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Table 1 Raw materials used for four generations of different fuel ethanol
PR P FE R AT TR SCHR
4 JE AT (1 o T e H L ST
G SRR RE R BRIV ED) K A7 Lﬁii\ﬂaifﬂﬁﬂkﬂﬁ, 3]
(CUHBE oK HIT3E4%) FAAES N i)
2T 4
(Li *Ffiﬁfﬁz%)ﬁ LCB) b JEOREAIR Iz AR A5 AR, S o]
1gnocellulosic biomass , N N . N
26 o Fp 1 SR ics [4,5]
CRRARAC JOLBES) HRLBESe WAL i bl ﬁ;ﬁg;% S
) TRV R IESE  RER AR5 -
I
3G A () | VNI GET CO, FRFNH H MR E R, e [6]
HBAR A S INZFFAE T I A PR
4G %%[ﬂﬁ%*?ﬂﬁt% ROk i SLIRIATE , CO, [ 5E HP AT, ANiE A KL [7.8]
(A BE R ) A=

e J75 5 0 B PR TR B L 45 75 77 (Deep Eutectic
Solvents, DESs) iAb B HPA5IE s A TET4E 2R 731
(Co—solvent Enhanced Lignocellulosic Fractionation,
CELF) il 4b ¥ 277 (Extractive Ammonia,EA) il
BT T PR G A A S TR B0, Xy vk
REE ARSI AER | LR FIAR BRI 7

B RIS A B OIS AU iR
N A BT RS R R IR B T O
MR LIS BEAb, AR R A A7) (Canfi I [
iR ) HA RS . RS0, W T
LCB TAb#E firh . —SEHAN A A SNk 2
B .

F2 WAEFEAR

Table 2 Pretreatment technology

L Ik (AL o Sk
N T ————
gy VPR LT B SN SNSRI BRSBTS IR A
ik R 5 S A T2 5 TR
R
R ORI R ATR) LUV AR SRTET R SSECRRs BRAEn I (A (e
o B(Dilute Alkali DAF)] ARUER RO LR ki KB, 300 1L
fessis (Organic Solvent ,08) [ls.  SMHEITAAONE FEIRETE  HREIOAG SRR, )
SULALT DESs 71 CELF 6 S SRR A (A AT S
HTP ZEIR SR WAL P (Steam
L E;(Amj"’;bts?fmw% A fgfg;f’m GRS BERGRES, URARER  (12]
AFEX) CO, Jilik %

B R B O S AT LI A 6 PR
gy RATORBRLSICIRS it " Zﬁfg;ﬂi’gg;% USSR
LRI P A R S B S50 5 (KA
B AT

ARBIRF LR

R 2z, AL S T

A=W AN A BRI T A B A %o A I
ARG R KA EE R, AN, i
SE FiALEE | 2R 4 Co HE G ISR AR A €5
1 [RS8 5 20 S VR PO AL B 1) KA AT
OB IE B A i i i = 109 7 6 R BB A %
fift LCB, WNIIN 0.3% 1) 75 55 b 0] $& = AR A 16 1
D=2 o R e N e B <19 U B R T A
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IK IR G MR BE L2503 R 5 F HAEA: W
A& (Direct Microbial Transformation, DMT) ¥ [ S FR
AW T, (Combined Biological Processing,
CBP) ¥ ., AE %5 15 [R] B B 4k %& % (Non —isothermal
Simultaneous Saccharification Fermentation, NSSF')
% KRR (Step by Step Hydrolysis Fer—
mentation, SHF ) ¥ | [R5 L3 & 8% (Simultaneous
Saccharification and Co—fermentation,SSCF) 2
[F] Ak &% (Simultaneous Saccharification and
Fermentation, SSF) 10 Hitp SHF ¥ & BT [R] 45
K, i 2 SRR REFES B O™ %5
5 SHF IEALL , SSF & AR Rl 80 v
R, AR O RS AR SSCF 1 7]
PR TR A BERE  H AR S 3545 CBP ¥4
JE O BRI A | By T 2R 4E 3R LR 7 A,
AR BRI S B AL 77 WA {3 CBP IR &
Pt iR, R PRI ), R TR RO R, A
A SR FH 1 R A 20 B AR R AT e ), LR 45 )
PR, TS AW, HLR T R 01 [ Ak 240 B
RG], SBE A 5 g/ (HLIE E AL A
VLT TR b R

