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RUCRE B TR R R TR AR L 82U, ROCAMORA 250 2558 T TR K B TR & B, AL
RS TR R SR K e ) PR 5 PR AR (VS) BRI B B = R AT . SUN S50 &3, =il (55 )
T MBI s RN A TR S T R AR IR B i TR (35 °C), H EIRIR UK T B TR 2
RE W A DL R e Ui S A AL P o3 i i ke 1) 2 A o A U R, R ZBUR A KT R S
PR E PR AA .  AEE AT R MRS AT RERE , MUBLIL T x0UR Ak i TR AR PR ig 17
W R AR A% Z 1 IR IR A R W 2. B, 7 PR SR BT (& Z) SR AT N B AR 4l 2> 4
FRfE— B TIRE ; MAERBE R & ANE Z) MR T3, HRE R BERE S Z AR
AR HET, A A LR R T R AR B TR A SR B A 00, i rh iR TR R
P T AR s AT IR B 22 = AR fb g, L= B AT Aeue M A QB AR MR 19 A8 Ak 5 K &2 FRIE A 1R IR
AWFFE

AT 5T DA b T 5 A 0 B 3 T SR SRR I TR R R, T R AR R T IR R R R B SR A TR 25
Wt M, FHEARFZET T R T R AL WS TR AR AR, 2 B i 22 0% T R R
Ko T AR =S AR RS AT RRE MR, LAY R AR 06 3% rp iR T QR S & T8 TR BORS i TR s 4R it 5 %
1 MR5R%
11 MBRUFRARELBTZREXER

ABEFEXT A AR R T RR A LB TR T MM 1 a s . 12 T8 R H % E
Valorga € & B TR AR WEHAR , B AWK : DIEMH T & TS & & (7 &5 60%) Flfm 245
A ML fr (OLR: organic loading rate)(fix 55 1 ik 15 kg-(m*-d)™", DL VS 1) BYIRE LB, 7] >k H 0] Bk ak
HEEEHERI TR 2) R IR R PR (35 °C) B IR (55~58 °C); 3) il R st Rk RN R A E ER
J7 LR A R e R B b . TR A

ZAEWmE T RIRA LB TR RS IR, FXXREER. MRAHESHH ., LRk
AER 4T 2B, FALE BOK 2 B 2% I AR TR LA T A0 2 L YRR L kTS, SR KR RN
TR A (103 o SR R AR B 3~5 £%), ARG LB . oo TZ2ZRATIRE LR, Wik
S B3R R AR R EE AT R, TR AR EINETR AR BEE, kbt shiigdt, —m
TPV SR R GE R A TG N IR BE I A Oy — Oy AE S R R B O m B R B . AR
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LA, O AR AR K R B A AL HLAL X S R A 62%, B MEAE LA AL 4
IS w2 27%, MitEHEY R EEEe . ik . &Yt . RTEME LIRS P& EYN
H 1% R KBS Y B (N2 . B . BRCAE) et A U AR Sk kNS B, (B
W HARBNTE Y BT (e Sk . B . WORRSE) E AR R BER G, UIBUEIRAREN & 8=
[B], JFrrRexs it . RO R TR G JE, BRARIR AR BERR .
1.2 LW HE

TERAPRTRURELETZ, BT 2 BT E R, A RERE (H& 16.5m, &
21.8 m) Wi ARA R 3735 m®, HiEiEiT A AL 2000 m?, 2 AN RAEIL T 1 A B |
BN & RGBSR ARG, BrERE R 2 NIREREN =R EZ M,

IEH TOUFRRIER 2 vk, SBR[ 3E ERHE7E 1.5~2.5 h, dERHG R a4 i ok, Jfai o
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e R AR EL T FE N R R . IR E R B AR, Y pH<7.5, #ERPENRITR (VFAs)=
8 000 mg-L™" 45 A= W) AP 48 AF 1 BLEH i/ R i 0 R kL, R RS pH. PR R bR K
5o TRHSAT B E AR KR B O 28 Pom A R S IR R B S TR, A AN AT 81
1.3 S#7AEE

FEBR KRB , Bi 3 . &R EY R, AP SR R E R Y TS, VS SR R ik
W5 5 EAE &R TR (total volatile fatty acids, TVFAs) % F & & AL 8930 2 1L 00 5, & 2R FH 98 G
FN o6 BE RIS 5 R FH R B S R 90 T S vA U TR AR R BAH B S I = 3T (GFM 200)
M

