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Sugar Biorefinery
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Vegetable Oil Biorefinery
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Products Products Products
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W& R TR AT N H R3S AN B AR 15 7K B9 32 5, BRI B A
i) 2 T 5 22 B R R A A L TR o o ] T A 1 TN A s R T ) R B, X RE U
oK B K o 2007 A A [ B0 SRR e ik 1 [, S AR, — BROSON it 555 — RO ik
HE o 2009 AF A7 6 SR A BE BT 02 8 i 50% X — O B SCHE 2 A itk iy Bk
A K, 2004 4F 2] 2012 4R B RS A 2. 3 S0/ 0 — AU EI 8 Jo/ Tt . FRIE RE
TRV, 22 B 88 LT, 5 25 0 S S A P VL vy U 5 068 P L o ] IR P 55 B R BB K
PGS BETRE B © 7 R M AL 2 M2 B 00 AR, R R BT B2 B IR i DR E TR
FEMLZI A FE 5% o

[l PR Ts det H B ™ 0% . HATHREA 1L ZWRE, A2+ o
—,CO, HE Bk — o AT 08, LAt B SR I b s B R B R RO
RIRFEZH 2 ~5 5. BeAh, H 2 B Z i K BT I 02 5 Qe AN 3k . 2008 4R F [ G
JOK 3 5910 AZAL T K KBTI FA R 65% 5 Fiit 2015 472 7000 423775 K ,
i A2 80% , JE A R o[RS, ol 3795 K Ak BEARAR, Bhfl 70% 1900 3 32 15 G4 AN
HE IR, b 47 % KR E AL 44 % KA RAL BT IR

SEREVR PR OR A A R AL AL 9 R R, e JBR A O 1 R AR AR R E 25
EARZERXWER A E, &RV X B R R 2K
B, ER A A T L3R E S AL iR e RSk . AR R E RE IR
HLI), e AR 2 T R AR ) S+ 0 S 18] % AR T 30 H A5 2350 o 500 T3
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Febr R F] 170 JmiZe Ay SEHIRE L FEA D AR Z BB =, DOR & o8 ROk A
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[ K BER 22 4 R IR B 5 2R 25 Rk CO, itk , i At £ HoA 1+ 20 BU 9 £
Flo ¥ VE O BE IR RE W) 1 I T S B R A% 58 0 IR 2008 4R 36 [ fig TR
(USDOE) & ¥ i #E51 oy fie H A e 18 1 (48 L RE WA 1) 2 — , & A X i 8 ( 2 MR
PE) PR AR N AR, 2010 4 12 A 2 H 78 56 [ A2 3 4 T /9 b S o ik A2
WOREES LR AR 2 2 B0, 56 [ BE P00 AR ) RE IR I H 32T Paul Bryan Jo A2 iA A
“TEPEE 10 AR TS B AL R RETR AL

PEPELE P BRI IO L TR PR AR AN & AR B3, B0 5 nl e Ak Dy e Rl 1 9
(feg iR T EH A 75% ) (AP HER S AR T8 0 (078 B 50 = A A WKk OB )
(R 1) s TEME AR RO LR, Al R Tl A A2 7= 3 01 & M WF AR A K B I
AW W] A K KR S°C AR BRI A Q) | Al e JSORE 2315 P b 17 1R AL 5 JLF- A
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x1 FEHEEFREHNLE
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JLEARGARRE et KR EEFI A9 = + + +
B RE ALK TEBR KR N P 5 e + + +
HA®SMMESER S  Eades BEAEETENHE + +

TERFONRAE T S8 12 KA TEA LR IA 3 40% LU b, B3P R P 3 T H A 2]
80 g (&1 1) o FEREHE™ iKY b, BIE 5 HA bR ot sl e b 28 REVRAE ) EL B, 7 e e
BAT BN VIR TEMN & i 30% 11, B A WiEIe L B ™ &k 8. 43 I,
2900 HRER 2 4% VBRI 5 A% 5o TR T S8R O A 50% T U4 4 B S £
FEAE N 14,05 Wi S HOREAY 3 A8V EOR A9 8 Ao $R B A R K I I 0t L T
FRHY 1% 5, Bl A 7 P47 )7 C % 172 J7 W, B 4% )7 {8 103 A2 70 [A) i, AT DLk HE
C0O,1000 J3 i, (53 [ CO, HER LAY 1. 5%o; WHERE 1.2 J7 W, o5 Al B HEICRY
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850 45 100

s4sf 40} %0 _
S 840F £35 180 §n
% i B —— AR
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2 BT &% R s
We30l w25 60 & & Bk®

b4
825  20f 50
82.0, 15 1 1 1 1 1 1 1 1 1 1 1 40
1234567 809101112
REFEntE (R)

Bl FRERREMRBRLEUHE

W S AR TR AR SR A WA TR AR R R R
Y SIBAE N ZFRER B S5 A0 IR T EHESEFE 5K % &8;
TR T ¥ P BT IR ISCAE ORI PP A R A B R AR ST R AL, LR
¥ % I 45 G 0 25 5 DF 98 5 & o

ST A ER I 58 3 B T RN VR R % - IR HE B IF TR RE B 400 AU, IR SRR T
VA6 5 s W12 S T AR LE AT A AY , JE XIS T PR AR S EAT T DNA R 1Y
53H1, FIFH DNA barcode #ric F4ili /DR &0, R 3 AN HE 4 i 5L B : atpF -atpH
trnH-psbA , Fl psbK—-psbl F{F DNA barcode 43 #7 7% 4 %5 i o 43 T 45 S 2 8 .3 X
SIP R R AT, W PCR R B K E 2 S, & A H TR, FH
DNA barcode fric #1448 3% , 25 R R B0 17 AR RE AT LL4r o 3 Bl Ay Hop—
v i s X3 (181 2) o A DNA barcode fric #9§ Z 4R 5 4, &8 17 A Ja #f vl
PIGT N 4 RS R Z MR ZREME , AR Mtk AN, WRIF R
T SSR BIY o T iR MERETS o SSR AT X6 b 77 B 14 5 R0 2 L e 7R R P 1Y
ARAE 25 SR, BRI, B SSR 3 A [R1 Rl A [ 3 3 07 8 0T LA AR AR B 47 4

FE T L4 R K LB B R I PR R AR R A T T E R
N P AR 3 2 K RS A 7= g b 07 26 9 0 DR VR P R S . % b b 5
4 Y A B.C AN, 3 15 S5 B dE 75 A 4b B, LA FAL B L B XAk B DL K A
A Z AT RE . B T BPAN RMUBLRS 35 418 A9 /2 J7 i, SE BLAE ARG g
P TR T, BEIBE & 10 ~ 12 KA, 528 COD < 100 mg/L,NH4 - N <
20 mg/L,PO4 - P <5 mg/L RN A 657K (8% ~ 10% R k7K 1) (1 H 7K 7K ik
b, IF B BAEY 36,5 1/ (ha - a) (T E) ,BUBEAH MK 13.3 /(ha - a)
(BP [ 5 CO,48.9 t/(ha - a) '), R E £ % 2.1 t/(ha - a) ', L& £ @
0.55 t/(ha-a) "

HEST = R QB T REAE AR R IR S AT AR R BRI VE R, B

il



Genus Population atpF-atpH psbK-psbl imH-psbA
name

Landoltia ZH0005-S-0 683 501 273
ZH0173-S-3 682 501
ZH0125-S-10 683 501 273
ZH0106-S-8 683 501 273
ZH0160-S-2 683 501 273
ZH0161-S-1 683 501 273
ZH0168-S-3 683 501
ZH0170-S-3 683 501 273
ZH0044-S-5 683 501 273
ZH0115-S-8 683 501 273
ZH0118-S-8 683 501 273
ZH0011-S-0 683 501 273
ZH0001-S-0 683 501 273
ZH0069-S-5 683 501 273
ZH0175-S-3 683 501 273
ZH0041-S-5 683 529 273
ZH0029-S-0 683 531 273

Spirodela ZH0022-D-0 662 522 484/
ZH0023-D-0 662 522 484
ZH0075-D-5 662 522 484
ZH0109-D-8 662 1522 484
ZH0032-D-0 662 522 484
ZH0136-D-10 662 522 484
ZH0043-D-5 662 522 484
ZH0094-D-7 662 522 484
ZH0171-D-3 662 522 484
ZH0123-D-9 662 522 484
ZH0102-D-7 662 522 484
ZH0013-D-0 662 522 273
ZH0003-D-0 662 522 273
ZH0095-D-7 662 522 273
ZH0090-D-6 662 501 273

2 DNA barcode tRiZ3H#EZTE

AT ER 75% o B3 O R BT TR EIE IR A, 5 SR E R AL, B

TERT BN BB S H A AR TE R BORL . X I 26

SEVER R T W RAE 0 A LS R

SHEFEVT

Spirodela polyrrhiza Lemna perpusilla

DIREBEYT
Landoltia punctata

4D

(i

S AR 45 1 O 0 0

B3 HAEBEHRETEFEMES( x1000)

T A R RS R
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P T B 97 AT R BB R B R e A% G A 1 Ak BILARE A A L I [R] P 58 0 M A
JEURE s R R JEE 1 BB Rt XE AR AT B I i K, A o M R s R I 2 IR 22 1
LMK BERCR ol i S G R Rt il 2R DA R, B AR ROR B L A A R A
o 3 RO 5 1Y LA PR RG R M TIUAL BT (DL 4) o

4 FTERERLE

1o PR A SR 2h005 1 A IR R A e (L T A B R e EASCR NI S o o 9 9
PEAD & 43, 11% , BK HE 1:2.5 I 8 & B ok B T 3k 7. 52% , S I R0 I
92.54% o VLTFEHE N R, 48 64 /NI R I, T B Al A 11,65 o/L, Bk £k
T BRI AT (R R T i =4 11,85 ¢/L ~12.50 /L) o SEHa 45 R 1
W, LT 0 JEURE A I A B AT it 52 2 I AT Y

8.00% ——7.52% 93.00%
o
2 7.00% b2 92.00% %
S e 6000 00% 5
= 2 6.00% - g
g Ez 5.00% EBIE - 91.00% E
§ = 4.00% I 90.00% &
25 k-1
& 8 3.00% L 89.00% &
52 200% ’ g
| 85.009
g 1.00% 88.00% 8
0.00% . : - 87.00%
A B c
O ethanol O reducing M efficiency

BS5 DIREFE 0051 EBRBESAALETZEYR
A- JERBER43.11% 8K 1:2.5;B - JER & & 43. 11% , KK 1:3;
C— JEM &= 33.80% B K 1:3,

T IEA MAEAL G W) B A BLS £545 JF K« R 2 0 Fp s i 30 B Z) 3 =kl 2
SWERG RS W AT 0 B M E MR DS TERE TS . RG] T 2 M5 PRI 3
Wi A2 a3, o3 B M M 16 Bl oy s 52 T DU T B B 9 S0 BE % VE
X 734 A AR I o

HETE 16 22 M Y B B R AL S T



S S PRI ST U [ PR S AR B S AL - © 902D S T TR AR Y RE TR T O
G [ B A 17 & AL, 5 B b ST T i R S T A A SR RO
17 NOIRNFESEGT IR AT o 15 5 [ 2 A% 008 3 70 N A2 KA 80T 1 I REF o &2
T VR I BUGL G AR PRL; 5 ) 22 BUR B R SRR AL R DR A 3 Ko T8 E R &
RAF UL B LB BE R AW ST I AT 1T N 515 PR PR BT IR S s 5 P A RRAS IR AROK
FOVRR B S IR ) HI 2012 AR T BRI [ PR B A AR ITH % Sk H AR
CER—Jm E PR RIS N AR 2T Ok B SE R CIRORMNE TR B AR S
EMLREHEIT AR T RASIN T 28 S BOB R AR E T 7, k8 1 B Br
PR 2 B 2 AR T — B9 R S AL, O D 7 JCRR A 1 58 i 4 Sr A R T
Fob Jot B PRSCER TR R O, DL SE BRI P B IR BRI N Y S S 3

H AT IEAEEAT B9 AR : (1) SIS AR RECH R BE 5T (2) Z4EE B
545 SR i S RGN R R A (3) Gl T AT BROK A K A= M RE IR L
i R EE 5 (4) MUBALE IR BOR Ko UE I IE; (5) i MERE IR AL A 9T «

T e A a3 ORI R B AR5

AR T R e A R RORE T R AR W SO R R S T K 1

WIFF S5 A 1 U RS P PR AT 5 SO BB  BIF ST LA L Aol e N5 AT

S, IR = U H A4
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R I RE S e HEESER

RE AR, AT, 1987 FHR W KFHAE
M4, 1990 435 b B A5 1 R AR AR M B R AT A A
WF M, 1990 £ £ 1996 S 4F A BMEML R AT E
F 2 Ko R AR £ ) B RPN T L Y K LB e
FIRAF R . 1996 4 % 2002 4 1 7 B A5 1% R AR A
| BT R W B 3] Rg ol S R F 69 R BE LK AL
| ‘ BAL L LAR” AR, T 1998 4 4E 8 BT % .
’ 2002 4F £ 2003 FAE A P roEF EERAHFRA F
BERRABEARFRAHETPEHFZIRERASCERD “BREDRERF AR,
2003 FEZLEAHRARET A FZRRBEDFRITKNFRREDE KRR,
FEZHRANVRAERRA R B LERE R A, TRAF % R R, 2000 4
ARAEBE EHRBEMRBRAFARD 17 A, BFEAERE 1 T, £ E#HXL60
R, PIHAAEFR 4R GEAERL A, B MEHRT A 20 A,

ETRHRT G ERBRHBRMCEGZAHARE TR, EFEEE RN
BERAEMAR A L RATHE G S AR L | 3 A P ik R BE R K B &) R 45 e A R A AR
REFENGHFR




R 7E 00 o AL R 14 DL I 9 Dot Bt
H aij i) Bk A% AL s g

FhiE rh
LK T AW R AR R AT R PT

FURIT , A ERAB IR 28 4 32 SR ARG A il LR AR 0 M 55 ik 028 B IR Ay — Uk
REUR, F H i MBS0 1 FAT] 24 A BE URUA Ak 22 5 JrORL i 2 B2 e SR Ak, b i
90% (A HLAL A7 dh B BT XA A RO T SR, AR A A1 £ 1 20 E
AR I LR SR ik AE DURAT B R A 19 BB R BER I . A 058 3R W], e BROR K
20 4 FEERE IR T R A 2 LAAE Y 1. 6% 1 7 B 58 A0, A v [l R B BE 28 5% R X RE
TR SR A 6 o e BE R Ao T A AR R I a B — o . i T IR S AE S RE IR A K
P, X R A O R R ORI, O T SE B BT R Y AT R Sk
Xt 4 BRIMSE A BRI, I AR, A7 4E R AR MR AT AR R SR R B T A
BRBOCA 22 (14 A b R} 2 B B R Y BR R 4 V) S, 1 22 1B K 1Y) UG L 12 8 T
OB — AN L BV AT T 4 2 AN W7 20 X A ik B R B MR, A S L el R e
U R FE A ) 22 07 R SRS o AT AT , K Ji A= W BE R A e Ak 0 mT DL B R — A
BT R BE VR Tl B AR U, DA A R — > 4238 1 BE TR A 1y & R ALIE , 10K A B T
R 5 Je R % B ] 4% G 1) Al AR, e 78 AR 28 5 1) B — Jh JRe A 5 | 2 2 A
SR E T LR B AE S T E KRR ) H Y

ARAE PRI SO A A S5 2T 48 3R 28 26 W) ot (9 A 5 0 e B A 1 22 Al w2
RE TR T AN H 48 (0 2 5 D0 A, T R ) 48 SR A AR sl [ A 31 2%l RE DL, T
T v A AE TR B A5 A il AR A A AR W) B AR AR R, KR AR
ST R AR Wy 5 it X S 3 5 2R ) Jo 1) A B 7 AR B AR D RE TR R Bk B T ROk
TE 53 R i A P OB B e Ak o EUIE: BRSSO B T3 AT B 4 20 R 1O T )
— R HA I 1 LR W) TR IR — AR S 2F 4R RIS AE Y R SR AL AR, B R AT L ER
EHEOYFEE R AT A AEY BT ANTE 2R 2 A Y BCRE IR 1 A2 JEURER IR
ATl AR (1 AT 5 2 i J g R BRI T FH RE DR A 1 AR A 0 R S A AT L K
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FRMBCREAA 14 5 280 AL AR T e AT R ok 18 9 5 2 A3 2 T ) R R DY e A M
TR A AT e A2 3 E 2050 AR REIR A oR B I —F Ao ZICEEN], LA AT
2 2R 5L AR I o AQR A BT I 20 AR A ) J5 RE IR A RE 7 802 FATT X A 3l B I
(10 3k JEE AR, Sk b o 2> R 4 RE LT 2% O SO BRI I 3 2 T i . AR
1M, RVE FATTR ZEAR N R IRORE £ W 55 HEE AR Wy o RE U nT LAAR By i B0 X H ir LA ik
o F T S RE IR, ELIX 263 B i) R] P A RE IR H AT AT SR AL T — RO R IE Y I
MoE o FEILBRIA, dy T A 40 0 200 0 BE ) T I S B e, RO ML T 24 TR BT 4E R 1Y
B A A0 RV Al el A v 1 2 7 IS A 2 ) o A 45 R G TR O B A Ty v 475 0 £
& B A T2 HOR S5 T 1 A S

F I, A J5t 21 48 22 288 A ) Jo 3 A 00 P 199 77 ol A B R TE W 1) i 28 AR A 19 7
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FOUR A A 45 ) 29 AT 2245 19 53 SNBSS B TR 2R« RIDA it 27 A48 2% 8 4 79 14 A% Bl AR
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4 AR ) P A i R S A T — S AT PR A 4 T R AR S BT S D e L2 Tl i
CER7/N 0 S B TIBUIEY W WA SR 7 K -3 NI (11 B i ) 6 = N B D D A 3
ARBIRLHT, (4% H AT A 25 4E 3R VR BRI T 50T KA T A R Y R el R
o (B, AW o i A AL e A 1 7 A R A D BRI AR e SR L IE R X
A SR, FLPIT I B e Ak i e T 20 5 R, Sk 1 A e 1 b M 3T O a2 T A RO 43 i
SER A 7R R AR R RE N6 HET Y AR AR A B BUA Y AR ) L A M ik
RAFA B, BRI IRELAT B BE . O T VI SE A D IX — T KRR R B A
FeAT it 2 O o A0 5 A PR Y ORI MR i AR . I, 3 4R A ) o
FILTYER R R BB R TUR , BE 8 5 AL SURE SO T Y B R A &R
g0, QB R A DU 52T 4E 28 0 JRORHY BAR AR D B AL R 48 ISR T H
HiJ A B A 5T 07 1) AR Ok TR LR A Bk AR . XS HARAEM R G2 ad T 4
Yy R i AR AR AL O ) A= M B A R G T R R W R AR TR AT 4E R 1
B NURE T (A A W e A R 458 24 /NI N T8 T 25 78 T T &G 4 90% LA E i 47
Y2 ,50% ~80% FEATIIFLTHER ,25% ~30% KRR ) o WM FE 45 R, 5
WG 28 A A T AR 0 o ) S A LA, 2 G 1 B R AT 8T — A X A A 9 R o
21 Y ZR YU A 5F B p SR AR W AR AL R G o 7 FUMVRR (9 B i B IO B A5 1R T,
T T i A W S AL B AR BT S R TR AT 4R R B R B IS, AR W IR
ORI AR AT LR St s 4l o L, A AR AW R Goad B O A TRE AT ST I R
B0, R g S WA 0 Jor 8 e 20 A B A3 g R S EIE 7l A R 9 A Ak A LA
LR AT AL SR B W) R o ARl 2 SR A A5 P B W BOR R R Gk
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Review

From July 7 to 9,2012, the International Top-level Forum on Engineering Science and
Technology Development Strategy—Approach for Achievement of Recycling Economy of
Biomass Waste was held in Beijing. This forum was organized by the Chinese Academy
of Engineering, with joint organization by the Metallurgical and Chemical Engineering
Department and Beijing University of Chemical Technology.

