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a7 BE R SR I, IR RAVBROKIZ RN T R U & A 250ppm IR A& TH Y |
ZAUIGIEEICE EN D ERE S OBB X Z 28%IC/4 T 5, OF V| HIEEOEHE
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ZHUC K VBRERRT O FRLIRFZWIL L, FARLEANST V=T A 4,
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SR C R ALK 2 PR A ALER U 7 TR EESRAEEK (PCW) | W T HERE (F7aL
TRANEE) ODEEOAT—NLT v 7 IZHEP LT,
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& BRI E R 3ton ORIEEER R T — v (B B oK E DN T —)L)

OWFZE-EHE 1 DA 7 2 2 —r3— b ~DEAi R DI
ZEREE 1I2OW T, Jix X — U TRREPRAET L2 HINEZIEHT 260 TH S
M. BB ORBEAICE L X, BRSO/ T 7 U A FnE & — 0 TRt
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OmFZE-E H 1 O 9)5HE TITARE STV RD o 728 7= 72 B
%D OT 7 U BiEE L AR 2 RET 2 12H 725 T, Bix 72 F/AKHE RO RYE
RN T D728, Bzl PR K 2 HE SR AL U7 [ R EK ) % v T, 300ton
L— A = A B A AW T ORE R ERZ T o7, Uk, JBaor 7Y
HHESOE B ORI, BAERFEAERODIETHTE W haTs /A4 ROk EORIFEY
R~ L SR T 5, FRCHAEIZ COVID-19 DRIE G &V | L4 FARHE DR
BREERT 212D EERMERRTH S,

O HE 1 OB (B5)
WA DR I TR A R Th D EZ RO A B A2 KIEICHIT 5 2 & T, ZHE
BIOWRTH LT =T BERICEBIT 5 =3 VX —14E & 2k o bR EdEH &
DOHIE IS > 72,

OMFEE R 1 OWFZESENE L (B5)

Kingsburgh T/KALELG (ZRE L7t b HEE L 72O &RIL, FTA M) —27 71—
MEZHWIZZIZ, 100 mL 7 7 2 2 OFEHE BG11 A VLTIV, 20 L E CEERERY
WZAT—NT v 7T DRI L O s R 7 )V —=0 7 %2 FE i LTz, Z DO
BERIX=E (2242°C) T, 16 : 8 FFE OB : 120 umol m? s DL TORFH DA 7
JVTCHERF LTz,

300,000 L (300ton) 5D L — AT = A R RTOHKEE DT DITIX, BIHIEE &
D 10%IEVIlAEZHEF T2 Z ERRAIRTH D | ZIUTEEEROBRIZIRAT 550
AW EPERT D720, O F D BIOTAEMITKT L CHFERFE T E DEN 2R 72D
EThDH, Whwwd FERE#E] 1%, Kingsburgh FAKLEUG AR & 7= 3000 L O
ORI TA W F R/ 0 LT RIETH 2 LICX VBRI, 2k b BACcoll
bl R —n7 v FHRARRIC IR o T2, BERSMEIE, KIR 20~25°C, BROLSME (200~
1200 pmol m2 s') ¢, 110 L min! OFFEDKF R 71 L » THRA LR EITo T2, =
DOEEEIZIE 3000L Oz A5 7 DHWTHEHE S Av7z, FEBRE D b K2 M s 8 O 5%
TAOWFEE LU TIORT, R, £ TEEN R TR SFIDES S B 7%
W2, WIS ARLBEKP CHBE S E 5 Z & CTiThiuz,

Robust microalgae strain selection

Microalgae cultivation at laboratory scale 100 mL and scale up to 20 L in BG11 medium

A 4

Microalgae cultivation in circular pond (3000 L) using wastewater

Nutrients optimization in 3000 L pond for biomass and lipid production

Microalgae cultivation in raceway (300,000L)

Products extraction and application

X 1-2 v 7 AN—TTirbh & oRh
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X 1-5 L—2 7 = A #h (300,000L) TOMABIEDOEZE DT

B Lipid yield (%)
40
B Proteinyield (%)
35
Carbokhydrate vield (%)
30
% 25
=2
< 20
¥ 15
=
10
5
0
150 mg/l 200 mg/l 250 mg/l 300 mg/l
NaNO3 NaNO3 NaMO3 NaNO3

X 1-6 TR IRBIKA~DOEFRBIROUINC L 5 HIEE A EDOZAL

F9°, 300ton DL—AT = A KRy REHNTZRA T 4 7 OREESEOZ EN e i53% % H
RL7ZbODO, TR RAEK T TIIHEMIC L E R EREERFENA LS LT, HoRiRE
FECHIHTE 2N I L7720, BRx e OIS O B R ERI A T K ZRAELK
MU KER R 2R AT, RBAFNUSAICIIBMEE I E 2 72 6 LREEN
fHE SNz, —FH TH 1-6 12787 150~300mg/L @ NaNO3 % N4 % 5efth TR L%
TEXLZ LI LTz, ZOBOMEEA RIZ, NaNO3 OUINED 150mg/L DFEIZ 35.1%
TR E RS Te AR ORI . JEA R TH LN HIE DR E TR K L1 672
Moz, MIEORENRKKE 7257201, 250mg/L @ NaNO3 RN LIZ5ATHY ., =D
BROMAE DE A I 29.6% L 7o T, EOBEOEER T OBFAREIE 1500ppm (23 L7z,
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Fo. REREEEERIX 1I~13 B THD 2 ENHA L, Zhud, o5 O K ZIRAERK
B ENDLHES L. IR LT NaNO3 12 L o THGHBERSBTE L 7% . B RZ IR
STHIEEEENEZ IO THDH, EIZ4 r HOREOET=X ) > T ki d 52 & T,
ZEHINC L DIRESCHESCHBOZB(LIZEEI LT, /7L T A B X TDEEGNEE L CF
W AN D D ARIEL 72> TWD Z LI LT,

TO%, A%EBOT 7 IFEE~ AR BT 212H 725 T, COVID-19 &t
B2 72 T AKH SR DEGIEDBLIE D723 FiT- 12 T K IRV KICHE B LVPR & N 2 7= %t 55
WLERAK (PCW) % FUNT. 300ton L— A ™ = A B2 A 7= G sE O B2 38 B 41T -
Too FEEITBR L T dlH O N /K ZRABDK Tl 72 R R B DO KM ThH - 72, 250mg/L D
NaNO3 ZiRIL7=, WIED&H&IL. PCW OE1E 20.4%, PCW 12 NaNO3 % Wil L 7= 5%
FTRIE 22.1%, N TERKIL 202% CTH -T2, ZOFER, RERUHEALZEANLZEATH,
TR TR K OFEFE & FIRRIC NaNO3 OFRINC X 0 HEE O - MIEE AR L bk
TERAETE I, 72720, EREE TORRTIL, BERLHELIE L TWRWIGAITIL,
MBS & 29.6% Th 0, HIEFAHIIMMBESEO MG S A B A2 M2 Z LB 005,
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(3) WFFEE H 2« Tl > b DA A 7 = X L DR |
W7 N—7C (V=& — A BRY H)

OmFgEEH 2 OS50 OFHE (ARFHE) (233 2R BEOERIRI L A > /87 K

At DME |2 X 2 AEfhi B RSB 2FIETHY | ZNETHEN I TIE o7
DS, AREE OFEHEIZ L > T, L DME (& X 2 308 o Jh gl H LS & JE0 Hk iz > C
Bex I AN S, M7 7 U B RN ENCER & X 7 ok ma e i A fil 2 1 D B 8 <0
HRIZIE D S4L72, AL DME AR, TEREN LT & L TN 7o Fofi] O Rz L ER 2 B4
2. TSE S IE A I ATRE . T2 b D Th D, ABBIZ L - THMIERH Bl 5
REECHE ) DA WAGLIAMCHE ATRE 2R RIPEY) . HEAKIZTEfF L Car A L 725 DME # A &
ZHONCT D E &I, HEAKTICETET 5 DME O RER, IEE OBEER A % ) —
NALERIZ 31T % Ca R EAFREED X F /v 2T WAV G O & o 7= B0 E I nW T
HRZ2mA %S, £/, MIAEEDT ) MALOIFEEICE R L, T OWNESTIRIEE « WERH
DOFIFIAIRIENE L LT 2B 23R LENT e —F o Lo THA L, Zhick
Y . At DME fhHEIC IR & R HA 22 B WO CTRER AR 2283 % 0 o 1208, i) 72
PR AR C X 72 2 & TN SR IC R 1T D2 K& fadt 2Rt e & 7=,

OmFFEEH 2 D1 7 o B —r3— h ~OFEATEHR ORI

FFEREE 2 OFERIL, WIS E 4 CRAFS 3 2 Mo M fh S [ O REFHOIEER S0
THE T X —ORFHI M X, [FEEE T 2019 45 6 HI12m 7 7 U 4 3F0[E Kingsburgh 7k
JLBEAGIZ A 2 A B —)L SHUEIRBA 4G L T b,

OWFFEEE 2 O L HJFHE CTIFARE SN TR o T2 =70 BB
HEFHT Fa—FDHEA (COVID-19 FRIYLER T ITAE S FEEB D HK~DHP)E)

COVID-19 JEYYEX R D72, BARPORKFITIHBN TS, BEIER D72 DI KT
~OWHEHINISIH A Y 2R - RS 720, =2 RET D72 DICEBRENTOEFE AN
ZRMIEICHI L2 U7 5 72nWi & IR ENCER 2RI AEE bz, 61t
V7 FOMRD VEMIEH & 720 | BHDORMEFEEL D 1 EMOTHET 2FEMOIEEIH M
BB EWIHEELELE, ZORGHEOHEREICLY, YYOEIZNbATIC, FEi
WCHBERTPESLT oY =7 MEFEORERMREL BB LN LFENEZ RIEd & ) 8
LW 298 BT,

Dbz binn, —Hio7aycy MEEEEZ MO0y 27 MIEEER LY, 5
Bz Db 0% KIBIZH D L7z BT, GmEfI DO THE CTARFIEO WAL DME filit A # =X
LHEBRT D201, FERITE S 2V EHREALFN R T Ve —F 28 AE I 5250 e
I L7=, 2020 FEEOBRPICH TENNIF Y I a2 b—varore s 7 ha— RORRICE
FL., REERICS 07T LOEHBBICE-ST-, £-. D FEN¥LI21—2 30T
W5 (AR E & BLFEO EZAEWE O O E BW 2GR OENE BT 2720, 2152
DMEAE BN S FEAEWEIZ G T 2RI E B L flH ol 2 8 2 Gl 3 2 24
NG BEAOE N Z DT,

