009 ¢ 0 o 0 00
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 87} @ 7] &3} nAxF vl (9-25T, otal-127).
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3E 43 L&A e og mAEzF ARE wiA Y T 2 A% Alg Hal
BOLDS o=Ad o3 ulAzE AWl AAw
BASAL Blue—Green 3] 7] 2 5} of
Parameter Medium
MEDIUM
(BBM) (BG11) A (x1) A, (x10) As (x20)

Total N(g/L) 0.04 0.2405 0.76 0.082 0.051
e

(mg/LPt-CO) - 392 2 29

Chlorella
vulgaris(im) - - - 0.0036 0.0055
ERE

ArF0004(m)

o ] 25 ol - - 0.0028 0.0052

uh R RS AL mAER Al MAE 9 s}

(1) &7]2 3o ammonia Struopingf’qL chlorinationg &3te] 4EUYol W MEE A A3}
o AR BARE. o) AL S WAL SRYS VAR GBA TS G
Fe 2] 94 DA

(2) 7143} 3]4] 949 HH"k 77}74 AAT Ay Fo] HAEL £ 449 S #7143
o] ammonia stripping?} chlorinatione %138 3t A3} A A& % 459 7S

F 44, dRYol B AT AAY At A
Parameter Soluble Ammonia-N  Phosphat-P Color(mg
(Sample) CoD (ga) N &L TP L) (/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 . ..
Air-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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¥ 45 FFART AAE g7 AAL.

Parameter Soluble
TN TP Ammonia-N  Phosphat-P Color
(Removal, %) COD
glrlgf;‘ﬁl%‘;iig; 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) Mz HAS % 29 33 7 76 mg/LPt-CoRt} £ & 61 mg/LPt-CoZ7}A| A A
sttt dRUYol w29 A9 H3E FX 0.062 T 0.153 g/Lell == 0.063 g/L7t
A AABAE. o] @714ste Aggol vAzFE IR A3 vAzF= 219" 91
3 ol 4 &A%

10000000
——@—— Chlorination P
(o] Stripping i~
8000000 4 | ——-w——— Chlorination+Stripping
— D — Control(ChlorellaVulgaris) P A/
/A
‘g 6000000 - s
€ ~°
2 s
) 2"
¢ 4000000 - A—-O
2000000
0
0 20 40 60 80 100 120 140 160 180 200
Incuabation Time (hr)
10000000
——@——  Chlorination
8000000 - o Stripping A
——-w———_ Chlorination+Stripping A
— =D — Control(ARF0004) x
~
T 6000000 - e
[ ©
2 /
= A
& 4000000 4 P
2000000
0
0 20 40 60 80 100 120 140 160 180 200
Incuabation Time (hr)
a9 91 IFAALES AT FrIastdo] mAlzF wd (91-25T, ofef-127C).
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(4) chlorination®] 2] Z Ao A WAeE 7oA Lo oo v ZxF Aol AAE FUvtw
(B) AaAgHdAANA DA AFALT MHAEF AEAS A DS A Hol uet

6) Aoz Qs AT FFAL

= AAs7] fl&l s AR A
5.2%, 12.3%, 24.4%, 36.5%, 36.8%= Sttt o] IFHALTE SAlsts @7 astH e v
AZFE Fe 45 giitito]l AAatA k(19 92).
10000000
——e—— Sample,(removal 5%)
e} Sample,(removal 12%)
8000000 4| ——-¥-—— Sampley(removal 24%) - ,.\./._ b
—..—A —..-  Sample,(removal 36%) e
— —#& —  Control(Chorella vulgaris)
92 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 ———w——  Sample,(removal 24%)
—-—A —-.-  Sample,(removal 36%) R T
— —& —  Control(ARF0004) -
§ 6000000 /
€ y |
2 ) ¢
&8 4000000 A v

2000000

0 20 40 60 80 100 120 140 160 180 200

Incubation Time(hr)

a9 92, AFdaE A el A FrIastdel AR g (91-25T, o -127C).
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(7)

(8)

T

o
s

Chiorella vulgariss= ™ 3t 0.0037, 0.00515 2A43S(29d 93 2 £ 46). watbq 25+
Ao AbstE & mA

29
o

AAZES UEHlS. o] AFda7E EAlste d7lastodo] mA

1

AAEe] v wix = AAsA Xk

Ao A AEC] 62%F 90% Y Wl Chiorella sp. ArFO004+= Mm%k 0.0025, 0.0040<,

=5

el A&7t 4.

10000000

8000000 -

6000000 -

4000000 -

Cell number

2000000 §

—e— Sample,(62%)

O Sample,(90%) ;

—-¥— Control(ChlorellaVulgaris) /
v—Y
b
/
/V
[¢]
o]
_ ~v 000
v R o

P 00

s
v

8000000

T T T T T T T T T

80 100 120 140 160 180 200

Incuabation Time (hr)

7000000 -

6000000 -

5000000

4000000 -

Cell number

3000000 -

2000000 ¥

1000000

—e— Sample,(62%) v
O Sample,(90%) ,/*/
—— Control(ARF0004) v
b.a
,/
7/
b 4
Ve
7\*"
4 (o)
/ 000
¥ o
4 0 ©
/ o]
O
n
s O o

0

Al o] =l

80 100 120 140 160 180 200

Incuabation Time (hr)

=z =

AAT 7143410 w34l WA =7

- 12 -

= =
ZFE

Hj

AZ NaSOsE o] &3t 45 AAZLES 12.7%, 62.4%, 89.2%, 93.2%, 94.3%=

¥t

=
juy N

3

73

Hj ¥ ($1-257C, oF#f-127T).



3£46. 71 Azt ol wg A xR g E Bl

L

Basic

AT AA-

8 7] 23} ol )
expierment d7123 3] 7] &~ 5} b
. . S S, Ss3 Sy Ay A, Aj
Parameter — 12C 25T )y o) 20 0e0) OOl oy xd0)  x0)
190hr  190hr  180hr  180hr  180hr  180hr  180hr - 180hr  180hr
ArF0004(p) B B B B B B B B
BEM 0.0066  0.0022
ArF0004(p) B B B B B B B B
BG11 0.0068  0.0038
Chlorella
vulgaris(v)  0.0023  0.0075 - - - - - - - -
BG11
Chlorella
vulgaris(i) - - - - 00053 00059 0.0084 ~ 00051 0.0058
ERE=T
ArF0004Gr) - - - 0.0050 0.0056 0.0068 — 00040 0.0054

7] 25k
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A

Hh bR AkskA] Al A 7]

24C ol A4 control

-
T

2 AASRAS. e%

2 A A

o
1lg 5g, 10 g, 15 g, 20 g& =& 1}

)A
B

20 g AT AFolM

AAFR oY SCOD7F 42.1%
47). Wb FA S ol &

o AAH] o

23}

o
™ .

[ex]
s

—_
fi%e)

[e)

=
T

o]

5

hYA
ar

ez AAENS(2E A 2

)
T

Z]
i

A==
T

AAE A o

o

of F27F Aot

)=
RN

=
=

e =4

&t 7)ol =

2 AA

o

] EH
H

d

= =
FEAE

X

] A

[e)
2
fud

A, UV, %

sl €.

tef %13

Hefs

25

o » A h\_u
|
Ll
” | __
N
|
» d
T \u
\\ /
i/
&ﬂ\ 558858
Lo
/ peedgd
/ EEEEEE
\ v »w v v v
RN
oty
ol

(1/6)uonenuasuod uol pioe snolojyoodAH

140

120

100

80

60

40

20

Minutes(min)

o] AA.

s

7= AAE

oF

49}

BH
e
~-
]

o
o
NE
w

0

o~

!

Samples Samples Sampley Samples
5 g) (10 g) (15 g) (20 g)

(1 g)

Sample;

Parameter

12.3 24.4 36.5 36.8

0.2

OCl" Removal(%)

15 23.5 30.8 42.1

7.9

SCOD Removal(%)

Ab ZEFASHA] AAV e (@ AlE ol

| HOCI

Ag /Ké] z;st' o)

Ad HOCl=

[e]
e

bel 2hs)

5

NaOCle] w+g-

NaOCl -> Nay +OCl"

OCl +H -> HOCI
HOCI + NasSO3; —> H+Cl” + NasxSO,
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(2) NasSOs= LA Z Na,SOt HEE A
oA mAxT Al At == Abst
4Col A control<
A= 20 g T A5l %
AL AA BGo| GAdekS

ddo] Adl, o= °l

o Fro
== R

E
ARG 2t

&3t HOCI®] O
HOCl& AR & &%=
Fal NasSOs5 1g,5¢, 10 g, 15 g, 20 g2 thro] F138H3
94%7F AAHRE(TH 95 =
ARERE A B 542 AAes BAE

E 48)

20
0 18 J"iﬂ-e_ —8—— ° ° °
2 \\\\;\_{_1_-‘;—,——_'0 :
g e N ©
£ 1 T *n\\\.\\\
3 . \\ \‘
NN
g 10 \A N
——e—— Control AN

g e o Sample(tg) N A NN
] ———w—— Sample,(59) n . A4
o 6 —..—A.— .- Sample,(10g) N \\
9 : \
S 4 — —m —  Sample,(15g) N \ .
S — —0——  Sample,(209) N \\
£ 2 N

0 . . . . . :

0 20 40 60 80 100 120 140
Minutes(min)
a9 95 A FY el ogk R AA.
3% 48. NaxSO; + F< Eko]] U:}TE: 7&%‘ 2 Xﬂ A&,
Sample; Samples Samples Sampley Samples
Parameter
(1 g) 5 g) (10 g) (15 g) (20 g)
OoCI”
12.7 62.4 89.2 93.2 94.3

Removal(%)
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13, P} A4 AR, G748, AEAA FANES A A 349 /M L oA A
hoAAY FAE A% A 249 B
(1) % 499 2ol F71as F gmuel AAst AE AAT AT A5 AAY=
gGELol AA, B2 E AN FAIE A% AAS ABF FFE TR A
e AW

=

349, AA Y FAY w=Ael e dA A,

A28 ¥4 (A2D process) S e ¥4 (ABC process)

FE Lo o
faer 3 7] 25} AN 2 A 7 ERES-] Her A A 7

A A Al A

batch test reactor test
U d7last & SAHYE dRYotet MEAAS AP A5
(1) NEERE 7143 & drYol AAJAHOZ air strippings D 3sta A=A A
2 A4 AEE AP A .

(2) ¥ 507 #Zo] 7tEER HAEE #7]43te} air strripping, 94X E T3 @A

He2 AAHAAE.

(3) HFHo=z SCOD 427 g/L, TN 4.2 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[1=F%w7}F 4 +4S A* SCOD
191 g/L., TN 1.09 g/L, TP 04 g/L, Ammoinia-N 0.65 g/L, Posphat-P 0.19 g/L,
Color 621.8 mg/L. Pt-Co%l @7]4stdS Akt =

# 50, EUYo B MmTE AlAE Fr]astele] 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)
T 42.7 4.2 2.1 3.84 0.35 2512

7] A8k 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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(4 % 512 7 ¥4 dAE AEE9 AAEoH SCOD, TN, TP, Ammonia-N,
T

Phosphat-P, Color7} @71 &3t Aol A= 87.1%, 21.4%, 70.2%, 16.6%, 24%, 38.5%
5 9L daHE FAAAE 60.57%, 22.58%, 28.81%, 32.26%, 19.23%,
55.86%65 EASIH . Air strippingZ Aol A= 24.59%, 64.52%, 11.86%, 78.39%,
11.54%, 24.83% 5 27333+

# 51 gEYol 5 Aerh AlAE draskl o] Al A

Parameter Soluble .
(Removal, %) COD TN TP Ammonia-N Phosphat-P Color
735 A 87.1% 21.4% 70.2% 16.6% 249% 38.5%
Breakpoint ¢ om0. onsgos  98819%  32.26% 19.23% 55.86%
chlorination
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

o AR Z gEUol AA, B7las, FALAZ ARAAZ AT

(1)

(2)

(3)

(4)

5)

(M ox

A& nyE GEUcE AAsI] fste] gmie}l & .
(B EELLYE

HEERE gRUel 2EPstel 1BEY guULE AAT ¥, 43T F7)a
S8 QA5 Astel 71Fe] Frlasteld L19 wEE ERFORM, I &
34 MBYYATS AFRGS. B, FuL o} 2EY Y F 2ENYS
A9 e FAzgon AH AFERE I B7145E ABHG L.

gELol ~EPoE guUcht AAL AERNRS} F/1LHE AR 9]
gEUel 22y F @rasd EFE A Y4 Ae E 529 H)
sH91 .

A=A &4 (A2D process)2] 45, SCOD 419 g/L, TN 52 g/L, TP 09 g/L,
Ammoinia-N 4.7 g/L, Color 16,567 Pt-Co¢%l 7[5 =5 X Yo} ~EZY FTAHS
A= SCOD 359 g/L, TN 2.2 g/L, TP 0.8 g/L, Ammoinia-N 0.9 g/L, Color 10,500
Pt-Co7bAl A elsta d7|astds Egete] dA7|astE APt &,

#* 53¢ AAE ¥ dEYol 2EZF o3 HER AEEY AAEIH,
TN, Ammonia-N, Color7} @714 3374 # 58.3%, 81.1%, 36.62% Al A% A orx
Yol ~EZ P S 1A &3l pH 101, 37CAA 12A13F &9k v8-3 75w 4%
TN, Ammonia-N, Color7} 17.9%, 24.7%, 10.5% A A% A <.