AT R AR 4 227, MR/ T 10 C A, 10~22 C ATk E
(N 10 C FHEI 22 C R FEZE, N22 CRHFEI10 CRE#E), KT 22CcRIhEFEY, FHit, ETIba
2019 AR AE SR BE , AR TR FREIHAIM4HZESH20H, EFS5H21H2
I0HA2H. ®Z10H3HE1IHRRH, £Z11H13HE3 A 13 H., KRR KERZEZANR
ZHTIEENR T ARALBETRESIRMWIREZE, JFESSIIRZESIKE LB ™36
(VS PR | RREARE), IESE (WAL HERE | OLR, pHEZ) MM E LR, VSEAR, &
=S BB LT A A A X ()~ 3) iR

Pm= 2 (1)
m
P
=y ©)
m
OLR = 7 3)

A po WM H VSRR, mh(kgd) s PREHTHEAE, m d'; m PR VS Bilk, kg poA
FERUPR, m(m*d) ' VEREAZAEM, m'.

2 FR51R

21 FRRELBEIEEITSHOTLEHE

AR ZEWN N IZAERRTRRA R TN FESTSHNE PR, ZTEELX, B2FE
Mz AT IR, 20 121 1 135d, HAZFERgEetat . #E8 VS/TS Il ik, (HAZFERate
TS Fra i fik. X TRESFIREKFIZITIRET 24~30 C, WEREESIR SR A L REE K745
2 B BRI 4 25 (26.63 C)>FH 2 (12.45 C>FAZE (11.92 C)>E ZE (3.43 C).

Hi T 1) AT, ANTR] T ™A 52 4 g S2 B 2 /MRAOT 5T, T RSk i TR R i 228 17 07
2, HAER 3 H AR T 7 Ak BEAY B FLs AT SR04 R TR HEAT R, H B Dy (40.38 +
26) td”!, PEBNEK (B 5 RE0.65), HERF TS 7 35% ~ 55%, R TS 2978 15%. H #E kL&t (H AL 3

1 ARAEPDTERNRTRARELABIRENTERITSHTUSIE
Table 1 Major operational parameters of the full-scale dry anaerobic digestion plant

78 IRERRE W2 e/ bii biiZ Hr=S&/  VSPEAER/
S/ TR < (t-d™ TS/% VS:TS/% (m*d™) (m*kg™)

FH 0 OHM

F 314520 68 14.90+4.99  27.35+0.68 12.45  40.59+18.14 45.06+4.23  50.72£11.26 9236+1 111  1.01+0.40
K 521-10.02 135  25.74+2.79  29.17+1.12 3.43 34.01£29.60 44.41+5.02  46.85+4.41 9 742+1325 1.38+0.74
B 10.03-11.12 41 12.15£2.93  24.07+£2.81 11.92 24.56+17.12 42.28+5.84 52.20+16.36 8 395+563 1.86+0.98
£ 1113313 121 0.57+3.84 27.20+£2.99 26.63  52.74£22.75 37.89+4.00  63.63+£8.80 89831176  0.86+0.53
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Fig. 1 Changes of municipal solid waste (MSW) treated by the full-scale dry anaerobic digestion
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Fig. 2 Biogas production of the full scale dry anaerobic digestion treating MSW
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(9243+1248) m’-d™", HAERZRECH 0.14, T AH R 14498 m*d HER R, REDH ™S
(&Z, 6728 m*d Y 21515, A H PR EALE 7989 m*-d' 5 10 623 m*-d' Z 1813 3 (K 2(b)). H
i, 4 AMESRRZEEK (0.16), mmAHH=IERAEe A, BMNAHAP EE 1], #%F
WAHr, WE 2(c), PR SRR BRI 2SS > B S LIRS RRE, AR
S BRI Ry . B >R ST, b, B RMAZ0 7w I sh 3K vl gz 2] ke
PEEN B R, XS S R B A 014 F1 013, % TRIRA R TFRLE S = HAEY
340x10* m®, VHAHH B RN 65%. LA, BFE=S G5 A 2 ok B R
BF AL DL (4),

yige =9 2791 — 60 650 4)
Xy HEFERBUHEAE, m's OBEE, do RP2H0.999 7,

MR BRI 5, U AR RN E . A FRTEK, F. KEE G D HUHEE N
5. AFERPFRE NG 2EREM 71.33%. Hd, EZE5THk 39.20%, & ZETTHK 32.13%, IRE K
R B2 R M R A SR S, R T R SRR BRI 5 32 B ZE T IR AR AR AR s e,
R A BB R AF FIRA KRN . KL, EX e R348 0E, MRz TR E LR T
PR ROE MG 1T, TR E L RRE WA, DS RREN . FERE IR AR & AR
(U OR S SV

