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Abstract: Developing renavable clean biofuels using widely available bioenergy can help alleviate the worsening world
energy crisis and reversing the trend of deteriorating global envirorment caused primarily by the ever-increasing use of fossil
fuels Herewewill review three kindsof conversion routes, their correponding products, and the scale of biofuel production
and gpplication worldvide Then we will analyze the pros and cons of biofuels, and discuss the challenges for the
development of biofuelson large scales Finally, wewill exanine the current statusof China’ s energy structure, and explore
the progects of developing biofuels in China In order to pramote the long tem goal of sustainable development, we propose
that developing biofuels should not be considered only as away of gaining energy, but rather an important part of the diverse
and multifunctional landscapes and production systems In other words, the development of biofuel industry can be
integrated with resource managament, biodiversity conservation, and econamic development, which together provide the
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Fig 1 The distribution of proved oil reserves at end 2005
dovnloaded from htp: / /mmwv. bp. com/ sectiongenericarticle do? cate goryld =9017890&contentld =7033493 , 2007. 4. 18
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, 1983 , , 1983 6000
2005 8245 9 o :
( biofuels) Rudolf
Diesl 1892 ; 1908 9 27
T tel 1987
('sustainable development) ,
(carbon-neutral fuel) o
1
iomass ioenergy ,
(bi ) (bi )
8] (biomass reurces)
(municipal lid waste,M V) (sawvage) (black liquor) ,
1400 1800  t( ) 1! :
(biomass pawer) , (1)
[8,12] ,
“ biomass energy” “ bioenergy”
, “ " “ biomass energy resource” ; ,
“ ", “ biomass pover” 2001 , (primary energy
use) 10 8% ; 13 4%
[13,15] 2%
3%,
Sneets Quickscan
, 2050
(bioenergy potential, )
367 1548 EJa '
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21
( olid biofuel) (liquid biofuel)
(gaseous biofuel) (briquettes) (pellets)
(exhausted olive cake) (wood chip9) (hog fuel) (wood logs) (swdust)
(bark) ( strav bales) ! ( bioethanol) (biodie-
=), (hydrogen) (methanol) ( biobuethanol)
(cellulosic ethanol) ( ynthetic biofuel) *** (biogas)
(dimethyl ether, DM E)
(MJ kg ™) (MIMJI ' fuel) (kg C kg *
fuel) (kg O, MJ' ) (kgoO,MJ ') 5 o0 g) ,
22
, 3 (physical conversion) ( biochemical
conversion) (themochemical conversion) !
[12,21 26] ( 2)
221
(2] , 11x10° 1 4x10kg /m’,
[27]
222
— , ABE (acetone butanol ethanol)
b ( 1 ) L
[22]
ABE )
[26]
[24] ’ « ’
H2 n [11]
(transesterification reaction,
) (Bayer) 1988 (281
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1
Table1l A camparison of canmonly used fuelsfram fossil and biological or igins n term sof energy density, processenergy cost, carbon ratio in

the fuel, carbon em itted and carbon m itigated

Process energy Carbon ratio C enitted(kg 00, MJ" 1)