Flo
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52. et AAY e 2 A FAY B/48H A AR 44

O O.
ABC process AZD process
T8 +4) (AA==E4)
Piggery Control
. . Ammonia
manure
AIRISTORG | Ao Stripping Ao @+ @ @+ O
digestate(1) Stripping stripping
(2)
(3)
pH 75 85 9.6 9.1 9.8 7.7 76
Total solid
(TS, g/L) 97.4 98.0 98.0 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, mg/L) 80,933 15,300 14,163 78,600 67,300 52,967 36,850
Soluble chemical oxygen demand
(SCOD, ne/L), 0.2 m Filter 41,367 4,137 4,000 35,900 31,500 23,467 14,800
Total nitrogen
(TN, n/L) 5,200 3300 433 2,167 4,267 3,067 4,100
Ammonia-N
4 21 2 4 2,19 24
(NH-N, /L) ;703 3,217 73 887 3,543 ,190 3,247
Nitrate-N
(NO-N, me/L) 153 15 4 14 22 16 16
Total phosphate
(TP, ng/L) 856 70 68 767 500 129 385
Color
(120 color, Pt-Co) 16,567 6,700 6,267 10,500 14,833 9,400 9,667
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F 53 AAY A % bS] dRYel B AR A S

A2D process (A 2]&4)

Parameter
(Removal, %) Ammonia Stripping Control__No stripping
Total che(rr;liccgl]) OXH?;%Ielr)l demand 988 16.84
RES B o
e,
Color 36.62 10.47

(120 color, Pt-Co)
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(2) =

(3)

-InX

-InX

NEEw 77| a3 WS v MZFE Chlorella vulgaris®t  Chlorella  sp.
ArFO0045 AH&stls. AAIGS flste]l ke sl w4 e 2/FE Ldsd 5.
o5d Adwt A2 (25C)oA A 7Vs3r Chlorella vulgarisE A, A&2d A (1
2C)ol A 478 7bs3 Chlorella sp. ArF00045 AR s+, ©] AZFES 7148
Aol mjFatz] Holl LwkA<l iAo widstA 5. ol F5F Pzt ujYd 0}04
Al dataet vlastr] 98 XA S, Chlorella sp. ArF0004= 12T~ B
(Bolds Basal Medium)oll w933 Chlorella  vulgariss=  25ColA4  BGl1
(Blue-Green Medium)ell w3 2 /\] 314 S

T o]l &Xol wet 4

M

Fol Aol AT

o h

As 2Pe AAFAL, VA=

dz

o Ha da: = pdt, / drx = fudt, Inz = pt+ C, e =eltte) g = z, el

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

“1 A% Chlorella sp. ArF0004:= BBMul Ao v FalS wf 12Tl A 9]  gk& 0.0066,
25T M #2 0.00225 ©A St Chlorella vulgariss BGIl1v] Ao v &FdS u] 12
Tol A M 2 0.0046, 25CAe] M g2 000758 SIS (TH 96). webA
Chiorella sp. ArF0004+= A -2l X 7ol Chlorella vulgaris= g5 ZdoN% o] 7}
8. w3l Chiorella sp. ArFO004X.t} Chlorella vulgaris®] 373E°] 25 ¢ =2 A
= YE S

a) b)

1.4

—@— ARF0044,,
O+ ARFO004gs,,
—w— ChiorellaVulgarisge,

o ARFO004g54,
—-w— ChlorellaVulgarisgg,,
y=0.0066x-0.9324

y=0.0068x-1.0244
y=0.0046x-1.0363

DCW(glL)
o
s

- V——— vV

o -V — -V

-0.8 Gl
0.4 4
1.0 g 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)
04 1.4
—e@— ARF004gg,, ———v—
0.2 4 X v
O ARF004,, 1.2 —8— ARF004gpy ¥
0.0 4 | —w— Chioreliavuigarisyg,, O ARF0045s,, s
y=0.0027x-0.8987 —-w— ChlorellaVulgarisgg v
02 y=0.004x-0.9659 o
’ y=0.0085x-1.0481 5

DCW(glL)

o] 50 100 150 200

Incuabation Time (hr) Incuabation Time (hr)

a9 96 Az 2= A% a)ek b) -12 T, o)k d) -25 T.
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108, 208, 508, 1008] 3] 4] Hoj =

A MAEFE AGsHA et (a" 97 2 %
JAlzR/7F Adsiatd A7 astagol A mAzFe A4S A
n A o] gRlo]l AAF A= on g
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(3) 7}=
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(4) webq f7129
7

SN
ol
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=2,
o
2
ol
[P
)
N
N
Ay
M
=
12
=2,
>,
=)
X
BN
=il
N
X
oX,
o
ol
ol
N
N >

pa———S
——e—— Sample,(x1) _D./D/
........ O--eeeeoo . Sample,(x5) ):r’D/.
— ——w-—— Sample,(x10) /'
6x106 4| —.-—A.—..-  Sample,(x50) |:|'
— —-m —  Sampley(x100) | /
. — —O—-—  ARF0004 /
—
5 ax106 AT
< o’
3 o
&) =g
-/
F/E—H—O—l—.=i——-¢——9=8=515’—'8'——_5—/.0
2x106 &
O T T T
0 50 100 150 200
Incuabation Time (hr)
. .0
1.2x10 ——e—— Sample,(x1) /D/
........ Qe Sample,(x5) /
107 —— —y——  Sample,(x10) /
—..—A-—..-  Sample,(x50) o
— —m —  Sample,(x100) /D/
“ s .
2 8.0x10 —.—0O—-—  Chlorella vulgaris o
g -
2 -
= 6.0x10° - o
o) el
© /D/'U.
4.0x10° - o
o
s o o o s o o988 K %3
2.0x108 &
O T T T
0 50 100 150 200

Incuabation Time (hr)

a9 97, Tkl miAlzR wjk(91-12 C, ofef-25 T).
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¥ 54 JEREYA Ao A
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 43 2.3 4.2 2.2 2512
S (x10) 0.17 0.13 0.75 492 041 022 0.40 0.20 253
Sy (x20) 0.09 0.05 0.55 2.35 0.211 0.113 0.232 0.13 127
Sy (x50) 0.02 0.01 0.5 0.94 0.089 0.049 0.88 0.047 58
Ss (x100) 0.01 0.006 0.6 0.45 0.040 0.021 0.041 0.021 28

v F7)Aasbe o] m AR wl

(D 7FsEw7t 14 d714astE 74 2 d7|astdd mAzR sjds A+,
A7zt o] A3 1000, 2080, 508, 1008 3] A Kol m M Z=FE .

(2) 1 A3 A3 100 ]2 Aol wigdt /= AFFsHA KA ARE 20u) ¢F 500 3] 4]
Aol wiFer =/ A (LH 9B H & 5H).

(3) 20u e} 508 s]AHo| wjkst =F Chlorella sp. ArFO004= M %k 0.0050, 0.0056<
Chiorella vulgaris= m %k 0.0053, 0.00592 24135

(4) 7FEixe] 9y M AE A2 ARG v Fe AgeA XAAIRE 7] A%
A sl S WA= AES A= Al

(B) o= A7|AsHRAoNAN F7IEET ofve} HAlZET Aol Asf7E He wA Y 8l
of AAHU= As yebd. webA mlAlzF el A7t He =S vR Ry
ofe} M E A AStY] HAZF WS A HA O mAx{ AdS FetHE

o= = i=4

N
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10000000
e
—e—— Sample,(x1) /.‘./
O Sample,(x10) f
8000000 7 | ___o __ sample,(x20)
—..—A.—..-  Sample,(x50) /
. A =D —A
— . — Control(Chorella vulgaris) A
g 6000000 - o~
S - g VvV
> -
f=4 /./ /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) -
- PN
———w——— Sample,(x20) el ~
6000000 - o
—..—A-—..-  Sample,(x50) - P
— —& —  Control(ARF0004) /A
[} / Y-V
o X v—v
g om _'// . P v
2 4000000 - P Saand
5 o
(&)
2000000
0

50 100 150 200

Incubation Time(hr)

a9 98, A71Aastd el WAl Z2F wlF($1-25T, oFe-127C).

% 55 @748 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 0.054 148

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,

(1)

(2)

3)

(4)

(5)

(6)

(7)

A3l Aes 7 gdryol 2 Murt AA" MEE=e @748t 84 wjxg o
3 AR )
Wang l<§—(2010)0ﬂ o3, 7|43 AS wguiR| 2 o] &3t Chlorella 45 WSt
ZE S %27] HE o] Chlorellad 7o)l Q&S n vt B g
1 x 107 Cells/mﬁ TO2 Chlorella & A d7]|astdo A nMzF HF <
gk W] A glo] M & ST stal dew, 1 x 10° cells/mb ©]&}H<]
HEEFY 45 MAxR7F AFshA Fe=vhar Bag
olo] B dAFo|ixE= BG-11 wiAd F&A v AZEF Chlorella vulgarisE 1 x 107
cells/mi. F=o 2 HEF3 o], 25TAA 149 H<F wjdsted o, optical densityoF
dry weight (DW, g/L), algal cell number (cells/ml)S ZA3sle] nAxHFo AAS
A S (L 99).
w3k biomass productivity (P; P = (DW; - DWy) / (ti—to)), specific growth rate
(u, d% u = (nNy - InNy) / (t - t), N = DW, g/L), doubling time (d = In2 / p),
specific growth rate constant (& k = 1/Log2 x 1 / tx (LogN; - LogNp), N =
DW at time t and ty), 4o W3t yield coefficient (¥; Yxs = dX / dS, X =
DCW and S=amount of substrate(nitrogen) consumed)Z A4+l S-.

¢

X
al

-

24 /l 1000 [ 12x10°
' i [ 500
; - 108
- 800
£ 700 2 L goxir 2
g 2 5
b - 600 £ b
z 5 |
2 lemir 2
g 500 = £
oy i =]
a I’,‘_E)‘ z
& Y0 5 L s 8
¥ R
04 - F-w —a— Optical Density (680 nm)
,f,&—r —A— DryCell Weight (ma/L) || 2pg [ 20x10
02 g.f,ﬁ —#— Cell Number (cels/mL)
i : : : : : : 100
0 2 4 8 8 10 12 14
Time (days)
19 99. BG-11 mediumE ©]|& 3+ Chlorella vulgaris®] W) %.
T WAZRTF Chlorella vulgariss= BG-11°4 12¢ &<t AlZ57F S7FsH A+
i 129 o] PAEFO vlol v A= FUlet R ou, AlEFE AT

Aol 7 F77F BEEE F 129 87zt < biomass productivity (P)&
0.06 mgL 'd'e]l™, 496¥¢¢ doubling time¥ 0.14 d'¢] specific growth rate (u),
0.24¢] specific growth rate constant (k)] A %o] #zH AL

T 2X v MEF Chlorella vulgariss= BG-11¥%#], 25T wj%ol A dry weight9}
optical densityAtolel 0.45 x ODgg — 0.17 (R* = 0.97)¢] A AAES B,
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3B AFAAE AN Haer) 98

Q

) 7} Yol B M5 A Ast] v AR o] &t WS v uldh

(9) R Yo} @ Ax A HHoRE oL olA~EZE (ammonia-stripping) ¥ & 4]
(chlorination) '3 & AF&3F %+

(10) d2Yot~EgH e - 1L ¥-371(ID 90 x H 200 mm)el pH 10 ~ 10.1,2 =43

(11)

Yelreelgn da A 4 AR JFIF ¥

% 56 Gmolsl Mt AAR AFRu} Aol astel A

Piggery Wastewater (PW) Anaerobic digestate (AD)
Ammonia

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 40.1+2.29 26.0+0.45 19.5+0.1

Volatile solid (VS, g/L) 27.0+0.65 28.2+0.45 254+0.76 25.9+6.69 15.8+2.41 6.2+0.38  5.6£0.1

Total chemical oxygen demand

75.4£0.1 70.1£0.56 54.6+0.31 16.7£0.15 13.8+05 8.9+0.32 6.5+0.36
(TCOD, g/L)

Soluble chemical oxygen demand

24.4+0.27 199+0.36 181041 6.1+0.38 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 3.7x0.06 0.92+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 8367+208 7,767+306 5583195 4,400+458
(12) FEULAEDYS 0§38 F9 neEe FuUely Ak 2 HE=rt 247 70%,
40% °14 AAEE & & UL,
13) G2Aee A5, F71% 2 A% AA T3t 4 et drepgAne A

7t ol <.

-1

25 -



(14) Chen 5(2012)2 TN F%7F 200 me/L7HA] 3|4 € 7M1= 7]
259 wgo] Zhssitta EustRem, Zhu 5(2013)2 7hSw e
8|4 sle] o] &35ke] 1,900 mb/Lel COD, 148 me/Le TN, 156 m¢/Le] TP sx=<] wj%
A el A W M %5 Chlorella %9 7ol A&stttil K ilstdl .
(15) 9 Bid $EE 7I$o® dedAaAY, dRYol B MxE AlAste] 8AE 7}
ZEw 2 U4 AS v E AR =X A ZF Chlorella wvulgaris (2
S Chiorella sp. ArF0004 (12TC)Z 1 x 10" cells/ml F+Co &2
of 7} v FuiAle et S #HFESIS(1y 100 2 E 57).

B>
o
2
=
X
=)

sl Ammenia Stripping Chis &) A Ammonia Stripping Chlorination Ammonia Stripping
= B =g BT -1 B + Chlorination 3 244

Azt s vl A = o] 83 Chlorella vulgaris®l 3%
A 9o drnyolrEgd W AdirxE T EA G n

F 57, sEn 2 @A) Ted ] widiA ok AEEFTAA WAL v EF A B

Piggery Wastewater (PW) Anaerobic digestate (AD)
Ammonia Ammonia Chlorination
Not treatment o Not treatment o (1) + (@)
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) S yEs dEvolrEggor gRYoIARE AAsta 84 gt
NEEN 2D Fr) g T 9 AL mAxFe Aol Holds &

o

= .