OWFFE-EE 2 OWFZED BV (B75)

WAk DME (2 L 2R B A3, 2016 = E TIST S BNIFTAT B =7 FOREN
FhaL, ZOHTEL - B LIZLDOTHY . SATREPS Bi4aREA CTIXENSL T DME % H
W DO TEE DFE LRV T LWTIETH o7z, 2O A=A LI L TEAR
2R SR VIRILTH » 72, B, ST 2IEE - [E/5M0, TR iEE o
B, MEICEEND I aT ) A4 RO . DME & KO EREBIMRS, ALY F=°
M EaCEERE 72 EOMORIEA~DOEH DO RE b A 2RI Th o7, T D7, KA
DORFCEIFEE 2 520 L THRAZRESE D00, Zh 6Ot DME i IctR 58
BOA N =X LDOIRABVLIETH D,
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OB R 2 ORFTEEM 1L (Z5)

DME i izxt3 2% - [EAEENE

At DME % W CIRER IEOGIEE T 7 aa 7Y A G k4 72 DME O -
JEORIEO G & T, WIEORIH 21T > 72, RO 2-1 1277 X 91T, 25°CE 40°CO /T,
FHRIZEENEA S 232 MR OB OB KB L OMHEEOIER R o0, Fhll ki
ML CTHHEARDERRIEIZR SN o7, £72. 40°CITBWTHINN L 72158 o FEkE
BT EZ A K22 IR T &9 ITHEREOBEIRE S Y VIRE Y 40°CLL_E CTHr7= 12l
HENTZ ERHBA LT, EEIEZ 1 MPa b 3 MPa il BRI HETYH

P =
o,
ZHUCE VT 7V BICERE T D KRAEEE O IR « IR 1T 40°C - IMPa fEE L5 &
DR#HIPELNT,
35
30 |
25 + 2500
g 20 | o Y e
— & — B0°C
[5]
= 15 R O 1MPa
10 L A 3MPa
&
5 L
0 I I I I
0 200 400 600 800 1000

8.0
7.0
6.0

=50

B

5 40

o

>30
2.0
1.0

0.0

22 HIREEIZIR W THRGEIEED DRI S A7z il O FEE

DME consumption [g/g-dry sample]
4 2-1 A O - =Sk o3 a3 %

20°C
I = 40°C

m60°C

TG MGDG DGDG SQDG
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KR & R B~ DL DM E 5D (H. Kanda, ef al., Fuel 262, 116590, 2020; R.
Hoshino, et al., Solvent Extraction Research and Development Japan 24, 47, 2017)

St REMPMUEICERR SN2GE. [E A OB ORBEN R 5 2 LI
GITAMB TE 5, 2 E Tkt DME it Tl T g, fkifg, =— 27 L) (AT L)
72 EDO—FORIHIZOWT, RBRE LV OEBRTEA AR S ML TV D25, kY
KB AN S0, Hfg L ABRICOW TR Th -7,

Bz 0E, EESEIT Si02 ok, MAa#alL CaCO3 DR TEHLIN TV 5, B D inEE
\ZAFET DAL A #{k DME 238142 2 & C, ik DME Tilfl§ 2 i T 27
AT ORENRH T,

ZOH, HETHLIF—hErX, MABTHL LR 7 U 2D, ZivE TH
BRICRIRIATZ 5T A E L) TR T B U U F o T /g PR & 2 il 1ok L Tk DME i
a2 35 L7z, BRI, B 2-3 1R T L2, F—hErART L ryrs U A0
FEOERIEN DI, BWIEDMEIIZ X » TlE & KD ENTZZ E R ARMNSL LALLM TH
%o ZIUOHGHESAD DRI DME THiH CX 721X, TEROAEIAEHMI L v %<
At DME OB 7= IR IERRE 2 20 TRERR T & 7,

ZHICE Y IFEETOMMBEICARTENEH TE 5 L 0MRAESE, [FRICE,
HHEHRES~ORERIZCBWT, 2O THTXA 7 4 7OMMEEICEH X5 0 RmE L
o= Y

OMFE7Lye s Y d) Fvonr ) R

DMEIZL B huT /) A4 ROMHEEIDOMREE (H. Kanda, e al., ACS Omega 5, 24005, 2020; S.
Machmudah, et al., Engineering Journal, 22, 13, 2018)

BEHSR DO AN A AR O FHEIIT 2 A MEHDAEECTHDH, TO—D2DHEE LT
Fi D 2247 TV % G 2 . BB L T REL L PRFET D Z LRI S Tn D, Z o7
D, Wk DME THiH FIRE 72 E & FEBREVICHGET L7, ZHVE CTOMMERE R ZE T2 &,
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TARXY T TaxhrF o AT ANl aT ) A RNERIL DME ([ZIEfiES
HELHICHIHARETH D, B, N0 T J A RidAL A R GmsEcE £
HZEHLRABICL VIR LT, TAXXT F U OMKKICIZ 100 T /g TH Y, BREIO%K
B J~1000 T TH 5, HL, MHEEICEENDIInT /A4 NiIEThHL L &
bz, hrT A NERBEOMKICHEE LRSI, ST L H A FRBHEREIC R 72
S —FHT 5T TIERY, L, haT /A F&ik{t DME CTHIH TE & O %1 /i,
vaT ) A ROPEEIZL D 3 2 MEBO TREMEIC W T, A% 2 MENH D 2 & &
RLUTEEBEREETH S,

DMEBEKDOEMEME  (H. Kanda, e al., ACS Omega 6, 13417, 2021)

MR LD DME WETF LT KITERZ E MO TV, mEOFEm L ERE - &
ZA, A BT U ADPIRENTERSINEN ST DT, MAEmE R WAL AT v A
EBIZL Y DME Bk OmMEERME Lo, THE 1320 - ZRF R SRS FEL, WHLE
DREEDEIERE T D Micrococcus luteus % iAn LI-Eiz v, O — a2 kic<
D&, DME H A NEFAME L 72K %Z# T L7-, DME # 2 OW%AF IR IR FE LT
{3 25D T, K& DME & ORAIEEIT 20°C, 40C, 60C E AL E W7z, TORER, X 2-4
IR T L9 DME RTEKZE TN LT M luteus 1[I L 72h>> 7=, 2% 0V DME I51F/K
ITMETHD Z EWNRI N

Higher DME solubility in water Lower DME solubility in water

20 °C 40 °C 60 °C
[X] 2-4 A FT ¥ AIEIC L D DME IB1E/K O Rl BR o fi 5

DME [BEIUZ B3 2% - [ESRES

At DME 137K &0 RE T DRHE3 H 5 DT, HMillmIEICE EN LK BIIE L & bic
WomsE s SIS 5, HIHICH W DME 2% &% % & . DME 5 2 & KIZHHET 5
2. ZOKIZIEDME HANEFEL TWDHD T, ZDESFEDME N f)L¥—1 A2/ 5,
o T . mRNLF—r R ERDE(FDME &2 HYET H & & HIC, ZDRINEN 23 E LT,
DME H A ZEULT 5 A Y v MRZ RV OBLEND B2 DO 2 L ERSH 5,

TBrEAVI 2 b —Z —Pro/ll IZWE S5 E7 /L (NRTL model) %\, DME
EKDRHCEE R A HER T 5 & & & BT, ZOWFHRRICEE SN T, KICIEFFT 5 DME
HABEEFE LIz, 7T 25 DME HARIIENKGET 5D T, fHix B ) TR L,
ZORER, 0.1MPa (KEUE) IZKZBIET UL, & 2T 5 DME A OEE T &
D WAMEIE O MAG AR D 13.2% (FEERHE & DME SUERFOB H A E 2L/ LI-— k=
FIVX W) LB Z EONVHIBA LT, £ RRE~DWEIC L - TEULATFE & 72 5 DME
A DEILE S NTHIERED 03% TH Y . Z DM TADEEF DME BT HIE, g
BED 13.5%D TR )X —a AL EDLND T EVHBA LT,
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S2(Vapor)

Pro/ I simulation DME :1384.7

DME :1385.5 Flash

H,0 :110.9 T:60°C

T: 40°C, P: 0.89 MPa P:0.1MPa

Thermodynamics: NRTL model* —

* Bai, Z et al. (2013). S3(Liquid)
DME :0.8
H,O :100

X]2-5 7oA I 2l —&—Pro/ll 1255 DME & /KO- o H g5 D4
(60°C + 0.1MPa C DME % 7% « 47Bf)

TNT ) BEREFAE ST RWVBAED A F LT R T WALFIE

WO OO NTZEIRZEOE E TIIFRMMAEY TH Y . BEIERELE L THWAIZ
FERIAR Y IS D A TNV AT LN KB L 70 D, HERET ClTiE s K&D NaOH %
il L CAZ ) — L EHEZ A TF LT AT LRSS 5, TOERIC NaOH ([CH kKT 5
BIFEM O RETEMER 2 G de 7 L h UV PHRNAE U, BREAR NSRS OWIEND 2,

BEEOIZE T, 350°CHRE DR R A % ) — L& HlE & FUG S ¥, NaOH %z v
PFICAF IV AT AL T Z E NN TR SIRENE OO T, N TH RGN
FEAES LImWe W) T¥E=—XN B 5, UK U CEARARE 2 VU BEK £ 75 Yed
FITH EEA L, M AF e BEAE (CaS0O4 - 0.56H.0) X, MAEDOHETH H
% CaCOs &= AW iuiX, 300CTH = AT ML ETe Z & & RniE Lz,

7 lL7% CaCOsfyRE A K/ —L b & BICIHERICE AL, miE CTHBRERA % ) —
N E 30 ST, EORER, K 2-6 12777 X 512 300CT C16~C20 DA F /LT AT
I SNBSS S iz, F O BT EMBEO R CIRE TO 300 FIZE L, £7-.
X 2-7TIndTLoICHART Ly r s ) AZHBEER A X 7 — VG &AL a8
fig A F /L= A7 Lt 300°C THEITHEM L, & O EIIHNERO AL T 350°COEGH A &% /
— VSR TELN A EIZICH L7, ZUC X0 KISIEE % 50°C FiF b Z Lk Lz,

25 25

20 {—m—IXJLEFUEEATFIL

20 1

= /NLEFUBEATIL

15 fevsees ) J— JLEEAF L

FERFEE X FIL T AT L [mg/g]
AERABEAFILTRATIL [mg/g]