it fip W A 55 T ol 7 v A7 7 2 4 3R il 9
i, HE R IR LA Sl e A 7 F S Bt 1l
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TS e (VR A S g gt , P v A ) S B Jo
AR R EREE TS Ol R
ORGSR R R, AT A RO D R AR
MR TR R &, FEmHESh L 4E R KL
PRt 2R e 0 AL AR Liu X R A T —F
BB A AL T 20 4 P.Os SRR 4ERIE S
W SR LK s n] & el , ] NaOH Hh K
fif 1y A B BERR B (1 —Fhig 5% | nT A JE e B
HERMOEERIE) . Bk, TCHFH UL T 2 nT fig
BCH LCB B AL T 20— 55 4 1 2R
Tk, IR SN 58 o0 A RS A o
o T AT RERY,
1.4 ZEABEAK

LT ZEIREARAIRZ iR B R R (=
WRERZERIAR | BERIRIAR | 28R R
R EZRGEBIEFR SRR AR GRS
G F IR BB A EOR A e 5 0
J"¥Z B9 ICM (International Creative Management ) T

20, BRI A A H RS 1R 7 =X B RS IS AR
FEIEARZE S, AT SR AR 67 283, TRl SR ]
PHEG HAR Ry PR AL NG S 78 R A= i
Hb A REE S HAK RIEE G R, BB W T
MCHRRETHAE, W& A A s ar B Akas .
BBEFRAMEARW T REROR . XATEAR N T
RGP A L NaA 43 F0fi i (A EE R
R R R RO 10 A ORI EOR T
XS RRR AT AR, B R I
ZERFIE, IR A YRR SR A P R A T 4
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Z RN A (WL AL AEAR) 2R R A
BREARRIN RS, T HATE A AR
AP, W9 E 2R I R GE AR Y 5 i
Xof HE AT AR R AR AR o R R AR A AR A
A ProSim,PRO Il ,gPROMS, ChemCAD,SuperPro
Designer #1 Aspen Plus B IR R A A -
TIREL ORI RGBT, SRR S
Wil RGEEATOUAL RS T EERYIALER

Silva A R G D™fii H Aspen Plus #4454 &
RFEFTLE PR QT 0 AR W el i R, 4L T
DA, HTP,SE,AFEX F1 OS Z5 il kb 3 75 32 XF B4 )
LT R GE 052 AL SRR B . DA Tiikb B
5 E IR A i 1Y OB AR AR B

AR AT R 2 AR B, CO, HERUR: e
S50k 78.8 J7 ta A1 76.3 T3 t/a, 1 SE TALFE T ¥:
i) CO, HEJil &R 48.6 J7 t/a; DA FALH I ik 28
TeHIE 3 920 J7 $/a,CO, HEL K 8.4 TT ta;
AFEX Titkb B 77 vk 0 265 FIE 1990 J1'$/a, CO,
HERCE N 6.8 J7 ta,

Liu FPWFSE T LA LCB Rk}, 45 G 3R s 4=
FEOBEMANEN Z B R G, LW R G 1%
F FUAL 38 AHE I C B 7 | K A BRI AR L
(Combined Heat and Power, CHP) & 4t 41 ., 4F-Ab
FRABSI290 34 J7 ¢ K, 7 JOK B 4 J7 t,
AR 5.16 T3 v, T EI= AR M
2 ZR G5 A A 0 R EORE B P A A R e A
Z . XI5 H HBe & T B4 Aspen Energy An-
alyzer X} CHP 2 4t i) FHRE 1% DL 24T T 20 #1, AL
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Aspen Plus BRI EEIGA I I, $5 BRIE s B S
FOFEA S BE T R 4% | S5 R ZFE-K
WE—PFTHL (1) 2R W) RGEASSBAL 1978 | I
Ji s 10 AR AT AR, D 36.8% HY
S TR 60.6% 93N F TR &,

JEIHLPF A Aspen Dynamic 24, R FHHNRTL
(Non-random two liquid) P4 5 EEAEAR LI Y
LAl b X T KA R A TR B AT B A
), WA AREHEM RS A Shk TR
FFXF He 5] —FR 53~ 53 (Proportion—Integral —Differ-
ential coefficient, PID) ZH0HAT T4k, IR FR&
B i AR S S AR E SRR
i FESHO S AR/ N SR H PID F5 i s mT Aok
PRSP TRE , T 243 FE S HO Sl ORI
T 2R OB ) R 585 R R gk Mtk ad
TRt | ETACAAS T B s TR 45 4