Academician Xianghong Cao, who is the division chairman of Metallurgical and
Chemical Engineering Department of Chinese Academy of Engineering, hosted this
meeting and gave a welcome speech. Jingdun Jia, the director of Rural Technology
Development Center of the Ministry of Science and Technology, and Qun Liu, the
division chief of Energy Bureau, Development and Reform Commission of China,
addressed greetings for this meeting respectively.

A number of prominent scholars and entrepreneurs were invited to attend this
conference including, Jingdun Jia from the Ministry of Science and Technology; Qun Liu
from the Development and Reform Commission; Prof. Moo-Young, Fellow of the Royal
Society of Canada; Prof. Wagemann, the board chairman of the Dechema Chemical
Engineering and Biotechnology; Academician Xianghong Cao, the council chairman of
Chemical Industry and Engineering Society of China; Academician Xieging Wang from
the Research Institute of Petroleum Processing; Academician Weizu Wu from a certain
Institute of the Headquarters of General Staff of Chinese PLA; Academician Hailing Tu
from Beijing Nonferrous Metal Research Institute; Academician Qiye Yang from the
Sinopec Beijing Design Institute; Academician Cheng’ en Xu from the Sinopec Corp. ;
Academician Xingtian Shu from the Research Institute of Petroleum; Academician
Bingzhen Chen from the Department of Chemical Engineering of Tsinghua University;
Academician Tianwei Tan, president of the Beijing University of Chemical Technology,
as well as six of the 973 Chief Scientists.

The theme of the International Top-level Forum on Engineering Science and

Technology Development Strategy was Approach for Achievement of Recycling
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Economy of Biomass Waste. Three main subjects were discussed on this forum. Firstly,
the status and role of biomass recycling economy was described from the perspective of
macroeconomic policy. Secondly, from the technical aspects of recycling economy, the
feasibility and solutions of recycling economy was discussed at the level of chemical
processing of biomass and bio-processing technology. Thirdly, the biomass recycling
efficiency was discussed in terms of the formation of circular economy industrial chain
from biomass. Experts from both China and overseas countries presented high-level
reports. These reporters included Academician Moo-Young from the Royal Society of
Canada, Prof. Tao Zheng from Nanjing University of Technology on behalf of
Academician Pingkai OuYang who is the president of the university, Prof. Kurt
Wagemann who is the council chairman of German Chemical Engineering and
Biotechnology Association, Prof. Roland Clift who is from the Environmental Strategy
Centre of England Surrey College and also the executive director of the Industrial
Ecology for International Society, Academician Tianwei Tan who is the president of the
Beijing University of Chemical Technology, and Dr. Armin Guenther who is R & D Officer
of Renewable Energy from German Lurgi Group. The experts shared the latest research
findings of biomass energy conversion with all delegates attending the conference and
they made in-depth discussions on the issues about the technological approaches and
innovation idea of biomass waste recycling economy.

A variety of different opinions and suggestions about the development of biorefinery
and utilization of biomass to produce vehicle fuels, chemicals, polymers were collected
from various levels of the government, enterprises, and research institutes. These are useful to
decide the status, role and direction of technology development of biomass circular economy,
providing important references and bases for making relevant national policy and strategy.
The experts gave the following conclusions and forward-looking suggestions .

1. Being the major resource of renewable energy in the future, bioenergy is a kind of
stable energy supply in comparison with other ones. As an agricultural country and also a
populous nation, China is rich in various biomass resources, including crop straw, forestry
wastes, municipal organic refuses, organic industrial waste water, waste cooking oil, kitchen
wastes, and so on. As the productions of biorefineries are also diverse, proper choice
should be made according to the present situations of resources and market demand.

2. Biorefinery is an important prerequisite of the bioeconomy of the future to

promote the development of world economy. Currently, biorefinery is still in the

100



Part / Review

beginning stages of technical development, with some productions just entering
industrialization. On the whole, they are not commercially available, but the
development potential is huge.

3. The following two problems of biorefinery need to be settled:

Firstly, the contradiction of distributed raw materials and centralization of
production. Raw materials are distributed dispersly and low in energy density, while in
conversion, large scale production is usually designed to lessen the investment and
operation cost per product. Therefore, we should take into account both the
transportation costs of materials collection and the production concentration, and decide
the scale of production scientifically by overall balance.

Secondly, improve the conversion efficiency, and maximize the energy output and
input ratio. Only when energy output is more than input, could the biomass energy
utilization be promising.

4. As a big agricultural country, huge amount of scattered rural inferior biomass
resources exist in China, such as human and animal waste. Development of bio-methane is
an efficient way to utilize these resources. The bio-methane can be used for rural fuel as well
as industrial fuel and vehicle fuel transported by pipeline after purification.

5. Bioconversion and thermo chemical conversion are two key technique platforms
of biorefinery with their respective advantages. The products could be biofuels, also
bio-based chemicals or materials. Thus appropriate technical route and product
sollutions should be explored according to the local conditions.

6. For biorefinery, our government should organize at national level experts to study
and formulate technology roadmap and related support policy for industrial
development, achieving healthy development of biorefinery industry.

7. In development of biomass energy utilization, the life cycle energy & efficiency
analysis and CO, emission analysis of different technical routes and product solutions is
an important basic work, which is quite challenging, and requires hard efforts.

8. As the present situation unveils, using biomass to produce bio-based chemicals,
bio-based materials is more economical compared with biotransport fuel. What’ s more,
it is also a kind of substitute of petroleum. The economic benefit can be shown by
industrial demonstration production of chemicals and bio-based materials through
biorefinery. Thus by verifying its economic value, it is good for strengthening the society

confidence for biorefinery, which should give much attention to.
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Eco-socioeconomics of Biomass—derivatives -
An Appraisal Overview

Murray Moo-Young

University of Waterloo, Waterloo, Ontario N2L3G1, Canada

Increasingly eco-socioeconomic concerns about environmental pollution and shortages
of affordable energy fuels have made headlines in the public media. Also increasingly,
there is awareness of global abundance of renewable biomass materials normally
regarded as waste that can be used to concurrently reduce potential environmental
hazards and to produce biofuels and other commercial products by benign
biotechnologies. In this overview we give snapshots with a general background of the
biotechnology strategies for several related scenarios:the bioethanol biofuel dominance
at present; biobutanol as a forthcoming attractive alternative; under-appreciated
biomethane from anaerobic digestion of agricultural wastes; potential bioconversion of
cellulosic wastes to protein-enriched food stuffs. Genetic and metabolic engineering
approaches to improve these strategies are of paramount importance to future viable

practical biomanufacturing applications.
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Murray Moo-Young is a distinguished professor emeritus at the
University of Waterloo, Canada, where he continues biotechnology
research  on  bioprocessing  strategies  for  environmental
bioremediation and for biomanufacturing of biopharmaceuticals and
biofuels. Before academia, he worked in England as a process
engineer for the British Ministry of Industry. A Jamaican-born

Chinese Canadian, Murray received his degrees from the University

of London ( BSc Chemistry, PhD Biochemical Engineering ) and
University of Toronto ( MASc Chemical Engineering and Applied Chemistry ) followed by a
postdoctoral fellowship at the University of Edinburgh ( Process Biotechnology ). Among his
international academic experience, he has been a visiting professor at several well-known
universities including MIT, UC Berkeley, Oxford University, Cambridge University, ETH Zurich,
Federal University of Sao Paulo, Dalian University of Technology and Osaka University of
Technology. He continues to be an invited keynote speaker at conferences worldwide.

To date, Murray has published 13 books, 10 patents and over 365 papers( seven during the
past five years). He is a consultant worldwide to industry and government, including Dupont,
Pfizer, UNDP, FAO, and OAS. He is the editor-in-chief of the journal Biotechnology Advances,
IF 7. 600 ( www. elsevier. com/locate/biotechadv) and the 2011 second edition of the six-volume
major reference work Comprehensive Biotechnology ( www. Elsevier. com :books link ). Murray’ s
honors include the premier awards of the Canadian Society for Chemical Engineering ( CSChE) ,
the Ontario Association of Professional Engineers ( PEO ) and the American Chemical Society
(ACS), Biochemical Technology Division. He is an elected fellow of the American Institute for
Medical and Biological Engineering( FAIMBE ) , “one of the highest honors for a bioengineer” ,
and the Royal Society of Canada( FRSC), “the highest accolade for a Canadian academic” .

E-mail ; mooyoung@ uwaterloo. ca
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Development Strategy of Efficient Bio-methane
System by Focused Utilization of Distributed
Biomass

Pingkai Ouyang

Nanjing University of Technology, Nanjing, PR China

1. Huge amounts of scattered rural inferior biomass resources exist in
China, which could be effectively utilized through the establishment of high

efficient agriculture and industry integrated bio-methane system

Using inferior biomass resources to produce biogas in China’ s rural country has
achieved good results. However, the shortcomings of biogas project in traditional rural
household are also evident, such as its low bio-conversion efficiency, no diversity in raw
material ( mainly human and animal manures). Currently, the development of centralized
and large scale farming industry has promoted the more concentrated biomass
resources. Meanwhile, the modern development of new rural areas, townships has
called for a higher level of energy quality. Consequently, traditional decentralized and
inefficient household biogas energy systems have become increasingly unsuitable to
meet the requirements of a new era of agriculture and villages.

In order to efficiently utilize the huge dispersed biomass resources in rural country
produced annually in China( Table 1)and to overcome the shortcomings of low efficiency
in traditional household biogas project that could not satisfy the needs of high-end
users, large quantities of small scale biogas plants can be built on the basis of modern
biotechnology and engineering technology and distribution of biomass to realize the aim
of efficient industrialization of biogas fermentation, which, in turn, produces large scale

bio-methane from those biogas collected through biogas pipe by large-scale purification
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devices. The bio-methane can then be used for rural piped gas, vehicle gas and
chemical raw materials, so to construct a dispersed, centralized and integrated

agricultural and industrial bio-methane system with high efficiency.

Table 1 Total inferior biomass resources in China

Livestock Urban and
Resource Crop Forestry Agroprocessing Wastewater Organic
and poultry rural Total
types straw  waste waste sludge wastewater
manure garbage
Total amount
(billion tons 2.5 0.7 0.27 0.2 0.15 0.2 2 6.02

/year)

Bio-methane, as a promising renewable green energy, the component and thermal
value of which is very close to that of natural gas, indicating an enormous resource
potential ( Table 2 ), could be employed as the alternative of fossil through the
development of agro-industrial integration and efficient bio-methane system. Bio-

methane can be applied as vehicle fuel, life energy consumption through pipe and

chemical raw materials.

Table 2 Potential of the bio-methane resource produced by inferior biomass materials in China

Total resource Currently available resources
Total raw Biogas Bio-methane Total raw Biogas Bio-methane
materials production production materials production production
(‘billion (billion cubic (‘billion cubic (billion (‘billion (billion cubic
tons/year) meters) meters) tons/year) cubic meters) meters)
5.78 622 373.2 3.761 199 120

2. Establishment of high efficient agriculture and industry integrated bio-
methane system is an important component of the renewable energy

system and is also a significant way of emission reduction

China’ s demand for renewable energy is increasing with the aggravation of energy
resources crisis. Natural gas consumption ratio in China is 3. 9% currently and will
increase to 8. 3% by 2015, which means 260 billion cubic meter natural gas will be

consumed one year, among which more than 90 billion is imported. Bio-ethane is
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becoming the most promising renewable energy for its enormous potential in lowering
the greenhouse gas emission, and it is able to contribute greatly to ensure the security
of the country’s energy supply.

Compared with fuel energy, there is no net CO, emission in consuming bio-methane
owing to be generated from biomass resources. A bio-methane project that produces
150 million cubic meter natural gas per year is taken as an example. It can bring great
social and ecological benefits by decreasing 750 thousand tons of COD, 2. 75 million
tons of green gas and 32.5 tons of nitrogen oxide emission, and saving approximately

900 thousand cubic meter water a year.

3. The high efficient agriculture and industry integrated bio-methane

system is particularly suitable to be promoted in southern China

There is a scarcity of fossil energy in many parts of southern China, while biomass
resource is rich in these regions. Therefore, bio-methane is particularly suitable to be
promoted in the south of China. Take Jiangsu Province for example, natural gas
consumption will reach 27 billion cubic meters in 2015, while the gas produced by the
province’ s oilfield is only 55 million cubic meters, and the rest needs to be imported
through the pipeline and sea transport. It is speculated that the natural gas supply gap
will reach 3.6 billion cubic meters in 2015. On the other hand, there are about 40 million
tons of agriculture straw and 30 million tons of livestock and poultry manure per year in
Jiangsu Province, which will produce 7 billion cubic meter bio-methane, and it could
fully satisfy the natural gas supply gap. Hence, bio-methane should be developed as an
important component of the renewable resources from the rich biological resources of
southern China.

The program design and investment cost of establishing the County Administrative
Region of the bio-methane project was analyzed in accordance with the idea of
integration of agricultural and industrial bio-methane system. It was calculated that the
average amount of biomass resources in County-level Administrative Region of the
southern China( mainly one million tons of straw, as well as other poultry manure) was
fully adequate to support a 100 million cubic meter bio-methane project. Total
investment input for a bio-methane project that produces 100 million cubic meters of bio-

methane per year is 0.7 billion yuan. Sales income of bio-methane as vehicle fuels can
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be 0.46 billion yuan ( vehicles using natural gas price of 4.6 yuan/cubic meter) ; the
fertilizer sales(300 yuan/t)is 0. 15 billion yuan per year when the 500 000 tons of biogas
residues are fully used. Both sales of bio-methane and fertilizer are 0.61 billion yuan,
while the total production cost is 0. 43 billion every year, which means the total profit is
0.18 billion yuan every year. Table 3 shows the difference between the natural gas
pipeline transportation and the bio-methane produced by the inferior biomass resources

industry.

Table 3 Bio-methane manufacture and natural gas pipeline transportation

Total investment ) )
Bio-methane Nature of Ancillary Promoted
(‘hundred

o cost(yuan) energy benifits industries
million yuan)

Iron and steel,

Natural gas 4(The prices o i
o . ) Non- building materials,
pipeline 15001 of import / _
, renewable petrochemical,
transportation natural gas)
power
Iron and steel,
Reduce carbon o i
) o building materials,
Bio-methane emissions and ]
8402 2.86 Renewable | petrochemical,
manufacture improve

, power environment
environment , ,
protection, agriculture

(1) Annual gas transmission capacity of 12 billion cubic meters(Data from East Gas Pipeline Project) .
(2) The annual output of 100 million cubic meters of bio-methane project costs about 700 million yuan, and total investment for the

12 billion cubic meter bio-methane project is 84 billion yuan.

4. Problems that still need to be improved for the establishment of high
efficient agriculture and industry integrated bio-methane system

The bio-methane industry in China has accumulated certain amount of experience to
narrow the technology gap compared with abroad after years of scientific research and
engineering practice under the support of the national policy. At present, there are more
than 4700 large and medium scale biogas plants in China and part of them are
combined in heat and power generator engines which convert the biogas into power and
heat. Nevertheless, there are still some problems to be resolved and improved in some
common key technologies, system integration, standardization, and energy end-
application systems. The following are some examples.

1) Inferior biomass materials collection;Should be adapted to local conditions, and
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biomass materials collection(e. g. straw) system needs to be further improved under the
policy guidance.

2) Biotransformation process:Digestion raw materials are transformed from low solid
concentration to high solid concentration, and co-digestion changes to multiple raw
materials from single digestion raw material; digestion temperature changes from room
temperature to middle and high temperature; process equipment standardization and
completion is needed.

3) Bio-methane and related materials upgrading. Standardization of design and
manufacture of complete sets of biogas purification engineering equipments are
requested to meet the needs of the different scale industrialization of bio-methane
projects.

4) Utilization of bio-methane ;Making clear the position of bio-methane in the energy
strategy and establishing energy end-use applications system which should be better
integrated into the existing energy system under the guidance of national policy.

5) Policy support: Changing the biogas project construction subsidies into bio-
methane sales subsidies with reference to the existing fuel ethanol system, and this will

improve the actual difficulty in operating biogas plants after biogas project completes.

Pingkai Ouyang was born in Guangxi Province, China, in 1945.
He graduated from the Chemical Engineering Department of
Tsinghua University in 1968, and returned to Tsinghua ten years
later and graduated with an M. Eng. in 1981. Pingkai Ouyang is a
professor in biochemical engineering with Nanjing University of
Technology, and has been president of the university since 2001.

He was elected Academician of the Chinese Academy of Engineering

in 2001. He went to University of Waterloo and Purdue University
as an advanced visiting scholar between 1985 and 1987. He received an honorary doctor’ s degree
from University of Waterloo in 2010. Professor Pingkai Ouyang was president of Nanjing
University of Chemical Technology before its merge with several independent colleges and renamed
as Nanjing University of Technology. He has been active in professional communities both in

academia and industry as a leading scientist and strategic director. Prominent ones among his
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posts are ; Chairman of Chinese Society of Biotechnology, Vice President of China Petroleum and
Chemical Industrial Association, Chairman of the Association of Science and Technology of
Jiangsu Province, etc.

Professor Pingkai Ouyang has devoted himself into biochemical engineering as an investigator
and a mentor since the establishment of the discipline in early 1980s in China. As one of the
founders in biochemical engineering and the Head of the National Research Center of Biochemical
Engineering, he pioneered in the engineering and technology R & D in the field by using
combinatorial methodology in the fabrication and optimization of biochemical processes. In the key
steps of complex-enzymatic transformations, multiple coupling techniques were employed in
reaction-reaction, reaction-separation, and separation-separation interfaces, which supported the
innovation of biochemical industries and the leading position of couples of bioproducts in the
world. For his outstanding academic achievements, Professor Ouyang was awarded the First Prize
of National Science and Technology Advancement, the Second Prize of the National Technological

Inventions, Prize for Innovation by DuPont, and Prize of He Liang-He Li Fund.
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Contributions of Biorefineries to the
Bioeconomy of the Future

Kurt Wagemann

DECHEMA, Frankfort an Main, Germany

The importance of the use of biomass for food, feed, fuels, chemicals and materials has
increased and will increase even more in the future. Different factors contribute to this
trend ; Fossil carbon resources are limited and CO,—emission from their utilization should
be limited for climate protection. In addition the world population is growing and its
increasing standard of living further stresses the raw material demand.

Biomass as a source of energy as well as carbon source for chemicals production is
renewable but nevertheless limited due to narrow agricultural areas. The competition
between ground for food and energy production, the production of industrial goods and
last but not least for preserving biodiversity defines the need for highly efficient utilization
schemes of the limited biomass resource.

Biorefineries are the key for high resource efficiency taking economic and ecological
aspects into consideration; They integrate different separation and conversion processes
for realizing near zero discharge and sustainable utilization of different renewable raw
materials. Different sectors will play an important role. Agriculture and forestries for
biomass production, the chemical industry for the development of new conversion
processes and new biobased products as well as the apparatus and plant construction
sector. Their interaction will be crucial for establishing a biobased economy, in Europe
already often called “the bioeconomy.”