=

A
(17) ©<=3) A vl A S o) R3] Chlorella vulgarisE 7€7F vMlSE 29, v A =F
of wjeko] wig =gA #AFEHJoY, IdRYAERPOT JIFAFE AAZ L
sl A ek iAo A BG-11 s Fuf A B w2 Ago] gl :
(18) 7+ whkuj=x|oll Wk Chlorella vulgaris®l 73 Aad st AFT&s 3F 589

e}

T .
% 58, FLEFIE AAR TEEE 2 F7ASN S widuA R o8-S Chilorella vulgaris®] A7 57.
Growth_Dry Weight (DW, g/L)
: 9 Biomass Specific Specific
C. vulgaris (25°C) o Doubling P P Nitrogen yield
productivity ) growth rate growth rate o
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 wiA| o Chlorella vulgarisE 7L 3F vl<¥& 4%, biomass productivity (P)
= 0.05 gLld'el, 35599 doubling time¥®} 0.195 d'¢] specific growth rate
(1), 0.2819] specific growth rate constant (b o] #H&EHAS

(20) dRUYotxEZPor JYAFE AAsL sAg wjFulA A9 biomass
productivity (P)E 0.22 ~ 057 gL'd'el™, 34 ~ 35692 doubling time¥} 0.195
~ 0204 d'9 specific growth rate (u), 0281 ~ 0.294¢] specific growth rate
constant (£)¢] Aol #H&H 5.

(21) 94A 2 (Chlorination)®] 7% Al Z=/F7F A & M= @ F71E9 G
HroE =28 o ryole =% uFoldt A5 H.

(22) R Yol2~Eg g wigujA o] 45 BG-11 wjA & FASIAY 2w =2 AES
Bl =2 AYES BG-11RY dEYol~EZE HHY
7148t wjFuf Ao EAlEtE =2 TR FY4E
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o] 7(41‘6}‘}.
FA AL A B,

J g
(2) PIAZFO vjckel] AFET 7FEdm B @V ASRe JFEATF AT W F9
RF R AAES E 590 ER.
(3) =24 vNZ5F Chlorella vulgaris® 7% 650 ~ 7000 mg/Le] TCOD, 430 ~ 2000
mg/Le] SCOD, 140 ~ 220 mg/L¢ TN (&<& F# 4, TDN: 100 ~ 140 mg/L), 80 ~

100 mg NH3' -N/Le] dxyolAd a4 7 49 mg NOg*N/L-/] A A, 16 7 44 mg/L
o] TP ($% %91, TDP: 1 ~ 14 mg/L) s =ol A Aol 7Hsdes & & g,
%59, sk 2 F7)As NS wjFul A2 o] &3 Chlorella vulgaris®] 8 ¥A7F AA 54.
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 38 +5 82.1 380 £ 17 2R7+83 23.0 15+01 58 £ 006 624
Treatment
Piggery
Ammonia
wastewater 1990 +36 360 £21 819 137 +2 606 733 144+02 2701 813
Stripping
Not
613 £+ 2B7+67 583 H3+15ZH3+31 256 127+06 99+01 218
Treatment
Ammonia
0.1x o 50 +26 241 £15 592 103+ 15 01 +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)

(1 +(2) 430+20 20£12 536 103+21 6£12 36.4 7+1 119 £02 -
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(4)

(5)

(6)

(7)

(8)

9)

14. €7]1 23} A3 A pilot plant 7}, trouble shooting, A5 H 7} x5 &1
q

o
o,

£ 120 color units® =743 A3} 800 Pt-Co ©l3} &
5okl 400 Pt-Co o]&te] F=oA FTAxe] AATH 43S & +

e

7

-

YolA~Eg®m & 3A ALL3 wjekuR|o A AAS mAZzFE 37 ~ 80 mg/L
A AAAAZE 7bsd BG-11 WA 235 Ediz 129 o] wigd A 4
719 (20 mg/L TN)ZHA] A2&AA7F 7F5e Aoz A8 d

S| wj A R dAaHeY A wFuAE ol &8t Chlorella vulgariss
e A, WAZRRE Ade AgeA 2w ol 2447t A9 A
Fo. FaAYge vAERF Y 5 FETEd FEsr] 913 AshA gl
o7 Atz H.

Mg odo o3l i

4
()

S b e 2
S 5

N

52

Bt i
ok
X,

stol MEnthi gEUclgAhe] FEst mAxFe 4%

2 g2 X X

s
i

el
=
Frrjolgase 5

12 Mg do
! o
cix
y
m 1
o
ofd
Mo
)
BN
l-'\l
o
T mo oo o
R O
ol

= N
o [,
By
=) 1o
>
= o
:
z R
v x
= N

1

X r
2
X
it}
X,
b
QL
rlr
o
[-'O
lo

—_>‘11',
N
H
o
NE,
=
k1
fo
S
k1
2
A
ol r
o
o

AR, @ozs, FAY T S BH 4B 4

(1)

(2)

(3)

(4)

AT AFZAINE EURZ 7}%%31 g7 astde] UAFE AATNI A=
A 3o vk, A4 (TN)S 22 (TP)Y 552 WRFFA7E74 A A 67
gk Aol a3t
AagAFoA dPs 75w 7

1% ZEsis s g@r1aststa f7]1E Al 9 ovlo]l vk~
2 Agstg o, e 7kx E3stsy AgEs Tk

g4 o4 3 Wrlaseld Be Fom EASRL Ak 4% % dFAFE A

o) 3let A A el = YA EE (centrifugation), 2% (coagulation), 7] (air stripping),
22l (breakpoint chlorination) & 4945 =24 o2 Xgs% 5 (27 101).

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

Anaerobic
digestion

a9 101 49 =gt e A e
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(5)

(6)

(7)

OREEE asbele] ol 43 EAsha

T+, @7 A
AAstA YA EE 7] (Hanil-SUPRA 30K)E o] &3to] 332
AEH] AAZEL A E, Aol wel & W] wio] 2 Ao HF
270& AA37] Yt As Asidon, HEAdEs 2000 T 12000 g 7HA 6719
A2 RS, A 5 15, 30, 60 mine-Z T3S (2 102, 103).
A& A3 6000 g 5 mine ;gag 45 TCOD, TSS, TP7F 747F 70%, 71%, 81% Al
A=A, o] o] e el gt Aol F AolE HolA &%, 30 ming
3 4§ TCOD, TSS, TP7F Z+zb 74%, 91.8%, 81% Al A% Q3L 60 min 3 s 2z}
o} A ttEA ¢k, wEbA 6000 rpm, 30 min YA S R PsF= Aol Aol
I deellar, 1 wje] AATLES 3 600 AAT
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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 A2 AdEel whE die A

2
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TCOD

30 o0
254 EZA Concentration
20 —4— Fzmonaime
= 4 L &0
a3 ]
[=]
o
D o
' | &0
T T
[ = =
2 / 1 T
X / %7 L1
E
o
2
o 44 e
o ey
24
o * : : ; 1 o
o 5 15 w &0
Tirne {min}
TCOD
30 o0
25 EZA Concentration |;
20 —4— Fzmonaime
= 4 L &0
@ ]
[=]
(=]
= 10 L &
= &d
5 T
-5 ] / 1 T
B g ﬁjgy' ¢5¢/ L 4o
t
[
2
5 4 e
o —
2
o d T T T f o
o 5 15 0 80
Time {min}
TCOD
30 o0
254 EZA Concentration
20 —4— Fzmonaime
= 4 L &0
a3 ]
[=]
o
o= 10 am
- | &0
T T
[ = =
2 / 1 T
X / %7 L1
g
o
2
o 44 i
o ey
24
o # : : ; ! o
o & 15 w &0
Tirne {min}

17 103, A Alztel whE A4 dd2
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F 60. A71ast AT dEEA At

Parameters Anaerobic digestate Centrifugation Removal rate
(g/L) (6000 rpm, 30 min, g/L) (%)
Total chenéczg (5)5%%)@1 demand 993 75 73
Total Sl@};ﬁr)ldedsolid 167 15 91
Total nitrogen
(g N/L) 40 ; 24
TOta} gplff}il?hate 0.57 0.08 85
Ammonia-N
(g NH,-N/L) 4.1 3.7 10
®) X9 A5, dAEYE A o]Fo= &N Y EAEL Y= FRol=A 4,
71, Q1 & AASLA APt A =
(9) 2 A7 A gxHor AREHAAX = $HAQJ Alum, PAC, FeCl; ¢ S &85
washe] 24 SHAE SAHen AgaAn, $AA 44 pHiE Al A $HA =
T pH 5% AANFNoH, 1A FYHFS Alume 25 g/L, PAC= 0.3 g/L FeClz2]
AF 20 g/LE AASIY s, 374 TUHS L A pHe Lee 5 (2004)=
gkl A4HALE 61
% 6l S8A HA A% 2 H4 pH
Acid coagulants
Name Dosages (g/L) Optimal pH
Aluminiumsulfate (Al,(SO4)s) 2.5 475
Ferric chloride (FeCls) 2.0 475
Ferric sulfate (Fe,(SO4)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) 714 AgaEeol w2 A= FeClsol o™, pH 52 Wg& Pg 4¢ AALE
&ol 7 =oka(d 104, 105).

TCOD Total phosphate

T ExF] Concnatration (gL} | | oo .08 EFZ] Concnetration (g | =0

—8— Removsl raie ) i —— Removalrae (3 } )
30 0.08 |80
S T L7 07 e
o
- 0.08 4 / | &0

-
L

_

11 BRER ) ! P

AD_C AD_A lum AD_PAC AD_FReCi3 AD_C AD_Alum AD_PAC AD_FeCl2

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

90 EZ=1 Concnetraton{gil) | | oo
—— RemovalraiE (%)

in

Removal rate (%)

004 - : . A a4

(5]

Concentration of TCOD (gL)
Removal rate (%)

Concentration of TP {g1)

o3 105. pH ¥ 3 3 AARE.

1) DHELS 2P g ol EAtw Y BA Fol upe AARE) FFE F
Lo Aug. hed T A4 AUl @Ad e AAEES dotus] 9
st Ade A S

< 9 AP HA pHE HA-E pH 5= =43
3 S 53t 220 rpm, 30 sec® | u¥H 75 rpm, 15 min
o] &Ewwk 1 hr AARAS APsA . wdrxz14-S M. Hjorth et al., (2008), J.
Dosta et al., (2008)& <1-&3stom, A8 el 45 6000 rpm, 30 minS 2 %I g3}
Ao (29 106 2 # 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

Conczntration (gL}
Removal rate (%)

Concentration (gL}
E
Removal rate (%)

] B oo oo o

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

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

Treatments

AD 1870 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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(13) A2 om Fr)astas A= Agstr S35 st v /M E8&0°]
o Ao

(14) d71astdd EAsta A= vFe F/Edy f715 52 AAs] s g
o 2 Aoy (Microfiltration) < %l"%ﬂ 3t o, WHATMANALS] cellulose
ester 0.45 um filterE ©]-&3to] A& Pt (2™ 107, % 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
< == Conceantration (gL} o
ﬁ 10 —o— Removal rate (%) 40 E

E i i}
5 =
ju E
3 xn @

i]
AD ADC ADF AD COF AD FOF
Treatments
P

0.5 100

0.4 -2
= == Concentration @) | [ ¥ £
L= —— Remaval rate (%) g
g L 40 =
B oz E
= s}
& / 20 OF

0.0 : 2 . —_—

Al AL C ADF  ADCOF 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)
g | %
8 ] 2 I
a

T T T T T
AD ADC ADF  ADC OF AD F OF
Treatments

Aol Aged AARE v,

iR

a9 107, AR -8

# 63 -4 Adde A AdcAd AAEE vl

Treatments Do i)y TN 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 74 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)

= g &
F7F AAREC] ¥ Fhow, B2 Fo ARE ATl oM AL
;‘q -

(16) ¢+
%

- 137 -



(17) dEYol~ETEe] 49 1 L ¥7[(ID 90 x H 200 mm)ol pH 112 Z=4g ¢
g-sdTHdoz Agd #7148 500 mgs Y 38ColAl 1 L/mine] 371&
2 FEE(2E 108 3% 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 4 F 80 T b 80
[ Concentration (g/L) 03 I
. —O— Removal rate (%) o
s o 3 Ho g
2 i S
S ® S ©
g Fe g T 02 bao o
§ 10 A ﬂg) é [ Concentration (g/L) E
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
—_ 1 T
-y L6 3 4/ = Leo 3
= = =
g T § 2
% 31 r 40 g g 3 b a0 é
! [ Concentration (g/L) E 3 [ Concentration (g/L) g
8 21 —O— Removal rate (%) L oo X § 2 —O— Removalrate (%) | | ,q &
11 o/ 0 1 o Fo
0 T T T 0 T T T
AD AD_C_CIF AD_C_CIF_S AD AD_C_CIF AD_C_CIF_S
Treatments Treatments
2% 108 AR - -d Yot E Y A2 9
(AD: Anaerobic digestate, C: Centrifugation, C/F: Coagulation, S: Stripping)
I 64 AAFEY-SH-dEYeol~EYY AFeA A Ay 7 dEE A
Treatments ANE0IE, 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) ¢EUYot~ERF S 1 L/min® #7|FdZFoe= A5 343 A3 18 hreo] wb
ot}

grol = Bpaka ghruoke] A& &l 90%o
Fold dRUliENDS AW Wart Ak Do

Ammonia-N Ammonia-N

FZF1 Concentation gL} | [
—— Remosl rate (T}

Removal rate (%)

