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Biodiesel production from microalgae : current status and potential
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Beijing Technology and Business University, Beijing 100048 , China)

Abstract: In recent years, microalgaes become a new kind of feedstock to produce biodiesel, due to its high lipids
and CO, absorption properties. The algal biofuel is proposed as an attractive alternative of petroleum-based fuels. At
present , the research development of microalgae biodiesel at home and abroad and industrialization are gradually growing.
In this paper,the production of biodiesel from microalgae is reviewed, including fundamental research, culture selection
and engineering process. The problems that the microalgae as a commercial raw material should pay attention to are also
pointed out. The barriers of the microalgae as biofuels may be encountered in the development are finally put forward.

Key words: biodiesel; feedstock; microalgae; lipid

UTARR , BOEE © GO AR W Sl 14 5 =AU 2R

O R AR 200 2 A DR b I 5 1 i I 2

POACERE L MR R L AR G R
SLPEAE . VERER SRR, B 15 HAG SRR AR LE AR
PAE TR 1A 77, 3 8 TR S A AR .
SRR 35 [ 2 1 A7 IR, S B
FEMAUL 5 25 [ 45 + B A 0.42% . (i A
— BB AR PR o PR, SHE GO R R TEA
SR 5 %) A KRB A B SRRS , EK T 54 X
TR LR KESRERE 37 s BEREINZE CO, MIHEHOT
WERBEALY , AR T2 3 S5 K IvaEE )  arel
e B B VR A R S A A R T
ST g A 1 B IR R A W RORH R B9 A AR
% RSO LER AR Sy 2E 77 2R Wy S ORI R 5T
PR FIAEAE (4 IR0 R, 75 SR A e 4t 5%

1 RURHMRIA LR

L1 fiREHRAITHIE
LI R il ol i R R e B AR 11

U BT TH R SRR L, X B 35 2RI,
ABERIIHTTYRE ) o 0 O RN R I e 75 25 2%
S AR BRI 25 AR B 1 LT (I8 3R 7KK il &
CO, BN .pH JGFIAN TS Ge 55 ) B ARk, ik,
A K T AR o 5 ek D O 12 B 32 Y 5 A
Fo AR AR AT LAY D 55 % ][RR SCAS 5 5 B
[ AR R S AR W Sl 7 i ) AR T A
IR T 18 2L RS 100 AR B S, A BB 8 O 3 H 5 A AR R
FR PR BT B RS, A, EE Y O 8 I R T
WEW B B9, i Botryococcusbraunii i 8 Ji 12 43 %X
E115 75% ; Nannochloropsisoculata JIg i A= 1 3 FF 15
ik 142 mg/(L-d) ; Scenedesmus sp. CO, [ E X5 ik
10% o Xia 4 5 ik P AP AP0 R 25 3 411 3
R B 25 9 W A Desmodesmus  sp. NMX451 |
Desmodesmus sp. T28 =1 FlI S. obtusus XJ -15, E{1H
A T IR BT A 7 B ) R SR 4 1 A Wy SRR,
S, obtusus XJ ~15 JE o PR, Hodw i 19 R Wy A

75 A #A:2015 - 03 - 06

E&WE R SR AESE — R G R QT & 2 5 (PXM2012 -014213 - 000063 )
YEB N AREW (1978 - ), B B, WA BF5S7 1 &5 24 46 T, 18911033668, xuem78@ 163. com; FEi5 5 (1988 — ) , I, Al -/, BF 5%
7516 A 5 AR AL T TR RN, 13161992445 354208188 @ qq. com,,



<2 4K, 4 L

FERESIN 20.2 g/ (m® - d) , KBRS 35 o g I A Ik
REAPHGE I 31.7% o Thai 55 3 o 35X 40 i 431
HORHEAT /3 30 52 5 1€ , 75 Y Nannochloropsis & fig it
8 I 3 B o Y o AR T EE Y 39. 4% ~44.9%
AFIE A I 105 7R PR 5 ™ k5 40 R 16% ~22%