:
250 275 300 0 T
250 275 300

RISERE [°C] It RE [°C)

X 2-6 7oL JIBEABEIRIMLT X 2-7 FAFENDBEER A 2 ) — Vi
HRERHR A 2 ) — VRS TR T T NENIEE XA F L 2T )L
fSifhlis A F Lo X7 )L
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HENET e —FICLIADMEMMEA I =X LD (H. Kanda, et al, Chemical
Engineering Science, in press, 117116, 2021; [f] in press, 117115, 2021; [A] 244, 116829 2021; H.
Kanda, et al., Symmetry, 13, 1376, 2021)

FEW) DOFFLEEIZ (X A Y FLOMFEL TH Y (Nopens, M. et al., Sci. Rep. 2020, 10, 9543) . &
{t DME i ic B\ C H AN O A2, MAEED A > LA @i L CHfEsMc it ST
HEEBZDDNAKRTH D, ZDA Y HLOMENERIZ XV IS DOWAL DME ~O 4 Hi A /3
AT 5 Z ENRBCIITREEND DN, CNETED L ) REITHZEN EN ST, ZD
728, A 1%L DME fliHHEIC R U CRaEi 7268t 2 5- 2. B 72, Z OVREE & vRE O ViR
BEIELS BT ENEETH D,

SRR OMEEDOMWMY TH VAT L, TFRERAFIEE LTHTEN)FEE
BHL, NVT 7% 7 aRAT5 28 & Ui, MIFLOWERE I 52/ & Lo
SOV 2T 2 EM A2 L ¢, W EIREEBEE L2 T 0¥ HE =a— O
BN TR AR Z & T, W X5 EOMMEBIS 2 0 T L~V T LTz, E£72.
FENFEVIab—varoyasIaa—ReAETL LI, TROY 7 by =T
CBWTHREI AZELS 772012, TTIIREO A THAILN TOMEE 285 2 &
E L7, £, FEROBHBIZ LY | B L EE OMALI O SV 7 22 [ C O #) 12D
WTHEHETHZ & & Lo, MIFLEEI TSR, W L IREITIlic T v T & L ECiElt &
WE LAERBEOM EAERIGENWERIT D Z L T, B L IRE oI E W -8 T,

V3ialb—rva e EREROFER 2-8 £ 2-9 1TRT, X 2-9 D(a)h B (AW T THE
LA OTREF OVEIRE N EH LT D, @ O(b) & (o) TRBITHIALN TORE &N K
LTEY, ZOENEDb)E()DBOEERE CHHBISNE LD Z L3MiES,

(@ (b) (© (d)

22 o
<«— Vapor phase 20

18
v Longer than 7(Ar) 16
t 7o(Ar)<—= Bulk phase 14

LI Ar(A) To(Ar) 12
10
8

Pore wall—>
(LJ oxygen)

-~
o
y-direction [ nm ]
ISEECINERCN

Longer than 2.75g (AV 500(Ar) y -18

r 22
~ [ L
X 202 -202 -202 202

Z x-direction [ nm ]
X 2-8 HTEAFEYIab—Tark K29 MILERST 7.5 HTOFFEE]
(JK) #mfLEE () wE (OR) B
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SFENNFY I 2 b—3 g LTS LT, MBS E U ABED L 7 I L
OB ERRR T 2N TR AE Lz, ZOBRNFEHREREDFE %L DR
O A K 2-10 1R T, BB ARIIE COET)FHFEAL R L HHIE 1997 4F & 1925 4
BN TR SN BRI L 23 EER TH D, MEOET VT, HEHIIEE & Vs
HLOHMAEREBEFNICEE L TELT, ZO/MRE LT TEINFORME L R —%
NELTWD, Ziucxt LT, AW TS LB BRIy TE IR ofER s —#
L7, BB HRXOHER. S TEhZ0HEAERIIAVWLNTELT, 2V 5E
BTN L TWD, B HRRITskx W EICEATE 5, BIZIE/m T A - G - &
ey « BRI GO EvIab—ra UHROBEREICLEHTE S, 2F0D, T
FRERITEFE R, O F 0 JFF EI3HL DME I X A H0EE S o isofiic b Tt
Do
ARFFTIT T THID CTIRBE & R O RAGRIZ, BAZ O AAER OB Z LA A TE
HLOTHY, ZHE TERERZT TR N TW B ZICHOWT, WERIZIKT L
PRWNESREAY 7R A T = XN HRTHID TREA L 7=,

4 T T T
O MD results
—— Proposed model
—— Miyahara model
3  —— Patrick model 7

Pore diameter D [ nm |
B

0 0 0.2 04 0.6 0.8 1

Concentration of Ar (B) in the bulk liquid C/C [ -]
2-10  HhH AN U o A Y FLEE & W O E IR E & OBIR
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(4) WFZEEE 3 : [HEEEFRE OWE A 5 1EORET
Wge s n—7D (V—F—  WERETK Arouxt TV~ A4T7)

OWFZERER 3 OUAIDOEE (LAEHE) [T+ 2REBEDERRIE A 237 b

AW TIL, B D DME 24 L7205k v 3 k) 2, ko7 7 U~ v hMZ
WINT 5 Z & TRECBWTAHMIFIRET 2BE 21TV, BARTORIER - B - (L5
RHoOZNEFNnST7 7a—F LEMERICE D7 7Y ~ v MEREEAR O 3 L OGE.,
ARICBITD7 44—V RTA N, ZTLTHMIBITLT 7 )~y NEEZEBIOT 1 —
NV RT A NEWAT L CHED T, i, SWIIEEREZ BAEOE L LTRHHT A Z &
LRRET ST, G SN D RER D EIEHOREIZ LY —ETRWIZOICRE LI KE
EROODBEE LN EE 2 B, RWFRXE0 HIFRI LT,

[FFZE75E) 3-1  BREEARE DL ESHT]

EPE (FARRGE) SO O R, B (777 Y) |3 DME Ol TR & # 7o 7k
X B RHLODFREORE S THL Y v - BEREGA L, HRICENT 52
& TRREAEMY DIET 2T & 5 AlRErE D /R ST,

#3.1.1 FSEEOMHAT® OEFR, U OMERR

NEERE 5y e i AIT % Wb E (%)
PEFE N (%) 74.77 52.91 29.24
HuhU > P (g/ke) 2.92 2.54 13.00
2fRFE C (%) 424.08 366.75 13.52

ZORERIL, BOBBEMPOBEOREICL T, BEREVE CHLDOIAEMDOLESE,

FIHFREZ2 Y v B L OERFZEIUL, BRELMKEZFILTEX S Z L 2EBEKT 5, FRIE %,
MR CHDERE R VAR REEL 25 B2 0N TVWDHY Vv EAFEY A7 L TE
HT ML, ALK A NOY VENEATE 72D Z ERBIFTE 5,
Fo. BRAEEEMORESS TEAYMOAFEHET 2ESBIZOWT, KFEFRLETH
HHE =N TRRS (DUT) CEUHERI L @Ry 2R~ 2 A, EEHEOEL R
WZHOWTCHET 7 U I OIEBEMELL LD DR S 72 2 & % 2016 FF D L AR— h Ty L7z
5. 2019 FICHFRIEDORER, KELT 0 L2 FHRTOEBBIZOWVTEEHEU T TH D
Z LR E T (Faiz. AL A., etal., J. Environ. Manage., 2019), &> T, DME fiHi#& ICEA&R
DHEIT 25 Z 13BN RWID, BEO HEA~ORIMAN R 2 N F 9w HEM: (38D
TIRWEEZ BT,

[FFFEiEE) 3-2 BEEFROFE]

FAT 7 U 7 ORI ClIE, 2R e L THRKEN DR RBELZITOITIIKITEETH
L8, B RECITERIEIC KR (NI OR/K EI1Z 300~800mm) DREFRAH 0 | EFEOER
FEEEICEAT S EEoERE L HICHA L, BEEZITHTELRWEERD 5,

F 7o, FoE U7 MU CIEsR W B I K D RO _EF0Ky DI EOMBE SN D

0. —ICITRBIRAROB . KOZEIEIH], HEOIH 2 BHC, HirzE> v LT
VI EITY, AATIIRAOBIEME=— L2 Lt~ LFE2ToTNDEN, B
TI7IVATZOE= AT LT &, THEORBREDOH D EAZHNTE HITKSS
MAEFE L, DOMABIIRYBRWTHEED LT ILERNDHVE SR, T2 T, ABFET
X, Biicle~ T o oMeE LT, BB-ICEGICHETEZ AT A (B FUFEOHED )
ZIE U &4 5 KHH O KIRBAE R B 2 R — MIRICHEERR L7-7 7 U~ > MBS
A

TV =y MIRDHLNDH LWOHEREIL, NEICEEOERE LY EERFF T, ZRORK
ICIE SR VRS 28D . Dy ONENICRAKBEREA A L. HMERL A I L CINHE & 2 B0
BRETH D, SOITITBREICE LS FEED L 2O TICEHIGE TS, BHiick W TE
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TR RPOBRGICHETEDHZENREE LY,

B TR E e T BEMELE LT, Uy RF v 7 AT & 7o R ERHEE,
R o UHESE AR 2 BRI N E 2 S, T 7 U A EREIC B WL TEI AN AR
RECTHDH E S, NARIEERE - B X MIERLTEY, AT, ¥—3E
T7VHEEOY by EREHTHY, BEEEN T =7 b A FOX — T
LTCWAZ EnbERI A NENTTITHEAANTE 5, 2B, AT A3z s
TIXATIBEOBRELE LTRHIAINTHWAR, |7 7V v EfEEIZS W TE, ARD
A 23 EF AR < (RIETIEHEED 80%23 A Kk CHHLILTWD), AT AL T 12BE
FEINTVWDLRMTH D, £72, UEROHETHRRSE L), NPT AZMEHL TERLET
7V~ MIBREICBWTHMME L DV ERLTWD Z & bRS LT,

TAIBIE (A7) FRIC=T 7 A = CHEICEBZILE & IZRNT 5 CTRE~DOF
HABBRET STV, ZOEHEMNOIEDORRE S| T AfertEnH 2 L BN G
WENRHY, BATONRICBNTHEL LTWAERTLVAXT 7Y <~y MBI 5
SORG LT LisdoTz, 7B, M7 7V ARMEOL T v Z—s3— 1~ ThHD ARC Ti,
AARNDEE LRy h LR LRI LA~ (BR) 2 EREA IS by
THWZITTEBY, 2092 BARy NV ATIIMBIC L ARENATRETH S 7=, 2021 4
LR, TARBREZHWEZT 7V~ MEREFZE LT Y TETH D,

