B
‘- e —

A HE FREAL A

RRPHAREF Y

Jl" ~

6, 2017
4

R M



Hx % Microalgae (Algae =338,%550))
 RET AR A 2 R AR R RO

CO,, H,0 Biodiesel # i & /¥

s Biobutanol 7 fi%
> % Bioethanol = g

Pharmaceuticals,
Cosmetics % ¥t -

I %

A feed; Food gples & 4

* Posten, C.; Schaub, G., Microalgae and terrestrial
biomass as source for fuels--A process view. 2

2011 Bilateral Workshop-Nano Science
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6CO: + 6H:0 =) CcHw20:s + 60:

Carbon dioxide Water Organic Oxygen
from the matter
atmosphere

\
t

Total capacity : 2,530t/yr dry microalgae
(source : google)

19.8-29 ° C \op

3 Kaohsiung mean average daily solar radiation:
3.75kWh /m?2 da®); Oy 14ha 3225 kcal/m?/day (source : Ou, W-S.et al., Journal of
Kaohsiung Talin Architecture, No.64, pp.103~118, Jun. 2008)
80Tly Assume : 3% Photosynthetic Efficiency (PE)

- £ o2
BRRAFK(ER =96.8 kcal/m¥/day

If algal caloric value is ~5 kcal/g,

Expected algal biomass productivity:
19.4 g/m?/day
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‘k\’ A% Ankistrodesmus sy Ne s wp. % g; 4
. - Chlorella sp. €
Micractin Oocystis sp. Eustigmatophyceae sp. Scenedesmus sp.
o Tetranephris sp. .
77 Hylodesmus sp. ﬁ
~%, Mychonastes sp. o

Fistulifera sp.

>
~
Chlorella sp.

Acutodesmus sp.

,"‘,ﬂl .
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Asterarcys sp.
<)

Micractinium sp.
Picochlorum sp.
Chlorella sp.
Synechococcus sp.
Golenkinia sp.
Actinastrum sp.
Desmodesmus sp.
Senedesmus sp.
Tetraselmis sp.
Micractinium sp.

Chlorella sp.

Coelastrum sp. Senedesmus sp.
Tetanephris sp. BWe Micractinium sp.
Dictyosphaerium sp Actinastrum sp. y
Oocystis sp. Ankistrodesmus sp. W’
Asterarcys sp. Chlorella sp. Golenkinia sp
Tetranephris sp. Senedesmus sp.
Choricystis sp. Acutodesmus sp. 9
Nannochloropsis's Bacillariophyta sp.
CKanobacterla sp. Coelastrum sp. o
Chlorella sp. Desmodesmus sp. )
Lemmermaannia sp. Tetraselmis sp.

Micractinium sp.
Mychonastes sp. /
Ourococcus sp. - /'

2 * Scenedesmus sp

Y N

Coelastrum sp. Teranephris sp. Ankistrodesmns sp- P Cyanobacteria sp. 6
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=msensne 1@aiWan’s National Energy Project (NEP)

Naional Science and Technalogy Program - E

CO, fixation and re-utilization using microalgae

BN R FEIE
Funding source: Ministry of Science and Technology (MOST)
Project period: 2010-2018

PI: Prof. JS Chang (NCKU)
Co-Pls: Prof. TM Lee (NSYSU), Prof. TJ Chou (FYU), Prof. C-S Lin (NCTU)
Prof. H-W Yen (THU), Dr. TJ Kou (MIRDC), Prof. HY Wang (NCKU)
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A

VQ

Sunlight
VQ

Microalgae
cultivation 1 kg algae (or 2 kg CO,)

= 3-7,000 USD

Cosmetics
Biodiesel Succinic acid

2 kg CO, +500 L H,O (recyclable)
+ tiny amount of nutrients

=1 kg algae Lutein Astaxanthin Feed 9



成大安南科技部查訪.wmv
成大安南科技部查訪.wmv
成大安南科技部查訪.wmv
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WOR B IRERBB SR 7

