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Abstract: Energy microalgae oil is considered as the final solution for the human demands on the liquid fuels
of transportation in the near future. But the cost of microalgae mass culture is too high for industrialization so
far, one of the key issue that obstacle the industrialization of mass culture of energy microalgae is not only the
high cost of manual preparation of the medium, but also the manual medium waste resulted environmental
pollution. The quantity of biogas slurry increased continuously in China. It is an urgency to make full use of
biogas slurry and reducing the environmental risk. In recent years, the studies showed that the nutrient content
and the proportion in biogas slurry were suitable for microalgae mass culture in general, but there remain
many problems. Strengthening research work on the key technology of couping microalgae mass culture with
biogas slurry decontamination may reduce the cost of microalgae bio-energy production and restrain the eu-
trophication of the rivers, lakes and ocean simultaniously with great significance.

Keywords: Biogas slurry; decontamination; microalgae; mass culture; bio-energy

RERRCREME N FE S BRRE R ULEEKM R

XEE 12 XEFR 12| Bragd 12, XikR 12, g2, EARE 12,
/12 oRéeBME12  $4T 12, FHRE 12
majﬁ@m&ﬁ%ﬁ TR L, ME, HE, 330047
2. B RFEMBIHEEARERE LN, M5, 1E, 330047

1. madderhu@yahoo.com.cn, 2B WAE# : liuyuhuan!ncu.edu.cn

[HE ] RRRHECES MBIAN RBRAXRRKNRBEZARSHRBTRVREER. BRHRFER
FEE  EPAIBRFEFEFNEES  CEERMESROEE , KN ESERMESLILAIX
BAEZ—, RENBRTEARES, AN EFRARCAAINRESRL, BOENMEEERNS
REWEEERE, LFRNMARARABRFTIEE. LOALBRESFERRNE  EREFERSH
o MAERBEBRE R CABERBRMBLFRIERRIRA R BEAMR |, BRI EEWRFRES KA , X
ALGEHUAR, HMBIBFNEERLES , BLEX,

[R52iR] JBR ; 21E ; 30% ; RFRIE ; EWEEIR

BRBADCEEMN AR . AN AE 9. E
KR A= HORE i, BOA N 2R AR
Supported by The Foundation of Key Technology Research Program of R AZ IS KBS IR 2K E/Jﬂi}: &1t ENIMFZ
Biodiesel Industry in Jiangxi Province of China (2007BN12100); NSFC Bl R —HAEBWIERITEE “ TREME” (Eau

1 5]

il

lS’r0]§ctls:P30?603;)4; lilangmdPrSov;n;:e I.\ISFJ‘Pm]c?ct;: 200?GZ§0047; %%{E&) , ?ﬁ% Ak.g;iy‘[ %ylﬂﬁpﬁlcu YEH bdﬁ{%ﬁ(‘{;ﬁ%ﬁa[l~2]o
pecial Project for Returned Scholar in Jiangxi Enterprise Pioneer . s
s H B AL 2 B B S M A T

978-1-935068-37-2 © 2010 SciRes. 932



2010 The Second China Energy Scientist Forum

MRS, JLrh R BIA G RS IR L, BRI AE = AR,
R A e —P

gt #2006 4R E S R PR AR
ok 2200 27N, F 2010 FEA MR ER
EF] 190 12 m?, F] 2020 EILF] 400 12 P, R,
FE yEE . e H a2 . Haid REAHET
WL Hrp s REME. BEEIRE, K
IR AV TE VS Y o K e USRI R
THIRFE AR & A B LA 2 31005 S AME ] DA ek
BEEE IR AL B (0 ), 3 ] DA T
RIS G ). X H T AR AT (R I A
%
2 Bl
2.1 BERS

RS HAE =R =5, SERS B B
B Bk, BE. BRRVEESETECE, A B A IR
17 PR, J—oedi b A KM ESRS, X
LE R A3 0T BRI A KR B B R AR .
211 FEERRFEDRHFTRE

AN ) Hb DX ) A P B PR AN AR A VAR BRI Rk
WA —FE, PR AU A — R 2 5,
I AR I R 22 R I WAHAK
T lsURlE: AR, JEE. ANRJR. BOKFE. REE. K
G L7/

BAEN BRI, 76 IR HTPURR OBy <t
DL EVEWA N Fritim, NS, HISHWN
Jiio T PAICKRE R AT N Sl W mas
FEHAWEFEL B, LA HBA LR
JEIARR ) Fr AL, 5 RS AT R K AH G
DAREFT A J5ORHE I A DL AR 3L b R A
FEURHHEMT) 39.0%. HBOEM AN S N W5 &E
TEOLIERL, 8 DARSFT A SR N 5 e fiG, A
SEE A5 FH VH W 7 B S A N R R R T

4 FhsURH W R4 P S s I s R T 4 . S5 3%
B> R > NI > SRR . UGN
JOBHRVHW A P& ke, 0 EG e ORHA W
H156.1%. 176.0%F1 201.7%, X KRR AR
FEAFT 1 T v ) o VR PR TSl o e AR
YEFFAE 21~92 mg/kg.