PRI T oA S T S A RN
BERZ 0y ORISR ZR LA Z BRI A
H, BT AREE AR OB AR HORS TR o AL U A
WG TR RIS I — B 2 RS 1 . >R JH Aspen Plus
BRAEXS 3 A2 URS 18 D P A T A2 S840, Aspen
Dynamics BRI HEAT S AU, X Lo 70 A
AL AR A R Y B AR BORS TR TR A R T
IO BERFERE S e m T abE R ETE
TEPEARA BN [ Lo At e kG T dERHE Bl I i
Je Tl g N 1 R i 22 5 SR PRl B4 i 4 ¥y ]
Ul MRS 22, 2 Al

it L EXHIREL SRR R GEOLA I 3BT
1, FIH Aspen Plus B X RBE BE 0 HE Wk
TR R Z B TR R TR (H
AL T A P B B IB TR0R 7 i i 5 i
i AR EN AU S et 2 RIE 2 R
AIREIE , IR, RS TR AR G A T A i o
RSSO | G R B R R AT A
T RERICR (B b FR A AT 42 1 | it R AE AR ST Y
M 17 75 190 LA S AEART Kb 15 e R g e DRI A 10 7T
ERVEVERESE R, YA BEIE i R AL A Tk
I, 75 21 Aspen Plus Dynamics HPFXHR LB
Pt T2t — 20583
3 BBl ZEroRHE
3.1 A& AMEN

HAr PR (Life Cycle Assessment, LCA)
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B R GENER IR K B L IR 52 e i DA T
R, LCA #F58 4 4% H B9 F00 Bl i o | A=A i 401
T AT SEMRPEN AR, 4 B Bk 5. OCHKR,
X 7 RS T2 R BT IR ] 5k | RETR
Wit AT AL 23 S HEA T AT A . PRI
WFFEEAT IR F A2 i S M 7 e xRt S sttt
AT AT FFLEE oA A BT 5 A D BB V5 e 4
AR B, RPIRSE R T 1) S BRI E H
AEESHE L, LCA % HHATH eBalance,
GREET, SimaPro, OpenLCA , Gabi 5%,
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H AT, K4 LCA BEAS S5, i UL A e A2 325 )
WA 3 B R DL R A N AR A B
AR SRR A A S e ik (LCA) 265
it AR A3 B R BE Al < BB AR
TSI ™ it A i R TR R IR, ORI Al
W& TZHIL il ZE K (Greenhouse Gas,
GHG)HEEE , GHG HEUH €O, S 3RAE, GHG
HETHC3 BB FR R ik 5 32 (Carbon Intensity, CI),
CI Frn—FRHR AL 1 M fEE T ™ £ 1) CO, 24
i#® (C0,,CO,CH,,HC,N,0,CF, #1 NO, ] CO, X4
BAEAM S0 1,31,21,12,269,6 500 1 282)F, 45
SRR AL THCS I EUG AR L TR R
(Intergovernmental Panel on Climate Change,
IPCC)T Ll e A1, #5Ff GHG BYHERL iR
FH IPCC il () I K GHG 38 B 0% oz HE i R 7
AT, KBRS, TR R, (A%
GHG HEA 215, H e X I R e A —
TE PRIXERY,

MR LCA E0FE 1 AN R EUR A 72 LT
CO, [EfFRE ST, FFHLE CO, BEAFRESILT 60%11)
PREPEE A FERIOATE N LRI, LLER NAE
HHE, PR AT AR E 7 SRR CO, [T
REF1930 R 31%,34% ,71% ,90%F1 879%™, H 7]
HLAALT 1 GBI LIRS FF AL 4E R A=W
NIECEHE 2G 88 Sl B AR R AR IBHERE )

BB O B T B AR, ZHWESE R il
SRR T BAT W B ISHFSOT . Dunn J BB
58 1 LCA TEEKFHAT MR AN Az = L e rh
IR T, LA KA W hort vl fig S S50t s R A2 4k
(Land Use Change, LUC) Y GHG HEUfh1T, 45
R, SAEGRANA L, 2 R ORI HEGHG
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(R AR, U FOKFE AR £ 1 IR A
BEOWE, BEELCA J7 A OCHEE 1Y 58 35 , 70
LUC Ml b T B DA K5 i - b 10 H At 4 32
LI Z TR AE A TG  LCA 52 B i Ff 3
SEE AN AE YRR A i R 8 GHG HE 19 A3
T,