> BFEE X EAIRUL200-400 HERYCO,

= 100-200 ton algal biomasss/ha/yr
= 1x108-2x108 NTD/ha/yr
(if 1 Kg algal biomass = 1000 NTD)

10



Biofixation of flue gas CO, in China Steel Co. using a marine alga
o e 2 =) 1l 522 ek ik 15 TR
Flue gas composition:
CO,: 23.1%; SOx: 85 ppm; NOx: 75 ppm; 230°C

Fis

e :
ekl o s -

)
=

U 01

Cultured volume: 40 L/reactor (Total: 6 x 40 = 240 L)
China Steel Co., Taiwan "



| Circulating tray PER Developing pilot systems
o el for the capture & re-
o N T <o I utilization of flue gas CO,
in China Steel Co.

Tubular PBR

NEESEIN . Rk

Plastic bag type PBR

Ongoing project at CSC:
A 4 ton microalgal CO, fixation system
will be complete




Microalgae growth using different flue gases (1)

A. Coke oven B.Blastfurnace . Power plant Table 1. Major components of different flue gases
were collected from the China Steel Corporation in
southern Taiwan. Nitrogen oxide (NO,) is the
mixture of nitric oxide (NO) and nitrogen dioxide
(NO,)

Coke oven Blast furnace Power plant

CO, (%) 25 (23-27) 26 (24-28) 24 (22-26)
CO (%) ND®(<0.1) ND(<0.1) ND(<0.1)
0, (%) 7.0 0.4 3.5
NO, (ppm) @ 80 10 30
SO, (ppm) 90 20 20
Temp. ('C) 200 130 190
Dust (mg m-3) 5.8 4.0 --

Gas flow rate

175,000 235,000 350,000
(m*h)




Biomass concentration (g L)

Microalgae growth using

N
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0.5
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different flue gases (2)

0
S

——25% carbon dioxide

—0—Coke oven

—&—Blast furnace
| ——Power plant

—— Air

CO, removal efficiency (%)

2
Y

NO, removal efficiency (%)

n
7

0 1 2 3 4 5 6 7
Days of cultivation

A

s

\

Lipids content = 21.5 - 41.6%
Using coke oven resulted in lower lipid
content (due to high NOx content

SO, removal efficiency (%)
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O Coke oven
O Blast furnace
+ Power plant

1/2 1/4 1/8
Dilution ratio




Automation of flue-gas based microalgae cultivation system

Control concept:

Turbidity — Control of fresh medium addition and culture discharge
pH— Control of flue gas flow rate
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- Photobioreactors (50 L each)
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4 channel IBE I TR EHER

(B =:10-15 ton)

depth-averaged velocity (m/s)

0.02 0.27 0.51 0.75 1.00

Time Frame:  0.00000

34 1

00 1.86 372 558 744 930

92cm«

F B JF:1.5cm
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One unit of this can produce 1.5 ton dry algal biomass
in one month

24
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Chlorella vulgaris ESP-1
(ca. 50% oil content)

Nannochloropsis sp. ., _;. =
. > T 3
(ca. 31% oil content) %{’5’]‘: 5

AL R

Scenedesmus obliquus CNW-N
(ca. 25% oil content)




Productivity of Biofuels from Different feedstock

AEEHRZ & BRNEERE

Algae are considered “ Third generation biofuel ” with
extremely high productivity than other feedstock

5,950
N
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Source: “Prospect of Biomass Energy of Sea Algae”, Prof. Shin Watanabe, Tsukuba University
28



One-step biodiesel production from wet
microalgae biomass ficig 2 F & f{lig AR

Microalgae conc. =
1-5 g/L dry wt.
lipid content: 30-
50% dry wij

e ]

Harvesting -z Cell wall disruption
y L
(H,O content: 90%) A (H,0 content: 90%)

& -

Product separation . A _ .
(Phase separation) Direct transesterification Oil extraction