The German Government has decided to have a roadmap being established by a
group of independent experts from industry and academia ( Fig.1). This roadmap
describes in a systematic way status and perspectives of the different biorefinery

concepts( Fig. 2). It takes economic and ecological aspects into considerations and
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analyses the R&D demand.
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Fig.1 The basic information of roadmap about Germany biorefinery project
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Fig.2 The roadmap of Germany biorefinery project

The following definition is taken as a basis for the analysis:
“A biorefinery is characterised by having a dedicated, integrative overall approach,
using biomass as versatile raw material source for the sustainable production of a

spectrum of different intermediates and marketable products ( chemicals, materials,
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bioenergy and food/feed co-products) by using the biomass components as complete

as possible.”
The analysis considers the following promising concepts:

1. Sugar biorefinery and starch biorefinery(Fig.3)

Sugar Biorefinery

Extraction
Animal feed = —-——————————

Sugar beets
| Syrup

Crystallisation ’—@’@—‘
(_ Saccharose ) ,

Saccharose co Ethanol Stillage
Biotechnological Chemical Digestion
iotechnological emica ‘—~ {ansieroh)

processes processes #
Isomaltulose Gluconic acid Fertilizer Biogas

(Digestate)

Fig.3 The flow chart of sugar biorefinery and starch biorefinery process

2. Plant oil biorefinery including algae lipid biorefinery(Fig.4 and 5)

Vegetable Oil Biorefinery

.
Animal feed B _—

(Proteins)

Rapeseed oil
Trans-
esterification
Fatty acids Glycerol
| Modification | | Modification | | Modification |
Lubricants Triacetin 1, 3 Propanediol  Bio-Diesel
FAME

Fig.4 The flow chart of plant oil biorefinery process
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Algae Lipid Biorefinery Algal
biomass

| Disintegration/Drying |

'
De-oiled algal
residual biomass
Extraction
| Hydrolysis |<—<R3w algal oil ><—
Fatty acids
Dlgesthn Modification
(anaerobic)
Fertilizer Biogas Fatty alcohols Glycerol Lipophilic valuables

(Digestate)

Fig.5 The flow chart of algae lipid biorefinery process

3. 1 Lignocellulose ( Cellulose/Hemicellulose/Lignin ) biorefinery (Fig.6 and 7)

Lignocellulose Biorefinery (1)

Y
Hydrothermal
pretreatment
T
Y
Enzymatic
hydrolysis
T
|
|
Fermentable \ | Raw
sugars lignin
Stillage Separation
and
Ethanol —— purification
Digestion
(anaerobic) . ¢
F e.:rtlhzer Lignin
(Digestate)
Biogas

Fig.6 The flow chart of lignocellulose biorefinery process I ( Raw material; Crop straw)
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Lignocellulose Biorefinery (1) Wood chips

Hemicelluloses

Hydrolysis

Separation and e -
purification
Raw lignin
Glucose :
Hydrolysis
Separation and Separation and
purification purification
C5-, C6-Sugars Lignin

Fig.7 The flow chart of lignocellulose biorefinery process II ( Raw material: Wood chips)

3. 2 Green(green fibre/green juice) biorefinery

Green Biorefinery

Separation and Proteins

purification
Pressjuice Presscake
(green juice) (green fiber)
| i
Separation Digestion Simultaneous
processes (anaerobic) saccharification &
‘ *—‘ fermentation
Lactic acid Fertilizer Biogas Residual
(Digestate) biomass Lysine

Fig.8 The flow chart of green( green fibre/green juice) biorefinery process
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4. Synthesis gas biorefinery(Fig.9)

Syngas Biorefinery

| Torrefaction | |Drying, conditioningl
* T

! [

Pyrolysis |oil slurry Torrefied wood :

{ { i
Entrained flow Entrained flow Fluidized bed
gasiﬁcation gasiﬁcation gasiﬁcation

| Gas punﬁcatlon | Gas punﬁcatmn | Gas punﬁcatlon
|Methanol synthesis | IMethanol synthesis | | Ethanol synthesis |
Products Products Products

Fig.9 The flow chart of synthesis gas biorefinery process

5. Biogas biorefinery(Fig. 10)

Biogas Biorefinery

Liquid manure/

Com silage

Digestion
(anaerobic)

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Bio natural gas
|
Fertilizer Natural gas Chemicals Fuel

(Digestate)  grid

Fig.10 The flow chart of biogas biorefinery process
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An Industrial Ecology Approach to the Use of
Biomass Waste

Roland Clift

Environmental Technology Centre for Environmental

Strategy, University of Surrey, England, UK

Management of any waste, including biomass, must be assessed by analysing the
whole system within which the waste is generated and materials and energy recovered
from the waste are used. This is an obvious area for application of Life Cycle
Assessment ( LCA ) along with other, more site-specific tools for environmental
assessment. The basic framework for this application of LCA is well established, and is
already embodied in a number of generally available software packages which can be
used to compare the environmental effects of alternative strategies for waste
management.

The basic approach is shown in Fig. 1. The “Foreground” waste management
activity delivers the primary service of managing waste. It will need to use materials and
energy, including transport fuels, provided by the background economic system.
Materials and/or energy may also be recovered from the waste, for use in the
background economic system. The full system analysis must allow for these exchanges.
It is normally assumed that the other functional outputs from the “Background” system
are unchanged, so that materials and energy used in waste management represent
additional economic activities and the recovered materials and energy displace
background economic activities. The total inventory—i. e. resource inputs and
environmental emissions—therefore comprises the direct burdens associated with waste
management plus the indirect burdens associated with producing the materials and
energy used in waste management minus the avoided burdens displaced from the

background because they are substituted by materials and energy recovered from the
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waste.
Background —~—1—— Primary
System resources
Materials "
and energy e Solid
waste
Foreground
Recovered I _System
terial
iy Waste
gy management
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Functional Emissions Functional
Outputs output:
Management

of waste

Fig.1 Life Cycle Assessment of waste management ( from Clift, R. , Doig, A., & Finnveden, G.
(2000 ). The Application of Life Cycle Assessment to Integrated Solid Waste Management; Part 1—
Methodology. Trans [ChemE ( Process Safety and Environmental Protection), Special Issue:

Sustainable Development, 78 .279 —287.)

One of the principal concerns in applying a life cycle approach is to identify the
economic activities which will be replaced by materials and energy recovered from the
waste, and specifically whether the assessment should be based on marginal or
average activities. This issue has been debated in LCA circles for at least 20 years.
Introduction of standardised approaches to apply LCA for labelling, particularly
calculating the “ carbon footprint” of products, has forced the argument to a
methodological conclusion. However, the discussion over when to use “attributional” (i.

|”

e. accounting)and when to use “consequential” (i. e. prospective) analysis continues.
It is essential for anyone evaluating recycling strategies to wunderstand the
methodological and practical differences between the two broad approaches and hence
which should be applied in any specific case.

The context in which a waste management system operates, including the activities
displaced by recycling and the quantity of waste to be treated, varies over time,
especially in an economy which is going through a rapid transition. Careful and
systematic development of possible future scenarios is therefore an essential

complement to life cycle assessment.
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The question to be asked in planning waste management and recycling is “What is
the most beneficial use of this resource?” , rather than “How can this resource contribute
to a particular sector?” In a carbon-constrained world, the objectives for biomass use
must be to maximise life cycle energy yield or reduction in greenhouse gas emissions
relative to fossil fuels. These two objectives are not identical but are sufficiently close for
most purposes. Stating the objectives in this way also emphasises the importance of
appropriate use of any biomass available as a source of energy or materials.

Simple thermodynamic considerations, summarised schematically in Fig. 2, show
why these objectives argue for minimal processing of biomass. Biomass used as an
energy source is ultimately converted to combustion products, whatever the utilisation
pathway. If it is simply burnt, as in the upper pathway in the diagram, the energy yield
is the calorific value of the biomass, net of any energy inputs into cultivation, harvesting
and transport, leading to the familiar arguments for small-scale exploitation of biomass
with minimum transport of the low-density material. The lower pathway shows the case
where the biomass is processed, for example, into a liquid transport fuel. In this case
the processing plant is usually large, to achieve economies of scale, so that the
biomass must be drawn from a large area and the transport distances and associated
energy inputs are correspondingly larger. More importantly, conversion of the biomass
to refined products needs energy input and is also associated, as a thermodynamic
inevitability, with energy ( strictly, exergy) losses. Therefore when the refined products
are burnt, for example in an internal combustion engine, the net energy release is

inevitably smaller—usually much smaller—than when the unprocessed biomass is burnt.

Energy

release
BIOMASS / Combustion
products

Transport Losses Energy

Energy release
input

BIOMASS Refined

products

Energy
input

Fig.2 Pathways for the use of biomass
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It follows that processing biomass into liquid transport fuels is rarely an optimal
strategy; if biomass is to be highly processed, it should be transformed into much
higher value products. Furthermore, the increasing availability of shale gas is changing
the energy sector; the possibility of making liquid fuels from natural gas puts the whole
development of transport biofuels into question. Thus it is possible for a process to be
technologically clever but strategically ill-considered. What the world needs, far more
urgently than second- or third-generation biofuel technologies, is small-scale reliable

biomass-fired CHP plant.

Roland Clift, Emeritus Professor of Environmental Technology and
founding Director of the Centre for Environmental Strategy at the
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on Environmental Pollution, UK; Ecolabelling Board and Science Advisory Council of Defra; and
a Vice President of Environmental Protection, UK. His research is concerned with system
approaches to environmental management and industrial ecology, including life cycle assessment

and energy systems.
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Production of Bio-energy from Low-value
Biomass by Bioconversion

Tianwei Tan

Beijing University of Chemical Technology, Beijing, PR China

Recently, the World Energy Outlook 2012, which was released by the global
petrochemical giant Exxon Mobil, reported that the global energy demanded will
increase by 30 percent in 2040 compared with 2010 with the economic growth and
influences of demographic factors. Since 1993, China has become a net importer of
energy from a net exporter. The total energy consumption has been greater than the
total supply, and the external dependence of the energy demand increases rapidly.
China’ s crude oil import volume and imports amount reached 253. 78 million tons and
196. 664 billion U. S. dollars in 2011, a growth rate of 6. 00% and 45.30%,
respectively, year-on-year. The significant increase in demand for oil and the caused
structural contradictions are increasingly becoming the biggest challenge of China’ s
energy security.

The energy crisis has not only touched everyone’ s nerves, but also sparked a
strong desire to find alternative energy. Which are and what can be used of the low-
value biomass? What are the types of biofuels production and the advantages and
disadvantages? How are the prospects of biomass fuels in China? These issues need to

be answered one by one by the biofuels experts.

1. The low-value raw material

1.1 The kinds of low-value raw material

The low-value biomass, which includes crop straw and agro-processing residues, wood

and forestry processing residues, livestock manure, industrial organic waste water and
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waste residues, municipal solid waste and energy plants, can be converted to a variety
of energy, such as electricity, gas, solid fuels and liquid fuels. The most attention is the
biomass liquid fuels( bio-fuels). Many countries of the world have begun development of
bio-fuel industry, including bio-fuel processing industry and its related industries, such
as energy agriculture and forestry. The common purpose is to protect the oil security.

Lignocellulose is the most abundant renewable resource on the earth. It is estimated
that the annual output of lignocellulose is up to 150 billion tons and there is a lot of bio-
energy. China is a large agricultural country, and crop residues are very large, such as
rice straw, wheat straw, etc. There are 0.7 billion tons of crop residues every year,
which is equivalent to 0. 5 million tons of standard coal. According to statistics, the
straw utilization rate is 33% , but only 2. 6% is used and converted to bio-fuel, while
most of the rest are directly used to burn. So, the prospects of using lignocellulose for
bio-energy are very bright.

In China, the generation of municipal solid waste is growing rapidly with the
continuous improvement of social progress and living standards. According to statistics,
nearly 170 million tons of the municipal solid waste were transported and treated every
year in China. In Beijing, for example, organic ingredients in the garbage rapidly
increased to about 60% from 20% in the 1970s. A lot of food waste mixed with urban
living garbage collection system which was the reason for the rising of organic
components in the garbage. There are 60 million tons of food waste in China annually,
while the number is 2 thousand in Beijing everyday. The proportion of food waste in
municipal solid is 37% in Beijing.

In fact, life waste treatment and disposal system has gradually formed in which
sanitary landfill is the main method and supplemented by incineration and composting in
China. So far, there are 479 landfills, 46 composting plants and 66 incineration plants in
661 cities of China. The treating abilities, by proportion of landfill, incineration and
composting, are 85% , 10% and 5% , respectively. Due to the lack of disposal of food
waste, the food waste and ordinary garbage were treated together in China. That will
improve the content of organic matter and moisture, and gradually cause a series of
problems for the three life waste treatment and disposal methods. Compared with other
refuses, food waste has the characteristics of higher water content, organic content, fat
content, salt content and richer nutritional elements. So, the food waste has the great

value of recycling. Food waste will realize separate collection and disposal in the future
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along with the improvement of environmental protection awareness and the collection

methods. That will reduce the difficulty of the processing of municipal solid waste.
1.2 The situation of biofuel feedstock in China

(1) 800 000 tons of fuel ethanol and more than 2 million tons of biodiesel can be
produced annually using molasses, waste oil from food processing industry and catering
sector, cottonseed oil and other waste of sugar and oil resources.

(2) The crop straw and forestry residues, which can be used for the resource
utilization, are about 0. 25 million tons and the number continues to increase annually.
That can satisfy for 30 -50 million tons of second-generation biofules production in the
medium to long term.

(3) About 32-76 million hectares of marginal land can be developed for energy plants,
such as sweet sorghum, cassava and jatropha, through the promotion of good seeds,
varieties of replacement plants.

Overall, (i) fuel ethanol production potential is 15 million tons using non-food grain
carbohydrate crops as raw materials; (i) biodiesel production potential is 2 million tons
using waste oil as raw materials; (iii) biodiesel production potential is several millions of
tons using oil plants; and (iv) the biofuels production potential is tens of million tons

every year using cellulose and algae biomass as raw material in the long time.

2. The bio-energy

2.1 The kinds of bio-energy

At present, the main bio-energies include fuel ethanol and butanol, biological hydrogen,
bio-oil and bio-diesel. A lot of things can be substituted for gasoline. In China, the
prospects of biomass fuels development are very bright, and the development of fuel
enterprises is mainly in two directions:the cassava ethanol and cellulosic ethanol, both
of which are non-food crops. The cassava ethanol is in the large scale production stage
and the technology has been relatively well, while the cellulosic ethanol is still in the

testing stage and the technology should be improved.
2.2 The progress of biofuel research in China
(1) The utilization of cassava, sweet sorghum, jatropha and other non-food crops
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plants to produce fuel ethanol and biodiesel technology has entered the demonstration
phase. Cassava and sweet potato ethanol technology can also achieve commercial
applications, such as, the completion project of an annual output of 0.2 million tons of
cassava ethanol in Guangxi in 2007.

(2) Lignocellulosic ethanol in the pretreatment of raw materials, conversion of cellulose
and enzyme production costs has achieved substantial progress. For example,
Heilongjiang, Henan and other places have built demonstration production plants with
an annual output of hundreds of and thousands of tons of ethanol, respectively.

(3) The time of bio-diesel industrialization demonstration work has been mature
basically. Limited by the waste oil collection and slow progress of the oil plants planting
base construction, only a small number of biodiesel companies can achieve large scale,
continuous production. There is no finished oil into the main circulation system.

(4) The other second-generation biofuels(such as synthetic fuel technology) are still in

the laboratory studies and small-scale phase.

3. The studies of bio-energy by bioconversion

3.1 Sweet sorghum has been considered as a viable energy crop for alcohol fuel

production

This review discloses a novel approach for the biorefining of sweet sorghum stem to
produce multiple valuable products, such as ethanol, butanol and wood plastic
composites. Sweet sorghum stem has a high concentration of soluble sugars in its juice,
which can be fermented to produce ethanol by Saccharomyces cerevisiae. In order to
obtain a high ethanol yield and fermentation rate, concentrated juice with an initial total
sugar concentration of 300 g - L ™' was fermented. The maximum ethanol concentration
after 54 h reached 140 g - L~" with a yield of 0.49 g ethanol per g consumed sugar,
which is 93% of the theoretical value. Sweet sorghum bagasse, obtained from juice
squeezing, was pretreated by acetic acid to hydrolyze 80% - 90% of the contained
hemicelluloses. Using this hydrolysate as raw material ( total sugar 55 g - L"),
19.21 g - L' total solvent(butanol 9.34 g, ethanol 2.5 g, and acetone 7.36 g) was
produced by Clostridium acetobutylicum. The residual bagasse after pretreatment was
extruded with PLA in a twin-screw extruder to produce a final product having a PLA, a

tensile strength of 49.5 M and a flexible strength of 65 MPa. This product has potential
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use for applications where truly biodegradable materials are required. This strategy for
sustainability is crucial for the industrialization of biofuels from sweet sorghum. The pilot
processes of production of 1000 t/year fuel ethanol and production of 200 t/year butanol
have been established by BUCT.

3.2 Starch wastewater here is used as raw material to produce microbial lipid and the

2000 t/day fermentation equipment has been built

Sterilization and pH adjustment is not involved during the fermentation process. After 35
h, 28—33g/L biomass, 28%—37% lipid content and more than 80% COD degradation is
achieved. The process has obtained the national invention patent and passed the pilot
technology appraisal by the Petrochemical Association. The result is that the overall level

of this technology reached the international advanced level.

3.3 The food waste has the characteristics of high organic content, complex composition

and high water content

Our groups use different technology combinations and select for treatment of the food
waste. After pretreatment, oils and fats are extracted firstly and used in preparation of
biodiesel. The residual material is used for methane by anaerobic fermentation, and
methane is refined by Pressure Swing Adsorption. After pretreatment, anaerobic
fermentation slurry can be condensed into concentrate liquid and water. The
concentrate liquid can be used for agricultural fertilization, while water can back to the
anaerobic system. After the above processes, the food waste of resources achieves
maximized recycling and maximized economic benefits. The demonstration equipment
of this process (80 t) has been established in the Changping Campus of Beijing
University of Chemical Technology.

Using urban waste oil as raw materials, the lipase catalytic biodiesel production
technology and new enzyme immobilization methods have been developed by BUCT. In
Shanghai, BUCT has established an industrialized device, which is able to produce 10
000 tons of biodiesel annually. Currently, the biodiesel production has been applied by

taxi in Shanghai.
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Conversion of Renewable Feedstocks for the
Production of 2nd Generation Biofuels and
Products. the Thermochemical Route

Armin Guenther

Innovation Renewable, Lurgi, Germany

Energy demand worldwide will strongly increase in the next 50 years with a large
potential for renewable energies and alternative fuels.

Since only the crops are used in case of first generation biofuels and not the whole
plant, there is a limitation of raw material or, as the case may be, a food vs. fuel
competition.

A wide range of biomass and agricultural and forestry residues as well as the
possibility to utilize the whole plants are opening up a mass potential that is far above
that of first-generation biofuels, biodiesel and bioethanol.

There are different possible paths to convert biomass, coal, refinery residues and
natural gas into FT-synfuels, MeOH, DME, SNG and chemical products.

Considering biomass as a feedstock for thermo chemical conversion such as straw,
hay and residuals is characterized by extremely low energy density, so the transport of
this material would only be economically feasible over short distances.

The biolig process which is under development by the Karlsruhe Institute of
Technology in cooperation with Air Liquide/Lurgi Technologies and funded by the
German Ministry of Agriculture, Food and Consumer Protection combines the need for
large industrial scale of synfuel production with economic biomass logistics.

Prior to the gasification, biomass will be treated in regionally distributed fast
pyrolysis plants to increase the energy density. The products from the fast pyrolysis:

char and liquid condensate, are mixed to form a stable and transportable liquid
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suspension( biosyncrude) .

In central plants this liquid suspension will be gasified in an entrained flow gasifier,
an oxygen blown slagging reactor with an internal cooling screen. The conversion to
syngas takes place at high temperatures and at high pressure up to 80 bar according to
the demand of the following synthesis steps.

A costly interim compression step of the gases involving high technical risks is made
redundant.

Almost all important chemical base materials as renewable products ( btc) and
clean and environmental friendly synthetic motor fuels(btl) can be produced from such
a bio based syngas.

An overview of the actual status of the joint development will be given.

Dr. Armin Guenther is Director Innovation and Development
Renewables at Air Liquide/Lurgi GmbH in Frankfurt. Dr. Armin
Guenther studied chemistry at the University of Frankfurt, worked
also for the diploma at the CNR Consiglio Nazionale delle Ricerche
in Bologna, graduated with a PhD in chemistry at the University of

Frankfurt and worked at the Center of Environmental Research

( Frankfurt) .