Bl SR S AN TIR A, AR 23
TIAEHAR N SR AT O . AR
WEBEIE R X pepeA JEPR S ARG E, TEHIE RS
SRR RIS p R e [ S pepeA B E. coli Wl
HAE RGN T 46.9% ; MMif% IE L pepcA F Bt E. coli
NEZEE IBD T 49. 6% 5 % HE R TR H -1 /BRI 1Y) Bt
RN, Li A 5E 3 PR g TR Ok g R
TUCE 38 Aok TS 5 R 20 SR 8 2 R R AT D R 2 K
/N3 CARRAR AR B A W S i A 7 A R PR A
P ul b — e B AR R IR m AR I . £
512 3 3ok e A T I PR 4 LR T A s
PR A A2 E e 2D 7 it S AR O A 3 Tl
B Jin UL UV IRSS AS 5] S, obliquus FEAE (A
X5-HI3, A K LB AR R 8 5 T 21% , JR B
Ji & 53 BRI 46.9% , 18 15 K AR K 8 E
59.8 mg/(L-d),
1.2 fEEK
1.2.1 AKEHOHw

S W) OB AR R i BT Y R R S R
HE Db .CO, IR R IESE, Converti 4
X T g B XT T Nannochloropsisoculata 1 Chlorella
vulgaris B4 WY FE R, 45 R BE IR 2 Wt
N. s oculata ) g Jit B9 J5T & 43 B0 3G s 4% 1 X F
C. vulgaris, & FE T+ 5 N BT 0 BT & 4 B RE A
N. oculata 1 C. vulgaris $¢ 38 A KR BE 43 51 b 25°C
F130°C, Renaud 25" BF5% T L EE X F Rhomonas
sp. Fll Chaetoceros sp. W2, 25 R FE W /T & 7E 25 ~
27°C vp A K e b, Wil IR RN AR B i A e s O AR
33 ~ 35C A K R B B, W 1 g A5 i
Monoraphidium sp. SB2 F) & 16 4 K 1R & & 25 ~
35°C . SRS AR KA AE IR B B2 R
AR BRI B 3 S5 A M T i S JB B o 20 BRI,
SEOG IR HOEAM I 47 . Solovehenko %5 fF 5%
T X} Parietochlorisincisa =1 [ 52, & LB G
B8 BE AT 5, P. incisa R TR I 5T 4 0 BB AN
Wit 25 . Ruangsomboon 251 BF 5% T Y Xt B. braunii
AR ARZ IR, 24O HA SR TR 5 538 pE/ (m® -s) i, i
BN TR AL P B A B 0.45 /L, Yeh 2570 B 5
TGRSR KA B2 R, TESEOGAT T 15 206 g i

E35B5EH

Pk iR o Das 5V BFSE TR [R G T X Nannochlo-
ropsissp. A=A HYFZ A, A I WK D645 1) b5 e AR K
215 LED 38R IR/E K 3% Yoshioka 4 5y
T RIS ER VR AR BT 5T B 1 SR, 25 R B 2
WEC BRI sochrysisgalbana I, s i o it
B i TR AR R AR TP Ik €O, , CO, KA
A N2 'G5 T i, DT R 0 (ol e g o 2
Zhang %[23] WF5E & B, Nannochloropsisoculata Tt 2%
CO, (IRBUEL, IR R, 3R 30 & A W A 7 1 Fi i B
Fid i, B fE m CO, /KF Tl L AE 2 A
WAINEIITR . Ho 252 BF5E 2, 24 CO, {1 H
10% ~15% I, f4CsE I o2 14 o 5 73 B I 6% . Yeh
L 20) g TSR IR X Chlorella vulgaris K15
Wi, 5351 % F Na, CO5 Al NaHCO; AR IR , WF 77 45
R R BRIR S ERAE A R AT AR AT B B A e
FRG & . Converti %6 ™ BIFE T RN e AR K 1Y
200, AF Chlorella 1 Nannochloropsis B £k A K i 2
o AR IR A g . R R AL A A B
TR BE AR DO T di AR BB AR 75% 1, Nanno-
chloropsis 11 g 1 (% 51 & 73 UM 7.9% g K 3
15.31% , i Chlorella H 8 5% B i 12 43 B 5. 9% 14
K31 16.41% . Solovchenko 25" BF5Y T & X F 14
AR BIS , 7E Parietochlorisincisa A3 L/, A
AR , 233 iR AR 7 1R o 23 B 36 . Ruang-
somboon 25"V BFGE T &N B. braunii A=K IS, A
PR F KNO, , 25 05 B BT i e, e i) A K
REA VIR . Wi T i n] LA AR 4, (5
SR TR R e B A K K 9B, Ruangsomboon
SEUUBRGE T WX B. braunii BYFSIE , 2 5% 35 5 b ik
8 o e HE K ) 222 mg/L I A4 S5 0 K
R 54.7% , 77 wik$] 0. 47 ¢/, FANEBERE T
JBT e Ve FNER BT i R B XS T B braunii M) i F AR
O I S A B R R

