A0DY-A0F + axio N F+Y Jl.w UVM} J»a.‘l c\cb)t.o.w ‘rb-Q-; 0599 (Comnd by '09.‘& Ol

UASB Lwgi s Cll 5L dels &l ,15 Ol 51 590 adgs

Subidg3a 5 dntes baslpal e
Y gaonl dose ' Eglb Lo s

ol ) essy] e oSl  as qilio 5 (559l 00Stils ) sli S ggomitils =)
Ol edmd )l o Loyl Basee o8l ¢ (xubs @l g (55 )aliS 0aSLisl> =Y
Alirezatoloueiuma@gmail.com : Jgius sdiusg Juol
ARV VALEIVR O I VEVYIVOedl, f b

BAS

Sl wiai 4l UpFlow (UASB) (jlsn (2 ood msle sl 01 s Gl ey 29, S g (il aito < 4 (AD) (silgm (2 e
&S o 48l UASB (4L ;1 oslizul L RPMW (jlsn o man 3590 55 1y isios dllie oyl .cowl oad ol (RPMW) 8Ll 328 ails S
b jgy We e &y S o aiuas |y RPMW oS UASB (g81) 54 sl ) Ve oo b 4035 £ 9 Olay Slasciie 4 4565 L UASB ol
9 4355 D90 pbul (OLR) calisee JI (6 )35)L (slag 5 b (5,5 olo 433 YY) Ldgse (slod ;5 ajiolojl .S o IS )b adlosl MSie JBlus
plsl ol 1o 2V olas Ol (93955 (23 b Aty &b 10 AD lesl cadllan ol )3 0930 pll e (LIS 51 lisalo] (sl il Jelow
oS dgd o i S e S L/ SV angy Jhbe b jBen Wy pos b el (HRT) V0,0 € ainy (Sgyin wlo oloj 55 5558, 0945 o0
258 Jlogi B s a5 cujo L UASB 551, 6 o Jige yobo & oly5 # |, RPMW

S lols

"UASB" Ll 32" I gl el ol K58 g 0"

Foo Jgore il Sl b anlie > oy wnl) o)l )68 dodde -9
9> By el pl A8 o g ed o3 Ve B0 gl g cul inio 3]yl Ol g (651 5y 008 G g IS g prad Conio
39 o o) @ b ke b8l g aie gy S (COD) YU oliowsd St clale U ST Clay g9 LB polio of
Badshah et al., Y-)Y; Nkemka & Murto, Y:\Y;) 5y30 o Slge 4 4355 | (Badshah et al., Y- \Y) i o s
Slg5 oo musls UASB ¢! 5 ogMe (Verma & Kumar, Y- VY oAl A2 e 0303 3439 1 Mg Caxio £98 93 sl b 50 o3l
Ouhammou et al., ) 1l oslil bl 5,5 9 Ko g8 olido 3 3 8Ll Al Coio Glay g b JI8 ) 5o L 8L5L Aels
dilize glyl 3l b (Y2195 Verma & Kumar, Y-y B3 A o 5 0n ag T 815 sle 51 serdis e oS o
Sl e opd Vb b bl o b aile gilsn (o sy, 398 s plihesos (G35l 4 g oad fas liage 4 Cunl (Ses
wlig 195800 « S Lis e + (UASB) YU by b ok odudg Bakraoui, Karouach, et al.,, Y-)4; Meyer &)
ol il (05 S 4551, 5 (SANMBR) 55 b (jlsn (o2 g ped Ol aiias gl il lo b, (Edwards, Y- V¢
Deshmukh et al., Y- -9; Lin et al.,) (MABR) o5 5 NS Cguwy) wle olewdsSopd abal o by, elS
g e sl Clay adal oy oslitul 350 cp @) (Vo)) wodr ugSae ewl pmelild gy g dlasl (gileyglis
&5 5l g il Glles i 5l &S cul UASB ool 550 (428 piy oprslipmST o] o g (35 o) cosbye (gl
3,18 gl &l ppd & 3 a8 Ll > UASBreacto el w8 5 &lon oy «silgn (o wan) ke (SK5glom duhial gla Bg) g
L COD Gl o]y Sl55 oo 25 Connl 013 339035 s S ol ales 31 (Kamali & Khodaparast, Y+ 10) (2,5 b,
Naetal, Y\, ) a8 aal olo JS5 4 g5, g g 2V Il el 5 45 3,8 )Ll cilon o i s ol oo b (SiSS
@ 04y e oS 035 s & (Nkemka & Murto, V- VY dge pys > aag BB LialS #8ly 13 095 o Cgumine Sluy dubal
Conl o0l pool 1 jpes olo w8 )5 Seim s 20 c5len »1,COD bl 4 (Bakraoui, Hazzi, et al., Y- V4) (o394
ey JB b 4 COD Gis s (Bonilla et al., Y- A) Pontual et al., ) aas o Lialf Jb cpd a0])8 b awlio
Sislen 2 ) 2Vl s £lisy) 2 o Lale (gl s ood JSis | 5 il il & Cuns b bl SESS ol (Y0
sdle (Li et al, V- VYA) Ll o 240 09 (oo cdljl weila 5o b S Gyl 4 g bbb (Sole dles 5l olewdsSs b
b Silgne man sulp cuidse (lp owbol blyd 5| S onl o abad cdls jd oS sl 4l 4» (Zwain et al., YY)
s o5 el (glls o dxwgs UASB (claygiSTy )3 YU e po Gl dutind Slugwl lawgs ol polde p old Loy Lale o (g lon
(Badshah et al., Y- \Y) YL jole cdld b owises LB L oly 2 5L a5 el g8 (eae Sk G 3l il jb ol 45l