VWA K B0 m Rk 2R3> oK
SVH > NISTHB > RSB LA 0 ORI

933

O C it
‘:‘. Scientific

+* Research

Po=N=— g

i K O, HUOR DURSF A JRORH VM, DA
N JFURHRVRW A K B K. 43SV TOKFS
WES K SERe, 20d4a K SEE 74.6%F
73.1% PRICAE it FH LIS 25 R0 N 3E J50RHRR W, Y
IR K JCR I

FANEAFAE M IS W, b pH
4 7.06, 4N, 4 P. 4 K. HHURSHHN 4. 75,
6. 99, 0. 86, 40. 2 g/kg, HHRETEN 59. 701
a/kgt® M K TR o R 0.24%, ST RERR 0.07%,
SEAAM 0.11%, [[A B E & Fe(0.7~0.9g/kg) -
Mn(0.5~0.8g/kg). Cu(0.1~0.3g/kg)~ Mg(0.04~0.05g/kg)
HEZMETTE . HAE, BT KE N R A
MR, H—MK 5275 3Kk, Pt st 4R
SRR OB, A 2.9%4.5%,
0.73%~1.1%, % 3.27~4.8%, {H[AIN, 208 E
SIEAFEEM, LThRESRESERED,

DL SRS 5 P ek, WEEERE IR0 BG11
BRI bese, nICURBL: C. N SRS T LA
BT ER, ALk R, FHEIHATHR L
b AE AR A3 o AEE FLAL R TC 3R 1 B AR KR D,
FEefE R >, TWEHITHR.

RIMTE 2, BRI S E A TR, R
BATIRGE, AWM TR B BN
222 BBNE

bR T e AN Ty WA A N L A1 s &
RIYE . M IRIEIBEY N = F. W, FERHR
H VP A s, DARRTF I A 32, Skl s
ARER. AR BARMZMRETE. T2
B RGP AR LR, DA 3, &
FEMAPLL, HRE B B2 P R
By A BREEZ PR CER . JUIR R S i AN
A A R AW CATEAR Y 32 WO R, T
TH KRR AV D EERA . B B
FETCH
2.2 BETLE

FH TV SR IR B 034 5 A 3B o K BRIR 1 v v
ERAEERAE . IR, JE RS A K 1 A
AEY) . HBE MRS S, ARG, AT 5 e
KK, HAWG A2 58RIV K, Ml
FRMAERK . Rk, BRI AT TAL B .

4T FeCly, FeSOs, Fex(SOu)s, HAH

978-1-935068-37-2 © 2010 SciRes.



‘ogi* Scientific
® J
+* Research

Mk, RARFURIBAN, KRB 1, DU BH RS
TR, BRI, R IR NI IR A A TR,
X K RS 37 R K R AR IR AT TAR B, b ) 25
i 23 Y5 Y G BH 1) B2 2393 K T 93%F1 81%.

ik F 2T SR A - it B T2, WER T
PRAA AT A WU R B B0R, RILE A A
A BRTR BB TR RS T o W B, LT COD g s oo
Al ik 80. 24%.

(RIS A AL R FeCl X IRAUA A 1198
VAT IR ABELL 3, w48 COD 225 80%LA |

Singhal "% i 5 IR AR R R I, HR-3 L
PRI A, W RR: 2 E A R e K
3
3.1 EEMEETREREPRCEEMIGIE

FIE BRI 1978 FEALIIT e T ) FH Il &
S IR AT, IR AL 2 T 3000
LB, L T 300 2R S
HAT R AR pE, Horh 2RO SRR

3.2 ERBRIMMERRERMYIL

BBk I TR R g, A LIS
WSS, BB K MY B> — Bl
JKAR T NH™-N 3K EE KT 50mg/L I, 20t K
AAEIVER . HIR RSB AL EE, H NH™N &&
iz 50mg/L, A HHERIAF] 300mg/L B F, [
i, BRIGHT O AT AT i 2 AL .