‘8 2 ACRE i 1 LAEE D s

Rapid dewatering
(H,O content: < 30%)
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D | mm [FHNEK 350
L | mm BEFAENES 2000
S | mpm [EFEEE 30
t | mm ,,T/&H%E 1
Q LPH [>& /fﬁ?i%ﬁwmﬁ 20
tr | min |/ EARFR] 6.6

E =7 R
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(lipid propane extraction)

Z jlsnin'l'.

e

FmCuE propoe
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Flue gas

'/ i \\

1

1
Medium ——> Cultivation

1

1

Sea water ——> (P11)

1
1
1
1
1
1
1
1
1
1
1
1
1
1

-

A complete Integrated flue gas-to-products
microalgal biofuels/biorefinery process

------------ ~

i '/' P2: Pretrement ™,
A : * : Ce“ i T T T T T T T EEEEEEE TS ~
i Harvesting i . g ! < P3: Conversion ™
me > P P e [
I o P v Hexane \‘
i P1: Microalgae i ‘l’ P i
b cult i Moisture I ! i
‘\El_J__u_r_e ___________ A &= removal —E—I—) l€e—— Cal i
t (P22) i i Trans- or |
\\ ’, 1 .o .
h - i esterification ¢ NaOH i
S . (P31) |
= —> i
1 1
= i :
(] ! 1
> i i
P -‘8 ------ N i l S i
/ P4: Recovery G N Separation Washing | A
! @ i (P32) (P34) 8e !
] i <« | A > :
] 2 = g & | Residual i
i 53 | LIES| |BgMethahol Filtration ] i
; SES | |8% 8T " |
] 1
i . I B O | i
1 1 1 ]
. L A Residue ;
Temmmm ey B D R A - "\, (including biomass, S
Pigment cCrude S Ca0) N Jj g
glycerol —> Biodiesel
A 4

Wastewater (including oil, salts ) 32



@ Japan Science and Technology Agency  (JST CREST Project)

Isolation, characterization and optimal cultivation of
carbohydrate-rich microalgae

EIEMEREENSDNAA IR/ —)LEEF T DR

HAABEABSEERSHACAYSEZME

Prof. Jo-Shu Chang 3% £ 12 (NCKU)
Prof. Akihiko Kondo (Kobe University, Japan)
Prof. Tomohisa Hasunuma (Kobe University, Japan)

Project period: 2011-2015



e Cytoplasm: starch
e Inner cell wall: cellulose
e Outer cell wall: pectin,

Microalgal carbohydrates

alginate, agarose, etc.
(valuable sugars)

. Mlcroalgal ceII wall

Cellwall
Fibril
Plant cell

Microfibril
CH,OH H OH CH,O0H H OH cnon
e

H

H OH H OH CH,OH
Cellulose

v’ Cellulose is the major component of microalgal cell wall
v’ Functions: protection, maintenance

The major components of cell wall in different algae

taxonomy Outer cell wall Inner cell wall
Red algae alginate |r cellulose |
Brown algae alginate I cellulose :
Green algae pectin : cellulose
Blue algae pectic acid, mucopolysacharides | cellulose |

34
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Sugar-rich microalgae Sugar composition
7 Glucose 46.8 %
Xylose 53%

Arabinose 3.5%
Others 44.4%

F . d . PVA immoilized cells for succinic acid
ermentation products: production

v’ Biofuels
* Bioethanol, biobutanol, bioH,

v' Chemicals
* Succinic acid, lactic acids, diols

35



Continuous Lactic acid fermentation using
glucose or microalgal hydrolysate

PVA immobilized cells of Lactobacillus plantarum 23
Continuous culture (dilution rate = 0.25 h1)

Lactate Lactate Yield C-source . Lactate. .
Carbon source Conc. (g/L) | (g /g) consumption | productivity
' (%) (g/1/h)

Glucose (40 g/l) 31.75%1.53 0.93%0.02 96.6213.05 7.9410.38

Microalgae hydrolysate

(40 g/l reducing sugar)* 39.71+1.09 = 0.99%0.03 95.37+1.46 9.93+0.27

* Sugar composition of microalgal hydrolysate (40 g/L reducing sugar)
Glucose: 36.04 g/|
Xylose: 3.06 g/
Arabinose:1.17 g/I

