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o AR, TERRINTT T PAAE I RO A )
JREE 1.5 X107 t [7].

Bribz 4k, SEME . A RN R IR LR 0 b oA 5 £ 4k
R UERVE AT B, X E SO RIR A R 3
BAFEH[8,9]. RAERANFAIESCRAEY FLE)IRE
BB KRR ERS, R S EEA BRI EFEE A
o, Hm R RRE R X TIHARET, WA R E A
B SCOL AR . —MH, B, IRWIME A A T
HoAt & . ABRAT RS A IR (3 V) 75 2, (G150 5T
AT RO A AE b 3 7 A ] B AR R 10,117,
AN T AR A A T B AT RIS, R AN
[ B 75 3 v 38 B (0 DR HE FR B RS R AT T RN, IR T
A IEL AR (i ALV B IR T E o) AN R R i 3

2. BUNBSEFIR

LEEAE RN R BB R SR 19t A 2 g
fiiE, HIR AT E A Gl TR T ) oA
R H T R AR AU R T R AR = SR HE TR B 4 n
[12]. fE20tH20%), EHEL5™ A i B IR GHE A (2
BT REHEEARAEALTF[13]. Ah, RRHRHER
FAPTRES B SR AL BRI A, [ vy B 7 |6 A0 Ayl
NEE SR, T SRR LG SISt B A e TR, DASCHE SR T
AR AR SRR I B AR AR R . JLHERUE, HAER
TERRINAE T 2 N o A N20094E 1421 7934 toe
(vl 4B, 9.298 X107 L), MHK:-F20164F 1114 120 toe
(1.6548X 10" L), W#1[14].

FERRIM, 38 it 1 8 G0 B A S sl v St S AN T v
K, K I B AR 5 R0 AR A 3% ) sk R ) Tl v Bl

KL RREH T IAREAN AL RE ROV U R 14]

Calendar year Total (toe) Calendar year Total (toe)
2009 7934 2013 13 491
2010 8504 2014 13770
2011 10 341 2015 14 000
2012 12 044 2016° 14 120
“estimated.

K2 RRPNAA B 2 B AT S 2 AR 2K [13,15,16]

Country 2006 2009 2013
Germany 1665 3675 6716
UK 1498 1637 1824
France 298 453 465
Italy 383 410 1815
The Netherlands 141 248 302

FRAERRINA S P2 (EBA)ISE T, 18 2 K 4 56 173
RAEFE, A8000Z MBS L fEisfT, AT T
HUAT AR A B R B i LR o84 TW-h, L%
2[13,15,16))[6]. #EIRIE, 20104E, B RZ4AEFRES
GO RE, AR ERPEIE G, A ER A AT
KMt 7 B R TTER[7.17].

SRTT, T SRR A 7= 1 2 () A AT e AT 48
R ANEKEER S, RO R T ERES T
RAFITEIR, AV R S T8

3. AFAREFRNIK

3.1, R PRSI R AL

iz b AR R4S PR AR A =V S
HIERA . WA T BUR HAR S Zh e 1 R & AR5 £F
e, BRNBEVR LAl fe 2 12 . O3 3E(E
P @i5/K. 158 @I EIEEF(MSW); @fF
KRB ATH AR E R, FH R e B
JIHEeEs WA 3[18,19].

WESE. AT Beli 2R R A g RS54 YR
ATFAERA AT E R s, 8 E ISR LA
BHE R, MRS S S =2 SRR3R 2
LA KGR B A 3 35 RN K B S RE (1) 30 T
AETE B . VR A RSORT SR B T RO RN SR A 11
FA, F R THEEES) AREY[20]. #EikiE,
RN AR LU AR T e AR B s, RS VS
PR [21-24]

RN T RIS R R R, T X FOR AT WAL . AL
B A 8L G 5 T R B fR, AR = T TRk

R3  AERE AR TE S A HI AR [18,19]

Type Biogas yield per Electricity produced
ton fresh matter per ton fresh matter®
(m’) (kKW-h)

Cattle dung 55-68 122.5

Chicken litter/dung 126 257.3

Fat 826-1200 1687.4

Food waste (disinfected) 110 224.6

Fruit wastes 74 151.6

Horse manure 56 114.3

Maize silage 200/220 409.6

Municipal solid waste 101.5 207.2

Pig slurry 11-25 23.5

Sewage sludge 47 96.0

*35% electrical efficiency combined heat power, heating value 21 MJ-m™>,
55% methane content, 3.6 MJ-(kW-h) '
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3.2 RBTELFAEZR I 7T