[(BF5e1EE 3-3 727V <y FOBEZEDORET]

1. BRAI=ATIBEREERRRICE ST 7Y <y hOBKEOFAM2018)

TV~ NEERIZ KL DR LB, 77V~ NOBKEOHIEHNS LI LD, &
KRR EWNERIKA~ Yy hE2REIZEE L, REOWRHZHEZ ENRTE R, LavL,
BARMEZAR L T2 & BHICAKPNREBETIEMOBERDBUT D720, @EARMED G < RK
PEDFENT 7~ RO LTS,

ENOBELEFMEEROT 7Y <~ b (EEMBETIC LA MEMBESE) 27T 7
U 71 ORI HBER U CERR L (WFEIEE) 3-5) #53. TEMOEE TR L CTa R R
SINTNDHDOT, RSN TWAHIFLERKEAO T 7Y <~y b (BItg, #HZER— R EFR
I AR AT M/m?) ZAEH L7cia &, KiEma -1 Y 27 2 — N REEHZ v CER
LIen"TART 7~y R LS E T, ARETRFOI BRI 2L —¥ Tk
RPEZ DWW CEBRIPIM T2 S0 U7z, SEBRICHEA L BRI E IR TR TSN
TbDThDH, HER—RFBLONT A~y NOZNZEINUZDONT, KD EE D
FCORFHE, RYIORBENHE SN, 20k, RminHil LONRERH L7k E
Z 1 REfE]L 10 0B LIE L7,

HER— RO RPNKOREDBLI S D E TS 15 o lon, A— R EmEnrd
MNIEDL TR T 5 E TORMIZ 3 AR CTh o7z, MHELEREEOEGFEZKR— KD
EIETHET D & KOKIOSU B EEBEDR—F (0.7g/cm’) OFEMPOIFAHL, 5%
DHMRFELTNDZ EBGhoT-, M, 03 g/em*BLU0S5 g/ cm® DA — RTIFF
70% DO AZA L, 1FIE 30% DRFEL AIREIZ LTz, WTHOREHOR— RIZBNTH, &
BREO L XIT 8 FILL EAREIRHARN O, R— RIZKBRZETE TRV (EEAFEAK
REg) Z b nd, UBEOMEIZEWN T, A— FREDNRO - OITILESEE 2 KT
BIOBIWER B WEM - fUEZRR T D MENRDH D Z R LN o7,
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ORI OBR %X 3.3.6, X337 ICFNEUr LTz, K33.6 L0, vy "NaEfEHTHZL
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77U~y hOENORLERNZTIE L, Bt Sl T o 72, £ 341 ICHRAE, Bk
R LT,
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%o TEABINEL - MEE) 13, BENOAWEMA L L TEERBFLVAT LT E RORbY
\ZEli 72 EED A Vo7 x— REEZFEHT 28BEGHINTH 5, MO #4815 1ZHARFEDOH
T, WADPLREESNDIZHN D RSO MgO By R E KERAG L, EAV PO X HICT v R
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HRER DD, TBA L MEL X, Uy RF v T EBHEOE AL MERAE L TEAET HWTEL
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(Ry TV ARELEa— L RFLR) ZBA% - %Gt L. 2019 T 7V B DH 7 H—Ix
— MIEBEORMEEZITV, BT 2 EO T 7 ) <> hoEOREIZHWHILTH
Do
Ry NTVAOT 7Y~ ME1SSCCITINEN L 7o~ o 2 THEHEHE - KOIREW % 10 57
M7 L2952 & TERT S, IREDDEMETH 30 /0 LR 2 2 FAMEL | BIEBHT
AATHEHAINTHWDDIFIELTHD, LrL, MWL ET7T 7 U~y NOJEREZR)
o DR T AR SN TS, 52, EEaX b - BRI bEMiTodD Z LiTh
Z. MHEEEEIL 715kg EIEFIZEV, IO ENL, FEERN VMK H DT 7
U HBIERA~DERITH LW EnBEz N5,

a—)L R LRI LA 80EIE, IBAEE I K= X N CTIEHTX, 40kg L HEHEBV
TOREZRITECHLHEZDENI AT vy hEHTDHHODO, MgO OfF{bEs L O
K6 HE, 77U~y hORWEIZIRE] 2 23 5 72 6 2020 RS CTHMTIEEH ST
Rinode, B H— = EnBiE, BUTOa— LV RV AEAESBRTHZETT 7~
v FOBIES R N2 TIFWEWIRWVEERSH Y | OO OWRIM EBRE Lz, (B
4. 5)

DIF T, ZNFETOfREA ORFD I B, EHER DI > THET 5,

BT LYY RR—=F 4 7V T77 A=A LRy NS VRZEXBRERT 7Y~ b
DYERL (2016)
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L. BRI O EKRBRLMETE S 22 2 TEE O TNV EER LTSS, LT OfEimd 5
DV, WO EEEOEE IXMER < mE L HTRBRICBWTRGRMEEZSTZ, Uy
RN—F ¢ 7 )V EFEHZ W oo~ v MZEE TR 100% DWW KR (G B, PRAKBEEEN
IRENTZ, Lo, WAKBORBIZEVRENRELIKTL, vv & LTORIRZHER?
TERL 2D, DFEVMIKENMENE WD REBH LN R o7, o, Ty K77 AN
— IR, IR ORI R T2 D DMRKFINIINZ LR T,

BEt2. Uy RR—=F 4 INVEFERA L= VBRI BDARERT 7V~ FOERQR017)
ARIETIX, KRFEM OB CTAFARER = U B #EERIE LT 7 ) ~» bl
EERE LR AR RS, = Uik %2 7 Lo A — I VTR L, BB E 850pum
DEHLHNWTHEZZAZHMAED LATBEIKIZLTY v RX—T 4 7 VIZIRIN U=, BIETR
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L7~ M 24 R OKZIEICE D T _RCTOREDAEIC L0 fET AR L 7272, B2
EHAlE LTHW =AU TIRAKMEZ 45T 2103 R+ 0 ThoTeZ e nEZLND, =
WU EEERMELELTCT 7 U~y MIEUERTEETH 7223, Kifad v~ v MLEIZIT
=H U EKBERIZLTOBAM =T 4 7 VIZIRA L, WU 7 VEIRELIT ) BERH D |
B2 MRNEWZ ERHLNE otz, Fio, BETEZT 7 U~y b TIRRER 2
BT Homons, ARMEMENZ ERHLNE o T,

BEt 3. AT REHER Lz MgO #Fa—L R/Ry hFLRICEBT 7Y~y hOER
(2018~)

HLfg U T2 " RS A & 72 D050/ 72 MgO #rds K OVKE ¥ —ICiRE L, 7V Rlzi
XFEOEMES, AU AN EE0 1 AMEAEL, Z20% 2~3 B KAEEREZIT-72, 55
Nic~y MIKFTHMRET, £72 MgO BIERBIEEI D THD Z &b, T E TORE
EVENTOWD LHIT L, 27— 7 v 78 IO MgO OEIE ZMat Uiz, Btk
B R ORFHIOREENICHE L7 MgO IRAHRIL 20% TH 5 Lkl 7z, £z, AF
FEEIARy h7 L RZBWTHART, BUER 2B CTE 2 2 ¥ bhotz, ZTORRE
iz, 77U AIcHEET 5 300mmx500mm 72U < o b ELELEE O A B ET LVERE L
oo TUABHATRIZ, B CULRSICATTED I —Vy v X 2@+ 22 s LT,

Bt 4. AT R EHEH Lz MgO BEAEICRBIT % 2 —/V K7 L 2 BUREREREEHE O 72 ® ORE{L
Hl ot

27 =% (SH Lee, et al., Polymers, 2020) <°Z OfthO##E{LA] (L Wang, et al., Construct Build
Mater., 2018 72 &) %27 7'V~ v NOBEICH#EHATH 2 & T, a— /I R L AR — FOAERE
EBLOMERZ M ESE D FEEZRF LI, 2096, 72 UBIIEAIETEZ 0D
K CLEZRTIeholz,

U UM KkFE Y 7 2 KHo,POs (KDHP: Potassium Dihydrogen Phosphate) KIS X A >
FOfEEAlE L TIASK WL TEY | IEFTIFEEEME XY —F Yy N LToX—T 17
ViR — ROBEIZ HFEH Z T 5 (L. Wang, et al., Construct Build Mater., 2018 72 &), 7=,
KDHP IZEHEND U Ui, BECBWTIERE LTHEHIRTWD, LA, KAFiE
TERLET 7~y MERECHEA LZFEIIIETHREINL T RN, 22T, K
e CIZ KDHP 27 7'V~ v hOfLAlE LTI 5 Z & 2kA 7=, KDHP Z W5 2
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e MgO ZIRATHZ LT, K-A MUAA WBERT D, ZHILETO MgO DA% -
77U~y M TR 18 R DR 2 2 L Cu2 23 [ KDHP & W CERL L 724
IMAT, AU AR 25 43 & KIBICERET 5 2 LT &, FERICAERRFiEL LTH
FEEhb,
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B
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TERPEINT D Z &R0 e BRKFETIIEM AR TE R > 7, KDHP 7 7 U v v |

- 24 —
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FETCORBRFTOEKREL T, K344 10, BIEKEZEZT KDHP 77 U < v MR bHIR
KIEIZBE L TERL TS VR D,
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——NMg020 77U <7 vk
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== DA FT AR~ K
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F i (h)

343 EBROT 3.4.4 FMEHS X OVEERERICB T 2 G /KEDORE
2RI« 25°CTRIE 60% AHR : 35°CHRFE 40%)

Ete. IRESRMET CORBRIEYM KT 2BERESHET 7V~ b OZROKREE
cSNF 7T 7V =y NUENEY ORRE L B FERT A —Z LRI TR

e NTF 7T 7)<y MURIRREIZEBIT ANV DX A a2 OlE %, 6 M OIREFER
WZBWT T A v A—H—THi LTz, 743 A—F—X5%DEFZF-FTHELTZ,
YAFA I OEHIZT 7V~ b (KDHPO) | BEHEFRESAHENE &L T 20%D7 7Y
~w b (KDHP20) ., 2> hu—/L (C) O3 SOMNEEHTHEEL7Z, 2> hr—/1L (C)
L7 7 U~k (KDHPO) ([ZI3#EEET 7'V ~» b (KDHP20) (Z¥RIN L 7= skt & A
UE BORIERE 2 L OERICHRE LT,

oy he—L KDHPO KDHP20
3.4.5 EBRBHAARE ORERL

F3A2 \ZNEY O T & B oA T E ERE R L | X 3.4.6 [ZINEMIVELEZ RT,
77V~ bk (KDHP0) Ti, dfE&E7 7Y ~~ b (KDHP20) 3Ltz hr—/L (C)
L L CH EE oY I XA arpEE (EEE) 1TbhbThicEroT,