1.2.2 B54#

AR AN ] 1 RE I A B 5, s 1) 5 TR =T L)
G4 FhoEASE R GRARFADER RS, B
HEr o 1k, Ot B 3% 812 0B A 7 i oA A0 B 97
B,

6 A IR DG 8 REHER IR, CO, i EHOE
AV R BRIE T 5 s A< AT LB A RE 5
RIS, B2 07 2 1 3R

BHOLAFREE TR A, F XS TEi5 4% (5
TR AR K2, S EahIE > 2 IR, 5
B3R L AAE T H g A = 8 m] LA B B SRk o



2015 8 B

(1 20 4% {HLBR AR A 5y YR , JCHJRAE P ARG
FREINGOL T 1 HANIE & KRB B A2 B L,
MRAY 5 BE R, 4 BEAT LB DR 0 BAS P o
T 1575 240 T SRR A AP A LR B AR 2 R 2 T i
IDEZ 9598

A HIR I AR BEAT G & VR TR %, BE mT
DA FHA LA I mT LA G HLBR I8 4 CO, ek
Ir , BEORRIR A0 ] LHEATOL A 97, 8 R, i
HPIEAAT LA e IR IR o e AR K g R
i ZOEHR (2 A PUE S DI i, X R
507 AR Ay it EOG IR AT — 2 0 e KUBS: , BT LA
R AR 0 A=

2 EFRFATAEYSEM I

21 WEEMBNESEE
201 RS R

TP 5 6 M — A 5 ) P 6 3 3
L ORI 0.1 ~0.3 m ™ R
St — R — AL K
BRSPS
WS LS A 4 6 0
Dy SRR & R, B LSO R e
ML CRERIA A2 Tk €O, “URIE TR
ST . TP R A HOREAT, L e
BUK A7 1A SR I OV B L8 55 7
AT AT A BB, T 552 1 136
sEhm
2.2 RAYREE

SR LB (PBR) 247 3 BB AR
SRR 4 L 5, G0 5
{3 pH {5, CO, fRBLF O, Ris ™, £
(B RE R A E A 9 LT, A3 2 A
B Hsieh 4 R — B 4 ALY B ]
FORUE T BRI PG A ROK, V0T B A 15
L PIR R RTIRALIL, REA BRI SEBE , 5
9 8 46 L, O 0 0 A K 56% . Bilad
SRS T R B 0 I B R
SIS 2 FHS R, VR AR BT
ARES T 9 5 S 0 58 BRCH RS BLI 1 1
B
2.1.3 REARHK

A RGEAR I PBR RUF AR B H I 45 2
(KL, PBR A LU B4 07 75 e ¢ ) 1 TF ik
B T B B A e e A 0

FREVEE  MERFRBEFEVSBINARIVKARIR "3

ZRET

2012 4= 8 [, R EPR s AT T 1R
PRI A R GE, AT LA P I i =X 5 b 1 e 7
R A 77 2R m) 8, e T PBR Y g A [ A, L
HHEARA K TIZ RGN TEANE &R
2.2 £y EWEMIREL