REVEAEYD . AR B AN K 35 e S 2T i 3 b7 3 .
BARKK AR E = J1. 22718 R, KR
g F B =R E B AN A fP4E R R4
AR 3 [28.29],

R gt R BAE Y, R D P EE (R U R
BR, MEF4E R0 i B2 PR OB R &
B AR S A AR O R A G = g A R
B (RAREmE . JF T EEANE EE)[30-32]. W, ARPTL4E
RINA R TAFERRIEZRIBAR, FOVEBRT AR
HIZEAE, WML, SRIFFAIZEFT[33-35],

AR ZLVEREY, I HAILAB-1,4-08
FE(EI3)[36]. LF4E 2 S0 L AT AR AR 45 K 1 38 43 A
BT HI 53371

Deguchi® 38135 Hi, 7E320°C (IR Z 125 MPalf) )&
JIR, AT LUK S AR A 4k 3 AR TO 8 TR 45 M I T 4 3R .
R AR ERFEERAIMEY, SEYEY R

Livestock
excrements
45%

Energy crops
46%

Industrial and
harvest residues

Biowaste 2%

7%
1. FE[E 20 105V BRI . 51 B SCHR[20].

—— Hemicellulose

—— Cellulose

—— Lignin

A

B2, £k L ERMR TR K ) I [27]

3

1125 %A E[39]. -£F4EZR 2t ORBE . Blhifes) .
CUMECH Z20 R AT 3= L0 ) RN /0 15 TR (] 26 % st
BR P FUPERERR . P FLME I IR ) &5 AN [F] 5 & ) 4 Ak
2 HPT AR50 . A 4E 2= 5 T 451 WL [l 4[36].
P Y S R E B A YR AR RN (F1£90%), {H
S RRARTE FORH SRR T AR . BEFCTE Y, PagERFHE
S IR LUAEE 56 47K AR T 25 SR AR [40-44]

Ve YR B A AR T R E A e, JF HH
SERI 2 PR R, 2 B KRR G337 ], 474k
RMAR AR YR T 2 MR, FEREA 214
R-VAgER-RIT RN T INEZE[40]. AFPLAHER
T BV RIS SIREASE. BTSSR, ASRETI
TR A YIRIVERL[41,45]. Bobleter[46]fkiE,
CF Yk R AL B WAE PR B R 180 C I FF MR 1A iR T /K o
fHZ, Garrote®§[47]48H, TE150°CHF4F4Ex% L& TT
GV fR. BELMIE, W MREE S IR R A S BUR )
PH(FRBUHR ML IR B ) FI/K 73 & B 55 %5 P S HUH 56 [48-50]

ANJREAHMEERI R RY), fAAE T BARG . HES
MR 2, AN EE, B =TI G T (R
FIBE, JF FREFIE SR A, 18I b S gk e e — i
[51]c AJ RIS T Huid B MR 22 A A0 LU
L S1. Ak, TRV T KB S BUR B R P 28]
Bobleter[46]48HH, AR IEF IR T 180 CHIFF4AIH
e, R YER —FE. RBRARYE. kel
BRPEIAEE N IS A FE S5 R R P AR R B T e i e
K[52]. AJRFEZ—MRIREEY), RARM I FEHK
B (1530 %~60%), H 2t WLIEI5[36]. FERVER B Y
FRPARIA R (55%~30%, M/EYIsE YN E ZoN 40
YEFK[53].

FIHATCNIE, RIS EH RS, AR IRIE,

CH,OH CH,OH CH,OH
H C—O H C—O H C—O
L VA RN Nk VTN Nk VA TN N
OH H o OH H o OH H SN
NN | \I\(;:—(;:/ | \l\c;:—c;:/ |

H OH H OH H OH
B3, L4 105 T H5 1 [36].

El4. L YER K 7 T HH[36]
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TZH NS Ry, AT AR AR S m K R R, DU SRR
AP~ 30 % [54]. Grab[S5214iE, AW e e AR i
R BEIR T LR