347 FED I ma 7 4 VEHE (SPADE) Z/Rd, 727 VU~v b (KDHPO) & =1
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. EEE (g) W EE (g)
HLFR Y — — — —
ik WTE W TS i LB
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Covid-19 DFBICEY, HT 7 U B TT 4 =L FT A RIMTRBRNSTID, BTV 2 —
NR—= IO OEFEEZT, BEEITE T, KRB TRy o RRZBITH7 4 —b
RFZ RN &4TF>TW5, BIROET 7V D7 4 — RF A MIBERST 7V~ > k& F|
HLIEDIZx L, AENIAT AL T ERF D O a 3200 72wk 2 10%5n L,
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RALL, =—XBIVPa A MNT UREZHET L7 = — X ER N OEDL LN TE
2o de, 72¥8, 23 A-MgO % KDHP bl & H L CIER3 2 55 1 & 120 ) Db
MEFa 2 NI, BARENIZBWTE361DERBY THD, T2 L. A—I—% L OBKK
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KDHP | &/ % uw 2
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TSR TR B ORI B M AR 28 & 2 tho0is . SEERIZ IV T ik DME (2 X -
THABH LIRS E D Z L RSB A TE 2 2 &SGET 5 & & b, “MMbiRSE
DPHZEE S =R F—HERZWHONICT 5, MlEERBIEEEIC SV T HIHE = F /L
T2+ 5,

OmFJEEE H 4 OWF7EEN 1L (55)
AR 3E oD [B1IY

DUT 23M&A T % 300ton L — A 7 = A 5527~ H ORGEEFA O B DUV TR 27T,
FT. ENEEOFAITEN & 5L oBikE (X 4-2, BDN034 ELT3) % 201945 Al
Bz A A =L L, 1500G~2100G, MLEEEE 3~7ton/h THGMIEEIEAZ I L7z, D
BROWMEEN ) ZFHAI L7 & 2 A, B3R 1ton 729 T 0.561~0.903kWh/ton & 72 >7-, Z Z
“C Kingsburgh KALERSG THEAR SN RO OIREIL, BIZK > TEEHRH D H DD 1000
~1600ppm DHIFAN, HIFDEHED 18~30%DFIANTH 5, 2 F Y | HAFIIEEEIK 1ton
&H72 D T 0.18~0.48kg/ton ThH 5, F7z. MMBIHDEIE TR K T0%RE TH 72, &K
I 86~9N%RETH Y, WHHE LV LD I L 5B EE %=, Zhi
JCIZIHEEN ) & A E R AT D & 1.67~7.17kWh (=6.01~25.8M]) /kg L7325,
I TCERBEmMDEEAAREFEED 31%ERETDHE, —RTFINVF—HE T 162~
69.8Ml/kg & 725,

Bi CH: R L7225k DME Tt L7l &R ZFAILIZ L 25
30.18MJ/kg Thoic, T OENFEENE % im0 5 BEEE O —RILE O E = R L ¥ — & g
T 5 L. mOEEEE OB OFEN K Z ER 0D, oF D, RSN LRI
S DRI DIt 72 G T Dy BE LS K > TR OBRBEED 47%03 Kbi, fifb S
ROVBEAICITHEDIRERREABZ DT R AT —RNHESND Z LD, 22T, ®mb
SYBEIC LD BICIIEE = R L X — TR 2 1B ORI SIZ EIRAE T, LT 5
BORMET D ENALNT NS, RIZ 1042 (=1.0~1.6%) I[ZIEMET 22N TER
IEHBE =L X—1T 1/10 & 725, OF W EREESEECIE2 <@L L AT,
EESEA CEERIR A i T UL+ I HBE = R L F— 2 K T & D R B 5,




PR D> D DR

7 7 ) A HFE X — R R84 Kingsburgh KAV BHIESEE I I HUEE £ 2019
e HICERE L (X4-3), FZEEIL, it 1 7 2m=o iRk DME fiidE@E & LT
IR KR TH D, £z, FEEE 2 ORBRE L LR (D 7 AHhOFREER 5
~10mL) &5 & 3000~6000 fFD A — VT v 7 ThDH, — RN, HEED A r—
VT THRBIIA R T 100 SRREL SR TWDHD T, FREBZZHERA /2B AT
HY ., BREHISL T RERFENY LT,

Solar hot
water panel

Cooling tower

Evaporator
Flow meter DME feed pump Preheater Decompression valve
Condenser DME storage tank ~ Compressor  Extraction column

4-3 {4t DME % F\ 2 Sl s i e il H 2% 8 oD 41481

L 58/ FE
T OME CRAEAE T BB 1) gy
- ——-WIK-RK ;EJKEE

9 :
11
KA TAE Rt L
L=k DME Vapor '
e - <g o
L5 ee
e (RZBEB)  soumbhsL X
bR (MiREEE X
R BmE)
. X
BOLE#-*x __i_: : :
DME IR =] —= : 11
mEE pma BAKET T b H
;HAgE [ it 11
| ® ORI
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[RI2EE DR A X 4-4 12777, DME BT 5 260K o 7 Cik v tH S 72 i{t DME (&,
T B Z AT S-SR D S K & AR Z i 95, Ak DME 13 KBS ZME /K THnZL
SNTAEF L, A% TH U7z DME ZAXUTH K CTERE ST, T UNDME P~ L o> T
FIH &%, DME ZAK A @7 5 EATICE, EEeE Qe 23E LTl h, EiakT
BRCBEE S E 25 2 & T T 7 AR R4 TR 5 DME KK 2 W5 LC, B L7211
DME BFfli~& i iAo B 24 9, PdEsh & L CRGEVR KSR OEEMRZITo7- & 2
A, FFEROAEE (6 A 14~18 H) IZbbod, BRIFICITEFEIZAKE 72~73°CIC
MATEDL Z L aMRE LT, ZO TR O®%, HRSCKB OREBRIZL ERNS KIS D72
O, FERIZESR E — & TINEVL 72 60°COIRKE T,

=N TRERFD Kingsburgh /KALERYG CHEEE U, BOHIERRE RIS (& TRl & du 7= 550k
FEE DKL 91.1%TH Y mkEDIRIRTH 7= (W 4-5 £ b)), AX /) —) - 7okl
LIRAARE THIE S - HIE O E A BIX 18.3% Th 5, WHlMmIE D 7 % 30L i h 7 A
\CFHE L725ATIE, s 7 A28 L TR L DME 2RIV D - 72728, BolsEsEIc
O RF o FRONRNTRARARL VA LB e —RRARS L, ZH A D T A0 FE
THZLET, MEOCMBEEMHETE LI LE2FERTRWE L,

INDFEREMOS B, BT 7V A ILFEO EEMEENE (ARC) 87 7 U~ > hOJEE
ELTATREZRFHAT D Z EnD, NTAEZMMEEERE L, TZhbimiEEHE T2
2T, T U~y bOEEE e DB ORE & ST ARG ERETH L L
7o Uy RF o7 ONT AL L e —RRICHEFE T HDITELE — A0~ /Lo — AN
TG THDHZ LT, 2RO DME ICRNEETH D Z Lid, AARBIORERE L~LD
FEHEEBR T 5202 L7z, (S. Machmudah, et al., Energy Reports, 6, 824, 2020) fi5#fiEasE &
HADIREG R EFELZCEZ T 7 AOAEOFEA BRI L2 2 A, BEERELT
2: 1 D FTRER I K DIRA R E 725 Z EVHIBA L7e (XK4-5), Z O T, HoEEE
D BIHAED 93.2% & K53 D 99.0% & i T & | AT R LB OIR SRR I Tkl i
SN-FERIREETH - 72 (K 4-5, 4-6),

R Lipid 93.2%
. water 99.0%
}, Were extracted

Microalgae
Water content
(WC) 91%

Enough sent for
ARC'’s pot-tests

Microalgae/Bagasse
=11.1kg/5.55kg (wet wt.)

Bagasse WC47%

4 4-5 {7t DME H O DA H R iR L 7= B & s
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WO & AR OB R TR EIS & SRR A K 2-1 1T T, RIS, BERoTED S b
C/N b8 30 L0 BV E AL A o AICHAS L TEY ., ON EAZH L VIRV E A
MIER T a2 AIZH LTS E RIS, SLOMMEERED C/N X 7.7 THY | #AEE
DAL 72T o' 2l &, TV —VREBE e EOAMR AT a e A LT
WD ZENGMD, —HTHIEIED CN i 849 THHZ Enn, HHIHARGIZ A TV
T AT AL EOILFEMR T o AT, B LT X —{EHTHZ LIZ@ L T
WAHZ WD,

B DAL R EAEIT 30.18MI/kg TH V. ZAUTWEITREZ N IST S &N TF%ER L
THIZE LT T VIERREMENIR A LT BARD 7 A a i b S 7= g o & n 58 2V
(33.8MJ/kg) 2L, +RBAEEZF L TND I ENmhoT,

7% 2-1 PhoiledE & AR OfE TR EI S & mi g EE

Microalgae Lipid
Elemental analysis (wt.% dry ash-free)
C (£0.3) 41.0 62.0
H (0.1) 6.4 10.5
N (£0.4) 5.3 0.7
O (x0.6)® 47.4 26.8
Higher heating value (MJ kg™!) 17.65 30.18

L L, N A EBEEEOIRA TITE Y 7 LS TE DA E ORI E & 1.
kg \ZIEFE o7z, FEROF DA — T v 7 ORRCEEE T X 2T 5720, fokiiEE
HOFEEZERKEELZENEE L, 20D, XHRUSOFKEME L TELE—
2 AR L, BAa—2ERITH 4-7 1T X D AREE 2mm ORETHY . FONE
X 4-8 1T & 9 RSB TH 5, MNIBESE 20kg & b m— R EK 2.2kg & TR LTI
4-9 |Z/R”T 30L OIRAWEIER L., D 7 2CFHE L Ciifk DME i 2 32E L= & =
A 4-10 OB ST ERFRIE NS DAL, HIEOMMINCERZ) Lz, 2 L0 i
MEORERZERNSED Z ENFREICR -7,