36



Butanol production from hydrolysate of Chlorella vulgaris

14 3500
" * | » Carbon source in medium:
% ° ~ Glucose=54.88 g/L
g LRl [TU2 0 Xyloses0.73g/L
g 8 - —— Butanol dynamic fit 2000 S Total sugar:55_61 g/l_
ke H, dynamic fit 8 .
S 6 —e— Glucose 50 5 » Solvent prouction:
o —@— Xylose o
% 4 o /)i:eta_te L 1000 ; Butanol: 13.10 g/L
E Butyric Yield: 0.58 mOI/mOI sugar
2 o 500 Productivity: 0.66 g/L/h
0 0 Lag phase: 18.1 h
60 - - 6 Acetone:Butanol:Ethanol = 2:6:1
2 5. 2 > H, prouction:
5| s H,: 2924.9 mL/L
g e Yield: 0.39 mol/mol sugar
S 50 S, % Productivity: 104.2 g/L/h
S S Lag phase: 7.5 h
g 2 R > Sugar utilization:
> ©
P 101 o ° 1 Glucose: 97.52%
o b o« o o -.\‘—.—0 0 Xylose: 37.51%
0 10 20 30 40 50 60 70

Time (h) 37



Ethanol production via SHF using acidic hydrolysate
of wet S. obliquus CNW-N biomass

+ Biomass loading: 40g L CgH 1,06 + yeast — 2C,H;OH + 2C0O,

+Reaction temperature: 121 C 18 10
4+ Reaction time: 20min

+ Acid concentration: 2%

+ With/without centrifugation

[EEN
»

H
~

[EEN
N

Nearly 95% of
theoretical yield

[EY
o
I

l

e}

Algal hydrolysate
Initial glucose conc.: 16-16.5g L1

Glucose concentration (g L'l)
Ethanol concentration (g L'l)

l

(0FA a 0
. 0 2 4 6 8
Ethanol fermentation _
Time (h) —&— Pure glucose (Control)
Final ethanol conc.: 8.2-8.5g L1 —&— Wet biomass o
—A— \Wet biomass with centrifugation

—O— Pure glucose (Control) EtOH
—8B— Wet biomass_EtOH
S.-H. Ho et al. / Bioresource Technology (under revision) —A— Wet biomass with centrfgation_EtOH
38



BioH2 production
using carbohydrate-
rich microalgal
biomass after
different hydrolysis
treatment

Microalgae feedstock

Chlorella vulgaris FSP-E with
46% carbohydrate content
(per dry weight)

Cumulative H, production (mi/I)

3000

2500 |-

2000 -

1500 |-

1000 |-

500 -

Yield (mmol H,/g biomass)

EE Cumulative H, production (ml/1)
[ H, production rate (ml/h/l)

B [ Yield (mol H2/mol reducing sugar)

mm Yield (mmol H2/g biomass)

Non-treatment ~ Acid-treatment  Enzyme-treatment

Different treatment methods

300

1 250

1 200

1150

4 100

150

-120

- 15

-110

-1 0.5

0.0

Cumulative H, production (mi/I)

Yield (mol H,/mol reducing sugar)
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Components of the different wastewater effluents

Piggery Aquaculture  Municipal Industrial
wastewater wastewater wastewater wastewater

Quality (mg/L)

Total nitrogen (TN)

Ammonia — N (NH,*— N) 491 = 57

Nitrate — N (NO5 — N) 1.7 £ 0.7 12+ 1 21 3.1+£0.2
Total phosphorus (TP) 20+ 6 6.8 + 0.3 12 £ 0.2 6.6 £ 0.5
COD 427 + 63 112 + 21 95 + 21 83 7
Suspended solids (SS) 83 + 22 32+3 22 +3 24 + 3
pH 85+ 0.5 8505 8.4+ 0.3 7.9+ 05