qo0Y



ADOY-A0F + asxiuo N F+ Y Jlw Lo Jad (F b ylowd caks 090 o § Janmo @gle Oolalllae

JolS oliio 1> UASB pslas 1 (gl ils o0 b, UASB Lubgs0 puile
Sl ely Jobo )3 S o ddiai |y imto Oluy 5 950 il
oy K 3l odlatwl L RPWM L pglse b & musls JUASB
G5 s o5 e LUASB psls 4335 3645 o 4335 Sl s
Gl 5l eSsls sl s (YVEYC) wis (lod Laylys b (gl ails oy
sl 5381y (5l ol oo pslito @y cals o ol Jsbo 5o o
Zenle Jao S jlonlatal b gl Gl ddore i o b pusla ol p )5
yme b dtoogy <oy Galejl () JS3) 3930 Lk el 5 53
03,5 (b ly dlsye &5 islejl opl g e plosl RPWM )55
Sl 3 yid <0 1) gl Sy 03 dl> o 4y (gl dl> o 508 o
L/NE0 a5 -0 5l qoumd oo il

stlionss o 5 40325 ~F-Y

Ll cusby PH ses il olie 13 5 oyl
5 (VS) j clisly (MS) Saxe cilials (TS) JS wlasls (AlK)
2 3T den Kb o oo g 28 (VFA) 3 G (slasd
g ol VY] "l 5 Ol gy 2 s 2,50 (sloidy,” ol
HACH (HACH ,g51, pas 3y, I oliwl L COD
5 3450 oms Spectrophotometer DRY: )., USA)
Li ) MLSS skl gy 5l oslitwl b ygST) 10 0dg5 oy cdale
Sy g 0 spSojlul (et al., Y- +9; Rice et al,, Y-\
el V¥ o 4 3L Kslo a3 V40 (slod p3 by diges TS (s
elod 13 005 S dlga MIS Cale (6,5 5l (gl g oo St
Slgme g 0 03 Oyl el ¥ Gt 4 3 Kl 4y 0O+
D98 o PH 8,0 )5 (gl 25 2, L

(H1)J59,5 520 a1 -Y-

y90 gl Al 3 yias Dad o gl glah pd i YO L eST,
S S ke s UASB sl %, Gl o) 5 sl
ol yo odlitul 3yse (ol Wl pd s Clasuie V Jgds e 0
Aad o i 1y adllas

Fably 2l ke
PH - v.¥
COD (chemical oxygen mg/L orY-.
demand)

ALK (alkalinity) mgCaCOr/L TYO-
TS (total solid) g/L ryaa
VS (volatile solid) g/L YV.YA
MS (mineral solid) g/L oMy
%TS % AAA)
VS (%TS) % AV.Y-
Cagb, (%) % a5y
s Mm \-V.0
3 - St

qoo0Y

o Clay aas gy 315 o)l 4 UASB 8T, xSl
5l dua (Rosa et al., Y VA) cul onis ooy plis Joloeo bras
UASB 551 YL gl b silsp (o il o (b s
bl of VFA 5 COD Gis loily 4 angi b aol b opl il oo
o2 Sy b e i @l T8 e Sy el il i e
s &b 29 (o 8Ll Bgm 4B S 5l S (ilga o T 4
ol YU o 5l saiSTle S B g mbe 5B il (ol e
Clay ahial clp owle > ol Slg5 (oo pluges (] 25500 4
Sl dsols yd  Sixio