Concentration of Ammonia-N (g/L)
&

A 7 P
ol % j." 7

« 1
a 3 8 3 iz 15 ADC GF ST iwm ST Zwm ST_4wm S5T_Bwwm

Operating time (hr) Aeration rate (LL'min™}

a9 109, ElFdE # AYAZ e 2] 28

F 65 BVIA Y A TR R AR mE Ry ol A E4 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 F7IFAE] 8 L/min?l 45 ¢EYole] AARTEC] 9%=HN 7HE =%
om 8 L/ming F7FYHFOLE 6AIF HHE-3F o]Fol= 1 A ELE&S] Aot AL
ittt webq RYol~ER P HA 23S 8 L/min, 6 hro&® A3
AAEE, &I FRYot2ERHE o] Al 7FA FAHSRE COD, TP, TNo| &34
A A JAARE o}z @Wo] EAst= TCODSF zbEstal gl TN Al AsH] ¢s) &
gygoz AALFUM (breakpoint chlorination), @& 2% (ozonation), =3}

i=]
(fenton oxidation)< 3§35

=]
RUS

L X

GaFAduel 4 &9 o s GEUcts FAH GaFol gl wAE
Qdpol 7] WFel SAAHOE NH,-N3b Clel 7 a2 2= 292 293
Ao (¥ 1100 NH3-N=}F Cle] d=H|&= 76 1 1 (o]& %), 10 1 1, 151 12 F&3}
o WY,
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Concentration of TCOD (gL}

o0
=3 Concneraton{gl) | |50 Lso
P —— Rzmowsl rate (%) .06 4
e 80 ; A
2 g [E=A Concnatration {g/l)
o T (| i —8— Removal rate %) FT0
204 - = 5 0030 =
: '™ =
= ] E § L& g
o025 4
7 / /. T . E % 0.025 . E
: 5 & E =" =
/ : 2 B 0020 =
o Lao B E ; Lag B
i0 4 > F, oo1s 4 - F
= B | 20 & E g / L 30 £
’ 1 : | 54 § oow Lo
0.5 2 | — 3 o
; o L 2o 2,005 | Lo
7l 3 %
0.0 ¥ : ; d 0 0.000 - : [ZTT V-ﬁ}/ 2 0
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

29 110. NaOCl &34 daAz Ay

(22) A& A7 TCODS A5 AAZES] A Aol7F flaS HAI NH;-No 45 76 :
1R 10 : 1, 15 @ 1ol A9 AARE] =% o] F 7FA| dFuoAe] T892 Ao
7F A e, wEbA NaOCle] AA| AR %+ A=H|7F 10 : 19 & HH oz AAT

(23) APFATE T3t dAFYHY D5 FA GEYE A= FF AAT F A= A
< gobetalal, SEAANA e AA FES FEYotAE P v wEtr] kel A
75 W3S

(24) HFAsts Fal FEYolel o] AIHE 10 1 12 AAsGA7] Wil I -&
A A9 100 mee F7)43 Qﬂoﬂ% 33 mM NaOCl% TR, dAEE-sH-

<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

ad 111 E71-94FY, 947 AY3E =
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! 1. AD (Anaerobic digestion)

2. AD_C_C/F (Anaerobic digestion+Centrifugation+Coagulation) :
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 E\c’,
= 15 o
i) ©
= ol
£ r 40 E
c
o
8 104 =
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
TP
0.4 120
T r 100
1
0.3 -
R L 80
3 3
o
S R
® 024 =
s g
S 3
@ L
e [ Concentration (g/L) 40 £
8 —O— Removal rate (%) &
0414 r 2
ro
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
TN
6 100
T
T
5 8o
T
3 + -
@ 4 A T r 60 §
c E o
2 ©
£ 39 P40 g
5 5]
o £
S 2 = &
1 Ce tratic L F
o 2O Removalrate. 2
L e T Fo
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
I

=5 —
EN T TR
c + Q
S ©
T 34 F40
c Q
Q 24 [ Concen tration (gL) | | 20 O£
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

a9 112, dEYot2EF-d4FY, 42T AdeAd AAZE 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 2.05 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) A= d¥ @7 § d2F9Y %

il
off
oL
rir
om
oL,

o 51 TCOD, TN, NH;-N¢| #A|A Z&o] 7}
Kel

7} 959, 93%, 88% = 71 ko TPe AS AAEEC] EF 97%o|Fow =
Frollem AA Aozt A ks

(26) =] A5 ozonationt Z =3 ARl LES ol &t FUIEEED, T
st e }ﬁ}/\]ﬁ AAstE HHolH, o&& FAakskrlol o) a7t AlFEM =
< HA9AE Zk= OH ddZ& whso] A9 & f7]|E3 w$ weE 52 9hgst
o] A A3

(27) LEAYHL pH, 371Fd & A7 ol weh AATZE &S S B A
A= 12N H, SO, & ©]-&3ste] pH 88 XA eH, & FAZFE 1.2 g/h, FUA
7Fe 30 min® JAPsF (29 113 2 3E 67).
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Concentration of TCOD (g/L)

(28) e=AeW A HAstE 98 ARt wE TCOD9 NH3;-No A|A =

ot 1Ao7k A glae Bl

o

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)

100

r 90

[ Concentration (mg/L)
—@— Removal rate (%)

r 80

r 70

r 60

r 50

F 40

r 30

r 20

TCOD ™
100 400
20.0 250
15.0 4 + 90 ’—I—‘
10.0 4 300
[ Concentration (g/L) r 8o —_ 30
3.0 ~@- Removal rate (%) = 284
+ Lo _ 2 26
X T 24 4
2.5 2
I reo o 22 T
© 5 20
2.0 F50 < S 184
=1
Lo 88 169
1.5 4 g £ 144
lag © § 12
1.0 4 S 10
X S &
F 20
6 4
0.5 L 10 4
2
0.0 L T T T 0 0 L T T
AD AD_C_CIF AD_S AD_S_O AD AD_C_CIF AD_S
Treatments Treatments
Ammonia-N
6000 100
4000 4
_ 2000 4
3 80
E |
-~ —@- Removal rate (%)
@ 4501 s
= o
S 400 s
£ T F60 o
g 350 L §
5 300 § - g
c - °
S 250 4 r40 g
g &
£ 200 A
8 150 1
S t 20
O 100 A
50 A
0 = : ‘ ‘ 0
AD AD_C_CIF AD_S AD_S_O
Treatments

a9 118 AR - -G REYetAEY P-4 Aded dAYE AANEE.

T
AD_S_O

% 67 9T -SH-dE Yol ~EY Y -2 EAE AHYgFHe 7 Id5d A3
Treat . TCOD TP NH;3-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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(29) eEFd e 4 ﬁ FAFadael Zo] ol Br EAsk=s A5 dEYol AlA &
& °] 350}1]74 AT = Br Ak &= 2dow AFS A5

(30) whebA, Rtz Oi Xﬂ A& &0l ¥3tom TCOD, NHs -N, TPe 4% HFE AAZE
o] 47zt 89%, 96%, 93%°ll o, o= YRUYotAELZ A e W] AATE
A Aol 7k A+

(B AEAtsye] 49 kst (HO0)9 27F 29 (Fe?Me] =419k (Fenton's

of ¥hg ¥ AA ¥+ OH radical (OH - )9 Abstz o= Abqi# ot
o

o}
(32) Deng s (2006)°l <©]3}

(33) wehA, 2 AFolA= G FAHL Astal Je= F71=H =S Al
Ast7] flste] ikstrael dEY FUHIE 2 (HO, / Fe*' = 2)= si%lom, 12N H, SO, &
o]-g3ate] pH 5= %74, 100 mie] dAE & @7)astde] 1.8 ml F4ats49) 10.7 mée] FeCl

- 6H0E 931 300 ripme. = 30 min wHES JasFAS(19 114 2 F 6R).

TCOD
30 100
25
= r 80
> [ZZA4 Concentration (g/L)
E —@— Removal rate (%)
g 20 S
8 r 60 o
5 e
c 151 §
2 o
© F40 €
= o)
S 10 x©
o
C
o
o F 20
54
. 2 N D0 9 v |,
aBpnIS AV oBnyuIued yopeinbeod  puiddfifepixo uoed
Treatments
TP
700 120
600 - F 100
-
D 500 - r 80
S <
5 <
et 400 4 ¥ZZ1 Concentration (g/L) L g0 2
‘S —@— Removal rate (%) ©
s T
2 300 40 8
I [ £
= o)
§ 200 i
5 1 F 20
O
100 4 r 0
0 ‘ / V4 v

3BpnIS QY aBnIued yoneinBeed  puiddiGepixo uoued

Treatments
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TN
6000 100

5000 -

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

—@— Removal rate (%)

3000 -

2000 4 / L 20
1000 - / Lo

0 / : / vz i

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

oBpnIS AV oBniiued yopeinfeod  Buiddiepixo uowied

Treatments
Ammonia-N
6000 100

g 5000 A L 80

£

Z

,g 4000 r 60 g

g EZZ2 Concentration (g/L) o

£ —@— Removal rate (%) ©

<C 3000 - 40 &

%S >
o

S £

= 1 L

® 2000 / L o0 @

<

@

(]

c

§ 1000 / Lo

0 I/ A V7

aBpNIS AV aBnyudd yopeinBeod  puiddifFepixo uowad

Treatments

a9 114 AR - -27]-AEASY Aged dAE AAEE.

¥ 68 YAEY-H-Er|-AEAIE HEFgY 74 d5dE Ay
Tent ¢ 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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(34) XA 715 A HAZAAEZE] U%E =& AA &8 HgAv TN, NH
3N A9 4 A sx=7F S7FeA S, o= HACHAY] kitE 01 o] A4S

ol o4 MG T BAS AEIE Aol BATAZ A5 A0 B, 0
SA 24 A =Gl AT e,
P Qdardd, cEasy, AEtaue 4718 9 JUAF

(35) b2 4dAlol A Rgg Ha
S

=2}
’ H L.
AAEES Alaste]l dad SGHS 913 Aeiis Rlash(d 1156 3 & 69).

TCOD
30 100
28 A
I 26 r 80
2 EZZ3 Concentration (g/L)
8 7 —@— Removal rate (%) g
2 e [ g
5 o
5 °] Z g
= °
S 44 r40 g
= 1
c
[v4
S
o L, % F 20
0 L 4 T T 0
SHPNS 0\26“)‘“\“90 “e\“@goo gu\dd‘“s “euuo\“\0 uo\\euolg ouo\“eﬂ
s
120
600 A ZZ
r 100
g
=)
2 100 Lo =
~ 904 EZZ3 Concentration (g/L) g
S 804 —@— Removal rate (%) ]
S 70 reo g
= >
©
& 604 g
3 5
e 50 4 40
Q 40 4
(@]
30 4
r 20
20 4
10 A Eééél
0 T T T T ZZ2 0
SBPNE %‘ieﬁm\n\la\?o“e\“ﬁwo \dd\“s oot o“guoig yowe3
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Ammonia-N
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r 100

EZZ3 Concentration (g/L)
—@— Removal rate (%)
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Z
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s
;OO

(mg/L)

NHz-N

TN
(mg/L)

(mg/L)
620

TP

TCOD
(g/L)

Treatments

5,240

5,400

217.7

AD sludge

90 4,130 4,150

5.6

Centrifugation

3,690

3,130

33

2.8

Coagulation

33 250 250

2.5

Stripping

10

o0

16

Chlorination

13 240 210

24

Ozonation

260

300

1.5

Fenton Oxidation
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AT ZAHE EQE AdAE-S-g7]-0EAs F 49
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< Hanil-SUPRA 30KE& ©¢]-&3}o] 6000 rpme =2 30 min
A% 34" d71adS jar test (JISICO, J-695)5 ©]&
, pH b2 %4 % IM FeClz9] $HAE 6 m¢ FY3Fed 220 rpm,
75 rpm, 15 min®] €& wHk 1 hr AFHAZS AgPeP 2. ol F 4
RUol~E# S packed tower aerator (Diameter 10.8 cm, Height

8 vvme| F71FUH, 38T, 6 hre] HrSA 7oz W3] om,
S-. AEALSLe] 79 Heating mentle (SciLab, WCL-3)& o] &3l &+
0C, W% = 300 rpme 2 A4 3Fe] 1 hr ¥H$-3to] 3143t (2 9 116).
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Concentration of TCOD (g/L)

A
N
T
ofm
ook

4tHA

i
—6—7-1>

(=]

Anaerobic
digestion

Centrifugation

|| H

EEEEIEEEEEEIEEEEEESEEEEEEEREE

pH5E 273

Coagulation

l<_

Air stripping

Chlorination
or AOP

Microalgae
cultivation

|

3CHA|

o
uD ]
o
[i)-]
v

Anaerobic
digestion

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

WRSSAUIIE B
a9 117 49 BEseAe sHTAE

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

b 40

AD_C
a9 118 94

2ol

AD_C_CIF AD_C_FT AD_C FT_S

&

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

Removal rate (%)

Concentration of Ammonia-N (mg/L)

=rhe -]
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600
580 -
560
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120
100
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40 4

20 1

[ZZZ1 Concentration (mg/L)
—@— Removal rate (%)

iz vz
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r 80

r 60

r 40

r20
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Ammonia-N

f
AD_C_CIF AD_C_FT AD_C_FT_S

5500
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3500 4
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.
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—@- Removal rate (%)

%
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3E 70 AAE - EASI -G R Yot~ E P Al 7t gEdE A
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) 39A =g sterd Aoz Adds AP A3
SAZE go R FolEQY] Wil F WAL
S9] A% TCOD, TP, TN, NHs -No| ZFzZ} 95%, 99%, 89%, 89%©
o BgIAY ATsHHLIEAL AAF, vAZT g 5)
TE Sl Z7e &8ssty Ao r AdE friastdd] HFHoR v
= sto] BT AeH7tE A3
BG-11 wi#], BG-11 + glucose ¥ A (o] F 7}A] w]A|ZE controle] &}
AD, =818t A A f@riastded T4 mARF Desmodesmus communes
HEsto], 27CoAA 11¥9 < vfd3 o™, optical density (OD)9} specific
growth rate (g, d'; g = (InNy - InNp / (tz - t)E SAH3] nAxRFI A4S
AASAS (2™ 119 2 % 71, 72). BG-11 wi#], BG-11 + glucose (10 g/L) ®j=] 2]
B 2o fiol mE AR S dotrE 7] 98k light, dark, light @ dark
(12 hr : 12 hr)¢] o= MgS dPsdon, sty Aud Fr7]astods
light : dark (12 hr @ 12 hr)¢] 2o 2 ¢S P33 5.