N

16



The pretreatment of swine wastewater

Piggery waste Solid- liquid Anaerobic
fermentation

by

QRN = el

N
- N Ll
e {

Summer : 40 ~ 50 L water/pig
Winter : 20~30 L water/pig 0.5 ~ 1 day ,
(Total Solid < 20%) 7 ~ 10 days
Final sedimentation Activated sludge Q
v treatment
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Chlorella sp. GDEE#E FHRIEEKEEE E

—@—Piggery ww
—O—Munucipal ww + 1x M
—l— Aquaculture ww + 1x M

Biomass concentration (g/L)
(=] = [z w =Y %] [=)] ~J [w]

0 1 2 3 4 5 6 7

Days of cultivation

FOEREIK BIREEK  FEIHEEK
TN (mg/L) 50~60 40~60 500~600
TP (mg/L) 5~15 0~10 10~30
TNFERER (%) ~ 80 ~ 85 ~ 50

(TPRZBRZER BB 49%45100%)

TE&LXE%FUK%D%mrﬁk%ﬁﬁi::iﬁ%ﬁﬁ SHY7K
B DURINxEZEERREEKSE
HY)E E #0.811H10.715 g/L/day -

- OB BB EFE RS RKETIEER @ WeE
MBEEFL1 g/L/day °

7 RIEB&EARRIME

(£ FA BE/Ki& T Chlorella sp. GDZ I8 E&
JERER

MRER—FRBEZFBELES

(A) Piggery ww

(B) Municipal ww + 1x M

(C) Aquaculture ww + 1x M

Biomass concentration (g/L)

6

5

4

3

2

1 0.851 g/L/day
0 1 | | | |

0 2 4 6 8 10 12

Days of cultivation

Tﬁﬁﬁ%% R R RImEE K ET RIANIZE
WEEE -
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Cultivation of Chlorella sp. GD using piggery wastewater
for biomass and lipid production

reens %
Raw

Flue gas Effluent ‘ influent

CO,/ NO / SO Aerobic  Anaerobic _
treatment fermentation Scting
tank

N | 4 Water,
— h— Nitrogen,

/ Y \ Phosphorus —> Animal feeds

> Biofuel
Solar OTUEIS

b
p —> Cosmetics
Microalgal
i inid |1~ Health foods

biomass/lipid

=¥ High-value molecules

_» Pharmaceutical
Microalgae culture system products
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10MERRIAEWCCURCRTE IR ETEE4H(A) » LR A EFEO 100HE
VE AR O B Ve M (Raceway » 10 m x 2 m x 0.7 m; [H]
AB) ~ @ 12364 YR EZ2(PBR » ¢ 16 cm x 250 cm high) -
@ FERLE - @ CORUTIEE ~ © FE/KIE N © HEEE Bl A2 BR
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hEXEEELEISPE
800 AT EE K EJH IS

= CoD PEEERLE (6500 mg/L-> 330 mg/L)
N/P EFFRZE >90%




,\%‘/5%%‘ B EEKEIR
RIS A E L]

¢

thREHIS
EEFIZEEK fEfZEcoD
BREERMINES 7000 mg/L->310 mg/L

L0 ] A EE

52 7 B FEEKSIER
7K \/

fE#% cop pZ#% cop
6500 mg/L->330 mg/L 5800 mg/L->210 mg/L
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Lipid content of Chlorella sp. with
different ratios of wastewater

29.3

Lipid content (%)

0% 25% 50% 75% 100%
(medium) Wastewater ratio

The different ratios of wastewater were diluted by culture medium.

The lipid contents of Chlorella sp. with wastewater were >5%
(w/w) higher than those with medium.