4. BREFIR

4.1. EE )8

B A A IR T 2 25 75 B R K I . R R T £ 4k
FRRWR A THEAE A A B ER, (AR 4 4
RIE ARG ST AEMEMm ST MEF AR B
(FIEEHS . RIRLF4E R LT YR, LR AREL
R, XN T U R R . X R A Sy M T 4y
T R, T8 R B T IR A5 R [55]. T
WEFCHR AW R AR AL B R P R K.
X R 3 H R A R AR, $R i Uk
K (E6), FHIREETZ M B A W] R . K4
G T AFETAL B AR LB 2 SCER[56-72]H 45
H T ORI TIAL BB OR () R g R . A BRI R Ik R R

ew mEER, FEONEMAM R RA AR PR, &2k
SE AL ER T V2

it R R AT AL B DL S Il K S 4T 4 3R I A5 A B AT
HER GV (L4 2404 2)Z B AEY » RS 31
s, FECEY R ARG R, T E R AR 73].
Pecorini® [ 74145 i, 1 He RVBRIE AE KB o0 AS BT AE P
fR ) ME LAEAT DRI AR 38 T 523K i . Micolucci
S [75 N RS R ) RSk AL A b3k, A
77 A5 B e RV AU R o AR A A R 9 Ak 33 i g
JERE 58 4% B 2 o3 R T R BRI RE T RO R R Bt
TERRAR LT 4k R 45 b 45 40, AR 25 5 B UK
o IX LR AR, I8 T D0 TR R
TAR IV, SRAR U B fRAH DG B A, LAIRAS S i
BF[76].

4.2. Z NI R PAEH L
T TT AR T VR 2 W FEITH RV A [F] 1R #4284 (i

Case c: Pretreatment increases

A methane yield
OH OH OH c Case b: Pretreatment increases -
% rate of AD
>
- - - H R —
2 K /// Case a:|Substrate without
8 /! I pretreatment
“a") /1 .,
€ K
OCH, H.CO OCH, g
OH OH OH I t t
p-coumaryl . . >
alcohol Coniferyl alcohol Sinapyl alcohol Duration of AD
5. AR AL 14 578 [36]. BE16. TALIE AT LASE I PR A TH AL I¥ T8 (Case b)E F L% (Case ¢).
KA AT B ARk S
Technology Advantages Disadvantages Source
Milling * No production of inhibitors (e.g., furfural and HMF) < High energy requirements [56-64]
* Increased methane (5%-25%) » High maintenance cost
Extrusion * Increased surface area * Increased energy demand [56-63]
» High maintenance cost
Steam pretreatment/steam < Increased cellulose fiber reactivity * Risk of producing inhibitors (e.g., furfural and HMF) [64-66]
explosion « Less digestible biomass because of lignin condensa-
tion
* Precipitation phenomena
Liquid hot water * Solubilized hemicellulose and lignin products are < High heat demand [67,68]
present in lower concentrations * Only effective up to a certain temperature
* Reduced risk of producing inhibitors such as furfural
* Increased enzyme accessibility
Microwave * 4%—7% more biogas produced than untreated [69]
Diluted or strong acid * Solubilizes hemicellulose * High cost of acids [70,71]
pretreatment * Methanogens are capable of adapting to inhibiting ¢ Risk of forming inhibiting compounds
compounds « Corrosion problems
Alkaline pretreatment * Hemicellulose and parts of lignin are solubilized « Risk of producing inhibitors [72]

* Increased methane production

* High alkali concentration in reactor

HMEF: hydroxymethylfurfural.
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TE 53 5 1 S 87 5 Hh 3k AT 7K R 4K FD 2 Tk A/ FR e 4
B B IR S A FR 1 4 B (B 7) [ 77107 DA i A AL
VIEIF G ALE, (HEEB SR EXEE R RS
R REAS[ 78]

Z W) IR NLEE F G0 I B 6 A5k B — AN E 1 H
bR, WS T E IR E HERE SRR . B2 AR
N2 Z2 8 AT LLSLF AN A 1) 5% A, A AL 47 4ef %8 (OLR)
AR PE . HHTJLTEA 2 9RETH AL 500 LR L S E
ITRATF=ES . M H, 1X— 2 R 5 e R i A
2 HL VN FH B 22 79,80]. ColussiZ%[S11HFHR T &
KT B R, AL 75 & (COD) £ R AR K
H, WEAWERR . Marin Pérezfll Weber[ 82 #RiE, W
AN B DR AT A B BE 2 25 RT LU X A S 1 40 R b 2R
FAANTE I T2 4, DRI o] DA S K i (32 2 2 PR 0
PR FE AL A ML ) B o 2 AR . YabuZ§ [83]HF9E T 5
SSRGS G R B AT AR, DA I E i AR
F o Park& 84 LLHL 1 5T A I i) S AH AT A0 DR 420 AL
W, a5 T AH PO AT BRI

PRI B DR ST A 2 T FH 08 1 v A A v P Y
JekEk . Blonskaja%s [85 48 H, TEMIMI B RS0 AL FAR
W) B, SR e AR RO B T S R
Ie Kim%§ [86 1B 7T 1 44 FH¥7& 1 ¥ Y i DO i B IR A0 AL
R4, HHEWREHESTHRY. I, sErvaE
W, ZBUREHEN L ZHE F 8. NasrZ5[87]1k
T T RS R = AR AR =, R RS
w7 REVH S FR R PERE .