BN
Ju rl
i
=
< rfr oo
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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, v A, vl e mAlzF AF(S]: control / of: A ElE H7]AstH).

¥ 710 91R], Wz mE uAzF AFEAZI(BG-11, BG-11 + glucose (10 g/L)).

) Initial Final Specific growth rate u
Medium a
OD OD (d
BG11 (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, A, wGEAd e Az AFEAAH(E st Ad A4k,

) Initial Final Specific growth rate u
Medium »
OD 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)

(5)

w5 optical density$} specific growth rate®] #2143} control BiA|o4+= BG-11 + glucose
HjA] Sl A "Ho] Eajdh= wiA|olA 9] final OD7F 7F4 ko olmjo] 4 ke 03440102
EEsleA Aee d@7)Ast wix|eE 3TAl EElsstd AElE g A9 Final OD7F 055
oo, u #2 00682 T 3714 AHelH f7]astdRT) =9k

¥, TCOD, TNS AA&ZES A8t Z-2be wixjel 7o W& 7|HEadhs
Ay 120, 121 2 3% 73 T 76).

LF.A. de Mattos (2016)5 At A 7A7|7F A= &
sp.& AFste] 30A17F wigst 49 TCOD:= 27 g/LolAl 175 g
o] Ao 14 g/Lol A 750 g/Lo °F 50%7F AADTHL 1w

Mol Desmodesmus
/Lo 2 °F 40%, TN

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)

2% 120 WiA], wpgEE A w2 TCODA A ¥ ($): control / obel: Hgg &7 AslH).
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¥ 73. 91A], s zA wWE TCODA| A #4473 (BG-11, BG-11 + glucose (10 g/L)).

Initial TCOD Final TCOD Removal rate

Medium (/L) (/L) ©%)

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

3 74 wiA, vkl e TCODAIA 423 (=elstetd Agd @7 43509).

Initial TCOD Final TCOD Removal rate

Vedium (g/L) (g/1) (%)

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
a0

— 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)

a9 121 WA, gz w2 TN A4 ¥]lal(9]: control / ofell: A 2@ & 7]438td).
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& 75w A, Mg mE TNAA 424 7H(BG-11, BG-11 + glucose (10 g/L)).

i 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
BG11 + Glucose (Light) 250 20 92.0
BG11 + Glucose (Dark) 250 90 64.0
BG11 + Glucose (Light : Dark) 250 30 88.0

F 76, WA, Gz e TNAA B4 (=2sted Agd F71asd).

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)

(7)

W%k & TCOD9 #4437} control¥] A F oA BG-11 + glucose (light)#] A 2] A A

8ol 7ME =3R4 dark, light @ dark A9 Ao o] A AGZE] BF 94%
oo r = 1 el E8ststA Al dr)ast wjF oA s HFAHR AE
Asts A 7 s e TCOD AA &S] 744 =gton 4uA g3
a4 Ae F HAE AR AENHZ ARG A5 81%, 39/ AENHZ AP

49 60%°] 2.

TNe #4243 control#l#x] FolA BG-11 + glucose (light Z71oA] ujj oF)ul %] 9]
AMAZEo] 74 =kow, light : dark 279 wjxo A2 AAEZE] EF 88%
oo w EA uYehd. EYsteE Agd FriAste wiAelM = HAFAHYR daF
PSS gk Fr)hstdoAe] TN AAGZE] 7 =X0F A AR TN o] 20
g/L= vkgkom AMEASE 21ae 459 AAE TN o] Fhao= woks.

=
it

- 155 -



15. 7}

~ &
—_ .
~

(2)

(3)

(4)

(5)

(6) =

Ay
Sh
kr
g
N
F>
ot
P

e
P =
% pilot plant Ao mE AA A= D A 7|F A ALE ]
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A 2 9oE)
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29 cm, H 39 cmo]™ Hdzo] A4 F7]4stAe s|gete] 20 L & 2395,
e A A FFT A A WA GAQ AR 73% 71E ATl A ALE
Hanil-SUPRA 30KZ ©]&3&t] 6000 rpmo 2 30 min 33t on, F HA o

Abskol A9 &2A¢ pH meter7b F-2Eo) 0= ID 20 em, H 30 em®] ¥H&-7]
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Green Tech, GP-100)& AF&3ste] HdE S8 A= AA}IoH, 7
Jgo 2 ol %3}
ol~Eg]Fe] A9 ID 108 cm, H 108 cme ®H$-7]
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- 156 -



%‘%n, zx 8 B
pH OJE{ i iy
= g 8

e -
* — ‘::é: ¥ >
2 )

HE=x P =R

e
o=
HT
o
-
re
il
=
fot
B

m
N
o

A 123 hEEe Fr1astd AYE A3 TFITA BAE

- 157 -



o},

17.

7}
L

o,
2,

g},

FotEe] mE Ar|As 2 HAst @ &3t e Bt

bl 14 71438 71223 37C, HRT (20)

H7143tx9 TS, VS, TN, TP, TCOD, SCOD, NH;+-N, PO2—P, VFA2] AAE: TS
= 47.02%, VS = 53.02%, TCOD = 70.04%, SCOD = 86.01%, TN = 844%, TP =
18.05%, NH, -N = 16.74%, PO —P=26.95%, VFA = 74.4%

7)1 4~3t% CHy 7}~ 4F& © CHy production rate 988 mé/L-day, CH, yield 210 m{
CHy/g CODadd, CH, yield 400 m¢ CH4/g VSadd

ofe] 7HA gtEUYol AA 7= i R HA Vs AEE Vs ane g
dRYol ~EgE: dEYAAE 76% (=71 pH 10.0), FEY oA AE78% (4 L
'min -1)
Ao T4 GEYAIAE 45% (27 A9 R Yol 1] 204))
g

Struvite F4: FEYo} AAEL 35% (=7 Mg?* o] PO,*-9] 1281 +9)

SEYol AARHAAM = GRUL~EG P AAE] FAanH] FYRTE 2u) o]
zow dATAH FJ A dAa7F GEYRES A A= AMEEE Zlo] ofy et of
i w7lEs AsteEd AHSH R dREYol2EY o] v HAS A&

TS struvite FAS T3 FEUoF AAEL 35%H el e ggkon 27 dEY
of =7} =1 struviteZ7h A H = FRUoL BAFe] EAbEe] vta Qe g R
m F7HA o ® Mg*'e] & Yol & A% AAACRE agafol H7] vl hryo}
2Eggo] t A5
MeEds 94, 2F, UV 55 o &ste] MuAA V& e

A7zt o] A A A BG 2O AF 744%, AT D5 656%, HEASE
B 63.6%= EES =AY AU FEs A S

gy v MEgEThs iy d glo] ofyet A AeAl T AskE gbRAkskAl 27
B A=l el wAzR el At He ahss nEdof Stk Al S
A7t AAEA] G2 Fr1Aastdo M= dFstA] EtRal AEe vt =& A4
stefol A AA] wA| 7= A Ketde. AAA R Mo Aes METF 76 mg
/LPt-Co ©17, A&l 9 4 9= 64 mg/LPt-Co ©]/de] ME7} ¥ ofokst

A AAANA DA IFALE AAST A9 S 45 36.8%, LA A5
M% = FFALAA7 =S LAY D57 &0 =%

R AT AAEA] B FrIAastdel M= st A] o)

< A71astR oA A vAl E2FE ASHA Eekla. AdA S Z 67 mg/LPt-Co ©]%
o] A7} wojofsl,

7143 ¢ dEYol AAL} AE AAE P F9 SCOD, TN, Ammonia-N,
Color Al AES A4AHE FAlA 60.57%, 22.58%, 32.26%, 55.86% 5, Yol ~EZ
3 Ao A 24.59%, 64.52%, 78.39%, 24.83% 5 EASA . FaxE] A= 77
Ea AEe] AA Tl dEYol 2EYE HAHoA = dEYol A E3rF Holw

Kol
= .
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9. dEYol AA HA 4, F74st A=A FH2E A A8 7te 2 +d HA43
7?. dRYol ~EZ P} AaHe FAHol AFE ABC process (A8 &4)Y 45 63%9]
SCOD, 67%2] TN, 79.7%2°] NHs-N, 57.9%°] color /1A E%}E & F AU
20. @743} A4 pilot plant’}-s, trouble shooting, 437} A5 &1
7F. Pilot plant WA A2 3le] AFA FFoz HAFHS Y335
L 2] 7H4] Bt AHEE AR Ao R sl f]E 2 dYEEe AASH S

tho4dA EEskets Aeede] B9 o 9AE pH Fzdo] zhol ofEAR o] Frhgt
© @Aol Qlo], o] Hekstua 39A =8 stetA AeeA s A

(1). 4<tA %E@Vf—.ﬂ A4

7h A ZE-sR-gEYotAELF-H a5 TCOD, TP, TN, NH3;-N #lA & &°]

7}7}F 949%, 99%, 99%, 99%°] L&

(b PRe-3P-gRIobERP-2EAe: TCOD, TP, TN, NH;-N AAZEo]
7}z 91%, 97%, 95%, 96%°] A+

(th 94 8e-&H-gRYet~EdY-aEL3s TCOD, TP, TN, NH;-N A|AZ &0
7k7} 94%, 97%, 94%, 95%0°] 5.

2
-HEAS-Ad R YolA~EEE: TCOD, TP, TN, NH;-N A|A&&o] 7tz
91%, 96%, 96%, 97%°] <1<

2
oh B

nh EYgtetd AgeAd ve AR vAER GeATE derns AT fr1E B
Fr7l=o] dad AoR Fodh E3 A AQAgko] TP o, Ak d7]e] oFEA
wako] 7ba Ao 3ukA 2 gstd HuwAL HAH 2w on HNAFAS

af. =Elsketa Aed @rlastdo] wAlzF wd Al 39A =Ysted HeE d A5

Final OD7} 0.550]%1 o1,
oluj ] TCOD, TN A A&
AL AdpH o2 TP, TN, TSS
o] A ot 1 FFEel =

3t 73
# 0.06 8&”\1 E}E— 37}%] AeE 7] A5t =gk
7

j&rot

21. 7hE5Ex 87148 d3A 4 7 2
7F A9 A9 Pilot plant P]AX 2 Qlste] AFAY oA scale ups &3] A <

[e)
o
AL eA NFS AT,

7}. Ribosomal DNA?J SSU ‘?iﬂfﬂoé B2 A3} Chlorella %9 43 nAZF=Z 4%
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1.00/90

00/79

1t Alignments

]
5}
jul
o
0
o

Ooo0oooooag

]

0

.00 0000

Description
Chigtails.sp NOem 821 T-13d 185 nbosomal RNA gana_partial sequence
Chlorefia sp MDL4-1 185 ribosomal RNA gene. pariial ceauence
Chiorefs sp NMXITN 185 nbosomai RNA gene. partal saquence
loteda §p V111 16S ribosomal RNA 4ens. gamial sequence
e 185 1) A qene, partial ey

ganesfor SSU IRNA TS1, 5,85 rRNA ITS2. LSU IRNA culture: colflection: NIES 2171

Chigrefia sp V14 185 vbosomal RNA gane, parlial sequance

Ghintesla 5o EQS-4C 18S ribosomal RNA gene, paitial sequence

Chiotelig sp WO10-1 188 nibosomal RNA gens. parfial sequénce

Seractioum 5p. NES-2171 18S ribosomal RNA gene. partial saguence. intemal tranacribed soacer 1.5 85 ribosomal RNA gene

Chipeda vuigans gecems: DNA comainng 188 RNA gene, (TS1, 58S rRNA gene, ITS2. 285 IRNA gene, culture cofiection CCF

Chiorelia sp_ ZJU0204 185 ribosomal RNA gene_ pantial cequencs
nioteda sp IFRPD 1018 genes for 185 152303 1782 ng compiete Sequance
Chiseesa sp IFRPD 1014 genes for 195 rRNA ST 58S IRNA 1TS2 partial and CoMpIes sequanca
Chigreils i 188 (RNA gene_strain UTEX 7805
Chiorefls sorpkiniana 185 IRNA strain SAG 211
Chioreils igna genes for SSUANA ITS1. 5 83 rRNA ITS2 LSU rRNA cultire coliection NIES 2173
higteda Sorpkinian: I IRNA ITS1 5 88 RNA T TRNA cull spction NIES 217
Chintedla sp V12 135 ribosomal RNA gane partial sequance

astrum hantzschil 185 IRNA gens (partisl) TS, RNA gena 152 r en (partial) strain

29 124, ArM0029 SSU ¢

1.00/100}

10011004

055y

3%&2%:#
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L ArM0029 9] 2= AEE 4
(1) 4,8 12, 20T F 471¢] &&= x4 20TE A BE 2&olA A543 A3 Bl

5000 -

— =4
—— 8

—a—12°C

—— 207

Total number of cells x10* cells/ml)

0K T T T T T T T T T T T T
Q E 10 15 20 25 30 3% 40 45 50 55 &0 65 70 75 80 8 20

Incubation Time ( Days }
a9 126, ArM0029¢] == AdE 4.