WK 3(a) i, FHEBRRE VS 2SR 2= AR e T s E Bk, (B
IR PSR AR 7 ((2.4420.33) m* (m*-d) "), WMideis VS P20R N BREERK 2, B2 (0 kRl it
e/l A AT B AR 2 B AR S 0N AT T R IR AUk AR AR R R R Ay
HERESHERESEAFEZET OLRY A B KI5 (57 R 058~0.89) i EEH K, W
& 3(b), & ZERBAPLAM (OLR) fix & ((3.42£1.98) kg-(m>d) "), MGHKKEHETE. EEMKE, A
LR R R VS S AR, ™Y B T R R E B . — 7, OLR (942 =y 8 T 37 fef 9 kL
XA A LSS, fE—Eda B ATk =S 75— 5, BE%E OLR M4, KEYEHY
G KGRI R PERR IR (VFAs), ZAFWRefE RS R, dFmimkl e mm v, $76k
RE LB R G AEY T, SE=RE TR B, AFER=S R0 R ] 682 OLR FF
BT B

M2 iR, % TRSENRY VS P55 E o (1.28+0.66) m* kg !, H PRk ZFF 1 VS 7= K i
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Fig. 3 Biogas production rates of volume, and VS of dry anaerobic digestion, and OLR
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=, BAEHEN2.16 15, BT ROCAMORAL!Y  %®2 £FENKFRARELBIBIRENTNASER
JIT 4l T8 B A B S SUR B R B TR . A, FRANRE (OLR)

e OLR ¥4 T 72 S . (B[R] B o J& % 7 20 Table 2 Biogas produ.ctio.n ratés and QLRS of the full scale dry
R HUR =%, 0] VS 5% 5 OLR 54 anaerobic digestion treating MSW
BEFXE R (p<0.001), A BB OLR/

RN it (m*-kg™) (m*(m*d)™) (kg (m*d) ")
23 FRARALEIEMNETHIE # 1.01+0.40 2.31+£0.28 2.36+1.46
DIZATIREL o QI 4(2). [ 4(b) Frzs, H = 1.38+0.74 2.4410.33 1.79+1.60
V=N =| YA yH =
LH@’ UM AR B TR SIS 78 1.86+0.98 2.10+0.14 1.29+1.04
F o PREL R, Y 2D A S A % 0.86+0.53 2.25+0.29 3.42+1.98
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Fig. 4 Changes of ambient temperature and dry AD temperature:
(a) daily temperature, (b) monthly temperature, (c) seasonal temperature
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AT e i (K 4(c)), TE 30 Cisfr4EdF 7 71d, MBBITIRERMK, MAE . HBEWHHE
(4@ 1 AZE47, 11 Aha % 12 %) @& 0mide s 7 — 2 MIRA L BS T, i
J5 1B 4T I JEFRAE 25~30 €, SIBRis AT iR 25 K/MRIR R . & F (26.63 C)>H 2 (12.45 C>H
(11.92 C)>H % (3.43 C),

TR bl TR SR B R AT AN, H2 AR E N, EWREiEirss
K, WV EAERREEITIREAMEE K. Hit, 456 siriREAN, Z TRERIFAR 4% R 000 bR
ThiE VS AR R o BT IR E AR R ZE R B e @i 1) VS AR, LR R AT BB Bk 2 1 B Ak
BB, FRAMGAMAR, AP RN ER SR EZ, SR e e, I
A, EEEAENRE KBRS OISR EmAKE, DAY= ERERN, Ha5REH N E
VS AR . BKEERT R, B T IRAGE AT IR A B, Bk 0% e B 98 2 % 1 20K 41
KW RRia 1A R,