YIS, LUK AE N EERRE Fe i I R, BN
FlR, BAEm NH™-N WK, M 30mg/L, 50mg/L,
80 mg/L, 100mg/L H% 300mg/L, £ & EikK, &%
RIS, AEIRI SR REE IR EE ) NH™-N R8s
K

33 ERBREERRRE R EY R R 3%

3.3.1 FFMEAE MR B AE

FIT R IF IO ) e o 25 At 2 8 O TG T 9% AR
Gt CRARTD . AR, BORERE AL
0, FEATPURNAL: K. PRI, HER .
HERZ

IO G ) N2 A0 VH RIS I e 15 7 vh A
TR . B2, TGO SN S AE T
FIAKL: ()5 RSN, 3 DL PR A0 L R

978-1-935068-37-2 © 2010 SciRes.

2010 The Second China Energy Scientist Forum

S Q&% KE. BRARENGE, R
PRFE = PR I RS IR (B)BRE K CO2 R A A,
oIS 2 R

IXLE IR AR S BN P R P AR, AR
FRARHSE 5 o
3.3.2 HAR X EY R N 7%

B E AN A, FEA ] LU g IRt
FEAE) SN 2 Y IR, I Je A S R R AR S T
R R BHAOCEY RN A LU (DB
FREMES T QIR IR ) Li5 4L,
RESCOLLRR, SURPEETR; (4)IE ST Fr A EE s B 7%
BigR, JUILES THResE R Er=: Sy ARmm
JE I RN 5 RS IRAR 2 L, SEREAT CO2 I FH R 45 i 4
St BT, —BEEAOEY RN EiE
Ao PR AR TR PR e,
%‘%/&%,‘4'5[27]{33]o

LR, BRI O 2% Lt P O A )
SN B T Y B AL TR, TRA R AL
SEFYINZ, wlatkig, FFREEFRA AT R
IR, FERSFR IR AT LR S 35 e 0
HIAEFRDITFS, EBOR— 2 AR FR,
QIS AR T B 250 E i S D S R & A2 R R
%[3445]0
4 HRER

FRAE N — AT IEN RS AR, R
Lk e NATTH DA/ B . 757K ) N P 250 %,
AEIREE . FoxR DU T RN B A Ae e Mg e i
fA PR, AR 20 gem-2d-1 TR I EAA A E i

SRAEFE TR O & A A B, ESHET 10
d, B4 pH fE N 8.8~9.0, HAALIE, N 20C
~25°C o Wb B SV COD 3% 0 51. 6%, 64 A1 T
ok 1.6X108 AL, FEiAVGYE 14. 11 gL' 8598
THE0.67gL".

5K [ 9 BRI P R T A 3] 5 SR AL PR 2 L g 2%
REAR B  BTF BRI 2 RA R B NH™-N, TP
(R 2B 3A 62. 4%F1 62.7%, [ 52 #5351l A 84. 0%F173.
8% T IS 15d BENFASAEE, ] ZBRME ISR
R 93.9%[#] NH;-N, 78. 4% TP H1 51. 4% {4
J%, X COD MR LBRAVE A s [ e i A 3N
A SAM BB ER, B 8.3%[K COD
A 79.1%NH3-N ;25 = iy B 25 Bk COD41.9% ,



2010 The Second China Energy Scientist Forum

NH;-N68. 5%, TP85. 4%, (A 84. 4%, ML 45 R
AT DAE Y, ] R AL B R I S e T R

TR VR I 20 I 4 1 R K DR AT A

HEATALEE, RIL COD, NH™-N Fl TP i £ Z 45
75. 7%, 47. 6%F1 83. 0%, 2 H/KIKRIE 3k 336.5
mg-L"', 195.2mgL"' F17.2 mgL",

19k 52 AT VORI L G e B SR . BB A LRI

FK BRI T2 A RS S R W, COD, fEE 1
F A TTIE 90. 6% ~94. 8%, 96. 8% ~100%, 1
A 25 PR K (1L 2%

References (£ % 3 #K)

(1]
(2]

(3]
(4]

(5]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

Ma F, Hanna M A. Biodiesel production: a review[J]._Biore-
source Technology, 1999, 70(1):_ PI1-15.

Ginzburg B Z. Liquid fuel (oil) from halophilic algae: a renew-
able source of non-pulluting energy[J].Reneu Energy,1993, 3:
P249-252.

Chisti Y. Biodiesel from microalgae. Biotechnol Advan,2007, 25,
P294-306.