BN T, FEEEICBIT AHE TR L —ICOWTHAT 5, 2 2 CTORE TIIMEER
LIZBWT, HEEEP ORKOMIEEHETH -7 29.6%EE L TR Lz, Mo
BEOEULD BT OH £ TICET 5 = f X — %K 4-11 [T7-T,
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(20 A
X 4-7 B o—2EROINEL X 4-8 B o—REROWHE

; AR, RS B N
X 4-10 #%{t. DME 4 Hi 1% O stE &
LEm—2EROES L m— RERDOIRERE

HIEDIRILF— 256

@R 54.5 (ZEHDE
0.369&1{R5E)
SEAE D 19.9
EURDEH 20.1

DME ##& R TDEH 1.8

[}

[}

[}

[}

h

ii % #ENOR 3.2 HEOR 34.4

i ; KIS SDMEDIAR 9.1

" , KADEFDMEZEIRT H7= D

h ¥ EfEHROES 0.1

) £EOR 0.19 DMEMUEBSDIAOR 4.1

HHHS LA SDMEE ELR WEHS LM DRENADMEDZOX 0.30
T EHDEMEDES 0.37

DME SLERDEAOR 0.13
%EOR 0.63

4-11  fHEEE & RIRCEEIC L D =10 —18K

HABIZE ENDMABORAEEZ 100 &35 & MREEEEIEE E O E 11338 ES
RKEEE L R RVX R T 545 ERED DLz, 72, MBI ESE#E 3 51H
HESE. DME OEEROR > T OEEEIN 5.0, PRSLEENIS DME %[BT % 72
D DEMEHEDTEEE SN 1.30 L7p oz, iz, HKSLEENN L DILS DME O E
H X DME OREEREOH H AhE L EET D & 13.63 TH D, DF 0 MAEOHMH B
HIEBE TR —1L199 L7225, 72, kL DME O 7% L BBl 2 BN S 45 KEGEME K
DOEED S B 7152 BNRbiDd ), T BLRFOHHEZEDRV, 2 TR D
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KEFBIR K~ DR RIE 40~60%FEE TH Y . KEEHEREDONL 20%EHE LY HFELL
B, DE VD KBEERE LY R KEEO =R X — 52845 L, fHEEE OB
THXIFX—JHE L COFIHNAREL 72 5,

B &R DB = XX —2 2 TE LI & MIBORAEEED 25.6 1NFkD 2
kiﬁéquC%%®i9&%@@%@@%%?%%%&&(@%%12w% I% 700
~1600 FRETH Y . “ELIRFOYEH 21 O =3 L F— BRIV N~ A TR LT D,
Z ORI E T 5 = R L F—% 100CLLEDOB TR AT S RIT, TOFERE KRR
PHEINTE TWRNNE Th D, IRICHRO =R VX — %2 2 TKIGIEFER ETH Y IZ
LThH, 700~1600 FRIEDE %, 100 OBEDOHHEMICELTHZ L 2EHRLTEY,
ZHERDEOVITEFRLS BT T 2 08BN H 5, Z ORI & ik 25 & RFIE TR
DOERARENED E W FERITEHN CTH D, Fio, B EMEICBES D EEHE %2 K
%t%ﬁ%ﬂﬁ% S CHE S A2, S HIC S bRFBOPHELZHIRT 2 Z LN TE D,
7272 L. ZOHEITIE, MORRIFIHARE THT2ENEHEETHZ LIZRHDT, F
%753%~ET3&>50

ARFEOREIL, k%tﬂ%@wﬁﬁ4ﬁﬁw%®®ﬂmﬁﬁmébw1m%$ﬁ@k
BB A SCAFI FH BERA 2 S R B~ D = XV X — T A RICH D, 2k b,
FIRAEA BN S DD R ISR OHEH Z 1 5 100°CLL EOEJRCHERE S DI B2 K
MBI % 2 &L N AREIC 2 B,
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(6) MWFFERER 5 1 [HR3EAL - MERCADEE [Z MR M ORI O 720 ORE A & 125
W7 N—TF (V—&—  BHIRERY  EER)

OWFFERER 5 DM HIOFHE (RARFHE) (23t 2R BEOZEAMRIL E A > 37 K
. EVRXAETIUVERICETLHAK BT 7V b OBREBURIFSE

EYVRAET EED = DIZ BRI T DBREMBERIR DI Dr—AAZT ¢ &
77U A IFEOBREBOR (RELBNBUR - A RRET 2L X —BUK) OBLIR 25 L7,
ZTDHZT, BEEIXRA, FRICRUEZEBFEREAN « B AT RE T 1L — H i B o Btk
eth—~A1 L7,

AAIC BT 2 BREERIERRIR D 7= O D - — A A ZF ¢ L LT, 2016 AEEICENICBITS 2
OOFH], ZFEIRY A T &AM AN T O S50 & BLHIELS - JHYFEA~D A U H B a—
TEEIT -7z, ZHERIAFHHIZOWTIE, 2016 48 A 12 B2 H AT & BREEASKEEIC
THEERIENIRE 2 4124 v ¥ B a—ifif & 3206 L=, 1950 05 1960 FRI2oNT T
ML L7 A A ZL EZ20RMREFEFIC, OMEOEAL (TRES) & FEMFIC X
HNERR) . OITBUC LA 8H (Boe=21 7 ANEFIEEHIOKRE)., @ar )
— MREER T & U MR T B 1T 2 BRI HIN B O, OHUIRORE E R A0
AL, 7R EICOWTEENE ROMREZ2 GO CHIEIRY 217-72, F7o, BUENATAE L
BREEASKAEA X U, WHMTANTHESHHE Y CT#HEZILIUO & LR ER EEND
DM DZIF AN L ABRBEHIFBEE AT > TV A HEFICOWTHENEZIT, A7V Y
7 K & OBFEEEE AT REMEIC DWW TR R Z 1T o 7o, faRRALIUN Iz DWW Tk, 2016
8 H 22-24 AIZALIUMNIERE =2 — Y7 4, bz v Z— JICA dbJuN %
SHRIL. JICA dbJu, dEIUMTBREE S 2 —2 7 o, bl a g v oo 2 —0f873 Y
SAITA U F B a—fE A L7, 1950 FARFITD 6 1960 FARUITHNT TRIEL L 7= 1 i
WAL UM T OIRWEE T OREIEY: « KEIGRICE L Ol BGERh & Zhuicxtd 5 i O BREE
HIHI O OMIRFEEIC L ARE L U2 2A0EM., @BEDR FEA~DOBREH S
BV R AT 2 EHIFIE, IOV TR R DR b ONCH Y E /2 En D ORI & HLY
TEEAT o 1=, FRICEREIET T & SR IC R 5. 1TEOHIH & S4B oI
WCSCHRAA A &2 BRI 21T o 72, E72. BB 7 U7 SR EE EEASOREE TS ERIC
LCORY AT L THELSITV., K7 r Y=y N E OB EOEHEE R REMEIC SV CE
R AT - T,

7 7V B EREOBREBUR, FRCREEBEGR « AR XL X —HERIZ DWW T,
2016 AEEIIRE T 7 V) B MOBFZEE DRt SN &R 72 P AIEA L, BUROEIH AT -7,
ZDOFER, 2000 FRLIESA R KA B 28 B ONTHAE ATRE T %L — B 0 [F Sk - Ik
AFHENIRE ST D0, EF & 72 2 HARE - stk k7 EORENRH SN2 572,
F7o. BT 7V A HREIC I T D KU YR A EI O A AT RE T R L X — R O B S
DS« BFOPIRIUCE LT, B#ER 2 —o L, KrFHE s C2RaET 52 L
THEL L7z, 7 7 U A RE O ERR oo R HEEE ST, 2000 SEAAIEEIC — R 72
B ERY EREELO0, ZORIMEHICHERE L 0D, FIKE LT, BOR Lo E %
EOTMMERBREDOEFOBNNFN EE X bND, SIHIZX. £, M7 7V 23Hn
EZBT B e 0B « © 3L X —BEOMEEEO X HEImE R Chb e, FE 1
DERY, RMEES~DOA 2T 4 TREBALTHDICH D LT, TR
FH O IBUFERC KT E ORISR L TH Y . BEEZEIT 2 BILUF THIEW
R FNTN D, ZOMIE, [EES) - FAGET ?LX — B O HTBI R ERE N & -
TWARNWZ &0z, BREEINEHICE T 259 NHSE ORI HIZE > T & ) 8
DI TX 5, 26 DOMZERIRIZ# RO Handbook 1 TE LD, 7 7 U BHIOWFZEE &
HH LD 2T, 2017 4EfED JCC 7o & THIE Lz, F-EEEBIRFES 2016 4FEKFERES
(A - IRBR%) #iEr vy a  THRE L,
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#z1 77V B HEREO TS EAE - A RTRE T )L X — BEE R O & R (B
4 FHRE FRBEOR L B/ == 7 R FRF R
R&D $Hi& 5
2000 2002 4F FARGET RLX— | S SRS,
2005 4F U A+10 (=% HEDOREIT (1998- 2020 4E £ TITIREZEH A
ATNT B2 | 2008 4F) SA%HITE A K
) FENT AL —HEDI L
10, 000 GWh D FFA= AJRE— %
NX—Z LD REMGEEH
2005 4 FE= SFATEHE O K AT &
A E RS 2004 4 EFRELE | V., 2013 FFOF T I EL
TR R Kol 4%
2005- EFR TR ¥F—5h5 2005 4 =R X —2hEl | T BIREDO A 7
2011 4F {LERIG (1998+2005- D 7= OPTFHERR VAOES YIVE S B
2008-2011 4F) WEIHE6ET K
O [E AL & R E
2008 4 KUEECRIZ B
FHE gL - Y 57. 57 > NiZdH
FFaE « 72 5 ONT R THM¥EDT ) —
FIT R - REDA
2011 = [ERXEED) VT THH - B
KR BUR if)_EC i 7= PR
2007 4E 2007 /A FBRBIPESE | 2017T4EFE TF 4 — B AWME | AA 4T 4 —E Nk
B D 5%H A AT 4 —E PE~D AR B
W2, AMEE DO 2-10%% /N
AF=y ) — M REET D
EREti TS
2008 4F 2008 Rt FTRE 72 B 12 T
QIR Sl e e BREEEL S
2009 4 R BIRR S fari Xt TN —= BRI BT Y —
THET 7V AR VIERICHID TE M LIZE
ESIF S yINRL N RorE
FARFET R L ¥ —
[ E BN Il EE
2010 bl n@=a i1 TV — U RRIEIZ LD 30 T
ANOEHAIH B E
2011- COP 17 2011 4E IR BRF~DOBATIZIA
2012 (=) [ Z2 58 e Bk L THzEE - Bl - I o
RS ~DOFRE | ZIRFH= R
A B IR AT FAMkE O\, HEE EW
OXFEYE, 7Y — B, -
2012 4F =R VX —H | P —EROBFEO LN
W& ST (DST, 2014 p.50)

(HHH) Department of Science Technology (DST) (2014) the State of Green Technologies
in South Africa, Academy of Science of South Africa. 7% & % H\TEEVERK.
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—— RIRZEEA AT
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—B-GHG s HEHHEBAN
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6 —— BRI RRE B AR - Zh =1
/ e S W
——E¥- BEHEOHEL
. o ZY- RO E]

—=BIr-JEERBHI LY —

- 100

-2 RiiT(AE)
- 50

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2008
1 77V A HIEOSELEER « A iR L X —BE o
FFRr R OHERS  (HAL © R, 1996-2009 4)
(HH4) OECD (2013) OFCD Environmental Performance Reviews: South Africa 2013, OECD
publishing. % J&IZZEHVERK.