FEA TR FANMZE R M EAE, TRURA KRB ZITIRIEY A2 C b, EEF 11 AM 12 A
[ KR Z4EFF7E30 °C LA B o SR, & Z=hY VS P2 AR U AR R T HAb &y . AT AE 5t K]
B, BB EURL A A I TR AT R Y IR GEUHE N SRR 25 K, RS R IR o T AR T 3R A U
1838 H AR 2 R R R RIFT, X R FIRE IR EAE 0 C AL 2TAL, &
A ARV PRk e R FE T &30 ¢, (i FHbRbE R AL R IR 2 KA R 1 Rt
R FE N YRGS AL R Y N 2 A W o R R AR AL BRSO B0 ML A R B g
SRR, PR ARERAR . B R R R DR R LI, R Y SR A T AN
RB AT ALHR TH IR AL e AR RE, v 5 B AL A i AR S B A0 3 . B el 3 b L el % a0 e
B BEARA ML AT S S, SRR S RE N YR AR PR B St AT AR R AR VS AR
BRRE,

2) FESHULACFEE . VFAs, B8 Al pH B2 T20UR Ak B =2 S8, Hh TVFAs FBE i
R I S(a) Bios o &1, HARME BRR B TVFAs 360, REREIK. 5 2 TVFAs
B, AN OB EE (15 01042 520) mg L) ¥R F . fk. &2, MK FEEA MM TVFAs ¥ Bl
R BRE . 28T R E AR R TVFAs 78 2 500~10 900 mg-L™' 284k, J& T 1" TVFAs ik 1
R FR . ¥ EVERG iR (VFAs) J& PR & e 72 5 2 A0 TR 6] 7= 9, A R 7= B o T A0 JEG 400 0 R A
B BE . T TR AR B & R 3, DR PR K, PR A A A AR 1 VEAs R RER
G 1 38 3 45 v ) B EBGHE I R PR e B B R, 3 B VFASs TR R B SRR, TR ISR vk 8 44 o 41
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Fig. 5 er 5 Changes of TVFAs, alkalinity (a) and pH value (b) in the full scale dry anaerobic digestion process temperature
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P2 R T I M T D T AR AR R IR RN As AT R s T M 3 A, IRE T T
AL R IR R, WTREIE R T Mg, 2EE VS A EMTFRENEEZ —,
VFAs Ul TR AR B R R BT A EEEM . Bk, 768 TR ST R b N 5E i
ALV B e B GRf J TER R R AT DL . BE AN, B R PR R R A R R R B 1T R
HSH

PR 48 K e A 2R () R B A2 52 24 S i B Rk 2 ad B sl WA AR . EALIR . 55 S 5 W
BT S s, 1 pH 2 FR BT 2R A IR e R BB 5(b) AT, AAEiE AT R pH (EAE 7.5~8.0
Wedh, Hrr, BT pH (H (7.94+0.13) e . X RV, B BCABAL T m i 2R 5E A F1) T3k 4
MRfl, ek RGMNROENE . 7= PG BT pH A A8 6 b= R i 00 R AU, 24 pH (A T 5| =
HGE BRI PR AL, VFAs BRI Z2 18 1 R AR, B0 pH (HiF — PR MK. Fitk, VFAs F1 pH {45 fk
RGAHWREA KRG EBREBITMEZIRM . MRS B pH HiELE TR, TVFAs A
Figtb, [, RN, R BRRLARTIK, Rt R K iR R BRI ML, DL
BEIRERGIRE 20T, &S Ees TREREERSE T A AR E S, BT A2 5 mM,
AW E B 25 NS ok B S AW sk TR R, 7E R ALK B pH A B P TR B R A A -k R -
VFA B = U IR v R ZR , VPR Kk I R 40 1) pH 2% v RE 1 S AH I 1Y pH AR AL R, 3cm] oy
T2 R R R Y pH 4 2 A1k L g

3)pH Z b 11 X R G Fe et . IRE K RS0 pH 28 vh BE 1 — B 2 8 2 40 % 2 Ak %) SR Bt i
1, RRER B B R BRIl F IR BE ) R B AR AR, nT LR R ok T R AR R I R
GERAM LIRS . B, PRAE K i BR O BHE & MERE R (TVFAs) ik IR &0 Eh % B2 (1) U (B AR M IR
ARG pH Zh Rk I K/ bR 2 —, HARRIR A K BE R G R b, HUEN, RS
WRE R . AREZET R TVFASARE 1) LA AL an & 6 firm o 1z h il T XK E E B e R E A S
BABKMIKRRZZMEE T, TVFAS/HREE 1) ELAE 2514 (0.23£0.13) F1(0.29+0.17), K F=HIFK TR K R
FZhaE A Y, (HE/NE e B RK S 118, 24 TVFAS/BEE KT 1.0 B RE{L 2d, 35
WA, X~ R, KEBITHENERRE LB TRER " SRCEREXEE, 2%