Lask JPIXF25 FORRL 2 BERY A Ay R AT T
PEA, W A FAOK (Liquid Hot Water, LHW) 6
R A S AL N U BREOR AT T LA, 45 5R R
B, 15 SRR A Iz i SR A D GHG HE
R 1, X R AR s (AR 1
MJ BEREFI™ A8 CO, 53 T) N 0.03~0.061 kg/MJ;
MR AP BEOT =, AR A LHW 4k
PRICHRE )R 2 . BUE ESNHE T AWk
PR BURRL T | PR P I S 2 R o
HlA P . AT B I s Ak 3
SRR DA IR IS, FEEIE T A
WEisZm . BRI (Global Warming
Potential, GWP) . FR{L.7E1H (Acidification Potential ,
AP). & E AL E (Eutrophication Potential
EP) A9 % IR AE )L P {E (Depletion Potential of
Abiotic Resources, ADP) . k27 B4R A il i E
(Photochemical Ozone Creation Potentials, POCP)
KA JZFE/R W (H (Ozone Depletion Potential ,
ODP) | A 255 ¥ {H (Human Toxicity Potential ,
HTP), 545 W FORFE ST IS S 1 e
TFET GWP A HTP BTk, 2 A T
gl Az R 2y | ARSI B A i sl
H R A R RERE S HERGE IRy s PR HRA
Kl R T R A R A2 B 22, GWP 43l
13.7%F1 1.6% , ADP 4351 /5 24.5%F11 18.1%; 7= 1)
S35 fE A BRI B T R S A S HE
i, EHAEMRB A (A D m iU, W so,,
NO,) FTCHLEREKAR, RPRBEZ IR, AP,
ODP,EP 4351 86.6%,99.8%%1 96.7%

YR RE-RAEE S EHF (Bioenergy with Carbon
Capture and Sequestration, BECCS) J&—FE #E
MBI A, AT R ) S i A= ) 22 55 04
Hp PR RE R, Yang MPORIFSY T8 FH = 3 A =ik
B B v B I AT T AR R AR R
(Renewable Natural Gas,RNG) 1 CO, fifE 51
(CO, Capture and Storage, CCS) 4 A X} A= iy J&1 1]

RESARRAETRm, 458K . 575M (GHG
Heiilci 93 /M)A LL, = SRR AL 2 B AT ik 24
70%GHG HEH 1, AR T U AUk e 1
R ; SRHA] CCS HART B E L GHG &2k, I
BERIRIEHEA AR R 52~78 $/t, Lask JPIHTEH
Sh4 CCS FARA: =R CE, S FR R 1
BARTRIMET, AT B T 2858 4 ) GHG HE
T, U 1R 104%~138%., R, BECCS 25291
“Brrb AL “RUAROR R, R LTI - eT R
CO, SEAFRE ST I RR AH S Te Rt | BUR RS 72
A3V Sl PRIHE A R HAth Rl RSP E (R R, ATRR IR A
K, UHIRBECCS J2—FP b ERIATRIEOR
E NIMBZ 5 K S R A= P o o A
BRBE B R SR 0 07 vk 04T 4 A A JR A 43
Br, #E—HAESE T BB B R B EMAE . Lyu
HSE T F LR 4k 2 C5 M4 24l o0 7 Bk
LWEMZEA T4, R T 4R C5 HEARFRFIH
J7 AL B = B sE ), G5 SRR B ASTYE R
C5 WA R R B A 77 T A B AT, H
fE B L A AT B A= M 4 5O 0.94,1.09, GWP
2929 kg CO, 244, QinZ CPERFH LCA J5 xRk
L) GHG HEBCE AT S hT . A5 SR R
Rl 24 A I GHG HEL (36~39 g/M))£F
& FE MRS N D3 ZEEHE 1 GHG WHE
I, Pang BEOSRHHIFFIEM T L AHE IR 71
(Ethanol-Xylose—Adhesive , EXA) A=¥#ii| T.2;,
Z T DA AR R, WESA "
B ABERURG G0, DA 2R 79.6% , 38 520 K
ZEVRR R O A 9 v, GHG HE O /D> 60%
Vera [MF5Y T 8 KR £F 4E R BEIRAEY) (251 |
WA BRSPS v A8 R JSEET R
MR FIARSAR) ) Az PR BB L3, 45 SR 3R
ISR IR T 3 B A 1 (%) REVRAE ) A 7= 1 4 20k
BB LIS CO, HERL, EARABEIRVEY) A
LT A MRIEHER I T AR IR EY . I
B A MR AR A BT 21 4 3 BRI LA AR A W] 42k
AW, o] DA KRR bk /b = b 4 i T
IREEFE PR, & A O A B 4 b A 7
LCB Al LI AL A W B RE IR R e B9 S brn] Y 7
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Table 3 Carbon reduction analysis of cellulosic ethanol from different raw materials
A= R o it B FERY i ERES ik
p e s Sy 7 e s
FORAEFF ‘ﬁﬂ M AL 2 7. GREET k7 SEGRIMA L , T 4 OB HE GHG E’Jx{l% 33]
AR NP el HAR R T KFEFT MIBRR 21
AL | BfE AL PAEFYEZR C5 BN RARM AR BT 20
AZEFERF S TN R A AL 2 T GaBi v8.7 f&.5Y ekl Hogie i Lb T EAE R WP [38]
(SSF) 3514 0.94,1.09 kg F12 929 kg
5i i % o
-, BUIRTE KR JRETS0 sy invent B, AT MRS G HEHC, 000 -
=] b 5 i
= HEEL O, TS T2 i A openLCA Hi71 % 104%~138%
HEA
W2 2 o L N
EAAPRE 5 n )BT e A GREET i1 %ﬂé@*é‘%mwﬁ GHG‘ﬁF’ﬂ [39]
(36~39 g/MJ) FLI<IHI (24 94 g/MI) /b 60%
I TRALBE ML LT 7= ReCiPe K1 TER A RS 1B M U A > GHG o
e Vil Pk AT e elibe P22 HEBCh (341
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F ILs UL BARHLAIARE  SuperPro Designer GHG HERLIE J1,COL BAERL Yy 102 v 0
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e |1 57 N
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Bt ; z; ? ifﬁ?% e ”H) h ﬁ; gy ERAUIDEETARE e 6
FIESTRC = He 7 R 2 BT LI CO, HEi
IR FITAZEARS