250

200

150 - W Highereducation
B Government
100 .
W Business
50 A
0 - T T T T T !

2003 2004 2005 2006 2007 2008 2009

M2 77 UAEMEOY 7 X —RIRE - = 3L —BE0
WFEBR S OHER (HAAL « >KE 7 Kb, 2003-2009 )
(Hi#4) OECD (2013) OFCD Environmental Performance Reviews: South Africa 2013, OECD
publishing. % JEIZ4EE1ERL.

F72. 2018 FFEDOWGELTIX, M7 7 U A HFIE DS A APREHAEPE & TSI BT 5 8Lk
Hr&4T -7z, TEA(2017) 72 & OAHJERHZ LAUE, M7 7 U I ONA =30 —fi513
2014 FIZHAERRE= RV X —72% 648 P] TH Y | ZTDORNT/HNA AR /LF—) 98. 6%%
HD 5D, —IRERAF—HEICHD DA 2L F—DFIE1T 1990 025 2010 T
DT TEIMLIZH DD, 2010 FELEITHONRAS AL X—DT = TIIMZ T\ 5, M7
7V A DFEIRNA AR FE & RAZBIT D BORIT, 2007 AT/ SA A PRELESE~OEER
ZREV IA TS A PREE RN (IBS) &1L U, BAEFRET R —EEOBTRIZ M\
72 2011 FEOFAFRET RV X —IMNLE N EMES 7 1 7 A (REIPPP) 05— IR PEEBUR T
7 var 77 (IPAP) CTHEAERRETD VX —0 5 ONIEFREC/ A AREHE EH ~ Dl
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FEATBCEEREATBIBOR 2 B £ LT, FE7o, 2014 FITITAA A BB RES ~RATE PEAT
ED 15%DINLE Z RAET DEHAIZ R E T D72 E BT 7 U BTV T, AREVEFES D =
A2 MAHEZBE T HOHEIXS ESEICIMY ANLTRED Z LBbnol,

K2 M7 7Y B IRIED 7251 APREVERE & 3% R BI T 2 BOR

Date Main Policies Contents e.t.c.

Policy framework to stimulate a biofuels industry in South

Dec, 2007 |the Industrial Biofuels Strategy (IBS) )
Africa (DME, 2007)

Public procurement programme of onshore wind, solar PV,
the Renewable Energy Independent . ) . .
Mar, 2011 solar thermal, biomass solid, biogas, landfill gas and small
Power Producer Programme (REIPPP)
hydro plants

. . ) ) Revitalizing Politic Plan of Biofuel industry such as
the first Industrial Policy Action Plan ) ) ] )
Mar, 2011 (IPAP) mandatory blending and a price support incentive
mechanism for biofuels producers

Jan. 2014 the Draft Position Paper on the South  [proposing an incentive of a guaranteed return on assets
an,

African Biofuels Regulatory Framework |(ROA) of 15% for biofuels manufacturers

(H 8t ) International Energy Agency (IEA) (2017) [IEA Bioenergy Countries’
Report-Bioenergy Policies and Status of Implementation, 1EA website
(https://www. ieabioenergy. com/wp—content/uploads/2016/09/iea—bioenergy—countries

~report-13-01-2017. pdf) & & & IZEH1ER,

TIVD S A PRE B Ok & 7 i BIECR OB L H 0 | 2010 FLARE— IR = R L X —fitfs
WZBIT D3 FRELD S = 7 1% 2010 HED 9. 2% 2013 A 10. 9% & 0372 8 HHEIN L
TW5 (IEA, 2017), Fio, A AREREEIL 2010 LIRS M L Tk v (USETA
website), T 7 7 U ONA FREITTHIZIERK L o2H2BURTH D, —FH T, A Ak
BHEES XA 2014 A-LARE 2018 H-FE T R TH Y (USDoE website), H&IZHEL
TSR TR T EIERICHFSE L TWD EEX HNLD, BYIICTHEGN T 5701
I3 HREL O IMEE Z D D 2 & FRICHE - BREN 7Rt TRENE (KL Eh Rt
PRI &S 2 AR AR TR D KB S L FRIE DO AR & L TOBRE SR, ¥
FEEDOAIHICIRFE R, HUK TCORAAIN 2 EDOEE) ZIRFETEX 20N EE LD
ZEERL,

2.  Handbook I OfERL

AKT7vvxr NTHO ZREELRZRMNE (REESE) « = LX— - kg - LRS- 7
HERE - ANMEBER) O2KGBOFEHEL Y7 M U7 T O% - \MEBEROEEM:Z
HEHETHZ L2 AMIC, WRENICHIETEX DNV RT v 7 2B L, 7 7 U b FER
DWGRE L DOT 4 AH v a VEITHIR—AEHBET H1-0, BARAOMET —LD A
NG, $E L, 20N RT7 v 7iE, 2017 % 2 Ao 7 7 U A 3FER O, H
AUN—IZAA SN, 7rY=7 NOHWE, ZOFTOMSEEOESIT LB 2 HIT
LT EINE, 20T, 77V WO RSE 3 4B ARK7Try =7 N TOEME
F L, METDHZENRD LI, 2017 FEFTHIIER, 2017 4F 11 AOET 7V« &
— VTR (DUT) T JCC T, DST * ARC « =5 7 A =4ATEF - DUT ORRE /2 EF T 7
U 7 B 72 HONT JICA BIfR#E - 7ER 7 7 U A KEREEIR A 72 &2l S vz,

#£3 NURT Y I7OHREFRAR

. TE ERNE
1. Sustainability and What’ s sustainability?/ Threat to sustainability/ Climate Change and

the risk of climate change | Global Warming/ Industrial Pollution and Transboundary Pollution/ Soil

Contamination, Erosion and Water Resource/ Challenge to Sustainability
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2. The role of business

Definition of Business Model / Business Model and Market (Environmental

model for achieving | Mindset and Social Consensus, Environmental Regulation, Design of

sustainability Incentive System, Competition) /  “Soft”  Infra-structure for
Environment Business

3. Case study: Business | Air Pollution in Kitakyushu City / Improvement of Air Quality and

model for achieving the
sustainability

Reduction of Pollution in Yokkaichi City / DPF (Diesel Particulate
Filter) Regulation in Tokyo / Bio-Diesel Fuel from used Tempura oil in
Kyoto / Improvement of the water pollution in Biwako Lake / Eco-Point
System by METI Sales promotion of eco—friendly goods

4. Environmental
policies and business in
South Africa

Background and Actual Status of Environmental Policies / Environmental
Innovation and Business / Environmental NPO and Impact to Business

5. Contribution of our | Overview of SATREPS project / Low—carbon / Energy Security / Prevention
Project to of Soil Contamination and Protection of Water Resources / Development
Sustainability in South | of Human Resource

Africa

6. Contribution of our | Production of biofuels using algal biomass/Agri—mat evaluation for

Project to Sustainability

potential uses in agriculture in South Africa/ Agri-mats testing in

in South Africa by South | eThecwini

Africa Teams

Appendix Agri—-mat Production Technologies

3. EURRET LOME L FEA~PIT R

Bl 7o Mt e e JR1T . AR O S T Z AIREIC T D E VAR A ET LV EMBET L7200
WA IToT-, ERERE LT, OB 27 FOE YR 20T X D ERINASHE & 7
OERBAREME, @7 7'V - < v hOUEHESE & 2O e, @OCM (7 U —VBiRA =X
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BIZRREA A DO CTIX, BA « 7 7 U B BT ORZE A 2 =D K DI L AT BE 72
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Q) WmEORE Z DT 7Y « v v b, (1) MEEEORER W R IEE, (B) —
HOR Y AT LD Co2 HEHHIK & (bARE ORI L a5k, ULE b S&ked, —7,
BHMEE L U TR IEEORAIROMMER L 70 = 7 NEE IR 5 EIRE HICK
BlEivd, FIIEME LT, () BHEEEESR O 7= O RIRIB i, (2) B Mo EasE o
IHELLE . (3)DME (2 X D/ 3A APREtoOfhHEEE, )7 7Y - <> hOT L AR O 4 THE
No7enh, Fio, EEEEHE LT B - IFE - fhilh - 7L 220 = —FH
Q) EEEDO DD, HIH OO DME, ~ v NUWEDT=D DRy NG, G)IEEXD=9
OFEa A~ (DRERMORTEHEHD 4 HATH S,

R roduct: total_ Coroauction- total cost of this

revenues of this ™. business model

. 1
business model : \

C/ﬂ/f/a/: |n|t|a| COSt tO CO,UG’/HZ‘/?HS:

Biofuel from building facilities operation cost

microalgae Raceway open pond Energy cost to
Other products from for cultivating cultivation,

microalgae microalgae harvesting, extraction,
Agri-mat with residues of ) ; and pressing

microalgae Harvesting machine Cost to supply Ny, DME,

Nitrogen fertilizer Extraction equipment and bond(MgO)

Cost of labors

Benefits by reducing CO2 Press machine of .
or energy saving Agri-mat Cost of maintenance