7 465 e I N IR T AE 2 TVEAS/RE < 0.4, PEAA R T 2 4 FUAT 1 05 1 28 wh
i34 TVFAS/BRE = 0.4~0.8, K4 KRG B A A IRA AL ST : 4 TVFASBRE> 0.8 I, WA 28
WEE SN . AR BB T AE . GAO %P9 R »

FiI VEA/RE BT 5 4 K7 90 K L I M i % |

FasitE . SONG %52 755 8 b Al S S b % 9, ! ‘.

5L 48 L 25 TS AL 28 o k. TR o s °

NS E AN, A pH k. 4% 5

e LIS B, RAC MM B, = o

PRI H S BRI HERR R 04

T 500 HERRE B G K H KRR TE R 02

S UHUHA S T A, I LT b 4R 0
FLABUALROR R ST B PR A

T A S B PR T R AR L R Bl6 FrRERLERG pH Erbe
B2/ AL, A28 51 VFAs, Fig. 6 er 6 Buffering capacity of the pH in the dry anaerobic
— R F AL E SR RGO digestion system
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VSRR EME, FERABTRES VS 2R EEAME, H5FHEZ . OLR, pH Al
BRI B EAEG; EERASITIRES ™R a8, AR ELL KL TVFA B 0AE, i
SRR G RETEN S B pH . B DL R B P EE 1 ((TVFAS/E ) 19 K/ B2 EAH G, B
IR Is AT B 57 AR RE . BT REMES SR B EMG, ERR2E S % MEe ) W35 EA
X, XFMWE2ES VS =A%, HALBFE R . OLR Ml TVFAs 556, MESRASITREIRA -
BIEHXEXR,

TR E LB DR E B 8G2 1T RS TRRE AAa M IxX 2 Jr 25 4 M, IR R R v 4
FSATRLRE B R, SIS AT RCBE T S R AR 5 TR Ak R o ik TR S R B TR R R B
W HALPE R JERTS &, HASERNX 3 N HEAR B B sl A AR R AR = B O ERAE R R, R
R R R R T RE S0 o WRIEAEEIR AL, R 15 °C LUF X i 20K R B
PISEIRAS R . X FREIRM R, AKERBEZEEF R E (10-12 AF1-3 7), i TR
R ERHIE RN B IR ], A2 DRI BE 18 A0 AR RN B 2 7= SR J5 (52 i, 7 45 S 838 A i) T
WEMCMERR, HRERFZ MR/ ZFRERE, BeEYEERR, . AR
REAG, 388 Jin 4k ¥ e LASR i =50, RO VS PEARCR S ASLRERRAR; HRIHEM, MUEw s R
Wik, IRARET, SKRRMOLR 2IEMX, KRR KBRS . MERREAZTIRERS
BF, B AR Rl A f A BN R . WA R — DR R AR TR AR, AR AUOR R
o HERETS PUAS [R) 25 19 by F 4 B0 1) B3 25 A B Kk B, = TS B PRk E DAL i . AL A3
5, FEAERZERRKNEAEZARRIRE, RELERPIGRMEMR T /-6 ), S8 w2 HER
LR R A KB IE W iafT, ML KERE TS, KRR, FHERESEREN, YrEE
Feff, RIRERGRMEWN T EEAHGA Y &0, SO=3RRE 32 25w s L J5 =< T E
T DU R B hy 45 5 3 B R B AR AR T R B A A AR AR AR R, e T MR IR 22 5 IR S (A 1T TR 1Y
KF, I RIRE TR R