ABBRAEN , A YRR 2 A LE VAT B R a2
GHG HEA, X F 22 i T S B A A=) TR UG
T AR
4 HiE

OFF K LR ma A TAL BREE A | A A e
AR R TR S TR SEE R | B AR Ai B R
LK H SR IR ER AR L, 23 A
PR RGBCRFIREL SR RERY G . FIFHAED)
SR FE A TR 1 5 HAB B A IR
Az PR i RRE BT T A RRORE G

@FIH Aspen Plus BAFXHRAL 2B 7= T
ZHTRRASEBAUAIIL L, TR R IR AT Ean
T2 TS PRAE 7P AP Z MR E R 4
PR B A U Y SRR T A
g, Bl 2] DAFF Aspen Plus Dynamic 311
X & IR 1 B S FE R AU 5, (U
SN AR SR MNA YR U O N (| WTES 4 5 oy o Yl
M A = Tl A FR HE BRI 45 5

OIREL BB L e AL R BR 1Y
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Research progress on optimization of fuel ethanol refining system

and carbon emission reduction

Zhang Huanhuan', Wang Yuanyuan', Yan Zhenli?, Du Chaojun’®, Zhao Zigao*, Chen Yujie®,
Chang Chun'*

(1.School of Chemical Engineering, Zhengzhou University, Zhengzhou 450001, China; 2.State Key Laboratory of
Moto Vehicle Biofuel Technology, Nanyang 473000, China; 3.Nanyang Research Institute of Zhengzhou

University, Nanyang Institute of Technology, Nanyang 473004, China; 4.Henan Center for Outstanding Overseas
Scientists, Zhengzhou 450001, China)

Abstract; Biomass is a rich and renewable carbon source. The efficient production of fuel ethanol
with sugar, starch, straw cellulose or other biomass feedstocks can reduce the demand for fossil
energy, among which the second —generation fuel ethanol with lignocellulose as feedstock has
broad prospects for development. Compared with fossil energy, fuel ethanol has the advantages of
environmental protection, economy and renewable energy, but its production technology,
economic benefits and environmental impact still need to be further studied. In recent years,
through the optimization of fuel ethanol refining system and the study of the whole life cycle
analysis, the progress of fuel ethanol technology has been effectively promoted, and the related
research on carbon emission reduction of fuel ethanol has been promoted. This paper mainly
discussed the development of fuel ethanol production technology in recent years, focused on the
research progress of simulation optimization and carbon emission reduction of fuel ethanol system,
and looked forward to the development trend of fuel ethanol, in order to provide reference for the
sustainable development of fuel ethanol.

Keywords: fuel ethanol; biomass; carbon emissions; life cycle analysis
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