TR AR 0 S Y A 7 A 5 A ) o SR 4
T MR BRI R B A AR Y S S P IR . Horp
CR7FILE ST HIPS MG ANLE SR SR N
TRk b UE B0 AE (5 R AR 20% ~30% 0
Zhang 25554 BRI F 62808, 18 FH— 22k
LT UENS Scenedesmusquadricauda W45 T 15% , 3118
AU A2 o e A F I Y5 U, Bhave 250 5 1o
PR A S S AR Bl e — 20 B AR A P REAIR 1
A e oy I FE TR B RO e TR R
A FeCly 1FBEZS K 52 5 i uE ROCR | ) & ik
WIS Y . Rohit 21 W58 T 4 ¢ i v
AW BEEEXT Chlorella sorokiniana Fl Scenedesmuso-
bliquus FCHE NG D8RI FEL A [0 IS0 303 1 5%
My, 25 S22 B, NaCl H i[5t i i AT Chlorella soro-
kiniana WCER 24 5, HRE I AEMR. FULuEm] T
FEAPHE i HR AR R A 22 SCER D SCRGR BE R TH A
%, RSB R AR Y B2 D . B ae v] LA i i
FETEARAAAE ARHR IR T Wi o A AT DUBBEOR ol 1)
A, FEARE AR 7, NG I TR RE /). Kim
2RSS T O P A ) S 3o T R TR A i B D
W, 3o T RO A R K 90% o X 6 B A
FH 400 W P J00S AN [7) %85 B2 1 /N ER B TR HEA T B
Horp s B o 0.32 x 107 A~/mL (1 /N ER 95 ) 4 5
12 min 5, B BE R 0] 3K 93.37% ; % &~ 1.55 x
10° 4~/mL AY/NER B T 285 24 min, % BE R B RE A
#90. 86%

MW AT WL S, Cho 2% 4 4
XP/NERBEIEA TR BE AL B, e B2 pH Ol 5.0 IR
SO°C I, Bigf 72 h, BEA SO RE , I HLING o o 2 i B
Ny 85.3% . AL ERFH/NEREE HE A B, R
FH T BRI /N BRBE EAT D RE AL FE, e B2 pH Oy
5.0 JREE Ny SO°C I, B 6 h, /)N ER 5 0 B3 RE 5y
80% , /B AE]/[S] =2% .

Alberto 2" £ (i Fl H,0, fy5ERE 1, i A SR
i FeSO, , L8NG i 52 U DL, &5 R KW, RA
H,0, i}, 4& By g Bt & & A B 8 K 4 H A
FeSO, J& , - ICH NG 5T & 14 2 4%, M ELg 105 iR P
Pl B R Bt A T AR o Dai 26 SRR B I A



4 A, AL L.

P B A I3 Ay BRI B, 25 SRR W IR
DAL RS A5 2 i B B . Lee 251 R
FH i R R R G 3 BRI Botryococcussp. . Chlorella
vulgaris sp. Fl Scenedesmus sp. HATIMASELEL, I Ff
Wk P PR SR IS H R I, SsE X 3 Fh
T IR BUSCR T &

FEMA IR 5 B i FR A I ik S A A=
S BRI — A A IR S RO Y o AR
TR R B AR AV T SO AR TSR T R
TR AR P H Al D4R, 2B ER S BT o &
SRR T HRBIZ U E A AT, S TR SR DR
PG 7 ) Lam 2500 5 3o 70 R8I % PG 5 #5k
B L A IIAAN [ B 255770, DAk e R 2 790 U &=
WK , Z0C% ik 60% , HO=: FORFIIE bt , B0 4
B 45% F125%

3 ERREXEXRMBPEESFRE S

3.1 £KREXBALAMER

B 2 27 UAWEE D U ) RETRUA e Oy T
HEE AT, A0k A WY 75 305 P 8 F it fr) e 28 AR
WAL, E— AR AL, R — 20 S s e )
WFFEFIRDIE B, 2 Zf0 s A " ISR M
K W KRBT 3 National Aeronautic Association
e NRAGHN, FE S5 YRR
B 0] B BRI W) S SE N 5L IR 55 5 56 L RE TR
Vi P 3l 4 25 BRI 58 [l BORT X T30 AR I BOR O RIESE
HEJE s F3 A1 b R R 7, B 2R 1 700 ZRRiEEVE
TlCHE 5 b ERE e K AR AR WIS BT IR K B A A
LI T 1 500 ZRRK B
3.2 mlmAER