As Head of Department for Project Management and Renewable
Energies at an engineering company, he was responsible for national and international projects in
the traditional engineering sector as well as for renewable energies and biodiesel. At Lurgi Dr.
Guenther was responsible in several functions for the Renewables, e. g. as Sales and Product
Manager as well as Director for the Market Group renewables. Presently his position at Air

Liquide/Lurgi GmbH in Frankfurt is “Director Development and Innovation Renewables” .
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The Importance of Separations in
Biomass Conversion Processes

Richard S. Parnas

University of Connecticut, USA

1. Introduction

Biomass conversion is the critical step for producing biofuels and bioenergy at a large
scale. Once the biomass is converted into well-defined feedstock, processes to
produce biodiesel and alcohol fuels are well developed. For example, several review
articles have documented the critical role of sugar and lipid extraction processes for the
economic use of micro-algae biomass.

There are two important classes of biomass available for conversion: low grade
waste products such as brown grease, and high yielding cultivars such as Jatropha and
algae. Data for brown grease and algae is given below. In both of these cases, low
energy, high yield processes can be developed if sufficient attention is given to the

separation processes.

2. Brown grease

Brown grease is accumulated fats, oils and greases(FOGS) left over from cooking and
cleaning, and is distinguished from yellow grease by its typically very high free fatty acid
(FFA) content. Brown grease typically has FFA content ranging from 75% to 100% ,
although FOGS with FFA over 50% are also classified as brown grease. Economically
processing these materials to fatty acid methyl esters, or biodiesel, has proven quite
difficult. Several chemical routes are well known, including esterification and
glycerolysis/transesterification. In the case of esterification the separations are difficult,

and in the case of glycerolysis/transesterification the reaction is relatively slow.
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Figure 1a illustrates the ease of esterifying FFA directly to biodiesel at mild
conditions, and Figure 1b illustrates the difficulty of phase separating the excess
methanol and water after the reaction has reached a high level of conversion. After 2
stages of esterification to convert 99. 5% of the FFA to biodiesel, and 1 stage of
transesterification to convert the 10% triglycerides in the brown grease to biodiesel, the
poor separations led to an overall product yield of only 50% . Improvements in the
separations by careful addition of low cost additives can improve the efficiency of each

separation stage to above 95% , leading to product yields of over 85% .

a b
100 T=60C
90 Cat.=2.5% -
80 & - Methanol/Oil molar ratio=9
70 § -m Methanol/Oil molar ratio=6 Methanol

60 {I -4 Methanol/Oil molar ratio=3 And Water

Biodiesel

0 200 400 And FFA

Time (min)

Fig. 1 a. Esterification kinetics to convert FFA to biodiesel.

b. Indistinct phase separation after reaction, providing only 80 % product recovery.

3. Algae

Recently developed switchable polarity solvents( SPS) provide a unique opportunity for
extracting sugars and other products from algal biomass.
The mechanism for a recently developed class of SPS relies on the reversible
reaction of carbon dioxide with water and tertiary amines.
R, R,
N/ N_ CO, VRN

, Ry =—=R,—N’ R,HCO; (R1)

The non-polar form of the amine on the left side is immiscible with water while the
ionic form on the right side is completely miscible with water for many choices of the
substituent “R” groups. Most interestingly, these compounds display excellent ability to
degrade the cell walls of algal biomass. A recently designed process allows the
simultaneous extraction of mono- and di-saccharides, lipids, and the polysaccharide of

galactose known as agar. The solvent is recycled at ambient conditions by simply

142



The Importance of Separations in Biomass Conversion Processes

changing its polarity to effect phase separation, providing a highly efficient, safe, and

cost effective means of converting algal biomass to high quality feedstock for biofuel

production.

Richard S. Parnas is a Professor of Chemical Engineering at the
University of Connecticut, a member of the polymer program and
head of the UConn Biofuels Consortium. Dr. Parnas has patents for
biofuel reactor designs, material formulations for bio-based plastics,
and fiber optic sensors for fuel cells. Dr. Parnas’s current research
focuses on membrane separations for biochemicals and liquid phase

extraction technologies for biomass conversion.
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Sugar Platform of Lignocellulosic Resources

Guojun Yue

COFCO, Beijing, PR China

Global plants produce estimate 170 — 200 billion tons of biomass every year, and
biomass supplies an estimation of 10% of global primary energy supply. The biomass
feedstocks that can be utilized for biomass to sugar conversion cover a rather wide
range of resources with a variety of forms. Besides the conventional energy crops such
as grain crops, sugar plants and oil plants, the biomass resources could roughly be
divided into three categories: lignocellulosic feedstocks from agricultural and wood
residues, dedicated energy crops like perennial grass and trees; other feedstocks types
such as waste from food industry and pulp/paper industry, and municipal solid waste.
Based on the intrinsic compositions and geographic distributions of different biomass
feedstocks, diversified conversion technologies were developed for transportation fuels,
biobased chemicals and other useful products. To this end, the lignocellulosic
saccharification technology is the most important step in biomass conversion.

China is currently still a big agricultural country. According to the National
Agricultural Crop Straw Resources Investigation and Assessment Report 2010, the
collective agricultural crop straw is approximately 687 million tons, among which, 265
million tons are corn stover, 205 million tons from rice straw and 150 million tons from
wheat straw. Up till now, the utilization rate of China’s agricultural crop straw is about
69% . Animal feed, solid fuel and manure are three major uses for this lignocellulosic
waste. How to achieve the high efficient logistics is a big challenge in utilization of the
huge waste resources. We have now used the agent mode in China for the
transportation and logistics of dispersed material like wheat straw, cotton straw and corn
stover, which contains collection of waste from the local farmers, the packing and

storage of the waste in centers and delivery of the compact waste to processing plants.
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There are three major products derived from lignocellulosic feedstocks, differing in
types of end use:for heat and power; for transportation in the form of biofuels; for the
purpose of synthesis of fine chemicals and polymer materials. The latter two have
become more and more important and urgent to our society today since both of them
can now only rely on petroleum supply, the price of which sneezes, the world economy
would shiver. Biorefinery is used to define the processes of converting biomass waste to
useful fuel or chemical products. The common feature of these two conversion routes is
the saccharification step of the ligocellulosic material before downstream processing
when we are talking about this refinery concept, because if we take a look at the
composition of the lignocelluloses, we can always find that in most of the material,
around 30%-40% is cellulose and 15%-20% is hemicellulse. In another word, the
major two constitutes of lignocelluloses are just polymers of monosaccharides( glucose,
xylose, arabinose, mannose, galactose, etc.) with the rest of around 20%-30% is
lignin complex. In this regard, the establishment of the sugar platform is the prerequisite
of biorefinery for important fuel and chemical products.

Currently the environmentally friendly saccharification platform mainly involves two
vital steps:pretreatment and enzymatic hydrolysis. The major idea for pretreatment is to
alter the recalcitrant nature by breaking the structure of lignocelluloses, which is
achieved by opening the bonds between hemicelluloses/lignin and cellulose to expose
the cellulose part and to increase the surface area and the accessibility to cellulases.
The pretreatment is really important to successive enzymatic hydrolysis not only in the
efficiency of the hydrolysis but also the cost of such enzymes. Physical, chemical,
physicochemical pretreatment methods are regularly chosen and proved to be effective,
and among those, neutral cooking and diluted acid steam explosion technigues are
validated in most of the demonstrative plants for cellulosic ethanol globally.

The hemicellulose derived xylose and cellulose derived glucose are major
saccharides which could be used to produce biochemical and bioenergy products. In
fact, those products like amino acids, organic acids, polyols and biofuels are already
manufactured in quite mature ways using starch based grain crops, and also constitute
the major businesses of COFCO’ s biochemical & bioenergy division. But the increasing
capability of grain manufacturing and over consumption of food material, has inevitably
triggered worldwide concerns about the change of land use and food safety.

Meanwhile, building the platform of lignocellulosic derived saccharides to replace the
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starch resources, and also to supply the biochemical production industries ( such as
starchy sugar, organic acids, amino acids manufacturing ) with abundant cheap
material, will extend the downstream industrial chain and create more profit-growth
opportunities, showing significant impact. This would also be strategic direction for
COFCOQO’ s biochemical & bioenergy division, and remain the technical hurdles.

Fuel ethanol is the major business of COFCO’ s biochemical & bioenergy division
with a stable annual production and 46% market share, which tops of all Chinese
producers. The R&D of cellulosic ethanol becomes the most important business of
COFCOQO’ s biochemical & bioenergy division, the National Energy of Biological Liquid
Fuel R&D Center, and also the COFCO Nutrient and Health Institute. As a convenient
and facile renewable energy source, cellulosic derived biofuel relies heavily on the
feedstocks from food production and processing, with the biomass processing ideas
and techniques representing COFCO’ s philosophy of “Life, Health, Sustainable
Development. ”

The construction of COFCO ’ s 500 t/a cellulosic ethanol pilot plant was
accomplished by September, 2006. The testing and running of the facilities has been on
for almost 6 years ever since, with non-stop optimization and modification and the ability
for long term runs. The pilot plant has been equipped with auto feeding system and
domestic pretreatment devices. After the continuous steam explosion, the technology
achieved a total solid recovery rate of 90% , hemicelluloses conversion yield of 90% ,
cellulose enzymatic hydrolysis rate of 80% , sugar-ethanol conversion yield of 80%
during the C5/C6 co-fermentation, and beer ethanol concentration of 6% (v/v). The
corn stover consumption for per ton of ethanol product is 6 t. Large amount of useful
experimental and running data has been collected during the last 6 years, and the
distribution of stover resources has been investigated with the establishment of
feedstock collection and logistics systems. The preliminary version of process design
package for 50 000 t/a cellulosic ethanol plant has been released. Right now, the cost
of cellulase has been greatly reduced by 20% , leaving the feedstock cost and energy
consumption the major parts. Our next goal in our R&D could be to increase the
utilization yield of feedstocks, the energy coupling rate and reduce the infrastructure

cost, accelerating the construction of the demonstration plant.
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Mr. Guojun Yue, aged 49, professor level senior engineer, was
appointed as an executive director and the vice-president of the
China-Agri Holding Limited in January 2007, acting as the general
manager of biochemical and biofuel division. Mr. Yue joined

COFCO Group in November 2005 and has been the assistant

president of COFCO Corporation since February 2007. Since
November 2007, he has been a board director of COFCO

d-

Stock Exchange, and as the chairman during the period from November 2007 to July 2011.

Biochemical ( Anhui) Co. , Ltd. , a company listed on the Shenzhen

Mr. Yue is an expert in chemical engineering accredited by the State Council via a
scholarship program in 2007. He was elected as one of the deputies of 11th National People’ s
Congress of the People’ s Republic of China in February 2008.

Mr. Yue holds a Bachelor’ s degree from Chemical Engineering Department of Jilin Institute
of Chemical Technology, a master’s degree from Environmental Engineering from Harbin Institute
of Technology and an Engineering PhD’ s degree from Chemical Engineering and Technology from
Beijing University of Chemical Technology. He has over 20 years of experience in the production
and sales of bio-chemical products. He was elected as the chairman of China Starch Industry

Association in November 2011.
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The Role of Duckweed in Bio-liquid Fuel
Production and Environmental Protection

Hai Zhao

Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu,
PR China

With the world economic development, population growth and improvement of people’s
living standards, the energy shortage has become the core issue of restricting the
development of the world economy. China is in the phase of strong economic growth
and high energy demand. In 2007, China became a net importer of coal; five years
later, became the world’ s largest coal importer. In 2009, China’ s dependence on
foreign oil was more than 50% . In 2010, China surpasses U. S. as world’ s biggest energy
consumer. Short of supply and with soaring oil prices, gasoline prices have soared from
2.3 yuan/L to 8 yuan/L between 2004 - 2012. Chinese energy supply is already
“stretched to the limit” ; we should limit electricity in summer. The energy shortage has
seriously affected the social and economic development, and would be more intense in
future. There is no time for delay on solutions to the energy crisis.

At the same time, environmental pollution is becoming increasingly severe.
Currently, China has more than 100 million vehicles, about one tenth of the world; large
amounts of greenhouse gas emissions cause serious air pollution. In 2010 total CO,
emissions of China was 6. 8 million tons, 2. 3 times of that in 2000. The air pollution
index was 2-5 times that of developed countries in Shanghai and Beijing. Water is the
source of life; water pollution will directly impact on human life. In China the demand for
water is increasing, while water resources are scarce and suffer pollution. 70% of rivers
and lakes are polluted and eutrophic, 47% is phosphide rich, and 44% nitride rich. The
environmental cost of water pollution was 286. 28 billion yuan, accounting for 55.9% of

all environmental costs. Control of water pollution is emergency requirement.
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With the energy crisis, environmental protection and global climate change, the
development of clean renewable biofuels is essential, has attracted the attention of many
countries, and achieved remarkable results. The development of biofuels in China is
vital at present and will be so in the future, as well as in the past. According to China’
s energy strategy, the proportion of non-fossil energy consumption has been set to be
increased to 11. 4% in 2015 and 15% in 2020. However, only 10% of fuel ethanol
increase target was finished in 2010. Why couldn’ t we fulfill the planning target? —food
supply security. Food supply security is a priority consideration issue than any other
issue. China has a large population but limited arable land. Thus, we need to facilitate
new biomass and bio-energy programs according to the strategic principles of Chinese
national conditions and national development of bioenergy.

Duckweed, or water lentils, are aquatic plants which float on or just beneath the
surface of still or slow-moving fresh water bodies and wetlands. Being the world’ s
smallest flowering plants, they have five generas, 38 species, and are distributed all
over the world. Duckweed can feed off wastewater and it can suck up CO,. Similar to
some strains of algae, duckweed contain large amounts of starch that can be processed
to create ethanol. This would not only lessen the burden on current corn to ethanol
production and the debates on fuel vs food, but it would also lower CO, emissions and
hence contribute to mitigating climate change. In July 2008 the U. S. Department of
Energy ( DOE ) Joint Genome Institute announced that the Community Sequencing
Program would fund sequencing of the genome of the giant duckweed, Spirodela
polyrhiza. The research is intended to facilitate new biomass and bio-energy programs.

Advantages of duckweed for energy production; Duckweed has a distinct
advantage on energy vyield. It almost does not contain lignin, but the total starch, which
can be converted to fermentable sugars; content of duckweed can vary from 3%-75%
of the dry weight depending on strains and species. Its biomass and starch has a great
potential to be fermented into butanol and ethanol. Duckweed growing on nutrient-rich
wastewater can produce more than five times in biomass than that of corn and is about a
third of the theoretical maximum output of algae. The critical advantage of duckweeds is
their ready deployment on and easy harvesting from wastewater. If 1% of fresh water
surface in China was used to cultivate duckweed, the annual ethanol yield from duckweed
biomass would be 1. 72 million tons and direct output value would be 10.3 billion yuan. At

the same time, 10 million tons of CO, emission would be reduced, 12 thousand tons of P
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and more than 100 thousand tons of N in waste water would be reduced.

In addition, duckweed grows rapidly, its biomass doubling accumulation time .2 -
7 d, which is beneficial for large scale production and a good model for the study of
plant growth and development; it has a longer production period ( Duckweed can grow
when water temperature is above 5 °C) :it is possible to supply the feedstock whole year
to overcome the bottleneck of seasonal availability of feedstock supply; is almost free of
lignin:maximize the utilization of biomass; it is able to treat wastewater, convert CO, to
biomass and inhibit algae growth.ecological and environmental value; it is high valuable
natural product.comprehensive development.

Advantage of Chengdu Institute of Biology on duckweed research

The CIB research areas cover ecosystem, botany, microbiology, breeding, natural
product, environment pollution treatment, etc. A more than 30 persons integrate
research group was organized to focus on the duckweed as a platform to carry out the
following research work ; Resource investigation, collection, conservation and evaluation;
Novel strain breeding; Scalp cultivate technologies; Pretreatment technologies for bio-
fuel production; Fuel ethanol and butanol fermentation technologies; Nature product
discovery and comprehensive utilization.

Our work was supported by:The National Key Technology R&D Program “Key Techniques
and Demonstration of Fuel Ethanol Fermentation by Non-grain Feedstocks” (2011BAD22B03) ,
and The Knowledge Innovation Program of the Chinese Academy of Sciences.

Duckweed resource: About 600 duckweed populations were investigated and
sampled from various locations in China and some of the neighboring countries in
Southeast Asia. As a rapid method to estimate multiple parameters of these isolates,
near infrared ( NIR) absorption spectrum is being applied as a possible method to
rapidly index water content, protein content, starch content and total phosphorous. In
addition, cultivation of duckweed on domestic wastewater is being performed at a
demonstration site next to Dianchi Lake in Yunnan, China. Effective municipal
wastewater treatment by duckweed was found to be effective within 7 —10 days with a
minimum biomass production rate of 36.6 t dry weight/ha - a™'.

Duckweed cultivation and waste water treatment. Duckweed cultivation project on
domestic waste water was established—further studies will carry out in the project. The
base covers an area of 5 acres; four areas:Y, and A, B, and C; 15 wastewater

treatment ponds with multiple processes of the pretreatment. A determination method in
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the field of mass culture conditions has been established. Comparison between influent
(rural domestic wastewater) and effluent is as follows: Domestic wastewater.: COD 125
mg/L, NH, —= N 21.7 mg/L, PO, - P 3.6 mg/L, turbidity 132. 8 NTU; effluent; COD
41 mg/L, NH, - N <4.5 mg/L, PO, - P 0.77 mg/L, turbidity 3. 1 NTU. Preliminary
result of demonstration project indicated that duckweed system is a promising system for
waste water treatment and biomass valuable product production; Duckweed biomass
accumulation 36.5 t/(ha - a) (dry weight), CO, fixation 48.9 t/(ha - a), totalN2.1 t/
(ha - a), total P 0.55 t/(ha - a). After treatment, wastewater reached the water
effluence standard.

Bio-liquid fuel fermentation. Duckweed is a good resource for bio-alcohol
fermentation. Compared with potato starch granule, the duckweed starch granule is
smaller, irregular in shape and presented as flake starch granules. According to X-ray,
duckweed starch was A-type which was more stable than other types. Pretreatment
technologies were developed to increase the fermentation efficiency and reduce 96. 37 %
viscosity of fermentation mash. The ethanol concentration of 7.52% (v/v) was obtained
from high-starch L. punctata. The achievement means that the ethanol fermentation
directly from whole biomass of duckweed is feasible. Butanol from duckweed biomass
will have more bright future—The 11.65 g/L butanol, 18.65 g/L total solvent and high
butanol ratio of 62.46% were obtained from the high starch L. punctata mash, which
could be comparable with the fermentation of corn and canna edulis ker.

Nature products of duckweed: As energy feedstock, the quantity of duckweed
biomass is enough to produce high valuable products after fuel fermentation. But there
has been no systematic investigation on nature products from duckweed. We focus on
flavonoids compounds and flavonoids component diversity. Cycloartane triterpenoids were
discovered in S. oligoarrhiza for the first time—a potential value compound. Chemical
constituents varied greatly in S. polyrhiza, which may correlate with the characteristics of
multiploid. Fingerprint data of flavonoids of duckweed will be used to identify duckweed
population and develop valuable nature products and evaluate the risk of feedstuff.

Establish a platform and mechanism for international cooperation of duckweed
research: The 1st International Conference of Duckweed Research & Applications
(ICDRA) was organized and took place in Chengdu, China, from October 7th to 10th of
2011. Hosting of this meeting by Chengdu Institute of Biology(CIB, part of the Chinese

Academy of Sciences) is especially appropriate since this Institute has now committed
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over 30 researchers to studies relating to duckweed research and applications, and is
thus currently the site that has the largest concentration of duckweed researchers in the
world. Co-organized with Rutgers University of New Jersey ( USA), this Conference
attracted participants from Germany, Denmark, Japan, Australia, in addition to those
from the US and China.

Future studies on duckweed :Collection, identification and preservation of duckweed
resource and new strain breed; Interaction between environment and duckweed
( physiology and environment); Genomics, transcriptomics and proteomics study of
duckweed; Development of duckweed as a new model organism for botany research;
Bioreactor for production of important protein and peptides; Cultivation and harvest
technologies development in large scale; Optimum of waste water treatment and
biomass production; Duckweed dewater, storage and logistics; Conversion of whole
piomass including cellulose and hemicelluloses to ethanol and butanol.