HAl, 3T &K /1(i&100 bar, 1 bar=1X 10’ Pa)
BRI Ko EHXAEAR, w= R & &
5% VA< % HARRIE— AN R AR R A A AR
PLEA S R D INAHSE &, LAAE P25 35 17E S99 %11
FE), DAMENRE I R N RAR AN

LindeboomZ% 88145 H!, 20 barft)JE /7t a] LLH & F
e, Al R ke LR s A R . WA
i, BHTAE R R R K RT DU R B 2 1 Ak, Rl
AP SRS BT 5%, AT TR S RA,

Suspended Dissolved Organic
solids solids solids
Acid phase
Liquefaction Acidification

5

A 90 barffy [k AT LAt & L CHLIHE S, BINIE
AT LASE AR VI RE (89,901, MerkleSE[91THFFT 1 LA
AN TR AR AR 7 A E N R B PR AL, T 77 il
100 bar. Z5R &R FEEICR B 24w, (H 1k
VI RE R I s, @EEAT 2 . B,
P 22 AT v I 5 1k T DA 3R AN E R SR A 57 £ 4 2 ik}
MFHERE.

4.3. WAEMEN 1%

FHBAERNREY), KR, kb, &
BE FERVEF= RIS AR R, A R e 2 rTAT 1,
X 3 RATH A — 250812 [92]. KRR, KR
TR A= 77 AR 4 B A T LUK S 2% BB AL 5 43 iR T
BRI RIEYE S 1o BESE MR DA AR S R K i e
JIE oG R 253 T3l K R A T FR NG BE IR [ 93 ] IX Lk
WA RGN IEE, FE9E 5] R A 4 B (FRUR ) %
A BSE3%E P I T R (VF AR HoAd YR B2 P24, AR &
Y. BURME (SR PR VAR Y CIR . 5
IR AR, XREEAREF I EEREM. e PR
et AR, B BB ARV e

AN EAE B BB 1% R B A BEAR . 3
AEVDEEH B A LB, oA TR AN R ) RN T R
[94]. #ERAE, X T PR AETH A H X DY i A 40 B B 1)
TER, P A K E &g, XHRE. pH. Ak
JoR AN ) 1) 55 T2 A A AT e A8 A BB e o U . AT UG,
e A O VB AR PR IR OB AR, TR B A
AR BRE A IR[95]. BT MBEFLIEH, ootk il e
Hemgz — AR IER, DA S A Y AR AR .
AERBHIEE IS8 T maeE R AEYIRE 6], Ik
Gb, 8T AR SR S — R OTE R, SR A
#AE, PHAEABIEMARUHERE, (EHE R AL HAs=4)
12971,

NATTXS A7 57 PR AT Ak A% A AR S B AN R AR
R Hb . 1S5k, AKE 4 LG 40 B R 4 B
oy 85, HJR R T IR S A=W 2 6] ¥ 30 1 2% FAH EAE
S BARA . B Z X e R S BRI R Dy — e A

—— > Acetate ————» Methane

Gas (methane) phase

Methane
formation

Acetate
formation

B 7.t 2 PR RS 5] 3 SCHR[77].
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oL AR B R DR T A 9 . 91 7 H ATSE AR T 0 1Bk
AL [98-102].

5. BASEFBIERFHTIRE

5.1 VBRI S A 2 TR 22 B

R Ao 21 4 2 AL P~ VR S B R ), B
C&TF R T it — 0 Rk AT A AL TAE . BT i
I AR IR AR e AR AR L), R AT o A S A
BB IR M T M. IR AL IR 22 MR H R
P FTD B B4 JRURE 2 PR LT A AR S0 1y 32 1 20 R 3%

BFF RS IR X — A 1 A A2 5 PR AT A A A
DA 2E A 40 H e B R TE AR T 3% SE B PTAT M L o A
WE TS5 AW H R 2 18] 22 BE 1 G ERE(118) 2 T fil Rk 2= B
A, PPEEER AR, SHFMASER IR, YO0
i A 28 AN A AR E . I, O T BRARRA, A b2t
iff 5 X SR 42 5% 2 S M) i K R SR BB AR P IR (U 22 B B IR
S AL L AR B () A B AR ) — HLA T 11X e AR
e, OB IRMEEEAE S, DAVPAN R R BT 7 B A A T
A [103],

65 T MU LI B e (0 B A A 0 A A 7R 7
RAVRIH S AL R T 2R M. i HAE P2 A
ww, MABREEAF G, AR TLER
KA R o e B TR Iz N P Y R B 1 A e
Mg, Bk, mIEmotREP ARG Z N,
L P AR 1 ARER A 7 BG4 R A ) A 790 )
[104,105]. PREVEE A 7 Z 1 an e I #EE A H
Holko AMIFNR AN T — A TR R, XnT

PATE/RTO2% B 15 2ot 0] AU #E s . 4t
KRIREF Y FRBIR L ONTE ST LS IR AE = A s 4, Jl
I EIE GRS @ T 3536 4 7). SOl T Fe ek
1F 2 0 uy i R AL R AR 414 1106] .