20



IR EEKEE Sk KIESYIZ E5UE (Chlorella vulgaris JSC-6)

5 8.0 4 10 -
- H —a— Biomass (5 fold) —&— pH (5 fold ) H p h
M|X0tr0ph|c . —=— Biomass (10 fold ) —0O— pH (10 fold ) eterOtrO IC
75 = —e— Biomass (20 fold ) —O—pH(20%ld) | o h
E growt
growt 5 5
23 F7.0 g . E sk iﬁ ==
ez = r [—1
SE A s = @ z 8 T FEe5|E4A =
= = g, 65 g
@ & L7
£
1 o I 6.0 ]
P! —a— Biomass (5 diuted) —&— pH (5 diluted ) [+
—8— Biomass (10 diuted)  —C— pH (10 diluted ) Le
—& Biomass (20 diluted )  —o— pH (20 diluted)
0 —— T 55 o+
01 2 3 4 5 6 7 8 9 10 11 12 13 14 01 2 3 4 5 6 7 8 9 10 11 12 13 14
Time (d) Time (d)
300 4000 4000
—3— NHgM concentration (5 fdd) a —C— NHa-N concentration (Sfold)
—ep— MHN concentsation {10 fold) 3500 —— NHorN concentration (10 fold)
Q 250 4 —— NHgM concentration {20 fold) Q - 300 —— NHz-N concentration {20 fold) -
(=] —— COD concentration {5 fold F 3000 = ) —&— CCD concentration (5 fold) L 3000 =
g —y— COD concentration { 10fold) = 1= —w— COD concentration {10 fold) £
= 2004 COD concentration {20 fad) = z COD concentration (20 fold) =
2 2500 o e s
B g B 200 3
E 1503 2000 £ £ L =
g 1 ® < 00 £
= = 2 =}
o F1500 o o 5
; 100 ﬂj\ = b 2
: =} z
o \ r1000 O o 100 L1000
T [} T O
Z 501 =
500
e
0 A - 0 0 : 0
0 2 4 6 3 10 12 14 0 2 4 A g 10 12
Time (d) Time (d)
100
b 91.3% 0 oo
wm MNHz-Mremoval (%) - =M removal (%)
a0 | COD removalis) COD removal(®a)
= 726% 70.2% = 7 71.0% 72.3%
= =
(&)
@ 604 S 60
= 5
5 5
S s w0
o
g £
x ®
20 4 20
0 0
5 fold 10 fold 20 fold

10 fold 20 fold

Yue Wang et al, 2015, Bioresource Technology, 50



C. vulgaris JSC-6 cultivated with swine wastewater for

carbohydrate production

619-625

Yue Wang et al, 2015, Bioresource Technology, 198,

Mixotrophic Heterotrophic
5-fold 10-fold  20-fold 5-fold 10-fold  20-fold
Biomass concentration (g/L) 3.96 2.49 1.96 2.35 1.98 1.49
Specific growth rate (d!) 1.73 1.27 1.03 1.21 1.02 0.75
Maximum cell productivity (g/L/d) 1.30 1.74 1.11 1.11 1.46 1.26
Mixotrophic Heterotrophic
5-fold 10-fold 20-fold 5-fold 10-fold 20-fold
Total carbohydrate content (%) 58.3 46.0 46.6 54.0 44.3 44.8
Glucose content (%) 54.9 43.0 46.6 49.6 41.1 44.8
Xylose content (%) 2.3 2.0 0 2.4 2.1 0
Arabinose content (%) 1.6 1.0 0 2.1 1.1 0
Glucose productivity (g/L/day) 0.17 0.11 0.15 0.11 0.74 0.13
Xylose productivity (g/L/day) 0.007 0.005 0 0.005 0.004 0
Arabinose productivity (g/L/day) 0.005 0.002 0 0.00 0.002 0
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Development of a specific microalgae strains as
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¥ EIE

M Microalgae
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Val F&

Grouper 7% FI d.
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Strain isolate Cultivation
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Mlcroalgae

Posmv contr@l

(tetracyclme)
a

.8
Negative control (sea water)

" Positive Negative . Development of nourishing
Inhibition zone microalgae
control control agent or feed
Anti- 1.5cm - 1.6 cm

Vibrio compbellii 54
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Commercial scale
lutein production
(300 ton capacity)

Strain: Chlorella sorokiniana

Biomass (g L™)

Temperature (°C)

=

4

1.2
C

1.0

0.8

0.6

0.4

0.2

0.0
45

IS
o

35

30

25

20.