(2) &l A] (BBM, TAP)¢F s« (F/2)8 thide= 3 HAujx &4 23} F F9
Hru Aol A w2 AFES Hole Aow SAH.

ArMO0029

3500
3000 -

2500

1500 -

»104 cells

1000 A

nTAP BEM Ff2

29 127 ArM0029¢] A1 3 E

Ao
oxl
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4. FAME (C8-C24 mix standard® 7|22 g ArM0029¢] A HEAE&  gas
chromatography W™ o2 A5 A3} nloletjde] Fgde]l E F e 7heA ol
=% (C16 : 0 (palmitic acid), C18 : 0 (oleic acid) A|¥Ato] v Z =& F=X&E HAZE
HAg. T3 A7 "X AES 2AFE T 2R AFA, VtEER 743 RS o
&3 vo] AR g PARF 2 E wYrlE MEEA AE 73 C18 ¢ 3 (linolenic
acid) A A =& FAR HEH] vpolet A o]9o 1Tt THA e E4& A
abeted 83 nAERFEr dud

FAME C8-C24 mix standard

1400 00|
=]
]
1200 00| o o E
g =2 8 |3
5 o oH
1000 00| e =
o
=1 - =
30000 o Q
w (=} i)
J
=
80000 o s
™
™
L%
40000
00 00|
800l L J
oo 1000 000 ol 4000 2000 00.00
Al ®]
ArM0022 lipid content l
$40.00]
12000
100.00]
2000
4000
2000 t !
000 -
000 1000 20.00 3000 4000 8000 80.00
EE

2% 129. Gas-chromatography & ©]-83 ArM00299] A @A Z=Zuld

M
1%
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k. LC-MS 3 AEId ArM0029 I F 9
triglyceride (TG), diglyceride (DG) %

"zrl"i‘jr §>_|1: 5“H ]/\L sLOH 74 =4 T,b_'_

i=] [e)
B o
)

.

PC. 5M, PG, PE, CE

EERE

=44,

phospholipid,

o] wild-type Chlamydomonas sp.Q1 CC-125

!&h_h_.;‘-l':_: T . 1 TOF &
551 DG & TG
]
ArM0029 Lyso-PC, Lyso-PE f|
i IE § Dsl‘gili b 1T
f Vi | T4 |
1t | ] ||'| | ! I| .
In | | | | rll ‘ll I r
I 173 1 | J .-,| |: 'II #13.870
i | sl | [l [ '.| | ||'|- |
ol s r. ;m | I
St iII| ‘ IETO ‘ﬂ ‘ || | | II |" q0¢
1
PRTRNLUL S II Y
5 U | /
Di’ 38 |59J| -l! |I | | If_, .:';__| I 4 ‘U: .'I ”5 _‘_ i; v || . [ /1
u'n'sn'li:n:'\é:'zh:‘:%u'3ﬁo JISCIIAEIZII-!IEBISIII] 5'50'56: GEn 700 7H B0 AED om0 98
BG4t L 10
118
CC-125 |
% 301
LT
::-. s b i:g:a
0 | 28 ll Il '1 || ol g 1
g . | I Y " LECTRS T y
urwJ" .l'll'j'.ls .ll IIII HII -'|: Ill'l' h'| l".: “.‘H:? f iII|“a.ﬁ e ..'.I| 6.-'93 .'.i.i-l ?,-"i‘} w[ i'i”'é?ta'r'& ?-'S:.i
2 ‘Llsn'|i30':'s-:|'3i:l3':su'3u:|':'su Y AR S S AR L S e
1% 130. LC-MS #4115 &3 ArM0029°] A A& 4.
24, WAE WP AT ST 744
7h F 24059 FA vAZRFE gyoer exd wixE AFAdE 243 A3 ArF0004
ArF0006, ArF0022, ArF0024, ArF0032 & 559 A &5 AEs A&
4°C
1800 4
E 1600 - "
T 1400 - s N
E 1200 + *
= —+—AIF0004
= 1000
= == ArF0006
“ 80D
c —t=—ArF0022
o 600
% —e—AIF0024
£ 400
= -AF0D32
2 200
2

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
1400
1200
000 7 ——AF0004
il AF0006
——AF0022
—&=—ArF0024
~ArF0032
1
100
Incubation Time{days)
1800
1600
1400
1200
e AFFO0 04
1000
=il ArFO006
200
e A FE00 22
G600
e AFO0 24
400
~ArF0032
200
0 I.—|
100
Incubation Time{days)
1600
1400
1200
1000 —t— AF0004
800 =i AFO006
600 = ArF0022
400 e ATFO0 24
“AF0032
200
O

Incubation Time{days)

a9 181 R 5% 2= AAdE 4.
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<

L}, Nile Red &M<

ArF0006

ArF0004

ArF0024

ArF0022

Positive strain (Botnsococcus braunii)

Megative strain (Chlamydomonas reinhardiii CC125)

ArF0032

19 133. Nile Red
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25. T2 Aol AW vAlzRe] v FH A5 AL

AR FEelAe A nAZF AF024 #rel A AAsE dF AAuA AT

2R
& FAA WHE ALgste] a3

L 712 A9l TAP WA & AR&ete] wiAe] ZF A5 FolA sty AAS viAE A
&3] FEaAdES A3 Elimination method ¥4 A3 F23E 0.05 vHko A 2
= A Eo] positive effects F+= Aoz vpobd.

400
350 A
300 A
250 H
200 A

150 -

x10* cells/ml

100 -

1

P

3 4 5 6 7 8
19 134, TAP wjx19] 7} &8 A9e ArF0024 m Al &F w52 w2,
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 &sle] w3t & MIEFZS =3 vudh

¥ 77. ArF0024 v M Z5F 5o th3t Elimination 23},

Variable Component “value “value Effect T statistics P value
(g/L) (g/L)
Xy Tris base 0 2.42 337.3 1777 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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t}. Plackett-Burman method& %] -83}¢] positive effectE 593t componentE XA 3t=
AHS 73t olE fstd FaAdwE 7T sEE 4 VEFEY 202 =oA A
UstA FradEs A3

2. f9gE 0.05 w94 Trace element:™ non-significant component® WEFyO W,

Tris base, Ammonium chloride, Magnesium sulfate, Acetic acid®] 47] A&
negative effectS ®H %131, Calcium chloride, Potassium phosphate® 27§ A&&

positive effectE H.oli= FHOoE ZALE AL

¥ 78. ArF0024 v M zZF 5o tgk Plackett-Burman method 23},

) —-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
Xs 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 CaCly 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
X7 AcOH 0.2 2 -67.82 -12.29 0.000

[e)
28 AL

fol

v}, Box-Behnken designg ©]&3% A+ 3t HAZAES FAs7] 98k,
Plackett-Burman methodol Al 22 6719 fFadEE59 Faz8&S &4 #4371 4
3}l positive effectE H.Ql 2702 A+ (Calcium chloride, Potassium phosphate)< 7|
= FYF 9 2v 2, negative effectE H < 471e] A& (Tris base, Ammonium
chloride, Magnesium sulfate, Acetic acid)< 7] FYdHo=Z 3F9] Box-Behnken
design WHE . o MEFE=T [23 - 42Xy + 461X, + 404X3 + 7404X, +
8Xs - 80Xs - 32X, -1838Xy" - 5655XyT - 62157Xs5 - 97X5® - 468X¢’
382X1Xe - 19X;X3 + 64X Xy + 3X1X5 + 201X Xg + 3742XoXs + 206XoXy - TXoXs +
28XoXg - 2167X5Xy - 38XsXs - 42X3Xp - 1320X,Xs - 51XuXs + 265X5Xe] x 107
cells/ml & A5 AL,

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

N

+

chloride, X5 = Potassium phosphate, X5 = Acetic acid).
A7) AW o8 SEE AF0024 MAZR B HHu 24 2L FEi
799 Zom ol wAEF AEY FEE 58 x 10° cells/mE AAE AL

5
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3E79. ArF0024 WAl 27 5o HAuA 24 2 sk

Variable Component Concentration (g/L)

Xy Tris base 2.42
Xy NH.,Cl1 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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ol APA FFolA e =4 HAlZF ArM0029C 59 ik HA s 98 HAujA A
T8 A4 WS AbEete] F3E. 712 wAIQl TAP wjAE AR&3ste] wj# o 7z A
5 TolA sty A A viAE ALgEte] FaAES A A3t Elimination method
4 A3 Fo8E 0.05 1Tk A Tis base, Ammonium chloride, Magnesium sulfate,

Potassium phosphate, Trace elements, Acetic acid’} positive effectES == Zo=z I}
otE 31, CaClbe Hl+&A % (non-significant component)® 913 7.

700

600

400 H

300 4

% 10% cells/ml

200 4

100 +

(%a}

2 | 2 3 4 &) / 8
18 137. ArMO029C © Al ZH w3 ujckuj ol TAP iAo z+ ARS A9 3te] wjks Azt TAP
vl %] oll A Tris base (1), Ammonium chloride (2), Magnesium sulfate (3), Calcium chloride

(4), Potassium phosphate (5), Trace elements (6), Acetic acid (7)E A2 dto] w<k3dt T A

258 24w

¥ 80. ArM0029C "M ZF o W3 Elimination 7]Hel 23k A},

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

X3 Tris base 0 2.42 64.6 17.19 0.000
Xs 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
X7 AcOH 0 1 570.3 17.36 0.000
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Z}. Plackett-Burman methodES 4 -83}9] positive effectE ¢ l+= componentE A1 4 sl+=

A4S 733t Elimination 438& 5 fFadie v58 7|E 719
22 EoA AWYEsHA FEAES 4% FYgE 005 mRFlA Potassium
phosphate, Trace element®] 27} A+ negative effectE X %31, Ammonium chloride,

Magnesium sulfate= positive effectS Holte HAOo 2 FAME LS.

¥ 81. ArM0029C "] A 25 o W3 Plackett-Burman methodell 2|3+ 24 3},

) —value +value o

Variable Component Effect T statistics P value

(g/L) (g/L)

X3 Tris base 0.484 4.84 -22.0 -1.11 0.279
Xs NH,C1 0.075 0.75 574 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

7h A7) A o8] =EFE ArM0029C PIAl = o] HA A 24 9

2b. Box-Behnken designg ©]&3% A5 A&S n#st FHAxAS M7 954,
Plackett-Burman WWolA] 22 4719 FaAdREE5Y H52E8S /A Lolrr] 93t
o] positive effectE H<Ql F A% (Ammonium chloride, Magnesium sulfate)< 7]
FAd=e]l 2v) 2, negative effectE H< F A&  (Potassium phosphate, Trace
elements)S 7] £ #o 2 ZH3e] Box-Behnken design 33 oA AXrsss
[76.9894 + 1008.27X; + 1196.68X, + 433.663X3 + 3601.52X, - 112897X,* - 41374X,° -
142.603Xs" - 29733.7X4 + 364.856X: Xy - 547.439X;X5 + 2448.75X;Xy - 295.353X:X5 -
1369.14XoX, - 3451.59X35X4] x 10* cells/ml 1S (o17]A, X; = ammonium chloride, X, =

magnesium sulfate, X3 = potassium phosphate, X, = Trace elements).

823 zrom olmw vAZzE AT HEiE 587 x 106 cells/m¢ = AAFE 5.
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¥ 82, ArM0029C v A ZF #F9 HAwA =

k.

Variable Component Concentration (g/L)
X1 Tris base 2.42
Xy NH.Cl1 0.54
X3 MgSOy 0.16
Xy CaCly 0.05
Xs Potassium phosphate 0.04
X6 Trace elements 0.08
X7 AcOH 1.0

Coells (x10*&ml)

Calls (x10°4/ml)

Cells (x 10" 4ml)

SRR R E 5]

Cells (x10*4ml)

Cells {1100 4imi)

s =4

3}+= surface plot 23},
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26. A AN ZEF T giAbA 4]
7}. Next-Generation Sequencing (NGS) = o
o] A As T AWAE A #AHHE EHAES A= AR digk dubE el o

A ARE B

=

1}, Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway program= £3ho] =5
A el AEE A #osts dAE FAREL

M Eash AAE 94

3 83. KEGG mapping®l 23+ ArF0024 7 A|ZF F59] X34t

o

d AR G

hus

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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0 1 2 3 4 5

n 1 2 3 4 5 i
n-6 family
1 farnily
16 o]
16 o v
¥ .
v Y
1% o &8 o Al o Al 0 o 18 o L]
as 49,12 ARILLS LEZIL1S L
¥ 3 ¥ " *
¥ ¥ ¥ L\ v
Y o A5 A% ; FA]
0 o =) ) = 0——F0 20 o a O 0———0
&1l ALLILT  AELLIIT  ARE1LI4MT . All All14 ABIL L4 ASEILI4
¥ ¥ ¥ ¥
¥ ¥ ¥ i § v
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

a9 140. ArF0024
KEGG mapping.