W (59, 9 3190 ¥

ialojl (g, 9 (5511 oy Y=Y

0333 Bl 350 o 5l a8 amdy o i |y inlejl ileulais N s
O it odd oS5 UASB psla I L8 odds cuas (6349
@ @35 5l S (639)9 (2leerdoS b sloyiell pula g S 3L
SIFOU -0 o b, meile 4585 Sl yy oy S el 45351,
iyl a Vo LS oo iy sb gl S e s el
oxiSlas Jols UASB psla (sYU Cuoud 35y yio + Yo ylab g 2o )
b el ol pl bl o e o ¥ gl b dela-mlo— 58
Sl Sildgie bylyd b jolate 4 48 o oald |y B
Ouhammou et al., ) col o <ol mola 31 )3 goslo Jise
(Y)Y

5 sad mlio Slay aha gl ons slb UASB (ol Ky Solos ) S

b iels

o o5 cpl p eslitul 5y50 0 sl UASB pole V S5
L (MUASB ik (5% sla (V) (63909 45 oy () 53929
oinleS o ol (F) "soly - ple" saiiShis o Vo S poe
Gl e (oSl 423 YY) dgje Lulyd sl (0) liwge s
5 oad brle Ol o (655 0315l (el (A) gyt gl V) 520035 (%)
gl

V8 Ol o 5l oolal b awlyd Jgb 55 ond i Ban o
> D90 (555 o)l (Sl g (yj5xe) 4955, 4 Jae (552
o S o bule 35 1y O (68 ojlul BB ply oo 55
okl alSilofl olide )3 Lod g )b b 85 ka5 )3 L i8ge
Ol (o9 yo (sheo VF+ 5 31,5 (5l a2y +) (ool Laulyd 3 g 0
D950

iilojl asgy -Y-Y



A0DY-A0F + axio N F+Y Jl.w UVM} J»a.‘l c\cb)t.o.w ‘rb-Q-; 0599 (Comnd by '09.‘& Ol

(COD/L £55) (83959 yimn cdale S,

().J a\“) ol odlatwl poes yeiSTy 50 lo po V)

Cou g s -Y

T8 ke il 5 55 (5 st il ol oam

58] obans o 5 VFAJAIK s (VFA) )5 o s
(CoD)
Sk la el - -Y
pH 5 -Y-)-¥
@ wan 1R ol Sy o cul 908 by S PH
Jsb 22 (295 9 5295 PH (5650ke jlaie 055 (o0 o3l (gjlom
5Slas a5 3gr 5 odgame > PH Jlugs 395 o dwlxe A,
o «ly 3 A8 o 12l 1, UASB sl (5l g 4l oo
doyjplio ofagas 53l e Slacs Sl yide & 23,8 )15 aslllas
Nayono, ) s e il V.0 L PH 1,0 axgusme 3 1) 5540 ados
1551, 5 oslizal b RPMW jles 350 5 5 adllas Sy (Y21
Jsb > PH & sl 3,155 (MABR) o oMol (gjlg (o 003 J8L
Chelliapan et al., ) col 4Bl als £Y 4 VYl oS a0l
(Y*)Y; Zwain et al., v+ ¥
S8 2 ! JolsS -Y-) Y
i gl b 5 )l (gl bl 2ol S8 o sl (g
Jobee COV 0y S (o olomle el VA poo ol (s3lon (o
wola ] 250 a8 o yoee 556 0 o1 B COY 439 0
i 45 295 00 ol (lsime b (gl g )b BLST 4y e
b 8lol 48 2 o s adlllas i g e sl b enSid &
o> 1y b ol liwl (el g el VA gaos s 4 o udla 4o
b Gl b b WS VFA S clale s o
o 3 Slos -Y-Y

LOD Gis losily w5le o)l psix 4 a9 b pusla 3,Slas
S (53929 Ol €5 % 45 0ad Jlosl OLR o HRT 55, o)
OLR 1, b cuwslie UASB ol 5 Slae 398 0 (b5l o)yl
OLR | llae Gis slosily &S Sloj jBsm adss 5 b o Lyiul3d)
My o 02 d9dee Ol Mb o ORIBI L o
0399 Jsb 13 9 A8 s 258 I yobo 4 Sl B Jgl al> po 53 005
P RPWM 520 b diisgy cdls G jn 95Ty 09 cas Slles
el Voe oo, Gdo & g 345 00 5500 o, COD/L d 5,5 OLR
D9 s 59581, 85 Sloj b S oo )18
Hm g5 VY-
(HRT) L2l 0osl 5> (stg8 LB y5b a2 35 90 a5 398 00 (s i
ol s Gl 5l ey 298 Cat Slles 009 Jsb )3 9 il 38!
boslsn o pan adle ol Bon a5 o2 0 a2y JB
5 e w58 51 ol (obiund ol b UASB sl 51 oslizal