TR 7 25 NS 2 A P e A% B Ml R A
A BARTICEEAT A LA —AUA W REURAE 1 fiE
i th 10 ~ 100 A% A0, 548 ey A 43 % s 8 AR
T T ERE R, L2 ERERTE 221l B AR A, £
OB A DR AR A B M B nl A7 o

5 [EE B2 AR WA R R R AR A, 2007 456
FE REVR AR e 2R BB T4, BT 2020 4E 52 LG
AW S m ROl AL, IR TE 2010 4F 6 J, 2B
2400 J1 30, A 3 DRI S 5 H

2010 4F 6 J] TEAR AR 25 J b RO AR 45 Bls 55 =5
] 23w s 185 — ik iz JH 2R AR W ORI 6L,
2006 4F [ BURAT 1 AT AR REIRIE R, R HE A
Sem Ve REVR I H A BF T H i 2010 4 v [ UM
PEWERERE IR IR H 5 A 973 SR, LAITE O 2R B

E35B5EH

ST R MRS PR A T KGR, PR BRE
W1 5 A 3 e B AR B T £ 25 M
Bk, BT R0 AT RO S AR 7T
LA MR 100% OB . A 5
F A PRI R L 2195 T 3, B 25 2015
S | AN T AR A 0 S 0 A 7 B T 2
5000 t,

4 REMB

TACBEAE A % B R SOk, 38 7 B AE LT LA
D7 TRUINERAIE ST < A O 1 a8 T 2 1 TR R4
PR = RE ), 30 0 L T IR B R 5 i — 2
& AR OB AS ) A 7 RE T 2 TR ARAS 5 7 iz
FA R CO, , F I H B 7K H 11458 37 A Bk
FEFRIOHE , 3 et SRR AR 7 AR 5 [l Wit i 7
Hh O ELAS 40 5 TSR i

FI A BB 2R MR K P TSR AN A BB A
LA RORAS T $2 T, KA i A 7= PSR AN T B
FEBYFIIR B R 5 LRI BOR ST Tt I
FA G B TATAR b LRI K BT 2R 4 S il A )™ A
1o, JUHAE WA A e R AR B IBO5 T 5 P S fe S
AR E R Y B B £l e AR S, U
PBRs OGAY S A ) IR AT S o RBUASE Ay 1o
PR T IR, B ORI 1 1 ORI R G %
N FATT S T B 0 AN B, BIF A A A4 il
AT RN BRI PR B

5% 0k

[1] Brennan L,Owende P. Biofuels from microalgae—A review of tech-
nologies for production, processing, and extractions of biofuels and
co-products[ J ]. Renew Sustain Energy Rev,2010, (14) 557 -
77.

[2] Han SF,Jin W B, Tu R J, et al. Biofuel production from microalgae
as feedstock ; Current status and potential [ J ]. Critical Reviews in
Biotechnology ,2014 ;1 - 14.

[3] Abdel-Raouf N, Al-Homaidan A A, Ibraheem I B M. Microalgae and
wastewater treatment [ J ]. Saudi Journal of Biological Sciences,
2012,19(3) ;257 -275.

[4] El-Sheekh M M, El-Shouny W A, Osman M, et al. Growth and
heavy metals removal efficiency of Nostocmuscorum and Anabaena
subcylindrica in sewage and industrial wastewater effluents[ J]. En-
vironmental Toxicology and Pharmacology, 2005, 19 (2) . 357 -
365.

[5] Harun R,Singh M,Forde G M et al. Bioprocess engineering of mi-
croalgae to produce a variety of consumer products[ J]. Renewable
and Sustainable Energy Reviews,2010,14(3) :1037 - 1047.

[6] Hu Q,Sommerfeld M, Jarvis E, et al. Microalgaltriacylglycerols as



2015 8 B

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[18]

[19]

[20]

[22]

feedstocks for biofuel production; Perspectives and advances[ J].
The Plant Journal ,2008 ,54 (4) :621 —639.

Li Y,Horsman M, Wu N, et al. Biofuels from microalgae[ J]. Bio-
technology Progress,2008,24 (4) ;815 —820.

Ling Xia, Shaoxian Song,et al. Selection of microalgae for biodiesel
production in a scalable outdoor photo-bioreactor in north China
[J]. Bioresource Technology,2014,(174) :274 —280.