Call for cooperation on duckweed: share of resource, data, information; People

exchange; Collaboration on specific project of duckweed.

Hai Zhao received his master degree in microbiology at Chengdu
Institute of Biology ( CIB) CAS in 1990, and worked first as an
assistant researcher and now as a researcher in CIB.

Hai’ s Zhao research interest is non-grain bioenergy, and his

research area includes fresh sweet potato storage technology, rapid

ethanol fermentation technology, VHG ethanol fermentation
technology, higher ratio butanol fermentation technology and
comprehensive utilization technology for sweet potato and
duckweed. His work obtained financial support from 17 projects and had some achievement on
ethanol fermentation from sweet potato. This technologic achievement will increase net energy
outcome and lower the manufacture cost by improving the fuel ethanol productivity. He has

authored more than 60 papers, and applied 5 patents.
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Jiangsu University, Zhenjiang, P R China

Current global energy system is largely relied on hydrocarbons such as oil, gas and
coal, which provide the basis of most of our energy and chemical feedstocks——in fact,
over 90% of all organic chemicals are derived from petroleum. However, crude oil
reserves are finite and world demand is growing in an unprecedented scale. It has been
reported that the world primary energy demand will grow by 1.6% each year on average
during next two decades; and China, if together with India, accounts for just over half of
that increase. In the meantime, there is an increasing concern over the impact of these
traditional energy consumptions on the environment. In line with the requirements for
sustainable economy and clean environments, biofuels from cellulosic biomass have
recently received tremendous attention both in industry and academic communities
worldwide. It has also been recognized by a number of governments that we need to
sustainably reduce our dependence on petroleum feedstock by establishing a biomass-
based economy. Indeed, the use of biomass could lead to the creation of a new
biomass industry and a new type of agriculture/forestry, i. e. “energy agriculture”,
which would help revitalize and expand current formats of the agriculture and forestry.
Biomass has a unique characteristic compared with other forms of renewable
energy, which can take various forms such as liquids, gases, and solid, and so can be
used for electricity, or mechanical power generation and heat. Today, bioethanol and

biodiesel are predominantly produced from corn kernels, sugarcane or soybean oil. But
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researchers and investors are increasingly upbeat about another biofuel feedstock,
lignocellulose—the most abundant biological material on the earth. Bioenergy developed
from energy plants, as well as agricultural residues/forest residues, will play a more and
more important role in future energy supply, which can account for at least half of the
demands as a energy potential to replace the fossil fuels by 2050 in China. No doubt,
alternative and renewable biofuels derived from lignocellulosic biomass, the so-called
second generation of biofuels, will offer the biggest potential to reduce our dependence
on fossil fuels and mitigate global climate change. However, despite the surging
popularity of bioethanol and biodiesel as transportation alternatives, both in current have
barely put a dent in our use of oil. It is clear that breakthrough technologies are still
needed to overcome barriers, particularly for biomass recalcitrance, to develop cost-
effective processes for converting biomass to fuels and chemicals.

To make the designs for cellulosic biofuel industries more efficient and cost-
effective, bioengineers are shaving costs from pretreatment that is a crucial challenge
for efficient biomass conversion, and biologists are focusing on another two primary
bottlenecks that have plagued the technology for decades—the high cost of cellulase
complex, and the limited ability of the microbes to ferment the breakdown products.
However, over the past two decades, industrial bioethanol technology has mainly been
based on biocatalysis and fermentation technologies from bacterial and fungal
cellulolytic systems, in combination with breakthroughs in molecular genetics, enzyme
engineering and metabolic engineering. In practice, the current state of technology with
respect to biomass conversion is still far away from being mature for a large scale
application due to its efficiency and processing economics. To improve our current
technology, it seems that we need to review our ongoing strategy and explore/learn
from other sound cellulolytic systems in nature, such as cellulose-eating animals, wood-
feeding termites/insects, or other biomass utilization systems. Animals surviving on
lignocellulosic biomass, after a long period of evolution, possess many adaptations,
including highly specialized deconstruction systems for a variety of lignocellulosic
materials. Such natural biomass utilization systems can process lignocellulosic biomass
much more efficiently with their highly specialized biocatalyst systems than those
technologies we currently developed, which can truly be considered as the most
efficient bioreactors. Thus, recent studies on the utilization of termites or other

bioconversion systems may offer a possible option to realize biomass conversion in an
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efficient and economical way. At present, it has become a world leading-edge research
field to evaluate and mimic a variety of natural lignocellulosic systems, such as wood-
feeding termites, to achieve efficient conversion and utilization of lignocellulosic biomass
for fuels and chemicals.

This review addresses various lignocellulolytic systems, their potential values,
challenges, and opportunities that exist for scientists and industries to advance the
biofuel technology, where the following topics will be further addressed: 1) Scientific
and industrial potentials of the natural biomass utilization systems; 2) Novel biocatalysts
explored from natural biomass utilization systems and their engineering potential for
industrial uses; 3) Novel microbial symbionts discovered from natural biomass utilization
systems by “omics” technologies; 4) Bioreactor innovations mimicked and advanced
from the efficient biomass utilization systems. With this overview, | hope that you can
sense the excitement of the scientific endeavors both from China and the rest of the

world to crack the hard nut in developing lignocellulosic biofuels.

Jianzhong Sun is a distinguished professor, who also has many
other professional titles; Graduate faculty for Ph. D/MS students,
Director of Biofuels Institute of Jiangsu University, Associate Dean
of School of the Environments, Jiangsu University, PR China,
Adjunct professor in Dept. of Biological Systems Engineering,
Washington State University, USA, and so on.

Present research interest and areas;1) develop the advanced

technologies for the efficient biomass conversion and utilization;
2) mimic highly efficient natural lignocellulolytic systems (e. g.
wood-feeding termites or other cellulose-feeding animals) to advance current bioreactors for
biomass conversion; 3) develop dedicated energy crops using bioengineering technology on the
structure of plant cell walls for easy bioconversion and processing; 4) develop the advanced
technologies for biomass-based plastics and other bio-products; 5) develop the advanced
technologies for microbial fuel cells.

As a director and coordinator in Biofuels Institute of Jiangsu University, his ongoing

programs, including his research team, mainly focus on the utilization of wood-feeding termites or
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other cellulolytic insects to develop the novel bionics technologies for efficient biomass conversion.
Currently, ten professional laboratories with different functions have also been established and
equipped with the advanced instruments/devices in his team, which mainly include utilization of
natural cellulolytic systems, gene engineering, enzyme engineering, bioprocess engineering,
symbiotic microorganisms, bionics and novel bioreactor engineering, bio-based products,
cellulosic energy crops, microbial fuel cell, and so on. Uniquely, with the exploratory
investigations in various natural biomass degrading systems, his research team aims to provide up-
to-date and revolutionary technologies via “ bioprocessing mimicking” for cost effective and

competitive biofuels production using biological pathways.
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Their Enzymatic Hydrolysis

Lu Lin

School of Energy Research, Xiamen University, Xiamen, PR China

A novel environmental friendly process of cooking of corn stalk was studied. Firstly, the
process condition was researched and optimized, and then the better conditions were
obtained. Secondly, it studied the surface characteristics of pulp and discovered the
difference between the two pulps from cooking with active oxygen and a solid alkali and
alkali cooking. The cooking mechanism of solid alkali and its protection mechanism for
cellulose were researched. Thirdly, the change of lignin during cooking was studied. At

last, the enzymolysis effect of different pulps or samples was studied.

Lu Lin, professor and Vice-Dean of School of Energy Research,
Xiamen University, is a standing member of Energy Society of
China, member of Biomass Energy Association of China and
member of Committee of Biomass Energy of China. From 2007, he
has served academic periodical of BioResources as one of co-editors,
and Journal of Bio-Based Materials and Bioenergy and Journal of

Bio-processing and Bioenergy as one of editors.

Professor Lin is interested in research work of biomass bio-
energy and high-value chemicals from conversion of lignocellulosics. He has published more than

one hundred peer-reviewed papers in various academic journals at home and abroad, with his
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monograph Chemisiry and Technology of Levulinate Acid published in 2009. He is the laureate of
five prizes awarded by the Ministry of Education of China for his active achievements.

E-mail : lulin@ xmu. edu. cn
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Xiujin Li
Department of Environmental Science and Engineering, BUCT, Beijing,
PR China

1. Where it’ s from and its hazards

Kitchen wastes are mainly produced from the residues from the daily food
consumptions. They mainly source from households, the restaurants, and the canteens.
The sources of kitchen wastes have some differences with that in developed countries.
For example, most universities in China are generally organized well. The university
canteens are the necessary department. They take the responsibility for food supply for
all the students and faculties in the university. The population in a university is generally
15 thousand. Thus, we can image the produced kitchen wastes are surprisingly huge.

In addition, with the development of economy in China, the scale of cities and the
population in cities are increasing dramatically. Thus, the kitchen wastes from the cities
grow very fast. Taking Beijing city as an example, it was 1700 ton kitchen waste
produced only in one day last year. However, the capacity for the kitchen wastes
treatment in Beijing city is only 600-800 tons per day. Thus at least 1000 tons of kitchen
waste could not be effectively treated. Actually this is the amount for only one day in
Beijing city. How about the situation in whole China? It was 60 million tons for a year,
and lower than 30% could be effectively treated. Thus we can image how huge amount
of kitchen wastes is in China.

In order to utilize the kitchen wastes, the features should be known firstly. The main
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features could be summarized as follows:

1) High content of organic materials. The organic materials approximately occupy
more than 93% of the dry matters, in which it mainly include starches, dietary fibers,
proteins, and plant or animal greases;

2) High water content. The water content is higher than 85% . High water in the
kitchen wastes bring some difficulties in their collection, transport and the subsequent
treatment. For example, because the high water content, the kitchen wastes are easily
decayed resulting in bad smells and the potentially scattering pathogen;

3) High value utilization can be potentially achieved, for the high organic material
contents, and richness in N, P and K, which can be easily used for microorganisms;

4) High grease and salt content, which potentially is not beneficial for treatment,
especially with the biological methods.

Currently, most of such kitchen wastes are used for swine forage or for the wastes
oils. As we known, these methods are prohibited in China for the reasons of food safety
and potential hazards. For examples;

1) Bad smells for people’s living conditions;

2) The potential pathogen scattering to threaten human beings’ health;

3) The waste oil from kitchen was potentially used illegally as the edible oil, which
also threatens people’ s health.

As a summary, the kitchen wastes should be reasonablely utilized based on such
features themselves. The suitable utilization method could reduce environmental

pollution and obtain high values as well.

2. Current states of collections, treatments and utilizations

From the 1990s of last century, the developed countries, such as Germany, Japan, and
South Korea, put much work on the utilizations of the kitchen wastes. The related
technologies have been developed very well. For example, the standards for kitchen
waste discharge, for the forage and fertilizer were made in the year of 2000. More than
300 kitchen waste treatment processes have been established from 2007 in South
Korea. The composting technology was widely developed in USA for supplying the
fertilizer to farms. In Germany, the mixing anaerobic digestion and compost were
employed for kitchen waste with other organic materials.

In China, the utilization ways for the kitchen wastes mainly included the followings:
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1) Directly feed animal as forage and this is the most common way in China.

2) The protein forage by fermentation. The microorganisms were employed to
analyze the kitchen waste for the protein from microorganisms. This technology features
with high efficiency, short processing time, and low energy consumption. The protein
forage could be sold with high price in current market. However, there are still no
related national standards for the process. And some potential safety issues should be
paid attention to. For example, the harmful microorganisms, the harmful metabolites.

3) Composting technology. The aerobic digestion technology is employed to
stabilize the kitchen wastes. Meanwhile, the organic fertilizer also could be obtained.
The scale of 200 t/d composting process has been founded in Nangong Composting
Plant, Beijing. The obtained fertilizers are mainly used for gardening.

4) Anaerobic digestion for kitchen wastes. The kitchen wastes are digested in the
stick anaerobic conditions, and the organic materials are analyzed into CH, and CO,.
As the main products from the anaerobic digestion, the CH, could be used for power
generation, alternative fuel for vehicles. The residues of the anaerobic digestion could
be used as the excellent fertilizer. This way could be maximally utilized for the kitchen
waste. Technically, it should be good to completely use the waste. However, there are
still some issues that should be resolved before it can be used in application. For
example, the pretreatment technology for the kitchen waste, selection technology for
raw materials, and the easy acidification in digestion.

Over recent years, this technology has been developed rapidly. For example, the
anaerobic digestion plants have been established in Beijing (200 t/d), Shanghai,

Shenzhen and other 10 cities

3. The perspective in China

Based on the statements about the kitchen wastes utilization in China, we think it is
totally possible to form a high efficient system to utilize the waste in China in recent
future. However, some aspects should be given special attention.

1) The information system for the logistics for kitchen wastes including collections,
selections and the like. The legislation should be improved to avoid the illegal collection
and utilization.

2) The suitable pretreatment ways should be developed and improved according to

the features of kitchen wastes in China. Especially for such complex, high salt and oil
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kitchen wastes with a few of indigestible materials. Meanwhile the technology for
maintaining a stable pretreatment system also should be developed.

3) The thermophilic digestion and high moisture digestion also should be developed
to solve the high efficient energy conversion and the health and safety issues

4) The synergic digestion of kitchen waste with other materials with dry fermentation
technology to solve the issues of the inhibitions from high salt and oil content, and the
difficult utilization of digestion residues with single kitchen waste.

5) The high efficient microorganism reagent should be specially developed for the kitchen
waste to overcome the issues of long-time digestion, low digestion rate and high cost.

6) The high efficient digester and related auxiliary equipments for mixing, feeding,

heat-exchanging, thermal insulating, data collecting and safety monitoring.

Dr. Xiujin Li, professor and vice dean, College of Chemical
Engineering, Beijing University of Chemical Technology (BUCT).
Xiujin Li studied in Chinese Agricultural University ( CAU)
and University of California at Davis( UCD) from 1994 to 1998 as
Ph. D student and obtained his Ph. D degree from CAU in 1998.
After that, he continued his research at UCD as a post-doctoral

associate until the end of 2000. Then, he returned to China and

joined BUCT. He worked as an assistant professor in Anhui
Agricultural University (1985 —1987) , engineer in Chinese Academy of Agricultural Engineering
(1990 -1994).

His main research interest is solid waste treatment and reutilization with emphasis on
biological conversion of biomass wastes into bioenergy and bioproducts. He has participated as
principle investigator over dozens of research projects, including national hi-tech R&D project
(863 project) , national 12th Five-year Plan Key Project of Science and Technology, and othe
projects from the Environmental Protection Ministry. He currently serves as vice president of

China Biogas Association.
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Now, let’ s begin with the background of the research shortly. As we all know, China is
a big energy consumption country. In 2009, she consumed about 3.066 billion tons of
standard coal in the whole year, accounting for 17.5% of the total energy consumption
in the world. Moreover, China’ s crude oil support mainly depends on imports, and in
2012, the amount of importation was 239 million tons, and the import dependence was
beyond half of the total oil demand. In the long term, this trend will lead to a serious
impact on our national energy security. At the same time, large-scale combustion of
fossil fuels can also cause grave environmental pollution. Thus, it is urgent to seek and
develop new energy sources, especially environment-friendly renewable energy from
biomass due to its abundance of raw materials and cleanness

Biomass is the only organic carbon source of renewable energy, which is very
abundant in China. The annual reserves can reach about 920 million tons and release
tremendous amounts of energy comparable to that of 40 million tons of oil if making full
use of 40% of the total biomass reserves. Therefore, biomass is considered as a
potential substitute for fossil fuels. Biomass is traditionally used to produce liquid fuels
such as ethanol or butanol through fermentation of sugars which are derived from the
hydrolysis of biomass, but this process shows some defects of high energy consumption
and low sugar utilization. Herein, our strategy is that biogasoline ranging from C5- C8
alkanes can be obtained from biomass-derived carbohydrates by aqueous phase
catalytic processing, wherein biomass is firstly transformed into sugar monomers(e. g. ,

xylose and glucose) via acid or enzymatic hydrolysis. Jet fuel ranging from C8 - C15
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alkanes can also be generated from the hydrolyzate of biomass containing xylose and
glucose, in which process sugars are firstly converted into furfurals therefore carrying
out aldol condensation with acetone to form some intermediates, followed by successive
hydrogenation and isomerization. This technique has the advantages of simple process,
lower system energy consumption and complete conversion of biomass because of fast
reaction rate in the liquid phase and the spontaneous separation of alkanes from water.
Therefore, it is prospective and promising of biogasoline and jet fuel synthesis from non-
grain lignocellulosic biomass by catalytic processing.

Secondly, | describe briefly to you about the technical route of bio-gasoline and jet
fuel of biomass. In the process of biogasoline production, hemicellulose in the
lignocellulosic plants was pretreated by acid or enzymatic hydrolysis to form xylose, and
then cellulose was converted into the corresponding glucose. A hydrogenation catalyst was
then adopted to hydrogenate xylose and glucose into xylitol and sorbitol, respectively, which
can be successively hydrogenated and reformed and isomerizated into C5-C8 alkanes, main
components of biogasoline. However, in the process of jet fuel production, sugar monomers
(e.qg., xylose and glucose) in the hydrolyzate were dehydrated into furfurals or HMF in the
presence of strong acid, which then perform the aldol condensation with acetone added into
the jet fuel intermediates, followed by successive hydrogenation and isomerization into jet fuel
components ranging from C8 to C15 alkanes.

Next, |’ d like to mention about the key technologies in the production of biogasoline
and jet fuel, such as hydrolysis, agueous phase reforming, carbon chain growth and
synthesis of long chain alkanes. In these experiments, some techniques including high
temperature liquid water, ultra-low acid and enzyme hydrolysis and bi-acid coupling
hydrolysis were used to investigate the hydrolysis of biomass. The depolymerization of
hemicellulose and cellulose can be easily carried out with low energy consumption, high
yield of functional monomer and high selectivity of products. Meanwhile, the hydrolysis
process and the process aided by metal salts were also explored in detail. Notably,
there are two methods that can convert these sugar monomers into high energy fuels.
One of them is to adopt the aqueous phase catalytic processing technique to
hydrogenate and reform sugars into the corresponding components of biogasoline
ranging between C5- C8 alkanes. The technical difficulties in the process are focused
on those about the design of the catalyst, the combination of hydrogenation and

isomerization and the stability of the catalyst. Herein, we have developed a high
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performance nickel-based catalyst supported on zeolite for polyols hydrogenation to
replace those noble metal catalysts based on the well designed research of catalyst
structure. The catalyst showed excellent activity for the reaction with more than 80% of
polyol conversion and 90% of liquid alkane yield. A good isomerization of alkanes was
obtained to be about 45.6% in our lab. It is noticeable that the first national 150 - ton
bio-gasoline pilot plant was built by our institute in 2010, and the system worked stably.

Another technique is to use catalytic processing to control the number of carbon
chain by aldol condensation into jet fuels with the combination of two step successive
hydrogenation with isomerization. The technical difficulties in the process are mainly
those about the design of the catalyst for aldol condensation, the combination of
hydrogenation and the design of the reactor. The MgO/NaY catalysts were prepared by
a simple and green procedure and exhibited excellent catalytic performance for furfural/
acetone aldol condensation in water-ethanol solvent. The furfural conversion and the
total selectivity of adol products were both up to 98% . Moreover, the maximum yield of
C13 alkanes, one of jet fuel components, arrived at about 90% in the fixed-bed reactor,
and the catalyst showed good stability of continuous reaction for 120 h, indicating a
promising industrial application. In addition, the 100 — ton bio-jet fuel pilot plant is
currently under construction.