BRAEFAREHEARMEFSH, WMEDRIZE.
S FRFIVRAL A RIVE R S N 28 2 . X ek 2
25 B A RAR A T R s A PV S O . IF ST AT
DN TS AR R 2 18] 2 B R AR HEAE F (25),
DU ST LG AT RESE I B AR [107,108]

5.2 ¥R | ST R IHSIARK

WRGT SEIR AT YRR . R RCR R &
m R MESER R G, AW MR O seirse, HA
A AR SRR Y AT I o AR R AS T vy ) A ) 4 Tl & A 1)
AR Y 2B AR . EE T ) H A E
B EELE (0T AR RRURARHE) (RFS) T H 5 A s FH (1)
LR SRR R B I IE . AT 28 A 26 & il
W, BT G RN RS Tk 4% 5% I B TF I A 45 A T A

RS EEWIFCITMAIZER:  F AT R AR AR A A

Issues Focus of R&D efforts

Use of enzymes, bacteria, or cat- e« Increased range of applications
alysts  High production cost

Utility requirements » Consumption of electrical power
« Surplus of oxygen and hydrogen

* High pressure and heat

* Pretreatment

* Multiple-stage technology

» Advanced techniques (high pressure)
* Microscale technology

Technology

Fuel properties « Enriched-methane biogas

* Less hydrogen sulfide

Bridging the gap
Research by partnering with the private sectors
to accelerate commercialization

Research
institutes

/ Universities

Industry-university
cooperation

Engineering
partnership

A\

Commercialization

Private sectors

Concept —> Lab scale development —> Demonstration and scale-up —> Product commercialization

B8, A4 ST S e R



20000
18 000
16 000
14 000 -
12000 -
10000 -
8000 -
6000
4000
2000 -

Number of biogas plants

13 812

9000
18000

8339

17000
16000
| 5 000
:4000
| 3000

Total installed capacity (MW,)

12000

14 569 4 1000

2010 2011

mmm Number of biogas plants

2012

2013 2014
——Total installed capacity

BE9. 201020144 HS) ML BN E. 51 A CHR[110].

RO WRIHIH ™ B (Wl 2 B ) AT 5 42 1 R B0V #eE[110]
Country Number of biogas plants
Germany ~8000
Italy 1491
UK 813
France 736
Switzerland 633

I A 5e 4 I CARIE T 3 B gl X e likl. SR,
Z B BE SR A B E AR S, BRI R EIA
BEE TR, R 20 fEIE TV SRR R 2 AL
g [108].

TR BN A= M) B 22 % 1 B B2 R 2, ROV
SRS R F AL T SIS TS5, Rl S a il
& T BRI o B AT AR BRI TR AR 320204 18 511
AT AR I 2 10 %, RRINELSR I B AR 2 N Ek
AARBRRH ST IR AT R AR AR A, SRR N KA
AEEE[109].

MR i A AT EBATAE SR H, BRI E A 15000
ZAEA LT (E9)[110], HHHEEERK . #6[110]
IR PR WO = B A A P E AR L) S

e LW JUES, ARSI, W E
A B AEYR T AR M AR RN B R B OEUR
(BB, WAATIAERKIN R K[ 111 ] T BUR
F¥LIR R 284, EER &S AImFIRAEHS. H
A EEVHA A LU5 KI5 A, (HE20304E, HTHE
F&. BIIEML SRV KT YR AR SO AR E VA S
BEoWhnCk%224 TW-h)[112].

6. 4518

PREATH AE — 25 BRI DR oK B SRR PR K

AR RIS TR A (R AR . 2
RIFAAEZRBHIE, sl ARG, #alHT
AR, R BN BN N Y, XA 1S
FE T AR 5 A7 SER AT AT . HAT, WEIT S ARG
PREGEACEER], MW= R . hot, ARSI
Wi 2R E VEANTE S B O S 8, DR e e 2k —
AT AR BEIR 17370 A IR, LTS
Ko ERe A SR DB AU &
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