Sheehan J, Dunahay T, Benemann J, et al. A look back at the U.
S. Department of Energy’s Aquatic Species Program: biodiesel
from algae. Close-out report. NREL/TP-580-24190, 1998.
Metting FB. Biodiversity and application of microalgae. JInd
Microbiol, 1996, 17:P 477-489.

Spolaore P, Joannis-Cassan C, Duran E, et al . Commercial
applications of microalgae. J Biosci Bioeng 2006, 101:P 87-96.
Shanta Satyanarayan, Paresh Murkute, Ramakant. Biogas pro-
duction enhancement by Brassica compestries amendment in
cattle dung digesters[J]. Biomass and Bioenergy, 2008, 32(3),
P210-215.

Crush J R, BriggsL R, Sprosen J M, et a.l Effect of irrigation
with lake water containing microcystins on microcystin content
and growth of ryegrass, clover, rape, and lettuce[J]. Environ.
Toxicol, 2008, 23(2):246~252.

Leao J C, Geracitano L A, Monserrat J M, et al. Microcystin
induced oxidative stress in Laeonereis acuta (Polychaeta,
Nereididae) [J]. Marine Environ, Research, 2008, 66:92~94.

Mc Elhiney J, Law ton A L, Leifert C, Investigations into the
inhibitory effects of microcystins on plantgrowth, and the toxic-
ity of plant tissues following exposure[J]. Toxicon, 2001, 39:
P1411~1420.

Gehringer M M, Kewada V, Coates N, etal, The use of Lepidium
sativum in a plant bioassay system for the detection of micro-
cystin-LR[J]. Toxicon, 2003, 41:P871~876.

Mahesh W. Jayaweera, Jagath C. Kasturiarachchi, Ranil K.A.
Kularatne, Suren L.J.Wijeyekoon, Contribution of water hya-
cinth (Eichhornia crassipes (Mart.) Solms) grown under different
nutrient conditions to Fe-removal mechanisms in constructed
wetlands, Journal of Environmental Management, Volume 87,
Issue 3, May 2008, P450-460.

B.S. Ripley, E. Muller, M. Behenna, G.M. Whittington-Jones,
M.P. Hill, Biomass and photosynthetic productivity of water
hyacinth (Eichhornia crassipes) as affected by nutrient supply
and mirid (Eccritotarus catarinensis) biocontrol, Biological Con-
trol, Volume 39, Issue 3, December 2006, P392-400.

Julie A. Coetzee, Marcus J. Byrneand, Martin P. Hill, Impact of
nutrients and herbivory by Eccritotarsus catarinensis on the bio-
logical control of water hyacinth, Eichhornia crassipes, Aquatic
Botany, Volume 86, Issue 2, February 2007, P179-186.
Pilon-Smits E AH, de Souza MP, Hong Get al. Selenium vola-
tilization and accumulation bytwenty aquatic plant species[J].

935

[17]

[18]

[19]

(20]

[21]
[22]

(23]

[24]
[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

7

% Scientific
J

0%* S
* Research

%

9

o

Journal of Environmental Quality,1999, 28: P1011-1018.

Li Liangxin, Zhou Congju, Comprehensive utilization of biogas
slurry layer [J], ecological agriculture, ECO-AGRICULTURE ,
P45-46.

BRM, MM, WS EEaRHBRT], sk,
ECO-AGRICULTURE , P45-46(Ch).

Du Jin, Anaerobic fermentation of coagulation pretreatment of
medium-sized farm.[D], Huazhong Agricultural University, a
master's degree thesis, 2006.

F, TRBEE AL R B39 K DR R T [D],
Herb b KA 24118 30, 2006

Zhang Ruihong, Based on physical and chemical - sequencing
batch biofilm digestion process for kitchen waste anaerobic [D].
Kunming: Kunming University of Science degree thesis, 2007.
TREGLL, FETW- AR A IR T 2 AL B A by S R AR A
WFSYD], B, R TS24, 2007.
NiJun. The anaerobic fermentation processing of biogas slurry
from urban life.[D]. Kunming: Kunming University of Science
degree thesis, 2005.

6, ST ARG LB SRR SR % 5 IRV AL DY, B,
EL B TR 2267 1830, 20085,

Singhal, J. P. N. Rai, Biogas production from water hyacinth and
channel grass used for phytoremediation of industrial effluents
Original Research Article[J]. Bioresource Technology, Volume
86, Issue 3, February 2003, P 221-225

Metting FB. Biodiversity and application of microalgae. J Ind
Microbiol, 1996, 17: P477-489.