Thi Thai Yen Doan, Balasubramanian Sivaloganathan, Jeffrey Philip
Obbard. Screening of marine microalgae for biodiesel feedstock[ J].
Biomass and Bioenergy,2011,(35) :2534 —2544.

TRARTE W, 4. EWEIE I X pepeA SR G A KA v
BRBTA By JE R L], o B A 4 TR 2% 3, 2008,28 (5) : 52 -
58.

Yuan-Guang Li, et al. Microalgal biodiesel in China: Opportunities
and challenges[ J]. Applied Energy,2011,10(88) :3432 - 3437.
E R R RS A A 7 T 5
[7]. BLR1LT.,2014,34(6) :41 - 45.

Jin W B, Tu R J,et al. Biofuel production from microalgae as feed-
stock ; Current status and potential [ J]. Critical Reviews in Biotech-
nology,2014 .1 — 14.

Converti A, Casazza A A,Ortiz E Y, et al. Effect of temperature and
nitrogen concentration on the growth and lipid content of Nanno-
chloropsisoculata and Chlorella vulgaris for biodiesel production
[J]. Chemical Engineering and Processing; Process Intensification,
2009,48(6) ;1146 —1151.

Renaud S M, Thinh L V,Lambrinidis G, et al. Effect of temperature
on growth , chemical composition and fatty acid composition of tropi-
cal Australian microalgae grown in batch cultures [ J]. Aquacul-
ture,2002,211(1) ;195 -214.

Wu L F,Chen P C,Lee C M. The effects of nitrogen sources and
temperature on cell growth and lipid accumulation of microalgae
[J]. Int Biodeteriorat Biodegrad,2013,(85) :506 —510.

Scott S A,Davey M P, Dennis J S,et al. Biodiesel from algae ; Chal-
lenges and prospects[ J]. Curr Opin Biotechnol ,2010, (21) ;277 -
286.

Solovchenko A E, Khozin-Goldberg I, Didi-Cohen S, et al. Effects of
light intensity and nitrogen starvation on growth, total fatty acids
and arachidonic acid in the green microalga Parietochlorisincisa
[J7.J Appl Phycol 2008, (20) :245 —51.

Ruangsomboon S. Effect of light, nutrient, cultivation time and sa-
linity on lipid production of newly isolated strain of the green mi-
croalga, Botryococcusbraunii KMITL 2 [ J ]. Bioresour Technol,
2012,(109) :261 —265.

Yeh K-L, Chang J-S,Chen W-M. Effect of light supply and carbon
source on cell growth and cellular composition of a newly isolated
microalga Chlorella wvulgaris ESP-31 [ J]. Eng Life Sci, 2010,
(10) :201 -208.

Das P,Lei W,Aziz S S,et al. Enhanced algae growth in both pho-
totrophic and mixotrophic culture under blue light [ J ]. Bioresour
Technol ,2011, (102) ;3883 —3887.

Yoshioka M, Yago T, Yoshie-Stark Y, et al. Effect of high frequency

of intermittent light on the growth and fatty acid profile of Isochrys-

FREVF ARFRNE LY HIHARIVRTRIR

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38

[

[39]

[40]

isgalbana[ J]. Aquaculture 2012 ,338 -341 ;111 - 117.

Zhang X, Amendola P,Hewson J C,et al. Influence of growth phase
on harvesting of Chlorella zofingiensis by dissolved air flotation[ J].
Bioresour Technol ,2012,(116) :477 —84.

Ho S-H,Chen W-M, Chang J-S. Scenedesmusobliquus CNW-N as a
potential candidate for CO, mitigation and biodiesel production
[J]. Bioresour Technol 2010, (101) ;8725 - 8730.

Chen C,Yeh K, Aisyah R,et al. Cultivation, photobioreactor design
and harvesting of microalgae for biodiesel production: A critical re-
view[ J]. Bioresour Technol ,2011,(102) ;71 - 81.

Yoo C,Jun S,Lee J,et al. Selection of microalgae for lipid produc-
tion under high levels carbon dioxide[ J]. Bioresour Technol ,2010,
(101) :S71 -74.