1000

[ Lutein content
—@— Biomass
—O— Nitrate concentration

- 900
- 800
- 700
- 600
- 500
- 400
- 300
- 200
- 100

0
i Temperature (" C)
O Light intensity

I 4000

I 3500

I 3000

I 2500

I 2000

I 1500

I 1000

I 500

15

Nitrate concentration (ppm)

Light intensity (umol/m?-s)

Lutein content (mg g'l)

56



Structure of phycocyanin

phycocyanin

Spirulina sp.
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Astaxanthin analysis
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Nannochloropsis
oceanica

|

Lipid content (%)

Biomass concentration (g/L)
Nitrate concentration (g/L)

I Total Lipid
[ HUFA
1o r —#— Biomass
—o— Nitrate q10.12
).

0.00 -:0

1
0 2 4 6 8 10 12 14
Time (d)

e

iy

1.086 0.146 1.257 Pavlova salina

*.maximum value in the culture
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-‘ Commercialization team
o WM Has started a company in March 2016

ZISIB?z‘_‘Slllcon VaIIe 9<7]I]9€1§E$ (Angel fund) Eﬁxﬁ
- ERRIIFEIAT Fﬁhﬂi?&'&ﬂxﬁﬁl‘ﬁ”\jg

ERREm

MM SR, 104 R AL AU M Rt B
NEP ) e s et i (FITI) Zé " E.J ¥\~5§ jj ;%" (73%% 55 -%-775)
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Current commercial products (1)

L Essentials ]

)
A

Cosmetics

Lutein A Astaxanthin
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Current commercial products (3)
Microalgae-based dessert
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Biogas (CH,+CO,) from
wastewater treatment plant
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Q,«we' e« OMEGA System

EU Food-Energy-Water Nexus N\
o olar Energy
project (pre-proposal approved)

OMEGA project in Taiwan
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Thank you for your attention
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中鋼-安南-交大生科 v3.mpg
中鋼-安南-交大生科 v3.mpg
中鋼-安南-交大生科 v3.mpg
二氧化碳轉化生質燃料及化學品之再利用關鍵技術開發.mp4
二氧化碳轉化生質燃料及化學品之再利用關鍵技術開發.mp4
二氧化碳轉化生質燃料及化學品之再利用關鍵技術開發.mp4
二氧化碳轉化生質燃料及化學品之再利用關鍵技術開發.mp4
二氧化碳轉化生質燃料及化學品之再利用關鍵技術開發.mp4
二氧化碳轉化生質燃料及化學品之再利用關鍵技術開發.mp4
成大安南科技部查訪.wmv

Chlorella sp. ESP-31,
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National Science Council

-l—'“ " 2 S Lt 2
FFASBRBEFEAET 2Ry
Development and commercialization of microalgae cosmetic and
personal care products

R €~ 2§33 33 (with Ladies Biotech Co.)
Budget size : NT $ 20M

Jo-Shu Chang?, Duu-Jong Lee?, Chia-Che Chang3, Chun-Yen Chen?4, Hui-Min Wang>,
Jian-Liang Pan®

1. Department of Chemical Engineering, NCKU

2. Department of Chemical Engineering, NTU

3. Graduate Institute of Biomedical Science, NCHU

4. Center for Bioscience and Biotechnology , NCKU

5. Department of Fragrance and Cosmetic Science, KMU

6. Department of Chemical and Biochemical Engineering, KYU
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Cosmetic product from microalgae
BEERATNA S
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Sargassum sp.

Extraction & Analysis
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Business Plan based on microalgae-derived products

2016-2030 <[C02 capture/carbon credit & wastewater treatment ]
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Future resources for food
and feed will be from algae

ponsible Aquaculture

Seaweeds absorb and capture
dissolved inorganic waste and produce
oxygen through photosynthesis.

Steel slag as support for microalgal growth
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(Collaboration with ITRI)