Spolaore P, Joannis-Cassan C, Duran E, et al. Commercial ap-
plications of microalgae. J Biosci Bioeng 2006, 101: 87-96.
Minowa T, Yokoyama S, Kishimoto M, et al. Oil production
from algal cells of Unadilla tertiolecta by direct thermo chemical
liquefaction[J].Fuel,1995,74(12):P1735—1738.

Becker EW. Microalgae: biotechnology and microbiology[M].
Lonton: Cambridge University Press, 1994. 66-75.

Kenneth L Terry. System design for the autotrophic production
of microalgae[J]. Enzyme Microb technol , 1985, (7): P474-487.
Lee Y K. Compilation of international seminar of spiraling in-
dustry development[C]. Kunming China , 1996. P1-16.

Lee Lee Y K, Ding SY,Low CS,etal. Designand per-
formance of ana-type tubular photo_bioreactor for mass cultiva-
tion of microalgae [J]. JA ppl Phycol, 1995, (7): P47-51.
Miyamoto K, Wable O, Benemann J R. Vertical tubular reactor
for microalgae cultivation[J]. Biotechnol Lett, 1988, (10):
P702-708.

F G Acien Fernandez, et al. Airlift-driven external-loop tubular
Photobioreactors for outdoor production of microalgae: assess-
ment of Design and performance[J]. Chemical Engineering Sci-
ence, 2001, 56: P2721-2732.

G Acien, Fernandez, et al. Out door production of Phaeodac-
tylum Tricornutum biomass inahelicalreactor[J] . Journal of
Biotechnology, 2003, 103: P137-152.

Ramosde Ortega Roux JC. Production of chlorella biomass in-
different Types of flat bioreactors intemperate[J]. Biomass, 1986,
(10): P14-156.

Huang YM, Rorer GL. Cultivation of micro plantlets derived
from the marine red alga Agatdhiella sublets in a stirred tank
photo bioreactor[J]. Biotechnol Prog, 2003:1992:P418-427

Su W W, Li Xu N S. State and parameter estimation of microal-
gae photo bioreactor cultures based on local irradiance meas-
urement [J]. J Biotechnol, 2003,105(1-2): P165-178.

G. L. Rorrer, J. Modrell, C. Zhi, H. -D. Yoo, D. N. Nagle, W. H.
Gerwick. Bioreactor seaweed cell culture for production of bio-
active oxylipins[J]. Journal of Applied Physiology, 1995. 7(2).
C.U. Ugwu, J.C. Ogbonna, H, Tanaka, Design of static mixers
for inclined tubular photo bioreactors[J]. Journal of Applied
Psychology, 2003. 15(2-3).

FoxR D. Fighting Malnutrition with Spirulina Appropriate
Technology for the Third World. World view[G]. Washington

978-1-935068-37-2 © 2010 SciRes.



093¢
o

[37]

[38]

cientific
esearch

I wn

DC, 1984.

Zhang Guifu, Qiu Jun, Gu Hongjuan, Preliminary study results
of using photosynthetic bacteria (PSB) deal with soil slurry [J],
China Biogas, 1994,12 (3), P16-19(Ch).

SREERE, DRGEYS, BUZLAR, FRDGS 405 (PSB)AL B K
BORBIYIERIAI], PR, 1994, 12(3), Pl16-19.
Zhang Guozhi, Yao Aili, The purification of pig manure anaero-
bic wastewater with algae[J], Agricultural Science, 2000,13 (1),
P105-112(Ch).

SRENG, WeazRl, BN REBRFAAE[T], W
bR, 2000, 13(1), P105-112.

978-1-935068-37-2 © 2010 SciRes.

936

[39]

[40]

2010 The Second China Energy Scientist Forum

Huang Hui, Digestion treatment effect of duckweed polyculture
system on the pig farm anaerobic [J], Journal of Anhui Agri-
cultural Sciences, 2008,36 (31), P13831 -13832(Ch).

T, VTNV IR A FR X IR b K DR AR A R Ak AR
[J], BRI EE, 2008, 36(31), P13831-13832.

Yao Aili, Guyun Xuan, Fang Guoyuan, Biological treatment of
manure anaerobic digestion of chicken wastewater [J], China
Biogas, 1997, 15 (3), P16-21(Ch).

WRZHT, ZEIE, Ty UK, A 3 R A R I A A b B
R, HEWEA, 1997, 15(3), P16-21