Huang G H,Chen F,Wei D,et al. Biodiesel production by microal-
gal biotechnology[ J]. Appl Energy,2010,(87) :38 —46.
Chojnacka K, Marquez-Rocha F J. Kinetic and stoichiometric rela-
tionships of the energy and carbon metabolism in the culture of mi-
croalgae[ J]. Biotechnol ,2004, (3) .21 -34.

Chisti Y. Biodiesel from microalgae [ J ]. Biotechnol Adv, 2007,
(25) :294 -306.

James S C, Boriah V. Modeling algae growth in an open-channel
raceway[ J]. J Comput Biol 2010, (17) :895 —906.

Shen Y, Yuan W ,Pei Z J,et al. Microalgae mass production meth-
ods[ J]. Transactions of the Asabe,2009,(52) :1275 - 1287.
R, RS, SRR, A S A e [T ], A EiE
4%,2011,46(6) :1 -5.

Ugwu C U, Aoyagi H, Uchiyama H. Photobioreactors for mass culti-
vation of algae[ J . Bioresource Technology,2008,99(10) ;4021 -
4028.

Chisti Y. Biodiesel from microalgae beats bioethanol [ J]. Trends
Biotechnol ,2008 , (26) :126 -31.

Hsieh C H, Wu Wenteng. A novel photobioreactor with transparent
rectangular chambers for cultivation of microalgae[ J ]. Biochemical
Engineering Journal ,2009, (46) :300 —305.

Bilad M R,Hassan A Arafat,Ivo F J Vankelecom. Membrane tech-
nology in microalgae cultivation and harvesting: A review [ J].
2014,32(7) ;1283 —1300.

Gong Y, Jiang M. Biodiesel production with microalgae as feed-
stock ; From strains to biodiesel [ J ]. Biotechnol Lett,2011,(33):
1269 - 1284.

Zhang X, Hu Q,Sommerfeld M, et al. Harvesting algal biomass for
biofuels using ultrafiltration membranes[ J ]. Bioresource Technolo-
2y,2010,101(14) :5297 - 5304.

Bhave R, Kuritz T, Powell L, et al. Membrane-based energy efficient
dewatering of microalgae in biofuels production and recovery of val-
ue added co-products [ J]. Environmental Science & Technology,
2012,46(10) :5599 —5606.

Rohit Misra, Abhishek Guldhe, Poonam Singh, et al. Electrochemi-
cal harvesting process for microalgae by using nonsacrificial carbon
electrode; A sustainable approach for biodiesel production [ J].

Chemical Engineering Journal 2014, (255) :327 —333.
(TH#%TR)



2015 8 B

PR phlal it . A A RNERFSEMERE = R4, L
ol 5 g 205 AR e A B AR A

B N AR A TR TR S
St BT e ™ i b
B ST H AT SE BB A, RERSEAT R L
Mg, Bereiit A 3 AR AR TG B
TGS B e, o ad 5150 1 R %L
FHUMARBF . AT AT
F—"FEMR ", BBt TR N, 1535
A B0 T R = A A AR R B R B Y
BN BRI B S, A ST B 4R
EFIBEH A, Btk A2 45 ATk DL SR )
B R E W EE S Ot E RS
AR S, [ N A CR A 7R 5 1 A A
NEEE S S E B TR HE R, 8RN E SR
TRERAAZER TR ZEH NG ME R, (HidH
FEBOR M 2200, B AT, B4 R g A g A
b R R s B B, OF B A P AR E R
/NS

SEI 7 4 FF4 17 3 7 1 L S e
WIS JE 2K T Z MR R F S
2008 4EFF4A, 76 I OCC 11 H H IR 4h 1 4 Bk b
P AR ST H LA Intergraph 23 7] Smart-
Plant Foundation ( SPF) %4 W& , £ MAFE T
Z A Y% SmartPlant PID ( SPP&ID) | & BE1Y £ R 4t
SmartPlant Instrumentation( SPI) | =4k T.J #1444
SmartPlant 3D (SP3D) 28 % i1 4k -, 2012 4F, SEI %
FeTFR “ FeF AL LT @ik, 75 & A 5 R SPP&ID |
SPI .SP3D . PDS . PDMS 3Lt I, &5 # 7. 5 44 %t
T 2R 48 SmartPlant Material ( SPM ) | Documentum

Comos S5 B PF Y 4 1L, A5 Hh T il P — 0158 vl

(E#EFHS W)

[41] Kim J,Yoo G,Lee H,et al. Methods of downstream processing for
the production of biodiesel from microalgae[ J]. Biotechnology Ad-
vances ,2013,31(6) ;862 —876.