27. A mA 27

]*ﬂ_u_-rr Eiy

o] A B

7o 2

H:l

s} At

ot

d

e

o s g Blast2GOel 9] &

7}, Next-Generation Sequencing (NGS) w2 s) vl Al ZF  ArF0024 2
ArMO0029CE tjdo s A F4d4 B4 33
. ArF0024 WMl zEF wreel] did 22E dA §FAA 24 tlolE o] A g =
=49 read= 9F 12,885,000 o/lE EAEHI, readol assembly analysis %
55,89471 9] contiguous sequence (contig)E 3H 31 S
X 84. ArF0024¢] == cultured] g+ Next-generation sequencing (NGS) Z 3},
Number of Number of reads Percentage Avg. length
Name Avg. length . . .
reads after trim trimmed (%) after trim
f24-12_S7_1.001_R1_001
A L 5,747,330 236.6 3.238,751 56.35 1579
(paired)
f24-20_S8_L.001_R1_001
et et 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 5,722,264 230.4 3,289,740 57.49 1565
(paired)
Total 22,432,284 228 12,885,427 - 156
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I 85. ArF0024¢] &&=

cultureo] ™3+ NGS #4 % Assembly 2 3}.

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
i!i
]
|

EErps8pEddyg PP EE LI FER
BESsB gL BERSaERgEEEa &
£ B g=c&BEBEEg JEFE g g EREHR
= = = 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
B cEGE B H F Y Ega £ 24
B g=p@= g g 2~ F £ =98
= 1] m =
g EYEE 3 ° § <2
g I £F £ £ E
= = ] 5] =
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9 141. ArF0024 WM &7 572 NGS &4

- 178 -

CLE UM

Sail LG

etara italca
enlsea aurea

EmilEnia husleyi

Iheobroma cacao
Peeasichersb

Ambore | trichopoda

Eutrerma sa b ugine um
Sobnum heopersicum

BLAST search

Cirus ©le me ntina

others



Percant of genes

7 m'f 7 E ffffff
’ifzw"'f’ y*" /i

29 142, ArF0024 Pl Al Z=7 #F9 NGS 4 % tology 4] A3},

- 179 -



o)
4. LC-MS &4 A3, Artew %“3%

8 AW MAEF FF9 Pvme s 24

7ho A mAES T A ArF0024 2 ArMOO29CE exdg wjgs T 7 LX) o

ot

i

A AA]ES o}

F7] 918k LC-MS #4& a3,

[

2= DG (diacylglycerol), TG

= FER EATS A3

i4>

(triacylglycerol) &< =& o] A% 7hs3g A

5
g

ArF0024

Total number of cells(x107 ealls/ml)

——4C

—&-8C

12T

—201C

0 10 20 30 40 50 60 70 80 90 100
Incubation Time(days)
1% 143, ArF00249] 4, 8, 12, 20%= =% A4,
RT 009-1307
i _ NL 35TES

e — 1990 ;TI;JLF?LS-:\ESI
20 gy 1018 1084 [10000-1500.00] MS
778 820 841 8 1100 cortrelalgae e bulf

Felotve Abundanoo

E . ; 1100
N1 0 pss goy 174 z2mp 2q7 36s 405 42€ 451 a7s 538 052 BE3 852 1107 4181 qya7 12855°P%
i 1 0% ggs 17 0 207 11

100 i WL 11269
' 28 p—=~" 2 TICF FTMS = pES
20 =7 Ful
LY [10000-150000] MS
1011 a4 Déoc_pes
2 1 004 4 1018 1084
5 1
2 wgﬂ 1222 12957
0 — s
00 478 952 i
&0
2 0%
20

047 \‘Bilz‘
- 134 209208 e 200
- T I T

100 L NL 13469
i TCF FIMS + pES

Fullrs.
[70000-150000) Me
arZ4_12oc_pos

,: g 1035 4099
y 1105 1181 1232
100
k-]
o 048 s‘“—'ﬂ “1 i
23 4 m 52 ’\ a1z f) 1082 4555
% II\J f ;L-\.N\ g '\__‘.r\--——w = g ,J’rllm 1o 12
L s 8 7 8 s 0 ' 1z .
Tirme (rmin)
219 144, ArF0024 v A zo] emw AANE BA Az

180 -



20. ¥ vAl =

R8s

FFe A% BAARE B 48 HAAY 0
T 8

7F. ArF0024 W] A oA & H 3 55894719 contiguous sequence (contig) & ZF ==
AR G Fe] =] Aol =&

[e]
b e FRAES Adeigdoen o F AL
FAAES 227t S7EeE Bl fga
th Aol A wdo] &
A ALY s 2L

R

FTRAAES Hal 24,
o
&

AAES Adste] L9 ARN G

Clustering = 10 groups
7,190 genes é

Target genes?

w2t =
e

19 145. ArF00249] Temperature dependent-transcriptome change.

4 8 1220 (°C)

HoocofM Yol YHE|N LSt o8] Hat L asts SEAZ (7190)
8] enriched GO term

S22z ojM YHYo| M1, REF7H0 28] WAL Stcte REAIE (5837)
| enriched GO term

- 181 -



E 86. ArF0024¢] i3 A2dg

}_

i

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 277.3 934 105.7 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 7 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 L 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. ArF0024°] x4 AW

A

pud

A #H FA-AAE (RPKM sum > 26).

Seq. Name Seq. Description Length 4T 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 Saylg}tf;ase subunit 691 501 507 495 5l2 2105 O8I ogo0%
arf24_contig_8191 Cyd‘)p“;l;?ﬂﬁafsae“y acid 277 311 553 514 458 1836 114E-45  77.00%
arf24_contig 2154 . )gldgh@@mw m‘alﬁgfgﬁ ad guen 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 fatly : 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 38 962 241 205 1086 14IE-50  91.80%
. . omegal3 fatty acid
arf24_contig_3852 2ald fatty 2600 379 193 286 218 1076 0 70.20%
arf24_contig_48657 1°“g’Chall?g£§teW acid-- 403 274 256 315 227 1072 361163 48.50%
arf24_contig 18435 [ty acid synthase subunit 00 333 17 153 244 90 L43E-T6  94.20%
arf24_contig 4000z faUY acid synthase subunit 545 907 309 20 86 892 298E-50  9420%
arf24_contig_2776 fatty acid delta-12 1522 101 138 132 45 821 0 78.80%
. . fatty acid hydroxylase B
arf24_contig 9693 o AN A0 A0S e 252 152 138 232 222 744 L79E08  56.20%
. short-chain fatty acid
arf24_contig_54403 nan e 246 135 112 188 76 511 0735026  54.00%
art24_contig_ elta fatty aci esaturase X . . . . .00%%
£24_contig 17383 delta f id d 677 54 23 285 138 50 107155 72.00%
. fatty acid _
arf24_contig_25620 oy 2o ke 317 165 101 22 0 488 G607E-23  71.20%
arf24_contig_40047 ~ fatty acid Sgg}}fjse subunit 456 103 21 106 26 445 325E-77  92.00%
arf24_contig_52793 fatty acid synthase 261 27.2 10.2 55 1.2 441 499E-11 60.50%
. . delta-6 fatty acid B
arf24_contig_52494 a0 faty : 798 78 176 167 0 421 6I8E-82  6880%
. elongation of very long N
arf24_contig_13053 Oty Code 338 122 83 126 54 385 400E-26  6580%
arf24_contig_17130 fatty acid desaturase 717 10.3 14 12.4 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 Cydomgl;?ﬂﬁafjetty acid 2103 93 108 83 26 31 0 70.40%
. - omega—3 polyunsaturated
arf24_contig_31043 e olyunsatura 224 12 82 103 0 305 100146 48.75%
arf24_contig_20728 long“?hall?ggitety acid—- 598 5 74 93 71 288 250E-07  66.00%
arf24_contig_53171 delta fatty acid 246 9 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 1286-54  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 0334576 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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Fatty acid biosynthesis

arf24_contig_12275,
arf24_contig_20101,

arf24_contig_18435,
arf24_contig_26639,

Reductase 1319 " 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 . .
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_b54867
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 ) ;
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_b54371

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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th ArM0029C w4l ZF o ik & AA fH4d4 BEXow GC TF 61.41%,
95,453,218 raw read, & 18,062,167 bp= & H 3o o5& assembly analysis 3+ 2
7} 34,822 unigene} 29,622 singletonS &H 3} .

¥ 89. ArM0029Ce] =% wix|d HALA] 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 82.97
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 34,066,848 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

H] g 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%

19 149. ArM0029C9] contig 8,9477R¢ll th&+ top-hit F&EF 4.
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% 150. ArM0029C2] Gene-Ontology Classification.

3 90. ArM0029Ce] H== iAo A o] F7He - AbE.

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 0.4 28.2 39.8
ne methyltransferase
. atp synthase subunit
contigh863 483 bet 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 - =If2 = -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 7.7 35.3 41.6
dehydrogenase (nadp+)
contig10492 216 heat shock 11 12 185 4 3.3 50.5
contigl13 1027 histone h2b 512 232 1056 16.3 319 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 41 50.3 30.2
of photosystem 1
contig2854 238 luminal binding protein 7 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 273489 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
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% 151, ArM0029Ce] &g aj Aol Al E&H o] F71sk FHAES KEGG category w47,

3 91 ArM0029C9] sl v A el 4] o] Frhe fFHAE.
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 ctial 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 s11 6224 14417 10771 690.2 264.4 422.6
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TAP - F2 - BBM -
ArM29A  ArM29A  ArM29A F2 - TAP - BBM -
. -TAP - -F2 - -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
contigh394 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
contig13005 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 25.3 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 - -F2 - -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 0.9 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 5.8 4.7
synthase
. mgdg specific palmitate
contig4l7 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
contigb590 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 264.8 192.9 144.5
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
contigb065 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 - -F2 - -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

contigl11364 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 34 287 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 - -F2 - -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 sl1 487 512 328 92.4 78 485
contig11381 255 60s ribosomal protein 114 325 406 282 114.6 81.4 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
contigb34 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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L.

A}

29 154. ArFO006° A & H B st x ik

30. AW VAEF FF
3

7}

A2} % omega—6 E3E
T 5x 24 04—'?* A
AChFAD6)= % 1,274 7H

ArF00062] NGS Hc]’ el =% A 2
3} AU Ao TEE FHAAE Mulbsle] o] = EH%]"E’Q]
q

%—3 T v A 2ol *1 5]

= 37]E UrEHHL o= FAH.

ATEF Ad+& %3}0% AChFAD6+= Chlorella vulgaris 2 Chlorella variabilis®] =3
3 Al G40 oluwaly) =S ZARAV S Ao EAHAL J|E Hx
AzFEY Ex3 WA 257 &ate o2 A,

AChFAD6= 9 @iid = A =323} A4k 2471 7FA = His-rich domain®] <43k
o7 BAES

l

=

AT .
. pET32 &d wEe AChFADE FHAE A4 7 #d SgAv=g diddate] 3384
3} AChFAD6 w1 a & A] Western blot analysisol] ¢ste] 2 Wal o 17} &)

%
T
)

A+

i

. AChFAD6°] 9Jste] F7td Exs) Wil 55 12293817] $13te] gas-chromatography

= Abgsh BX A C18 ¢ 2 fatty acid (Linoleic acid)7} thZ&atol H|&te] Z7135}30 S
A Gl rE AChFAD69] ofr|=its v ofrjqtoz tha] A, AChFADG <
o] §4 &Ao] Wty o] C18 : 1 fatty acid (Oleic acid)E F7HA 71 EX3 AW
g &9 stearoyl-CoA desaturase® 8= = Aoz 452

L

rlr

Arabidopsis thaliana (MP_124324)
Descurainia sophia (AB|_T3993)
Brassica napus (AAT_85208)

Nicotiana tabacum (AlA_Z22326)
Solanumacauie (AGW_21688)
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)
ﬁEﬂeﬂmﬂgo truncatula (P_003610331)
e B2 Glycine max (NP_001238236)
| Medicago fruncatula (KEH_38076)
L Cryza sativa Japonica (BAD_0D207)

qFFArabJ'desrs Iyrata subsp, lyrata (XP_002867319)
ks

Ginkgo bitoba (AEJ_8T848)
Physcomiirela patens (XP_001 7T8885)

Mesoshigma vinde (ABD_S8898)

saACHhFAD
_l;[ChIomh'a vuigaris (ADB_03432)
o7l Chiorella vulgaris (ACH_S056T)

Chigrella variahilis (XP_00S843560)

Coccomyxa subsiliipsodea (XP_005648776) G re'e n
Auxenochloreiia profothecoides (XF_01138T548) =

Monoraphidium neglectum (KI'Y_S93798) M “: roa lgae
Chlampydmaonas reinhand i {(XP_D01683068)
Chiamydmonas sp. Wal (BAA_B3B22)

9 Chiamydomonassp. ICE_L (AEK_TS074)

EaE

A &<l AChFAD6O W3t AlE®F 2w

ndt
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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% A0l = =z mAzRe X3 Aake] opvmah A d 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

9 156. AChFAD62] ©@a 2}t #A]. 214 beta-helix; WA, alpha-helix; 3tg+ 3 AAd o

QA opm| =t A FE; o« His-rich domain.
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a3 157. AChFAD69 AAT W $IXsts ol +3 EX. (a) DAS programeo] 2|3+
transmembraneous region A3, (b) DAS program A& 7|¥ro® EA]gk AChFAD69

amino acid structure topology.