Energy densi ; C mitigated
Fuel Origin (Mr?k . 1)1y cost in the fuel (kg 0O QJJ_ 1)
9 (MIMJI ! fuel) (kgCkg ! fuel)  camhb prod & comh :
. Crude 48 6 Q 26 0 86 0 065 Q0 082 0 000
Lov sulphur diesel
Disl Crude 48 6 Q0 20 0 86 0 065 Q0 078 0 000
Unleaded gasline Crude 51 6 Q0 19 0 86 0 061 Q 072 0 000
Fuel oil Crude 54 2 0 19 0 86 0 058 Q0 069 0 000
Anthracite Coal 310 Q0 10 Q 92 0 109 Q0 120 0 000
M ethanol Natural gas 22 4 Q20 0 51 0 083 Q 100 0 000
Ethanol Crude 350 Q20 0 52 0 050 Q 070 0 000
Reapeseed oil Oil sed rgpe 43 0 Q29 0 55 0 047 Q 061 0 061
Biodiesel Oil sed rgpe 43 7 Q 44 0 61 0 051 Q 074 0 074
Recyclehi veg oil 0 19 0 61 0 051 Q0 061 0 061
M ethanol BYolysis/ wood 250 1 00 0 51 0 075 Q 150 0 150
B ioethanol W heat 350 Q 46 0 52 0 054 Q 080 0 080
Maize Q0 29 Q 070 0 070
/
Sugarcane/beet Q0 50 Q0 082 0 082
Wood chips Qo 57 0 086 0 086
Straw Q 57 Q0 086 0 086
Charooal W ood 290 1 00 1 00 0 126 Q0 253 0 253
Sims  [#] 1 Source revied from Table 1 of Smsetal [®!
[6,29]
[12] ,
223
(combusion technology) (direct liquefaction technology)
(pyrolysis technology) (gasification technology)
: o : ( 60%
70%) , : )

” [21]

HTU (hydro themal upgrading process)

[23]

[23]

[30]
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Fig 2 Three types of biofuels conversion processes and their relevant products obtained by different technology routes (Drev according to the
literatures 22 %1
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0, [23]
[23]
[12,31]
, (bio-oil) , CO H, (fuel
gas) ( ) [12,31]
(500 ) 1s , 75%,
12%  13%'
[23,24]
[12]
[32]
(bio-syngas) , , (201
[12]
. [12,25]
23
231
(Saccharum officina-
rum Roxh ) ; (Zeamays) , (Triticum aestivum) ;
. (Oryza sativa) (M anihot esculenta) (D ioscorea esculeata)
[2,33]
20 30
, 20 70 ( —OPEC, Organization of the Petroleun
Exporting Countries) , ,
el 30 : ( ),
2006 39 89 , 4 (2l 2001
19 2 2005 28 2 , 2010 44, 2 (3
(flex-fuel car,
) [34]
40% ,
[2,36]
232
, (faty acid ester) ,
(2,371 Ceara Expedito Parente 1980 : ,
[38]
, 2003
[39]
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[38]

(Ricinus canmunis) (Helianthus annus)
(Glycinemax) (381 (B rassica napus) (B rassica juncea)
[38]
40]
[38]
(Trachycarpus fortunei) ™' ; (Jatropha curcas) '™ ; (Cocos nucif-
era) % ; (Gossypium arboreum) ~ '*!
2 4
[2,43]
(greenhouse gas, GHG) (S il 2002 2004
41% , 12%
o] , QO Dx (volatile organic campounds, VOC)
(particulate matter with an aerodynanic diameter< 11 m, AV 10) (sl
[29]
Hill 25% (net energy balance, NEB) ,
93% el ,
1 y / i
, ) ) Morbon
“ Biofuelling The Future” “ » 7
25 HLD
, 4
10%; (2]

“

(Panicum virgatum)