M2 AFnY=r hOETRAET MIEIT DHUNA-E RGO
(HB) BFFEA /N —[] T ORI IO E AERK,

ZDH 2T, 2020 FEDOHFIETIX, T 7 U DMHIBFIEA >3 — L HEFT, T FE TOM
FRER LI A — VT v ZIEYBER 2O NTEZ Y 950 A7 ot 21T, BY
XAETNEEDTZDODY I 21— a NEF L, Ay —ILT v I o0TiE, B
EEER R T — L OHFE IS U, EBRE L1 100mL 75 1L, 3KL. 300kL F T% 48
ELTWD, £DIH 2T, MHIEEOINE, DME 12X 531 A BREHRE ., EikoT 7D -
~» MIHEMmORE (IR 5 NCEEA~OFIH) OB T TEXLNLIEM L
INAZBEHLTWL,, B2, 27 —AT v FIC LR - T, FREFNOHBIIS U - ik
LEAT O T2 DB R R E R EZEE LT-9 2T, COREOHIFTOa R & EET
HZEt Uiz, o, A7 =T v 7% LT BERED E DT EDRRE DI G 6
NHOMEREA LTV, S5, BEL) D AREEEEE YV AZICEH LTI AN v
L, EVRAETIVORH AREMEIC DWW TRET L 72,

INFETOMEEENOETRAET LV EHBEL TWIZHIoTDOYIalb—ray
11D —FH T, EVRAETADOX—a 7 hEgat Lz, HFEEM CEROP T, 1
72 o UHE - SA REL O - T 7Y o=y MG - BEAEO-HEOFEIZEHLT, W
EEREEEMERA2FERTIL )R Y —FaTd—xoa /I —2Rpd o2 L thotz, Fr
W2, —Fa2T—x2a3 )/ I—ICEALT, WHNIHFHERBOHEELHERT 2ONPEET
HDHZENHERSH, BIENRY—F 2T —x2a )/ IO YR ATT L0 EH A HEN
IOV THRETZIToT0, P—F2TF7—2a3 /) I—DEIRZAET MOV TN D0DOH
BRI R 2 — U B RE L2 9 2T, A7 Y= s MNMCEET 2 EIRIEER & BEEW O3 A
HIZREHE T 2 —F 2T —2a /) I—DEVRAETILVORELEIToT,
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Pond scale i
| Cultivation { 1L, 3KL. 300KL-- Comparison the cost

‘ | | C> including initial and
Harvesting

l Wot blomass operation between

| DME extraction | ' Production of other output | scenario
‘ Biofuel H Residue ‘ Feed Other high value
products
Agri-products

Comparison the revenues between scenario

K3 AP xl FOETRAETIAD LT U FI5 O AN S
(HH) BFZE A o R—RE T ORI HED X 1B/,

F. Ao s NMIBITA
EYURAET N EFITTHD

| Treating wastewater DEEEIEOTE D F AN T
iTreatedwater ifenm L. PPP
(Public—Private—Partnership,
Cultivation microalgae INBEEHHE) ORI OV TS
YW Bioheing THZ Lo, BT, MYV

o animal feeds U EFEOBUR - flE A I L
THEIocEas \= 72 PPP DAE V) J51Z DT BEAFSE
Other high value IV LR DG 2 D -,

Extraction biofuel with -
DME products ZDHXT, A7V =7 T
- BET B E VR AEFAOT 1
biofuel Lomene —MER3DLEBVE LD, T
IRALERLS; D ZIRALERIK % T
Phlizing biofnelas Producing agrimat | - wyimupons 41645, B Sh-
substitution of dlese.l on mixed residues AR B DME HIHT & o T
water treatment vehicles .
| Producing agri-mat HE%THHHjiZDi i Sz s %
sludge i mixed sludge = NUHRETAE T 5 TKALER
o . — = L O ST D TRALEL A
M4 KoY =2 MBI EPRZREFALD 72 200 et e
e L T D7 4 — HRERD IR

£Bté U TIEHT %, DME i o7k
a7 70~y b ziE -
L. TEFECIEHT S, £

(F) 1 EoLEREBHE 17 B, FALEETO
WO B OFMBB A2 350 HE L, 14
[l C 20 [RlDOKEH Ik 2 (K E SR o Yo
. s . . NHEYRAET VO EFIZM
Hji g N S— [ = E ~I§A : o R - s
(I B WOl E o= e e Lcomdmions

B - FEOEEE Lo M, BOEE B sk o @AM AL O FA R~ OFIH . Tk
BIROT 77U~y h~DIER 72 L2 X 5. BAFORARISH OFHRI0HT 72 72 IR 72 £ DEl
WM R ZIHETEDL L IICE VR AET L2 RE L,

INoEEEX, AVr Y NAOKREENDL, BUROT v Y =7 hOHE

(300, 000L D L— A7 = A #ZEE) TCOWGEIAD A PEREZHER L, £ oMo iFmkiE
DOEHBEZREH L, B1B/AT OV 27 FOR—RAT A U ERDEHENTRETO 1 HH
D EHER O NCEE SN EMAERZ R LT,
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K1 HAEETREO 1 EISHY EERL S OIBEF M ER

unit | baseline per time | baseline per year
cultivation microalgae t 0.486 9.72
extracting lipid from microalgae kg 0.497 241.33
residues after extracting microalgae kg 1.303 633.47
quantities of agri-mat production mats 54 26394

(1) 1[I0 BB U 17 . KIS C O BISERO B e OFE R H A 350
HE L, 14ERT 20 Bl 0528 F26E % N T
() AW vy =7 FOFERRICES X | HEBHEER

F 72, BURD 300, 000L O L— 27 = A #IZ X DWAIEEEHOEE AR 1T HigEm, [
IVEEE, DME fhHHEE, 6N T 7Y <y FOARy b TV AEOWE M 2R L7z, &
HITIE, HHIEE OB FE - B, DME i, 7 77U ~ v MUERFRICAE 5 @A 2 HEE L
oo 2BIOBIZT 0T =7 FOMMEM RO NTEMEM 2 £ LD,

K2 FAPETROIEE - B&fiiize E1T070 2 1%

Initial Cost (unit:ZAR)
Open raceway pond 16,583,587
Harvesting machine 3,687,500
Extraction equipment 3,021,250
Hot press machine 621,405

(F) 1 EoOXLEREHR B EZ 17 B, FAKLELY CTOMGMEE OR:#% OFERBE B #4350
H& L., 14EMT20 FOEEFEMZNE, F/2. AEL— b 2 187 7 F=8 M LHHE,
() A7y =7 b OFIRNFICES S, EEIER,

#3 BAEETRIIBT 2 EHEM

price unit note
Nitrate 17.80 | ZAR/kg quantities of usage: 250mg/L
Phosphate 45.76 | ZAR/kg | quantities of usage:40mg/L
. Based on ESKOM (power utility) rates in
electricity 1.61 | ZAR/kWh Feb 2022,

quantities of usage: celloseball of 2kg for

lloseball 7.50 | ZAR/k
celloseba /ke extracting microalgae of 20kg

ahesive for producing

, 200.00 | ZAR/kg | quantities of usage: 0.084kg/mat
agri-mat

wage to labor 2319 | ZAR/hr Based on current minimum wages by Dept of

Labour.

(F) 1 BoOVERFE B 17 B, FARLELS TOMGAIREE DL OF RS B #4350
HE L, 1HERMT20 BORBEFEmEE, £/, ARV — 2 1M7 7 R=8 HLHHE,

() ABFFET vy =7 S OFFENEICIES & EEIER,

LMo T, R1OEHEEZENRTHT-DICHERERHE L TE2 LE3OEHN)
HEWVWHZLIZRDHDT, ZINDLRERYOEA Y-V ERH (FREFIIIESER)
ERETHZENTE D, ZOHMYTEDEH L ITKERDNR DT 5 Z LN TE D EER
Feffif% (minimum selling price, MSP) TH DM, TROHLHNM Y=V IUNLE=0 & 72 D0
Thy, FEEEICHIZVINKZEDTZOIIIMSP L EOMREREZ1T 9 2 & DNNEIT A
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bHe XAWZHMRDOD T =27 b (RXR—=RAT 4 ) ORBIZBITHEELEYDOMSP #F & D
7=,

K4 N—RATA OEERBIIIRIT S FEHY O ARk TR

Minimum Selling Price
Microalgae biomass 170.27 | ZAR/kg
Lipid from microalgae 1516.83 | ZAR/kg
Agri-mat 29.48 | ZAR/mat

(Hi) 2 1-2-3 ORRITES S, MERHER,

\ﬂ)MP% B Z TR 2 BEAF O 7 ¢ — B VIREHIS & BEA T ik £ THl & NI 572
ITAEFEREOE RN VE Th D, ZO7=8, BLRO 300, 000L DR Z BHILKT 5
20@7~X%ﬁﬁbko%*K\MM%M@MWéW(%6%ﬁL)T@%ﬁﬁﬁ@%%
EITO Z EEEE L TR 20 (5OHBLDILR E 70D, 512, X — U ifid X ToO T KRULER
B OKEEL) TOEBEETEL T, £1666 [EOHBEDILRE D, ZD2ODAr—)L
T Tl —ACOWTHBAE SN EHER L NS, SRR ZHE L5 2 T,
BEHDZBITDER=ATA L E2DO0DR T —NVT v 7« FUFOMP #HH LT, £5
LKm@mthT£%T@P§ﬁ ZNZBITHEFEHMD MSP, £ 6 IZX — U HRAT
DEEFE A — AT Té%FMW@WP%i&%KO

5 Kingsburgh WWT &K TORIr— L7 v Fhr— R BT HEE YD MSP

Minimum Selling Price
Microalgae biomass 120.73 | ZAR/kg
Lipid from microalgae 122458 | ZAR/kg
Agri-mat 24.64 | ZAR/mat

(M) P HERT,

#6 H—=NRUTERIEKTORr—)VT v 7 —228F 5% EHY D MSP

Minimum Selling Price
Microalgae biomass 104.31 | ZAR/kg
Lipid from microalgae 1121.16 | ZAR/kg
Agri-mat 19.56 | ZAR/mat

(M) P HERT,

ATVl NOETRAET BT DINERE LT, FARLERE TORMBIEL 7%
B ANA AREMES, 727U~y MEHIC X 2B O E WA ERIZ X D 002 HEHEITH,
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BRETEAN DAL R FZAEICAIT T, REE VA AR T 59 A TOHRY 7 A 7T D
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