(a) (b)

MU 1
— ' M U 12
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42—.-.#
35— me— o o
- -

a9 158, tidatel A 3dEAZl AChFAD6S] #d 23 (a) Coomassis blue Aol <s wad whg
A1 (b) Western blot analysisol] €] 3k whulz ulg] g
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1% 159. AChFAD69]

Ci16:1

E. coli
EL21 (DE3)

C18:2

ci8: |
P

Time (Min)

AChFADG

Time (Min)
Mut-AChFADS
c18:1
C‘lft:ﬂ * c18:2
c1 :'!:D E ci6:1 i

Time (Min)

371 EdAwo] AChFADG L& o3 +t.
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& 92. AChFAD6°]

B4 A,

At 24 9

gteko]l gas-chromatography S Ab

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 1.26+ 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%)
C18:1 056 £ 0.05 545 £ 0.16 9.23 £ 0.18 140 + 0.04
mg/g (%) (148 £ 0.17%) (967 £ 1.52%) (14.27 + 0.49%) (1.08 £ 0.05%)
C18:2 2.06 £ 0.12 6.73 £ 0.13 424 £ 013 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 + 1.56

(mg/g)

* N/D : not detected
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H 6F. AubPdolM &t sielutstr|=8 R

1. FAO (UN 2 =&4717, 2007)+
ARFRe 47 1% JES @Y
A 01]

B2 yehso] vlojeds Al

2. Wijffels & Barbosa (2010)& A 7&wstel o= $17]7} A&He 5
AUFAZ|FANZ Aot dFolA 27 AEds YIS A= A2
&4 AR o3 FF 57 150w A Aite] sbssta mug

3. Chisti, Y. (2007)+= "M ZF7F Aikets A2 (Lipid)& F%3Fo] wlo
T8 vfolod gy ALEs = Q7] wFEel H vAZFI)F vlol s Ao w 7k

Wi QS 53, 912 Ru vAEFI B2 Al valA weuAag 4ol 4
58 B AoR AU
# 93. "ol et Aol gt vhFek dw e Hla
Crop O(ii /3}/'lield Land area . Percent of existing
a) needed (Mha) US cropping area
Corn 172 1,540 346
Soybean 446 094 326
Canola 1,190 223 122
Jatropha 1,892 140 77
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. F715 2 L= AAEE SUE A% V=
7} Deng 5 (2009)2 HEALSLE s 9

d C
A ow Fopxivta Baudh spANh ZshE = A 3o EAste] R8s ALAE 5
Gl

r
Y,
o
N
iR

.

5. MAIZT Wik

7}, Wang 5(2010)° olstd, @7]astlS v A= o] &3sto] Chlorella & WEE 4
S, nAlz2Fe 7] HF ol Chlorella®l 7ol 93-S vty B g

1 x 107 cells/mt 5.2 Chilorella % A @748 9o A ]/‘ﬂ 9] Xqzoﬂ o] gk
2ol 4 glol 7Hd & AT Hasta 9low
Fd A AT et A gethal st

t}. Mattos 5(2016)2 Desmodesmus sp. & 7% pH 7, 25C, 3 g9 wHkE=o A 304 7F
W F3EAR S A-$ TCOD, TN Z+7} 36.2%, 52.1% A A JAvtar B s

o @

J

6. Christenson, L. and R. Sims.(2011)E H&A wAZF v %S 1 H]}—‘VET Hpo] @ mj 4~ ¢] 3
TN olYgt &8 SHAAAME fF&3tth AFAHE e} AASY FARAAG vAER{FE WG
g Agte oy el dem, ;E 949k ol 7EY FiHA wAEFol vs] A ol
=4 YE S

E 94 VAER el mE 5449 Hlal,
) 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. Z25F/AT &8 (algal - bacterial process)S & 3F 37 43

7 AeA e RN 2/ AT EF Y S =R/ FFAEE T3 Aikste O
Bt G v Eo] ol &, mA =] AAtste COE =77 AHES Fh

4% A BAAS B2 4EATla ohed 2Rl ¢F CO, F
AA e FoHA AAE algal biomassES HEo] 9 g} B

2 oot
O> o,

By oob N
AuH
=2
= x 3o 0
dlo
N
0
~.
=
=t
o
ot
=
o&

>

o] 93t biomass AAFS ]/‘ﬂZ:TErﬂ =2 TF
A=

Wbt Agstel AeAeld ofF F8aA B8E >



- Adgascic

Microalgas

1 00;_, consumphion
+ Extracediular matter

2% 163. " A 27

- Tempsrature increase
- pH Increase

- DOC Increase

- Bactencides

Bacleria

+ Growth promaotbens
+ DOC decrease

Hre g ot Abol o] A3 g (24, 2014).

F 9. stA g & v Al EF (microalgae) Z-§& At

A& Ak W & 23
Grobbelaar et al., 1988.
Pilot ¥ Lab 29 FAENSI|E o] &3t 34 ¢ )
P ) _ Martinez et al., 2000.
BOD Ag Aol v xFe] 2ba AeEe 048 T 1.8 , ,
} } B} McGriff and McKinney, 1972.
A 2 ke/dol &aba, #eAd AolA vAlEF 1 ke oF 15
~ 1.90kge] AFAZ WA ZIGE A 9L Munoz et al., 2004.
’ . Oswald, 1988.
AZFE @¥d (HERF dx FF9 45 T 60
-~ T e el B Lalibert et al., 1994.
%), WA R JAAH FAAE S8 e s =
QEAF | ool A Eel JERHE AR Fr Oswald, 2005
‘ ) McGriff and McKinney, 1972.
] 2] AT AAZ G FAolA pHO F7HF
B Nurdogan and Oswald, 1995.
7] witel dRYyole] @] EE Qe HAS f=
2 Vollenweider, 1985.
FEA PAES Az xde =7 &2, o] 13k | Chojnacka et al., 2005.
2@ gtsl & FH A, ¥9 JA, kst 39 4k$ | Kaplan et al, 1995.
T AR 93 Fa5S 549 & 7 US. Kaplan et al., 1987.
TEE SAE Fa5S A g 42 AMESAY 545 | Rose et al, 1998.
| 2] HXelE 98-S o, M ERE F50]+S 83} | Travieso et al., 1996.;
o M & giAabE EA Al F S V an Hille et al., 1999
v zF A o pH $7le T35 W &S | Wilde & Benemann, 1993.
&3 AlZd Yu and wang, 2004.
Aiba, 1982.
Mallick, 2002.
e MAERE Alse pH, 0% 0 SEMLE F7pa | anek 20
N ‘ Mezrioui et al., 1994.
] 2] 7 MY S A '
Robinson, 1998.
Schumacher et al., 2003.
3l = 54 527 9 dxiFe 54 7 FFES 4, | Semple et al., 1999.
1 A 3 s dozA A ST F 9e Subaramaniana and Uma, 1997.
Z5/dtd g o) vfo]l e ~E o] &3t AU A% |
Hlo] @ 7}~ N i _ ® ™" " | Eisenberg et al., 1981.
wErS AAE A s AAH w8s drs 5
At o1 Oswald, 1976.
A




3 96 25 "HHl ol = vAlERd F 7] edewd A

st3t= AE =7 &+ = AAE 23 B3
= a =4l R AL {1
C. sorokiniana®t
600m¢ ek Wk 2,300 Munoz et al., 2005.
uhe) g of
A EYEY
Chorella/ Scenedesmuis}
50 L FAENS7] . 432 Munoz et al., 2005.
alcanotrophic ®HH] 2] o}
Chorella/ Scenedesmus®}
m FE ) - Safonova et al., 1999.
alcanotrophic =HH] 2] o}
2o
=TT
Chorella/ Scenedesmus/
100 L wkg-x o 55 Safonova et al., 2004.
Rhodococcu/ Phormidium
2 L 2"ditp=9} C.sorokiniana®}
. 192 Muoz et al., 2005.
10264 8] 25 10% | Pseudomonas migula
HHE
50m¢ FE.2F 20% C. kin.
ne B 20% sorokinianast: 576 | Muoz et al, 2003.
A 25 Pseudomonas migula
600me ~€ith= C.vulgaris/
" o garts 9 Essam et al, 2006.
8 g/L NaHCO;3 Alcaligenes sp.
=
100m¢ E-Z&~= Anabaena variabilis 44 Hirooka et al., 2003.
C. sorokiniana/
] A4k 600m¢ =~ = ) L 2,088 Munoz et al., 2004.
Ralstonia basilensis
C. vulgaris/
pUEZHE - “ 50 Lima et al, 2003,

C. pyrenoidosa
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8. 2014\d 7=} Asian Pacific Phycological Forum (=)
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 mangroveir PQ6

- 2FYRLS e BAFE M BEHAWAS. FdAzHE B FFA,

=
AR ATAY 2FLAL FaAsAl, FoA, PP &5, AREE B
]
“

= y
O aAEEE AaAZ WA AR Zadta QS Schizochytrium %S
o] &3to] & ESIAWALS

—

i

al
@ I ol e, BEANY, FHEOD AHE

dlo
o

]'
A

29 164. Hong et al. XA =,
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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. huleyr ©] C18 A4k 242 C18: 0, C18 : 1 A9, CI18 : 2 A9, 12, C18 : 3 A9, 12,
15, C18 : 4 A6, 9, 12, 15, C18 : 5 A3, 6, 9, 12, 15 4. Z+Z} 9] desaturase”’} <=4 3}FA]7H

A3 desaturase:= UH A A &S Z+7+9] desaturase FAHAZS o|F W& o] o|FAFTS
WEo] E¥3 AHAS vt g3 E 8918 E3] AlS desaturases AR 1A
x5 5olAds e 4.

=

19 165. Tomonori Kotajima. et al. &% A} &.
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9. 20154 9%} International Algae Congress (EZ57Zh)
7}. Duarte Rego. et al. Pulsed electric fields; a tool for upstream and downstream

processing of microalgae cultures.

- A=71%¢ PEF (Pulsed Electic Fields) & ©] &3 vAx/F J2EH UF2ER 7|&
M A AVES FEeke AS MAERFY I FHAEE EoTeE A Edd |
2EF S A Bt mAEY 29 (MAlEREAR 974F7, dATE)S Al
A 7 U5 E2ER S Az S48t AE (vlo] A8 A, A, oo
= = T A M7= 900 V/eem, 65 us

et

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 ge AEe] Febavt Be TaAom REAY AuE £ Qe £E 7Y
F 3 g 9N AE

19 167. Frey et al, @3 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.

- w3 T e o, A, FuiabdddA Fert SbHE A e 3% ke =
A ol FoAdom g Wilo]l JEE L AT, 10 ppm °lske] TR
A 3147} ¥ 5. sulfo-thermophilic red alga ¢ Galdieria sulphuraria = 34 =
A, Pd”, Pt"E S FFEOR IFF o] dFE e FFHolE 58 b &

c o] #FE gAY A

[V v %
o L L

2% 168. Ju Xiaohui. et al. &3 A5 % A<M 3¢d F3 g o] &
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A 778, AFALTA] R ATAA

1. AF44 3%
T3 EE il 5} <=1l AEZT H M o] 23 ok A]
RUn - 6—1 <= = .;jJ_ = v
scI | ®scr | 29 | 5= | % == e
HTER 4 - 2 1 1 1 -
=3E
A=
A A 1 1 3 1 1 5
=3 2 1
22 &
A A 1 3 1 4 1 2
=% 2 1 1 1 1
A=
A A 3 2 2 6 3 5
ST (%) 100 - 250 400 - 200 400 -
2. AP
TE RREED :
oy o oA | et | e | @Eagg | T
\_% - o=y - \_E AHA I_E A L=
M| | wmEn/ss /e a8 | - N saery
=5 71 E3155=7} | Factor | /531552 = Q1asrs =)
7)e} FEapp | T °
Ql5FH| o B o] A ALAZL|
. (F)mfo] AT
1 | =2 Fdo] w2 IATA L - 2014.12.01 - -
Qo]= 3]
MAER A 54 2
A comparative study
on the alternating Journal of
mesophilic and Environ
2 | =% th hili 2] o AL tal 3.26 2014.06.01 - SCIE /
T ermophilic ' g A4 r?en ) . 108 ols
two-stage anaerobic Sciences
digestion of food /=
waste
Growth and lipid EE
content at low S Bioprocess
. ure of 317 | AILA AL p
emperature o an
3 | =5 e 9 v | waA | 1901 | 151026 | w=AbA} | SCI
Arctic algae . 2 Biosystems
Chlamydomonas sp. B /\L Engineering
KNMO0029C -
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Sha| sl | st sl
B A Lo | AEmea Fuy Az
1 2013.09.26 | 7l=¥ 4 (KAIST) Sk 2 5751 3 Chl hyll W3 obar
AT % K29 oropvE e e
Cultivation and Lipid
Skl et Formation of a  Green
2 | 2014.04.09 | 7= ¥4 AT ddsd | A E3F 33 | Microalgae, Chlamydomonas
FAAFA sp. Arm0029A, Isolated from
Arctic Sea Ice
EEE DL
FI R el R Di i f i
3 20140416 | 71291 24 3o & 2] Sz oty iversity of unicellular green
A algae from Ny-Alesund
A AT A
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
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Cultures of microalgae for the
= ) . )
6 92014.00.96 e [ o“[“- A 7|21 p.roduct1on of bio—fuel usm.g
gAo)ls e piggery wastewater anaerobic
digestate
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ducti f bio—fuel i
7 2014.11.98 %) ) 8 31 87] 49 21915t 3] el 79 DT’O uction o 10—-tue uSHl.g
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3R
digestate
Sh-3] & }-8) b Growth and Lipid Content of
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8 2015.12.02 | 71e¥ 74 EABA Psychrophilic Chlamydomonas
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=L RN sp. KNMO0029C
Bl=taf) oF ) 5} lish The Arctic Chlamydomonas sp.
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FA AT A biofuel production
_ _ WA A oGS 98 R
juz] Skl 5= 23 A 53 B X
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AR e 53 A2 T
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