Finally, some possible problems in the future biorefinery are proposed briefly, and
the corresponding solutions are also put forward. The problems may occur in the
following four aspects. The first one concerns the lack of a specific evaluation system for
bio-gasoline or jet fuel. The second is related to the difficult annual production for the
territory and seasonal biomass. The third is focused on the improvement of the key
technologies for liquid fuel production. The last one is how to promote comprehensive
utilization of biomass. In order to achieve the industrialization of biofuels, some efficient
measures should be taken to solve the abovementioned problems. The evaluation
standards and norms should be firstly built as soon as possible. Cultivation of
herbaceous energy plants should be taken into account to meet the diversification of
biomass so as to solve the uncertainty of biomass feedstocks. It is also urgent to
develop more efficient pretreatment technology of biomass hydrolysis and utilize fully
carbohydrate derivatives and lignin residues for high-value aromatic products or some

fine chemicals.
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Prof. Longlong Ma is a chief scientist for the 973 Project, vice
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Prof. Longlong Ma has been working in the field of biomass energy efficient conversion and
utilization, energy strategy and etc. , including:1) the biological fuel efficient preparation and
use, 2 ) biomass pyrolysis, gasification and power generation, 3 ) biomass total component
efficient transfer and utilization, 4) energy technology evaluation and economic analysis.

In recent years, Prof. Longlong Ma has presided over and completed over 30 projects
including the national “973”, “863” and some key projects, major projects of international
cooperation, the Chinese Academy of Sciences KNOWLEDGE Innovation and Guangdong Province
projects and achieved high levels of scientific research achievements and great economic benefit.
Prof. Longlong Ma has published more than 70 papers, applied for 30 national patents, 7

monographs and was awarded second price of the National Science Progress in 2008.
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China’ s oil import has surpassed 50% of total oil consumption, and greenhouse gas
emission ranks at front row worldwide. Resources and environmental issues have
become the main bottleneck for China’ s sustainable economic and social development.
By use of huge annual production of renewable non-food lignocellulosic resources to
produce liquid fuels and chemicals, which are in urgent need, we can partially
substitute scarce oil resources, break through these bottlenecks, and achieve
sustainable economic and social development. Its core technology is the key technology
to achieve the economic system reform and develop new industries after the financial
crisis. Among them, the cellulosic ethanol production technology has been chosen as
first breakthrough point for long term. However, because lignocellulosic materials are a
result of long-term plant evolution to form their supportive and protective structures,
direct degradation and conversion by microorganisms and their enzymes are very
difficult. So the process is complex. This, together with the fact that ethanol as a fuel
has too low product prices, has led to the situation that cellulosic ethanol production is
unable to compete economically with petrochemicals and food processing products.

At present, most of the research institutes and enterprises are trying to produce
ethanol as a unique product from straws and other raw materials, which results in the
cost of raw materials and pretreatment becomes the highest proportion in the total cost
of production. The components in raw materials cannot be fully utilized, and the final
value is not maximized. This is one of the main reasons why cellulosic ethanol process
has not been able to be industrialized. Especially, fundamental breakthrough in enzyme
production technology and construction of pentose fermentation strains has not been

made yet in China. If the low-price fuel ethanol was the only product, it is estimated that

167



Part [V The Development, Demonstration and Application of the Biofuel Industry Key Technology

production costs would be significantly higher than the cost of the current grain ethanol.
In present pilot studies, the raw material consumption per ton of cellulosic ethanol is
uaually more than six tons. The estimated production cost is more than 8000 yuan/t
ethanol, and the actual operation may be even higher; thus it cannot achieve large-
scale industrial production. Therefore, to introduce new ideas and technologies is
urgently needed. The introduction of the biorefinery concept and practice is one of the
fundamental ways to resolve these contradictions.

An important experience in modern petrochemical industry is that each component
in the complex substrate such as crude oil should become different products by
fractionation and catalytic conversion technologies, respectively. Even the residue in the
industrial processing, such as asphalt, should be converted into an appropriate
product, in order to maximize the total value. This is the so-called “refining(refinery).”
This concept has been introduced into the biomass resource exploitation. A new
concept of “biorefinery” is proposed: the biomass-based chemical industry is also
necessary to break the traditional concept in which only a single product was produced
from original complex raw material. We should fully utilize every one of the main
components in the raw materials, transform them into different products, in order to
maximize the value of products and efficiency of land utilization.

Lignocellulosic biomass can be refined into food, feed, chemicals, materials and
fuel and so on, to meet social needs of human being. To achieve a refining, first of all,
the complicated raw material should be separated into its components, and then convert
them to different products. Lignocellulosics in plant cell wall contains three main
conponents—cellulose, hemicellulose, and lignin. The components can be converted
into different chemicals. cellulose can be disconnected to glucose, then glucose
fermented to ethanol, organic acids or solvents; hemicellulose can be hydrolyzed into
xylose and other monosaccharides or oligosaccharides, xylose derivatives can produce
a variety of functional foods, furfural and furan resin precursor; lignin is polymer of
phenyl propanoid derivatives, which has high calorific value, can be used as high-
quality solid fuel, or used as additives for concrete, asphalt, other construction
materials or plastics such as polyurethane, or for the production of high value aromatic
compounds(such as vanillin). By the production of a variety of products at the same
time, we can take full advantage of a variety of lignocellulosic components and

intermediates with different performance, to get the maximum value from lignocellulosic
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materials.

Shandong University has long been engaged in the basic and applied research of
cellulases, and made a lot of achievements. Shandong Longlive Company in Yucheng
has established a corncob-process technology for production of xylose series, and has
achieved large-scale industrialization. Based on these, we proposed a technical route to
use corncob-xylose to process residue, producing cellulases and fuel ethanol. By
successful production of value-added products such as xylitol, xylooligosaccharides
(XOS), etc from corncob hemicellulose, the solid structure of cellulose, lignin, is
loosened during the processing, providing a raw meterial which is easy to be
enzymatically hydrolysed for the next step. The cost of raw materials and pretreatment
can be merged into the production cost of high value-added products, so the
economics of cellulosic ethanol production is improved remarkably. Since the
hemicellulose part of the corncob has been converted into high-value products, the
difficulties in hemicellulose to ethanol conversion have been solved. The remaining lignin
can also be used to produce high-value chemical products, to form diversification of
products and reasonable industrial structure, thereby increasing the overall economic

benefits of the production process(Fig.1).
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Fig.1 Corncobs or corn stalks biorefinery process schematic diagram

In the new technology, by using proprietary industrial cellulase over-producing
strains of Penicillium decumbens, using xylose residue and other industrial waste as the
main component of fermentation medium, and on-site production of crude cellulase
fermentation broth in order to avoid the increased cost of processing enzyme preparation
and large scale transportation, the enzyme cost for cellulosic ethanol production has

been significantly reduced. In the same time, by the functional genome study, protein
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secretomics analysis, and using simultaneous saccharification and fermentation, fed-
batch fermentation, pH segmented control and other new technologies, series of
technical problems, such as lack of nutrients in the xylose residue medium, increased
broth viscosity, unstable pH, easiness to spray material or material pegged to the wall
of fermentors during cellulase production, low product ethanol concentration, have been
overcome. A complete set of production technology has been invented.

On the basis of these technological inventions, we have built a first pilot plant and a
set of demonstration units, which can produce 3000 and more than 10,000 tons of
cellulosic ethanol per year from corncob residues, and implemented new technology on
a large scale pre-production. The production cost is close to the level of grain ethanol
production. Related technology has obtained a Chinese patent, and won the Technical
Invention Award of Shandong Province in 2009, and the National Technology Invention
Award in 2011. The new technology has successfully passed the environmental
assessment by the State Ministry of Environmental Protection. Recently, the 50,000 t/a
cellulosic fuel ethanol project of Shandong Longlive Biotechnology Co., Ltd. has been
approved by the National Development and Reform Commission, bringing it to be the
first state formally approved cellulosic ethanol production plant.

After the lignocellulose biorefinery concept was raised, new technology rapidly
expanded. Jinan Shengquan Group has developed an integration of new energy — new
materials ( furfural—ethanol—lignin Power co-generation) technology, has completed the
construction of industrial-scale installations, and will enter production phase soon.
Through cooperation between the Institute of Process Engineering of Chinese Academy
of Sciences and other scientific institutes with Songyuan Biochemical Butanol Co. , Ltd. ,
Jilin, etc, the “butanol fermentation of straw hemicellulose with comprehensive utilization
technology” project has been completed. By the new technology, corn straw biorefinery
cogenerating butanol - cellulose derivatives——polyol——has entered the stage of
industrial development.

Through arduous efforts, we hope to eventually be able to use all of biomass
feedstock( starch, sugar, cellulose, lignin, etc. ), to diversify the products(fuels, bulk
chemicals and fine chemicals, pharmaceuticals, feed, plastics, etc. ), forming a giant
biomass refining industry, partially substituting fossil resources, achieving a sustainable

economic and social development based on carbohydrates.
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State-of-the-art Research Progress of
Aviation Biofuel Using Biomass
Wastes in Tianjin University

Guanyi Chen

Section of Bioenergy and Environment, School of Environmental Science &

Engineering, Tianjin University, Tianjin, PR China

1. Background

According to the International Energy Agency(IEA) , aviation contributes approximately
2-3 percent of the world’ s anthropogenic carbon dioxide (CO, ) emissions, but has
received considerable attention regarding these emissions. In 2007, the European
Parliament voted to bring aviation into the European GHG-emission trading system( EU-
ETS). This legislation would require all airlines flying within or into Europe region
decrease their greenhouse gas(GHG) emissions by 10 percent or buy CO, allowances
on the open market after it takes effect in 2012. The aviation industry is facing billions of
dollars in added costs from their prospective, required carbon credit purchases via their
entry into the EU’ s emissions trading scheme. In order to deal with this crisis, aviation
industries explored several improvements on engine & airframe technology, operation &
fleet management and other measures. Moreover, alternative fuel is an imminent part of
the aviation industry’ s future. Renewable jet fuels could significantly lower GHG
emissions and can provide a long-term sustainable alternative to petroleum jet fuel.
Following the first successful biofuel flight of a Virgin Atlantic Airways 747 — 400, three
more commercial airlines conducted successful in-flight tests using sustainable
alternative jet fuel. The fuel was produced from second generation sources, including

camelina, jatropha and algae, reducing the fuel’ s carbon footprint by 80% relative to jet
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fuel without competing for resources with food production.

2. Technologies

2.1 FT

Fischer-Tropsch ( FT ) chemistry understandably is often regarded as the key
technological component of schemes for converting synthesis gas (or “syngas”) to
transportation fuels and other liquid products. German researchers Franz Fischer and
Hans Tropsch developed this method bearing their names in 1922 as a method for
making liquid fuels from coal over alkalized iron chips at 673 K and under high pressure
( >100 bar). FT fuels have several characteristics that make them attractive as a jet
fuel. Their higher specific energy leads to a small reduction in the amount of energy
required to fly a given distance with a given payload and could allow for increased
payload capacity. FT fuels are clean burning without sulfur dioxide (SO, ) or sulfuric acid
(H,S04) aerosol emissions, thus leading to increased combustor and turbine life, and
their improved thermal stability should reduce deposits on engine components and fuel
lines.

The FT process produces a mixture of hydrocarbons ( HC) with carbon chains
corresponding to gases (range from C1 to C4), liquids (from C5 to C20) and even
waxes ( > C20). The FT approach provides a series of production of liquid fuels,
including jet fuel, from various carbonaceous feedstocks, of which the most relevant are
coal, natural gas, and biomass. The first plant used coal as the starting material; this
conversion is called coal-to-liquids or CTL. The current generation of plants will use
natural gas as the starting material; this is called gas-to-liquids or GTL. Biomass can
also be used as the starting material by going through a gasification step to produce

carbon monoxide; this process is called biomass-to-liquids or BTL.
2.2 Hydrotreating renewable process

Alternative fuel is an imminent part of the aviation industry’s future. The aviation industry
is hopeful about alternative fuels for the potential environmental benefit of reduced life
cycle greenhouse gas emissions and the economic benefits associated with increased
fuel availability and lower fuel costs. Vegetable oils and animal fats can also be

hydrotreated to produce high cetane numbers and straight chain alkanes ranging from
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C9 to C18 that can be used in the aviation industry. The hydrotreating process
conditions are with temperatures of 350°C-450°C, pressurs of 40—150 atm, liquid hourly
space velocities 0.5-5.0 h™", and sulfided NiMo/Al,O, catalysts. Then the alkanes can
also be isomerized using molecular sieve or zeolite catalysts. Syntroleum has licensed
its Bio-Synfining process to Dynamic fuels. UOP has successfully commercialized the
deoxygenating process to convert vegetable oils and wastes to green jet fuels. UOP has
produced several thousand gallons of renewable jet fuel from a variety of feedstocks,
including first generation oils such as palm and soy, as well as transition and second

generation oils like camelina, jatropha and algal oils.
2.3 Synthetic hydrocarbon process

Alkanes can also be produced from sugars by chemical processes including a step
called aqueous phase reforming ( APR ). This involves catalytic dehydration,
hydrogenation and aldol-condensation reactions. The Virent ‘ BioForming’ process is an
integrated catalytic method, which combines the APR technology and other conventional
catalytic processes, to convert sugars into high-energy conventional liquid fuels
(hydrocarbon molecules). The feedstock is a solution of water and water soluble
oxygenated hydrocarbons, like sugars, sugar alcohols, and other polyhydric alcohols.
First, the water soluble carbonhydrates may undergo an initial hydrotreating step to
convert the sugars and organic acids into polyhydric alcohols. Then, the aqueous
product stream from the hydrotreating step above is fed into the APR reactor to proceed
the aqueous phase reforming, which is the key step in the bioforming process. Usually,
the aqueous phase reforming process utilizes heterogeneous catalysts at moderate
temperatures and pressures to reduce the oxygen content of the carbohydrate
feedstock. At last, the jet fuel products can be produced using a base catalyzed

condensation route.

3. Materials

3.1 Jatropha

Jatropha is native to Central America with a height of about 3 m and good adaptability in
tropical and subtropical climates. The non-edible oils and fats contained in the trees can

be used to produce fuel and each seed can produce 30%-40% of oil. Jatropha is
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resistant to drought, pests and diseases without competing with food resources. After 2
or 3 years, jatropha could grow to maturity and can live for 40 years with a height of over
4 meters. The carbon dioxide absorbed from the atmosphere by jatropha is far beyond
that they released to the atmosphere. Moreover, the Scientific American magazine
evaluated jatropha as “green gold in the bush” in 2007, just because this miraculous
tree species can also stabilize and restore degraded soail.

The world’ s first commercial aircraft flight test was carried out by Air New Zealand
on December 3, 2008. A 747-400 aircraft was used in the flight test, while one of the
Rolls-Royce RB211 engines was drived by mixed fuel, which was mixed by second-
generation sustainable biofuel and Jet A —1 conventional jet fuel with the ratio of 1:1.
The biofuel test flight results showed that 12% of the fuel would be saved in B747 with
the 50:50 mixtures of jatropha oil fuel and standard jet fuel. Also, the carbon dioxide

emissions will reduce by about 60 to 75 percent.
3.2 Microalgae

Microalgae are currently under consideration as a next generation feedstock for the
production of biofuels. Compared to first generation biofuel feedstocks, microalgae are
characterized by higher solar energy yield, year-round cultivation, the ability to grow in
lower quality or brackish water, and the use of less and lower-quality land.

Biofuels from algae are promoted as the environmentally sustainable alternative to
current agrofuels. There are inherent problems with this technology, at least as far as
nongenetically engineered algae are concerned: Algae either maximise growth or they
maximise oil production, not both. Growing just one ‘optimum’ type of algae would be
difficult because those would be vulnerable to predators and to being out-competed by
other algae. Closed ‘ bioreactors’ provide higher yields than open ponds, but they
require significantly greater capital and energy input. One company—Solazyme
(supported by Chevron)—is using algae to produce a different type of biofuel, one
which the company state has passed “the biggest hurdles” to being approved as a jet
fuel. Solazyme has used synthetic biology to ‘engineer’ algae which get their energy
not through photosynthesis, but through immersion in sugar. This means that they would

rely on agrofuel feedstocks such as sugar cane, which have large land requirements.
3.3 Camelina
Camelina is also known as “happy gold” or false flax with high oil content ( usually
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containing 35%—-38% oil) and alternately planted with wheat and other cereals. First
from Northern Europe and Central Asia, it is mainly grown in the milder areas, such as
the northern plains of the United States and Canada.

Japan Airlines first carried out a test flight with the Pratt & Whitney engine fueled by
three second-generation biofuel mixtures, whose compositions contained camelina oil
(84% ), jatropha oil (less than 16% ) and algae (less than 1% ). Michigan
Technological University researchers determined greenhouse gases emissions
throughout the life cycle of aviation fuel with camelina as raw materials. The results show
that some of the unique properties were detected for the camelina, such as low demand
for fertilizer and high oil production. Besides, its byproducts can also be used as the
high value-added materials. According to this study, a 60%-85% reduction in GHG
emissions can be achieved from current technologies that produce bio-SPK relative to

petroleum-derived jet fuel.

4. Technology progress

Among these jet fuel technologies, the FT synthesis and the renewable jet fuel process
will supply alternative fuels for the potential environmental benefit of reduced life cycle
GHG emissions and the economic benefits associated with increased fuel availability and
lower fuel costs.

The FT approach provides a means of producing a slate of liquid fuels(including jet
fuel) from various carbonaceous feedstocks, of which the most relevant are natural gas,
coal, and biomass. All jet fuels produced using FT synthesis have similar
characteristics, regardless of which feedstock is used. Fischer-Tropsch(FT) chemistry
understandably is often regarded as the key technological component of schemes for
converting synthesis gas (or “syngas”) to transportation fuels and other liquid
products. However, syngas production itself accounts for more than half of the capital
investment. The availability of FT jet fuels within the next decade depends on feedstock,
the world price of oil, resolving uncertainties in production costs, and regulatory and
technical issues associated with capturing and sequestering large quantities of CO, .

The renewable jet fuel processes such as Bio-Synfining ( Syntroleum) and Ecofining
(UOP) both are low capital cost processes for producing high quality synthetic
paraffinic kerosene ( SPK) from bio-renewable feeds like vegetable oils, animal fats,

greases, jatropha, algal and wastes. The SPK has superior product properties to other
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options available today, with higher cetane number, lower cloud point and lower
emissions. The renewable jet fuel SPK can be used in today’s tanks, pipelines, pumps
and automobiles without changes, which will save significant expense as demand for

renewable grows.

5. Technology from TJU

Fatty acid methyl esters(also called biodiesel) are renewable fuels manufactured by the
transesterification of vegetable oils or animal fats. It was also considered as an
alternative to jet fuel components with the reason that it can be used as a substitute for
or as an additive to mineral diesel. However, its poor low-temperature properties and
high oxygen content limit its wide commercial application as jet fuel component. Tianjin
University developed a new method (C — LTM process) to produce wide-cut aviation
biofuel( carbon number ranged from 5 to 15) from fatty acid methyl esters. There are
three main steps in this technology. First, the feedstock fatty acids or fatty acid methyl
esters were hydrotreated to eliminate the side effect of double bonds. The products from
the hydrotreating process undergo the Kolbe reactions to convert into long chain
hydrocarbons. The optimum conditions for Kolbe reaction were that the potential was
higher than 7.5 V and 20 wt. % of KOH was used as the support electrolyte with a
temperature of 45°C +5°C, while the methanol as solvent. At last, the hydrocracking
process was used to change long chain hydrocarbons into desired jet fuels, which have
similar properties with bio-SPK obtained from UOP’ s Ecofining SPK process. However,
this process could undergo effectively at lower hydrogen pressure and the hydrogen
comsumed during the whole process would de supplied by this closed system itself

(hydrogen was byproduct during Kolbe electrosynthesis) .

|Oils & Fatsl——l Electrosynthesis I——l Hydrotreating
Ed

6. Concluding remarks

All renewable jet fuel processes such as Bio-Synfining ( Syntroleum) and Ecofining as
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well as C —LTM process( Tianjin University ) are low capital cost processes for producing
high quality SPK from bio-renewable feedstocks like vegetable oils, animal fats,
greases, jatropha, algal and wastes. The SPK has superior product properties to other
options available today, with higher cetane number, lower cloud point and lower
emissions. The renewable jet fuel SPK can be used in today’s tanks, pipelines, pumps
and automobiles without any changes, which will save significant expense as demand

for renewable grows.
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Fuel Ethanol Production from Agricultural
Residues by Self-immobilized Yeast

Fengwu Bai

Dalian University of Technology, Dalian, PR China

High cell density and productivity cannot be achieved for freely suspended cell culture
and fermentation systems under chemostat conditions, due to the auto-balance between
cell growth within bioreactors and the washing-out of cells with the effluent. Immobilized
cells with supporting materials were thus proposed in the 1970s, and have been
intensively studied within the past decades, but unfortunately most of them were not
successful in industrial applications, particularly in the production of bulk commodities
like fuel ethanol. The reasons for this phenomenon mainly rest with: 1) cell growth is
significantly compromised by the physical constraint of supporting materials, making
immobilized cells unsuitable for the production of primary metabolites like ethanol,
whose production is tightly coupled with cell growth; 2) extra cost in the preparation of
immobilized cells at large scale and high risk of microbial contamination make the
immobilized cells economically not competitive; 3) contamination of the supporting
materials to the quality of co-products like yeast biomass in ethanol production further
makes immobilized cells unacceptable in industry.