MR ESCH o DL RS S BRI e &, A2, Pl TR SR BRI R W 2% vhikg
3, BT LLGE 2458 0 Ak B AR R R s AT IR M ORIR 28), RERE S BUE YRR H R,
MR A R MR GENRENE. FEEF, RELRBZITIRER R, 7% nah B g & IR Ak
BUAE. MR 3T, HAFEERM, e H R MAEREACR, I pH AT S, RHEERA
SHUR A KB, TERZE, BAMERED, VSR RE, BIRREmEE /N, Hik, Mt
T R R B RE , — T RT3 ek 3 s g Ak B o R v A B ACR AN B AR 5 — T RT HE KR
2 B4R E RAA R AT IR BE , A3/ TVFAs, 3800 VS AR A, X FBRERERMK, HE
WK, RELEBZITFYEE R (27.20£2.99) °C, pHEMRE W TR, FHRFAIE LIRS,
I, 4L 3 MR, REKBESITEE NE A ST SHRMNEZERNR, #IUELFTREGK
SR BB AT (R 22 ) sl & I e ], ml 4 v T R AR & 1 7 SRR BE A SR R AR 1k

i BTk, sz TR AR B TR RE S AGS 1T, A ZE NI 58 i 28 O A4
S AT IR B R A b, AU YR SR TR R 2R ) AR (R S ) AT R, R
T4 T4 M B B MBS IR E E B 1T R & ZR 0 n] 25 0l o M iR THE 17 IR ¥
BN R S i, Il B S H AL AR T A PR RE
3 #ig

DR AR R TRRA LB TROAILER AR, 2L TR . ERMKMEE
fiEs PERARE RN BB =R RGBS PR E LRETIRIE —8, ARFETFHER=SK
M BURAR YN H 2 (2.44+0.33 m-(m*d) )>FF % (2.3120.28 m* (m’-d) >4 7 (2.25+0.29 m*+(m*-d) ')>
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B2 (2.10£0.14 m’-(m’-d) "); VS PR E R, LT R,

2) Hhl AR 0 T R SRR I A P PR R 1Y TVFAs M R e, K 2280/ TVFAs/B &
L{<0.8, pH7E 7.5~8.0 I3, HAAKKM pHZMWEET].

) THEAMT, B TR A R T RN EBITIEE 2134 °C, FRE R
BITRERNNE S THEEMES, ERM. M Pra £ERW, JE™ 23R TR
AEBEN SN SE1TRE B EML <005, F. . X3FNIRES VSR E EH X
(p<0.05)
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Performance of biogas production in a full-scale dry anaerobic digestion of
municipal solid waste based on the temperature difference

ZHENG Jiaxi'**, ZHU Jinxing*, LIU Jibao', SONG Yunpeng'~, FAN Hua*, LI Jiao*, CHEN Meixue', WEI

.
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Abstract A full scale dry anaerobic digestion (AD) plant of municipal solid waste in Beijing was selected in
this study to investigate biogas production performance throughout one year on the basis of the difference
between the AD operational temperature and the ambient temperature. Results showed that the operational
temperature of this dry AD plant was significantly affected by the ambient temperature, and the average
operational temperature of the dry AD in summer was higher than that in other seasons, while the biogas
production rate per VS was higher in summer and autumn. The organic loading rate (OLR) of the dry AD plant
fluctuated greatly, and the order of the average volume biogas production rate from high to low in different
seasons was as follows: Summer ((2.44+0.33) m*-(m*-d)")> Spring ((2.31£0.28) m*:(m*-d)™") > Winter ((2.25+
0.29) m*-(m*-d)"")> Autumn ((2.10£0.14) m*-(m*-d)™"). Results of correlation analysis showed that the gas
production performance of the dry AD was significantly corelated with the operational temperature of the dry
AD (p<0.01). The temperature differences in Spring, Summer and Winter were significantly related to the VS
biogas production rate (p<0.05), and that in autumn was significantly related to buffer capacity (p<0.05). In a
word, it was recommended to strengthen the control of temperature difference in the ambient temperature
change period in Spring and Autumn. It was recommended that as far as the improvement of biogas production
and operational stability of the full-scale dry AD plant was concerned, the operational temperature of the dry AD
plant in the Spring, Autumn, and Winter should be increased by heating and increasing the return ratio, as well
as increasing the OLR of the dry AD plant in summer with adequate pH buffer capacity. This study can provide
a practical reference for the stable operation and efficient biogas production of engineering-scale dry digestion
of municipal solid waste.

Keywords dry anaerobic digestion; municipal solid waste; ambient temperature; performance of biogas

production
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