[42] XUSEE, 48T, RAL 2, 55 /IR S i S I b AN ] g BE g 125
ST T ] AP R N ), 2009, (5) 1100 ~ 102.

[43] Hyeon-Soo Cho, You-Kwan Oh, Soon-Chul Park et al. Effects of en-
zymatic hydrolysis on lipid extraction from chlorella vulgaris[ J].
Renewable Energy,2012,12(9) :1 -5.

[44] fafdy, sk F e , 2= K 0. /R BEBOR S b [J]. &2
A TR ,2006,27(2) ;147 - 151.

[45] Alberto Steriti, Roberto Rossi, Alessandro Concas et al. A novel cell
disruption technique to enhance lipid extraction from microalgae

[J]. Bioresource Technology,2014,(164) .70 - 77.

RENE: O TREEWIRITERRRIE -7

hnEw B EamifEs T2 TR RN H
i, ST T LR BOHER S, I T 28I
A FIH RIS, FeAH 2 T EPC 101 H 4E ik 7 2 A
BT T S

Hfg e b TR S R AR 2009 48 58 3 T 45 3R
SR H o ORI A TR0 T AR BT A Ak 32 5
FASEAT B R R T SPF &4t .SP3D SPP&ID |
SPI 2 88,5, & 4% SmartPlant Electrical (SPEL) 2§ &
GVERAE . TRV CFilt SPF RGEFEAL, A ik
T RN S T T SO o S s S i T
RO SCHE o B 1 TR AR A1 7 A 1 SRS, R 43
SR SPF RGN T B S BAEEI RS,
U AN RE A% 58 4t e L IE 2 X EAR Ak
WIHEEK

2001—2003 4, P E R TRA S NZ 5T
kg SE R TR A AR H A A A — R — 1k 1k
BN I 2 Y V4 o< N 1 5 2 ) N ES ) 7 sk € o S
Aeieit 2002 AEFEAE TE Ll 41Tz 52004 4 5 55
TjUH i 4l 52007 48, 3 3l = 4E B[R] 5 58 A
AL 2009 48, J8 B =4Il Ao 24, Tk
IS AT N R AR R, TR E AR A
A AR B R (ETE A TR AL B R IR G i
WFFE IR, o BBk TR A R T8 o TR
2R KBS ] A PR A DIE , FEBR A R 3L T LA Interg-
raph /A 7] SPF FIPH[]F/s & COMOS FEED Jfy 3L fi
FER LA IR HER I & . ZROTERRS
IR 2013 4R J5 5

2014 4 6 H, B TR A E AR L IH A4
FALLT B it L RS0 4 7 1V/a
KNI H B AT, Bt e, A TR

LA N T SP3D MR Y R 4t SPRD (SPP&ID |

[46] Dai Y M,Chen K T, Chen C C. Study of the microwave lipid extrac-
tion from microalgae for hiodiesel production[ J]. Chemical Engi-
neering Journal ,2014, (250) :267 —273.

[47] Jae-Yon Lee, Chan Yoo,So-Young Jun,et al. Comparison of several
methods for effective lipid extraction from microalgae [ J ]. Biore-
source Technology,2010, (101) ;75 - s77.

[48] Demirbas A. Diesel fuel from vegetable oil via transesterification
and soap pyrolysis[ J]. Energy Sources,2002,24(9) :835 - 841.

[49] Kouzu M, Kasuno T,Tajika M, et al. Calcium oxide as a solid base
catalyst for transesterification of soybean oil and its application to
biodiesel production[ J]. Fuel ,2008 ,87(12) :2798 —2806.

[50] Lam M K, Lee K T. Catalytic transesterification of high viscosity
crude microalgae lipid to biodiesel ; Effect of co-solvent[ J]. Fuel

Processing Technology,2013,(110) :242 -248. H