Some cells can flocculate during culture and fermentation to form flocs with
desirable size distributions, which are suitable for immobilization within bioreactors
without consumption of supporting materials. Apparently, the self-immobilized cells can
overcome technical and economical disadvantages of immobilized cells with supporting
materials. Taking ethanol fermentation as an example, a self-flocculating yeast with
excellent ethanol fermentation performance was developed by the protoplast fusion
technique from the self-flocculating yeast Schizosaccharomyces pombe and the non-

flocculating yeast Saccharomyces cerevisiae for ethanol production in industry, and
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the suspended-bed bioreactor ( SBB) suitable for continuous ethanol fermentation
with the self-immobilized yeast cells was figured out, correspondingly.
Furthermore, the ethanol fermentation system was optimized based on the kinetics
of yeast growth and ethanol production, and a pilot plant composed of 4 — SBB in
series, each with a working volume of 100 m®, was established with an ethanol
production capacity of ~40 t/d to verify the technical and economical performance.
Finally, this innovative ethanol fermentation technology was commercialized in the
BBCA’ s fuel ethanol production.

Update research progress indicates that stress tolerance can be improved
significantly when cells self-flocculate due to enhanced synergistic effect associated with
the morphological change through the quorum sensing mechanism, indicating that
robust strains could be developed from the self-flocculating yeast by engineering it with
the pentose metabolic pathway for fuel ethanol production from lignocellulosic biomass

like agricultural residues.
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Bioproducts and Biofuel from Microalgae
as well as CO, Biofixation Based on A
Series of Novel Cultivation Techniques

Yuanguang Li

State Key Laboratory of Bioreactor Engineering, East China

University of Science and Technology, Shanghai, PR China

With the dwindling of fossil fuels supply and the urgent need for the development of low-
carbon economy, microalgae bioenergy and CO, biofixation have become two of the
worldwide focuses. The commercialization of both microalgae bioenergy and CO,
biofixation are the representative bio-product engineering process combined with
agriculture and industry, which involves multiple disciplines. High cost and various kinds
of resources matching problems(e.g., CO,, water, land, etc) are bottlenecks limiting
the commercialization of both microalgae bioenergy and CO, biofixation, which must be
overcome. Due to the current low price of energy products, the technology, which can
achieve the industrialization of both microalgae energy and CO, biofixation in the near
future, must be able to produce some microalgal products with high values in the
meanwhile. Namely, in the development of the strategic emerging industries of both
microalgae energy and microalgae CO, biofixation, the technical upgrading and
application expansion of current microalgae industry will be necessary.

There are various categories of microalgae, but only a few species have been
phototrophically cultured outdoor in large scales. However, Chlorella sp. is the only one
species that can not only be cultured massively with sunlight but also accumulate lipid
with high content.

Our group has pioneered a novel cultivation technique namely Sequential
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Heterotrophy-Dilution-Photoinduction ( SHDP) in the field of microalgae cultivation. By
using the novel technique, Chlorella sp. cultivation with high density and high quality
has been realised. With many advantages, such as low cost and enclosed cultivation,
this technology is expected to completely replace the photoautotrophic cultivation
technology commonly used for producing the Chlorella powder which is widely applied in
the fields of food and feed. Moreover, Chlorella sp. can also accumulate both lutein and
lipid with high content by optimizing the culture media and cultivation process, which
can be combined to reduce the production cost of biofuel. In addition, the application of
the technology can achieve the cultivation of Haematococcus pluvialis with high density
and high quality to produce the high-value product.

To overcome the long period of seed cultured photoautotrophically and inadequate
cell supply for the inoculation of microalgae photoautotrophic cultivation, a novel
technology for the photoautotrophic culture of Chlorella sp. with heterotrophic cells as
seed (PC - HS) was developed for large-scale biomass and lipid production. In
addition, the optimization method of photobioreactors based on computational fluid
dynamics ( CFD ) has been established initially, and the sensitivity parameters for
photobioreactor optimization and its scale-up have been obtained.

In order to implement the CO, biofixation, the fermentation and boiler exhaust gas
generated from the Chlorella heterotrophic process can be used as CO, source for
photoautotrophically cultivating Chlorella. sp with high lipid productivity. Furthermore,
the proposed process combining the production of Chlorella powder and the biofuel can
not only exhaust no CO,, but also resolve the matching issue of CO, source for
commercialising microalgae bioenergy.

Based on the series of novel cultivation techniques including SHDP and PC - HS,
the above development strategy, which integrates the production of both Chlorella
powder and microalgae bioenergy as well as CO, biofixation, is expected to accelerate
the industrialization process of both microalgae energy and CO, biofixation.

The pilot process of the development strategy was investigated in Jiaxing Zeyuan
Biological Products Co., Ltd, in order to firstly achieve the following three
industrializations at home and abroad.the first one is the industrializations of the SHDP
culture technology to produce the high quality products of Chlorella and Haematococcus
pluvialis, the second one is the industrializations of microalgae energy, and the final one

is the industrializations of microalgae CO, biofixation, while achieving low or zero net
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emissions of CO, in the processes.
In this paper, the pilot results will be introduced systematically, and the

industrialization process will be out-looked.
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Fuels and Feedstock from Biomass: the
View of Bayer Technology Services

H. J. Leimkuehler

Bayer, Germany

Bayer is a global enterprise with core competencies in the fields of health care, nutrition
and high-tech materials. As an inventor company, it sets trends in research-intensive
areas. Bayer’s products and services are designed to benefit people and improve the
quality of life. At the same time, the Group aims to create value through innovation,
growth and high earning power. Bayer is committed to the principles of sustainable
development and acts as a socially and ethically responsible corporate citizen. In fiscal
2011, the Group employed about 112,000 people and had sales of 36.5 billion. Capital
expenditures amounted to 1. 7 billion, R&D expenses to 2.9 billion.

Bayer is represented in Greater China by its Bayer HealthCare, Bayer CropScience
and Bayer MaterialScience subgroups and the service company Bayer Technology
Services, and operates several production facilities there. Local production now
accounts for an increasing proportion of sales in Greater China. With a number of major
investments under way, Bayer is positioned to remain a key partner in China’ s
development.

We are convinced that Bayer can only be commercially successful over the long
term if we balance economic growth with ecological and social responsibility. Bayer
regards itself as a member of society and believes it needs society’ s long-term
acceptance to be able to act entrepreneurially. We allow ourselves to be guided by
long-term values in the implementation of our sustainability strategy. Our commitment to
sustainability is underlined by clear references to the topic in our mission statement

’

“Bayer. Science For A Better Life,” our pledge to the ten principles of the United

Nations Global Compact, and our participation in the Global Compact’ s new
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“Corporate Sustainability Leadership—Ilead” initiative launched in 2011 and the chemical
industry’ s Responsible Care? initiative.

Bayer also wants to meet its responsibilities in matters of climate change. We take
climate change as an environmental and economic challenge seriously. It affects the
foundations of our commercial activity. On the one hand, endeavors in the field of
environmental protection have to be strengthened. On the other, greater attention needs
to be paid to innovative solutions to deal with the consequences of climate change.
Bayer intends to make specific contributions to both.

We intend to intensify our efforts even further. We have set ourselves the following
climate objectives;

Intensifying efforts in energy efficiency and emission reduction:We are continuously
working on minimizing our own carbon footprint by improving operational efficiency as
well as our customers’ carbon footprint by providing market solutions. Our efforts to
reduce emissions cover all operations. When it comes to our production sites, we have
already made great progress: Between 1990 and 2005, we cut our greenhouse gas
emissions by more than a third, primarily as a result of improved energy efficiency
through improved technologies, new chemical processes and the application of
approaches like our Bayer Climate Check and our innovative energy management
system STRUCTese. Our activities in production are supplemented by supporting
initiatives in sales (e. g. improved car fleet) and administration (e. g. substitution of
business travel by videoconferencing and initiatives like Bayer Green Office and Green
Data Center). For the years 2005 —2020 we set a new ambitious target: We want to
further reduce our greenhouse gas emissions per ton of product sold by ~35 percent.

Developing market solution;In many different ways, our products play their part in
saving energy and conserving resources. Examples are our polyurethane materials for
insulation and our polycarbonate products for lightweight solutions in mobility. With its
EcoCommercial Building Program, Bayer integrates all players in building construction
and promotes the use of construction material to further reduce emissions. As an
innovator company, we have initiated various research and development projects to
develop new solutions. Our project portfolio covers solutions for climate mitigation—e. g.
a technology that improves energy efficiency in chlorine production by 30 to 50
percent—as well as solutions for climate adaptation—e. g. the development of stress

tolerant plants that can better adapt to changing climate conditions.
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Expanding partnerships: Climate change is an enormous challenge that no player
can tackle alone. We believe that high-profile partnerships are required to improve
impact. Therefore we have joined forces with institutions like the UN Environment
Program( UNEP) to promote environmental awareness, the International Rice Research
Institute (IRRI) , Philippines, to research environmentally sustainable rice production and
the Innovative Vector Control Consortium to improve vector control. We have also
entered into research and development partnerships with leading academic institutions
and private sector companies to further develop solutions for climate mitigation and
adaptation.

The Chinese government has clearly communicated that it will focus on quality
growth during the 12th Five-Year-Plan period and has set clear targets in agriculture,
health care and energy efficiency. At Bayer, we are in the position to help China
address its core challenges through our portfolio and innovations. Therefore Bayer
launched the Bayer China Ten Point Plan, a commitment of the company to align its
portfolio and innovations with China’ s pressing demands for sustainability. China’s 12th
Five-Year-Plan also puts unprecedented focus on sustainable and “ low-carbon”
development. Goals include reducing energy consumption per unit of GDP by 16
percent and carbon dioxide emissions per unit of GDP by 17 percent from 2010 levels by
2015. To help China achieve these ambitious targets, Bayer MaterialScience not only
provides solutions on light-weight mobility, but also on sustainable building and
infrastructure.

Climate protection starts for us at the beginning of our production; with our
feedstock. Two thirds of our carbon footprint can be traced back to our raw materials.
Therefore we are carefully evaluating the possibilities of replacing fossil-based feedstock
by renewable materials. Some of our important raw materials are already or in the near
future partly bio-based, like ethylene glycol, propane diole, butane diole and succinic
acid. On other we are working, but a longer road is still ahead of us. Examples are
benzene, toluene or acetone.

Our service company Bayer Technology Services(BTS) has done important work on
the topic of using biomass for the production of fuels and, important for us as a chemical
and pharmaceutical company, raw materials. Some of these activities are described
more in detail in this presentation.

In order to select the own direction of renewable fuels and chemicals production, it
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is necessary to gain an overview over the entire field of biomass usage and to focus its
research resources on the most relevant and promising paths. Some of the principles for
focusing on certain paths are

Sustainability ; Focusing on non-edible biomass as feedstock of the 2nd generation
(e.g. used oils, biomass waste) ;

Efficiency: Focusing on processes with a high space-time-yield (i. e. thermo-
chemical processes) ;

Effectiveness; Focusing on the synthesis of the relevant target products for our
industry(e. g. aromatics).

Therefore we present in the following some aspects of our development and
evaluation work in the field of biomass usage:

Biodiesel from oil crops and used oils( BayFAME) ;

Fuels from waste biomass( Biomass to Liquid, BTL) ;

Chemical raw materials from waste biomass( Catalytic Fast Pyrolysis) .

Biodiesel has been seen as the first step to the bio-based economy, especially to
the world’s need for renewable fuels. In the last decade a real investment boom was
observed yielding in a number of new plants with small and medium capacities
( <500 kta). Politics in EU supported or maybe even originated this development by
means of tax reductions for bio-based fuels and law regulations enforcing continuous
increase of bio-based components in fuels, up to 20% in 2020. However, it shortly
occurred that feedstock availability and its price are limiting factors for further
development. For example in Europe, in 2010 already 54% of the produced rape seed
oil was used as feedstock for biodiesel. There is no free area to extend production of
rape seed. Shortage of raw oils caused strong increase of their price. This development
was critical for the biodiesel industry since manufacturing costs of biodiesel are
dominated by the feedstock costs. While the feedstock presents 80% of the cost of
goods, other factors like investment cost, utilities and labor only play a minor role.
Furthermore, feedstock prices and availability are a moving target in today’ s
environment, since typical feedstock like soybean oil and rapeseed oil, which are easily
turned into biodiesel (FAME ), have reached price records of 1500/t and 1400/t in
2008. Less expensive potential feedstocks are available but they contain a significant
amount of free fatty acids (FFA) which cannot be processed in conventional biodiesel

plants. In the past, these free fatty acids had to be treated as waste or as a by-product
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of low value. Some acid esterification techniques for these FFA were available in the
market but presented significant issues in terms of acid removal and waste water
treatment.

In order to overcome these limitations, BTS developed a technology that converts
free fatty acids in biodiesel feedstock into fatty acid methyl ester ( FAME ) by
esterification with methanol. This reaction is typically catalyzed by an acid catalyst, such
as sulfuric acid. However, the application of strong acidic homogeneous catalysts like
H,SO, requires a significant extra effort in terms of materials of construction and safety
compared to a conventional biodiesel plant. These restrictions are resolved by the Bayer
Technology Services’ continuous free fatty acid esterification process, which includes
an optimized process design for the application of the heterogeneous esterification with
AMBERLYST™ BD20 catalyst from Dow. As the esterification of free fatty acids is
equilibrium limited at relatively low FFA conversions, the driving force to achieve
complete FFA removal needs to be increased by using methanol in excess of the
stoichiometric requirement. This is combined with a multi-stage reactor configuration
with an inter-stage removal of the by-product water, which offers a further shift of the
thermodynamic equilibrium towards complete conversion of even high FFA
concentrations in the feedstock. The multi-stage concept offers a flexible process
design, which ensures that feedstock with any FFA content up to 100 wt% can be
processed with an optimum yield and minimum manufacturing costs. While for low FFA
concentrations a single reaction stage is sufficient to reduce the FFA concentration to a
level as low as 0.1 wt% , a 3-stage process will cover the complete spectrum up to 100
wt% FFA.

The process has been designed with the target to preferentially employ robust and
simple process equipment, which minimizes investment costs and operating complexity.
The core part of each reaction stage will be a continuous flow reactor containing a fixed
bed of the heterogeneous esterification with AMBERLYST™ BD20 catalyst. After each
reaction stage water is removed by evaporation together with most of the methanol
excess. The resulting wet methanol stream is dried by distillation before being recycled
and reused for further esterification of fresh FFA. In case multiple reaction stages are
employed, the methanol will not be removed after the last stage. The final esterification
product including excess methanol can be directly sent into a downstream

transesterification unit.  This  will reduce the methanol requirement in the
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transesterification and also reduce the heat requirement for methanol drying. In multi-
stage process configurations the energy demand will be further optimized by heat
integration between the evaporator stages and the methanol drying column.

The capital investment costs for the esterification process vary depending on user
requirements with regard to feedstock, overall capacity, biodiesel process and
flexibility. Costs for a typical installation of a 2-step configuration with methanol
processing will range from 4 -5 million US dollars for 30 million gal/year (136 million
liters/year) or 1.8-2.2 million US dollars for 5 million gal/year (23 million liters/year) ,
but will be depending on local conditions as available infrastructure and buildings, local
standards and codes, labor market, etc. Typical components of the operating costs are
depreciation, catalyst, utilities( steam, electricity and cooling water) , maintenance and
labor, though most likely the additional esterification unit can be easily run by the
personnel already working on site. Overall the savings using an FFA rich feedstock with
the Bayer Technology Services esterification technology BayFAME are significant
compared to conventional feedstock like rapeseed or soybean oil. Typically, a price
difference of about 2 c/lbs (4.4 c/kg) pays off for the costs of depreciation and
operation.

While the use of FFA rich oils, grease and tallow can contribute to a future fuel
supply, it can by far not cover the whole demand. Forecasts predict that in 2050 organic
waste can cover 3 EJ compared with the total energy demand of more than 1200 EJ.
This clearly shows that additional sources must be found.

In the future second generation technologies that utilize lignocellulosic biomass have
to be applied. In the literature so called “Biomass to Liquid” processes (BTL) are
frequently discussed. BTL technology converts biomass to syngas which in the
consecutive step is converted to liquid hydrocarbons by means of Fischer-Tropsch
synthesis(FTS). The general advantage of the BTL process is its relative insensitivity to
the feedstock and high quality products accepted and demanded by the market. BTL
fuels are not only fully compatible with the currently used fuels, i. e. diesel and gasoline,
but also allow to reduce car emissions because fuels are clean and without aromatics, S
and N compounds. From the technological point of view, BTL process integrates proven
technology modules. The central step in the production of synthetic fuels is the FTS. FTS
has been used for many years for the conversion of coal( CTL) and natural gas( GTL).

Since China is in a leading position in the development of the CTL technology it has an
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excellent base to deploy the BTL technology. BTS has not been involved in the
development of our own FTS or GTL technology. However, BTS offers services in the
field of technology evaluation and integration. The presented analyses have been done
from this position.

The main disadvantage of the BTL technology is its complexity. In order to apply
modern high capacity gasifiers, e. g. entrained flow gasifiers, biomass has to be dried,
grained and pyrolyzed. Large scale pyrolysis is the less developed technology. In the
next steps synthesis gas from the gasifier has to be purified and its composition adjusted
to the demand of the FTS. BTL plant has to be also equipped with all kinds of utilities like
oxygen plant, energy supply and waste water treatment facilities.

Syngas processing is at the first glance a simple set of unit operation that can
illustrate the complexity of the BTL process. FT catalysts are very sensitive to poisoning.
In particular, sulfur(H,S, COS, CS,) even at very low concentrations( practically on the
detection level ) can cause irreversible deactivation. Furthermore, tars, dust, alkali
metals, and other gaseous impurities(NH,, HCN, HCI, HBr, HF) have to be removed
from the synthesis gas. Various gas purification technologies like scrubbers and
adsorbers are available. However, from the operational point of view the demanded
high quality of gas cleaning is not trivial to obtain especially when considering the
variability in the properties of biomass. Therefore for the BTL process gas cleaning is a
very critical and uncertain step. Since similar problems occur in the CTL technology
operational experience with them will be advantageous. Synthesis gas has to be also
conditioned, i. e. its composition has to be adjusted to the stoichiometry demanded by
the FTS. Gasification of biomass yields synthesis gas with the H,/CO ratio of 1. But
according to the stoichiometry of the FT reaction synthesis gas with an H,/CO ratio of 2
is required. A simple solution provides integration of a water-gas shift(WGS) reactor.
This reaction is slightly exothermic and can be carried out in simple adiabatic fixed bed
reactors. However, WGS reaction converts part of CO into CO,. This, in turn, reduces
carbon yield and the CO, reduction potential for the BTL process. Furthermore, CO, has
to be removed from the synthesis gas in order to minimize the investment costs for the
FTS step.