(high-input lov-diversity, HLD) " ,
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[45] ' HLD [45 47]
H LD ,
, 2006
4 25 2025 75%
2l , 2007
, 2006 ; 10a ;
[48]
[6,49]
1 [ 44, 45,50]
[50]
,HLD ,
(51 ,HLD
’ wZ ’
[45,46]
HLD [45,50]
[52]
G
[53]
[52]
26 L HD
? , ,
? Hill , 4
( )
HLD , ? ,
?
261 L HD
Tlman “ (L IHD) ” [54] , [45,51,55] L DH
“ ” , H LD
M innesota , Tilman : LHD
, (10a 238%); L HD “ "
, 12 ; LHD
[54]
262
L HD ,
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“ » [19,51]
[6]
5 ( 3 :
[56] [6]
25 .
, 7 1 [56,57]
. wiALBE [ / ik 7
JEORA 35 1) Pretreatment S/L Separation
Feedstock handling
kR ot @ —
Cormn stover ! ke iy
Slﬁl;‘zu/%ld Liquor EifZS
¢ Solids
;353 Lime
Enzyme
[= =)
R
Steam
- KA
%« e WAL R K& ALt PR Conditioning
\ / Saccharification & Fermentation
- POKALE AR SRS
Wastwater treatment | pjstillation & ethanol purification
AR urner/Botler turbogenerator
Lignin residue _ s —D
3 ( htp: //re ensd gov. hk/sc_chi/other/biofuel /bio_tech himl , 2007. 5 5)
Fig 3 Simple cellulosic ethanol process flov diagran (downloaded fram http: //re ensd gov hk /sc_chi/other/biofuel/bio_tech hml , Cited 5
M ay 2007)
263
1923 (Fisher)
(Tropsch) : , “- " (Fisher-
Tropsch Synthesis FTS) ; FTS [58]
, FTS ,
sl (biomass-o- liquid fuels BTL fuels)
FTS (bio-syngas, H, OO )
[25]
(CH,)
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(CH,), (GH,), (CHs) (GC), (GCp) (CsCr) (CsCa) ;
1 2006
[19]
— 4 ( 4
[58]
?ﬁ% VIR 23K B H Airproof . Yﬂiﬁ P;Igp};éon{] .
W R i > (SRR MES
Dried and mincing 5(.)0 CHIB It Mixture of liquid tar and coke) F oL;E z Jp;fmp
biomass stock 500°C sand as medium bigpicas
WA iR A S 2% Double helix mixing Aok N,
- CO CH,4
15 i R A AT B "
Fast pyrolysis phase v %‘gggﬁ/_fﬂgg
R A AL By High pressure
Gasification phase with high carburetor of
temperature and high pressure tube style
(1200°C)
B—IE A B B BARALR B
Synthesis phase by FTS Purifying phase of primary syngas
it Wax & ‘\-2- . 5 : ED
%3 Diesel  1000~800°C 370 pSI  HHLA L—] wgpl] ®E %2 gE % g
Y5 i Gasoline < bk = g T2 g 5 9 - f(—;é
WALR Gasol fit L5 Catalyzer Depurative S E s “S 2 z £ = E 8 s
S AK Gas syngas I‘»E £ 3z i .g 8 £ ‘3
#H—FEA R E “F-T synthesizer -)é.é £ S =
4 ( [19] )
Fig 4 The nav technology of snthesis biofuel ( Drew according © the literature!*!)
3
31
20 80 ) 2004
“ ” , 40% [59] 2005 22 25 t ,
68 7%, 24%, 7. 3%, [1,59]
“ » [59]
” [60] * ”
: 2005
80 m; 200 Kw; 102 {
w[61]
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2 , “ » 4
, rezl 2005 10
20 t
2 .
Table2 The presnt situation of biofuel production and closed extension h China
Distribution
2005
Corporation Stock 2005' soutput(ta 1) Distribution area .
Saleswlune(ta )
Jilin 100000t
Jilin fuel ethanol Ca , Ltd M aize 300000 L ieoning 200000t
300000 Henan 130000t
Henan Tianguan Group Ca , Ltd W heat & Hubei&Hebei 170000t
320000 ?thw & 100000t
Anhui BBCA Biochanical Ca , Ltd M aize, potato Shandong & Jiangau & Hebel 220000t
. . 100000t
Heilongjiang Huarunjinyu Ca , Ltd M aize 10030D Heilongjiang
* (2] 1 revised fram Table 1 of Qian BZ %!
32
, , “ (multifunctional
production) ” , (
) [63]
[63,64]
260  km’ ( 27. 32%) , 7300km’
[38]
[65] Wu ’ ,
( ) : (sustainability science)
( ) _ [66]
, 78 8045 k'’ e
; 20 90
90% ,
[68,69]
[66,69]
[66]
; L HD
, L HD , , ,
CO, NO, (co-firing) , ,
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CO, NO, ,
[66]
4
B rown
»n [48] , ' '
( ) : :
( stakeholders) e
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