The complexity of the BTL has a strong impact on the investment cost. The
estimated CAPEX for a 100 kt/a plant amounted to ca. 300 million. Though this number

gives only an order of magnitude of the CAPEX, it illustrates well the high investment
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barrier. These high expenditures are quite equally distributed between the main process
units. The high investment cost for the FTS are mainly due to the high pressure
equipment and the expensive catalyst. Expenditures for the gasifier suffer from the high
pressure and high temperature demands for the equipment. In the pyrolysis unit also
costs for drying and grinding are included. The overall cost of the fuel from the BTL
process depends not only on the high CAPEX expressed by the high depreciation costs.
They are also strongly influenced by high manufacturing costs resulting from the
complexity of the process and by costs for the biomass. In spite of the general opinion
the rest or waste biomass costs nothing, careful analysis indicates that this statement is
not true. At least the price corresponding to the energetic value of the biomass has to be
considered. For the large biomass conversion plants also not negligible logistic costs
have to be taken into account. The overall conclusion from the performed economic
evaluation was that products from the BTL route are nowadays not competitive with the
fuels from crude based technologies.

In order to reduce the costs for the bio-based fuels or chemicals we need cheaper,
that means less complex, technologies. For many years fast pyrolysis yielding bio-oil
with high selectivity has been considered as promising alternative. This technology
allows a one-stage thermochemical biomass conversion at low pressure and relatively
low temperatures( <600°C). When compared with the FT route it offers lower investment
costs and higher processing efficiency defined as the net energy of the product as
percentage of the biomass feedstock’ s energy content. The main drawback of this
technology is the low heating value of the bio-oil( due to the high oxygen content) and
its acidity. Therefore, bio-oil has to be dehydrogenated before it can be used as fuel.

Further development of this technology is catalytic fast pyrolysis. The reaction
consists of two consecutive steps:fast pyrolysis of biomass particles to volatile products
and char, followed by oligomerization and aromatization of pyrolysis products. Selective
reactions to aromatic hydrocarbons and olefins are associated by nonselective
conversion of oxygen incorporated in biomass to carbon oxides and water. Furthermore,
coke is formed on the catalyst. Despite that this technology is still at the early
development stage, it should be technically feasible since it combines existing
technologies; pyrolysis and reforming.

The simplicity of the Catalytic Fast Pyrolysis compared to the BTL route is illustrated

in the flowsheet. Biomass is converted in a single fluidized-bed reactor filled with zeolitic
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catalysts to aromatics and olefinic hydrocarbons, methane and CO. Carbon yield to
valuable products might exceed 50% . Experimental studies performed in the BTS
laboratories confirmed the potential of this technology. However, two general drawbacks
typical for all thermochemical biomass conversion technologies should be mentioned.
First, the complex preprocessing of biomass:mainly drying to obtain feedstock on the
moisture level of 10% —20% , but also grinding to obtain millimeter size particles. This
size is necessary to avoid heat and mass transport limitations. The second drawback is
connected with the outcome: BMX processes (almost) always yield a broad product
spectrum, like a refinery. This is not a desired situation for the direct interaction with
chemical industry which mostly needs only one product. Therefore BMX plants should
be operated either as bio-refineries or in integrated chemical sites.

Carbon yield is one of the critical issues for all biomass conversion processes. The
BTL route can be used to illustrate the problem. The low carbon yield for the biomass
conversion routes has its origin in the high content of oxygen which by mass amounts to
almost 50% . Low yield is also a consequence of the low effective hydrogen to carbon
ratio which for petroleum derived feedstock is between 1 and 2 whereas for the
lignocellulosic biomass is between 0 and 0. 3. Therefore carbon yield for biomass
conversion amounts to ca. 20%. It is 5 times lower than that for crude oil. It is also
significantly lower than yield in the GTL route. Additionally the technological complexity
is higher, because in the GTL process there is no energy intensive solids handling. In
turn, investment costs are much higher compared to the GTL process. The low yield is
not only the question of costs but also of availability. When assuming 20% vyield and a
100 kta plant the feedstock demand would be 500 kta. This, in turn, results in the large
demand for the arable land and for the logistics.

The intrinsic drawbacks of the biomass, i. e. the low energy density and the low
yields have been already discussed. In order to overcome these disadvantages novel
approaches in the plant design are necessary. The simplest solution would mean to
build small, delocalized plants at the best integrated with large farms or with the
agricultural infrastructure. Examples for this approach are known from the technologies
that were developed for the conversion of associated gas. In this approach it is
expected that the cost reduction can be achieved by manufacturing plants in series. A
more sophisticated approach has been proposed by the FZK ( Forschungszentrum

Karlsruhe) . It is a multistage approach that combines advantages of small units with the
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economy of scale idea. According to the FZK concept pyrolysis units should be
distributed and localized near the sources of raw materials. In the pyrolysis step energy
densification takes place by converting biomass into bio-oil and char. Slurry of char and
bio-oil can be transported to large plants where it is converted in the consecutive steps
by gasification and FTS. Liquid hydrocarbons and wax can be then transported to the
world-scale refineries for further product upgrading.

Looking on China we see specific requirements:50% of the population lives in rural
areas. The improvement of the living conditions of the farmer is an important goal.
Petroleum production covers less than half of the domestic demand. Substitution of
petroleum therefore helps to reduce the dependency. 12% of the land is arable and only
1.5% is permanent cropland. That means there is a potential to increase biomass
production by cultivation of new undemanding oil plants.

Considering these requirements we come to a set of recommendations on the field
of biomass waste utilization technologies for China.

Develop the transformation of biomass waste to fuels and chemical raw materials by
R&D funding;

Develop the cultivation of biomass in non-arable areas;

Build up infrastructure for biomass waste logistics;

Build up demonstration facilities close to the biomass sources to show feasibility of
technologies;

Involve industry by giving incentives, fostering industry/academia partnerships and
making use of foreign technologies;

Encourage production of green products via biomass based raw materials.

194



Fuels and Feedstock from Biomass: the View of Bayer Technology Services

Hans-Joachim Leimkuehler is head of Technology Development at
Bayer Technology and Engineering Services in Shanghai. In his
position he is responsible for research & development and
optimization for chemical and pharmaceutical processes. Some of
the working fields of Dr. Leimkuehler’ s group are micro reaction
technology, environmental protection technologies and technology

consulting. The group is working for Bayer and other chemical and

pharmaceutical companies with the focus on efficient and sustainable
processes.

Dr. Leimkuehler joined Bayer in 1989. He started in the Engineering Division as a project
manager in various capital projects in Europe, since 1995 as a group leader for the engineering of
polymer plants. In 1997 he took over a group in the Process Technology Division working on
process modeling and synthesis of entire processes. From 2003 to 2011 he headed the Department
of Process Design. In 2011 he moved to China to take over his present position. Dr. Leimkuehler

holds a Ph. D. in chemical engineering from the University of Karlsruhe in Germany.

195



Part [V The Development, Demonstration and Application of the Biofuel Industry Key Technology

Strategies in Utilizing Renewable Energy of
Biomass

Zisheng Jason Zhang

University of Ottawa, Canada

In the past two decades or so, concerns of climate change from GHG emissions by
anthropological fossil fuel usage has urged many countries in the world to take actions in
developing technologies for CO, capture and storage, as well as effective utilization of
renewable energies. By definition, there will be no(or much less) CO, emissions from
renewable energy sources, such as geothermal, solar, wind, hydro, tidal, wave and
biomass. It should be encouraged to increase renewable energy usage in the total
energy supply portfolio. Amongst the above renewable energy sources, biomass is the
most experienced fuel which human beings have been using since hundreds of
thousands of years ago. It accounts for 65% of the total renewable energy production,
only second to hydro. At the moment, wood and dung burning account for about 14%
of the world’ s energy supply.

For hundreds of thousands of years during human evolvement, biomass was once
the only energy source for space heating and cooking. Today, in some rural areas of the
developing countries, biomass is still the main energy source for heating and cooking.
In the early civilization, biomass even played an important role as energy source for
various industries such as iron-making and lime kiln until Industrial Revolution ( Started
from 1750 ). Biomass mainly comes from earth vegetation. straws, trees, algae,
agriculture wastes, etc. In natural growing cycle, plants absorb CO, from the
atmosphere to build up biomass. The mechanism of biomass growth is through
photosynthesis, where solar energy or light is captured by the pigments in vegetation
and is used to reduce carbon dioxide from the atmosphere into carbohydrates such as

cellulose, hemi-cellulose and lignin. Cellulose and hemi-cellulose are polysaccharides of
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glucose. Lignin is an amorphous polymer, playing an important role in developing

structure during plant growth. Fossil fuels require thousands of years to be converted

into usable energy forms, while properly managed biomass energy can be used in an
ongoing, renewable fashion. When biomass is burnt for energy extraction, the carbon in
biomass is converted or reacted with oxygen into CO,, which is then released back to

the atmosphere. There is no net release of CO, to the atmosphere. Therefore, as a

renewable energy source, biomass is regarded as CO, neutral. Moreover, methane is

released when biomass ( bio-wastes ) decay in natural state or landfill. The Global

Warming Potential of methane is 21 times of CO,. So, using biomass and bio waste to

generate heat, stream or electricity could bring extra benefit in reducing GHG emission.

The types of biomass for energy use could be woody biomass as well as
herbaceous biomass:straw, miscanthus, switch grass. It could be residues(wastes, bi-
products of various industrial and agricultural processes, ranging from woody and
grassy materials) and dedicated energy crops:

e Crop residues: wheat straw, corn stalks, nut shells, orchid prunings, vineyard
stakes, sugar cane bagasse;

e Forest residues:slash, forest thining;

e Urban wood waste:construction residues, grass clippings, backyard prunings;

e Energy crops ( plants grown specifically as biomass fuel) include short rotation
coppice and perennial crops:miscanthus, switch grass, reed canary grass, willow.
There are several ways to utilize biomass, eg, direct firing, gasification, pyrolysis,

biomass fuel conversion, biomass-coal co-firing, etc.

In Canada, biomass energy accounts for 540 PJ ( petajoules) of energy use. It
already provides more of Canada’s energy supply than coal for nonelectrical generation
applications and nuclear power, accounting for 5% of secondary energy use by the
residential sector and 17% of energy use in the industrial sector, mainly in the forest
industries. Including lumber and pulp and paper, forestry accounts for 35% of Canada’
s total energy consumption; the forest industries meet more than one-half of this demand
themselves with self-generated biomass wastes. The forest industries have been
increasing their use of wood wastes that otherwise would be burned, buried or
landfilled. Principal uses include firing boilers in pulp and paper mills for process heat
and providing energy for lumber drying. In some areas(eg, BC, Ontario, Québec,

PEI, NB), forest industries supply wood waste ( known as hog fuel), wood chips and
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pellets to nearby industrial and residential customers and nonuitility electrical generators.
In addition, wood is the principal heating fuel for more than 100,000 Canadian homes
and a supplemental(though largely decorative) heating source in several million others.

The other major sources of biomass are agriculture, food-processing residues,
industrial wastes, municipal sewage and household garbage. Energy-from-waste
projects include steam production for industrial or commercial use or electricity
generation in several major metropolitan centres in Canada.

Biomass energy may be in solid, liquid or gaseous form, permitting a wide range of
applications. At present, the majority of Canada’s biomass energy is supplied in solid
form(eg, hog chips, sawdust, pellets, charcoal, garbage), and in liquid form (eg,
pulping liquors and ethanol). Other liquid forms of biomass energy include methanol
(wood alcohol) and vegetable oils. Landfill gas( methane) from the anaerobic digestion
of municipal solid waste in refuse sites is becoming more widespread in use and
currently accounts for 100 MW.

When methanol or ethanol is mixed with gasoline, the product is sometimes called
“gasohol. ” Methanol, produced from wood and forest waste by a distillation process,
may provide an alternative fuel for transportation and industry at prices competitive with
fuels from bitumen and coal liquefaction. Ethanol, although it is also a viable transportation
fuel, is more expensive to produce when potential food supplies such as corn and wheat
are used. However, ethanol made from biomass sources such as food and agricultural
wastes has the potential to be cost-competitive with methanol and gasoline.

The emphasis of much current research is in the conversion of biomass to alcohol
for use as a transport fuel(to extend or replace gasoline and diesel oil). For example,
at present the production of alcohol from cellulose is a 2-stage process: converting
cellulose into sugars and then the sugars into alcohol through fermentation. New,
genetically engineered strains of bacteria have recently been made which show promise
for combining these functions to make possible a one-step production process for
alcohol from cellulose.

The gaseous form of biomass energy is called biogas, a methane-based gas with a
low heating value. It is typically derived from the anaerobic(ie, without the presence of
oxygen) digestion of organic material, such as municipal sewage or animal manure.

Canada is a signatory to the International Energy Agency Bioenergy Agreement,

which promotes cooperation and collaboration among the 16 member countries.
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Information is exchanged, new and promising technologies are tested and reported on,
and advice is tendered to policymakers on the potential of increasing the proportion of
energy generated using biomass.

The main problems facing expansion of biomass energy are the relatively high costs
of new facilities and the need to make the industry truly renewable. The cost barrier may
be overcome by government policy and rising prices of conventional energy sources.
However, careful attention is also needed for problems of reforestation, land use, water
use, soil quality, erosion and pollution. Producing energy, in addition to lumber and
paper, could put new stress on the sustainability of a forest resource base that is
already endangered by past practices of the forest industries. Biomass energy must be
farmed, not mined; otherwise it will merely join coal, oil and natural gas as yet another
nonrenewable energy source.

The following chart shows the routes of effective biomass utilization. There are still
challenges and hurdles to overcome. Interdisciplinary and international collaborations

are necessary to further develop and perfect biomass utilization technologies.

| Biomass source

|
— T~

| Direct use as fuel | | Conversion

|
VAR LN

Chips Pellets Tor;:lflzciied Gasification | | Pyrolyses | | Direct liquifaction

t ¢ ¢ ! %

. ; Solid fuel - L
Solid fuel | |Solid fuel high Calerie gas fuel liquid fuel liquid fuel

199



Part [V The Development, Demonstration and Application of the Biofuel Industry Key Technology

Professor Zisheng Jason Zhang is Member of the Faculty of
Graduate and Chemical & Biological Engineering, University of
Ottawa, Canada. His Honours include Featured on uOttawa and
OMRI websites for winning a 1,000,000 research excellence fund
from Ontario Ministry of Research and Innovation( the only award in
Ottawa, 2010); Early Researcher Award, Province of Ontario,

Canada ( the only Chemical Engineering recipient in 2007 ) ;

Featured in Nov/Dec 2007 issue of Engineering Dimensions as a
winner of an Early Researcher Award; Canada Foundation for Innovation Funds winner; Featured
in the New Brunswick Telegraph Journal on July 3, 2002 as the leader of the 6 researcher team
winning the Atlantic Innovation Fund of 1.21 million from ACOA; NSERC Industrial Research
Fellowship with BC Research Inc. , 2000; NSERC Post-doctoral Fellowship with MIT, 2000.

200



The Development Path of Biomass Energy and Resources in China

The Development Path of Biomass
Energy and Resources in China

Weiming Yi

Shandong University of Technology, Zibo, PR China

1.  The necessity for carrying out the research and development of
biomass energy

Biomass is the only material resource of renewable energy and organically bound
carbon. The development of biomass can increase farmers’ income, improve the
appearance of rural area, promote the agricultural production and achieve integrated
benefits.

E3 effects—Clean Energy, Economy and Ecology—can be achieved through the

utilization of biomass energy.

2. To take multiple approaches for the development of biomass energy

The development of biomass energy in China progresses rapidly with various
approaches. These approaches vary in technical characteristics and grade of maturity.
Traditional biomas conversion processes, such as electricity generating technology and
biogas production technology, have progressed significantly with Chinese technical
characteristics. Newly developed biomass conversion processes, such as ethanol fuel,
biodiesel, dimethyl ether, pyrolysis, agueous-phase reforming and microalgae bio-fuel,
etc. , have been in the rising phase and closed to the world level of state-of-the-art.

All of these technologies and processes have their own developing spaces and their
core technologies with our own independent intellectual property rights will be achieved
eventually through competitive studies. As a consequence, our biomass energy

industrial chain would be developed.
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3. To establish “a new type of food-energy co-production agriculture
system”

The major bottlenecks for the development of biomass energy are the total amount of
biomass resources available and its collecting cost.

According to the agricultural development rules, the total amount of biomass
resource would provide about 10% of the total energy consumption in China. With the
social and economic development and fossil energy consumption, biomass production
must be increased and biomass energy will play a more important role in the energy
resources system.

The ultimate aim of traditional agricultural production, undoubtedly, is to provide
food and vegetable oil and all of the efforts are focused on how to increase the yield
and, at the same time, maintain the soil fertility. After harvest, most of the straws and
residues are returned to soil for long term fertility excepting a small amount of them
being used as feed and energy feedstock. However, since more and more agricultural
residues are used as biomass energy feedstock, in other words, the demanding for
biomass energy resource is ever growing, two different agricultural development molds
are proposed as: 1) to maintain the traditional agricultural production pattern, only
merely using as much biomass resource as possible for energy production in a passive
way; 2) to change the aim of agricultural production from food production to food-
energy co-production harmoniously in a more active way—producing more biomass
resources in accordance with the need for energy while assuring the safe food
production. Since the latter is superior obviously, the following aspects should be
studied to establish such a food-energy co-production agriculture system:

(1) Soil capacity and protection

Since the aim of traditional agriculture is to produce food as well as small amount of
straw and/or residues, most of straw and residues are returned to the soil for improving
the soil structure and organic matter content. If most of them are used as biomass
energy resource, the soil structure and fertility will be getting worse, resulting in a
decreased yield eventually. Therefore, studies on soil capacity, soil restoration and soil
protection must be carried out. Sustainable agricultural development would be achieved

only if the production activities be conducted in a certain limits of safety.
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(2) Breeding of new varieties of crops

In order to realize the aim of food-energy co-production, new varieties of crops,
especially corn and wheat, must be bred for producing more food and more biomass
resources. Presently, the grain to straw ratio for wheat and corn is about 1:1.3. If the
ratio could be increased to 1:2, about 50% more of biomass would be produced which
is equivalent to 0. 35 billion tons of standard coal per year.

In this way, agricultural production could provide 1.0 —1.1 billion tons of standard
coal per year and about 60% of them, equivalent to 0.6 billion tons of standard coal,
could be used for biomass energy. At present the biomass production is only equal to
0.3 billion tons of standard coal per year.

(3) New cultivation pattern

For food-energy co-production agricultural production system, new cultivation pattern
should be explored and planting density, intercropping pattern, field management, etc.
should be studied.

(4) New crop harvesting and storage pattern

Combined harvester for grain and biomass co-harvesting should be developed.
Biomass transporting and centralized storing pattern should also be studied. It is also
necessary to establish new standards for new generation of farm machines to meet the
requirement of food-energy co-production agriculture.

(5) Processing technology

Food and biomaterial process technology also should be innovated to meet the new
requirement. Efficient conversion production technology for grain and food should also
be studied for improving the food quality, nutrition and safety.

Applied and fundamental studies on biomass energy and utilization should be
carried out for developing practical and efficient biomass utilization technology suitable
for different stages of the development to achieve overall efficiency.

(6) Establishing a new type of industrial mode

In order to establish a new type of agricultural production mode and create food-energy
co-production new agriculture, an agricultural demonstration project should be
established first to see if the E3 effects could be achieved. Considerations should
include the site of experiment, variety of crops, crop cultivation pattern, technology
employed, etc.

(7) Comparative study of agriculture pattern and biomass energy development between
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China and foreign countries

Since national conditions, natural environments, varieties of crops, crop cultivation
patterns, technologies employed vary a lot for countries, the final results would be
different. It is necessary to draw lessons from each other. Therefore, a comparative
study of agriculture pattern and biomass energy development between China and
foreign countries should be conducted to determine the similarities and differences
between different countries for choosing the most suitable technology and development

mode.

4. The development path of biomass energy and resources in China
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