Qo0¢

S oy A sl o2t a1 ol ok &y JoiliS g Sl S5
e cuenl il 0id plolid oan ab ST g 4
L2l IS co ondy > (34 3 25 e Vol i) el
& ol .l Collas paie S 55 dtolds 929 Cunl 0 5155
kol 4 a5 (el ;5 o Ae 5Y0) cul Jle b Jgil )5 cpl ot
y90 @lo ol Goyb 3l 45 Wg edlitwl U s ;D B amd e o5l
lp ol b e olp e BB le e Vb el 4
3 3ulb oy edyiuS ojgyel g e anlis UASB (lyie 4 o
ol by gmol 5lie

)38 5l lasuin -Y-Y-Y

5l oy lp 28l sla 39, bl 2 Jdoos g 4528 ples
BODO/COD ¢ 5555 ol (Rice et al,, Y+ 1Y) " Cluy
Cool oy oS Cuny N lge 5l (28 Clag o8 a0 (o (L3 VY
o il gl Wl e S xe opl 4 ZWain et al., YY)
ol 45 amd o (L BODO/COD +,0 s bl comlio (5lgn
»Zwain etal, YY) col YU a8l b T g5 5l Olun
FYYA 5328 6l )5 Gluy COD 45 aas o L bl lilllas (8l
PH 5 i) 5 p)S LYYV Y-SV I TS () 5 5,5 LLeYVEO L
559 adlae (Birjandi et al., Y- V1) col yui0 V5 XY
aod 1 bl B WS Ol olandsSizd Clogas
COD/L p)3 Lo ¥a¥+—¥YA+ -y COD & s3> o lis 1S 0
o SVEYXOYe 0 TS 5 1) 3 p )5 e YOSO-VSD- oy BOD
owexed gl (Zwain et al, YY) cul pme ) 0 p)5
wlalS g5 g (s 45 L3l e VI B EY oy i s PH o)
Chandra & Singh, Y-\ Y; Dessi et ) .u 0 ookl 5LI5
(@l., YA

3951, Ollas -F-Y

(HRT) g0 513085 oloj ) -F-Y

ol 3Slas o 393 o 4385 Jai 3 pae bl o oy & HRT
Jsb ,» HRT (Kaviyarasan, Y- 1&) us' . Jx8 1, UASB

355 o0 dsmls 135 Jgo s il oolizl b iloj]
VI

HTR = —

Q

() OF) ois oolazul 55Ty 55 molo por> Vi

(L/h) ol e Q

(OLR) JT (5,135 )b ¢ 5 ~¥-$-¥

ol 5, Skes 45 ol pro sl ol 5 OLR HRT lgic 4
(Kaviyarasan, Y- 1¢) x5 Jms1, UASB

b, 5l oslizl L OLR

QxS

Vi
L

(L/h) ol cepw Q

ORL =




A0AY-0F « asxbo N F Y Jl.w ub’m} J»aﬁ cfb)t.o.w crg.Q.; 0599 (Comnd by '09.‘& Ol

ot ole Sy 0 Sles o o ally (5 oo 5 S S )L ¢
2 pold w0 JLE Il blge B e ke slgie 4 .ol (gjlen
b Y5 (Soiodm w55 5l sl iy jel)l ol 9 o0 a5 o)
ole WS (o oy |y Silp (2 mle (LI (i e Gl T,
b)Y 145 OLR (sl RPWM j AD 4 ams o i 005 ol
o il )l wsle 3Sles 4 «ul o g, 0 COD/L p 50
V-3

Buswell g, -Y-Y-Y

O3 oS woy e e oLt RPWM ol s 5 4o
s BUSWEIL dleo 5 20l ol 51 . cyfsis 5 2,555 ey
e 1) 590 53 55 3 o) 5 liogn Mg g Ban (sl e
& Buswell sg, dslxe b @b (El Bari et al., Y- YA) 55
Al o Cawd

&5 ot -F

3 M lse oag 3 UASB psle slo Jil)5 48 35000 (i e
bVl Jisla)l )51, du) o a5 4y it g0 B0 4 Ol
I by slp Jlo o S5 ol prizmen 08T Sty
Anwg 4 Llg3 o a5 ol w018 opl 5l oad Woi (65501 odlasdl cLlje
&S S8 b g pal,S el

2o A B A o lassly a8 amd o L g5yl Al el
Cosl odpsy COD pS5ls ) OY- & 5 Mg 5 o9
abal gly 6,505 adlae )y (Chinnaraj & Rao, Y- - 1)
Sl (2 an sl ol (515 &S b ploxl o Gl sjlsn o
A+ 5505 COD zals” \as 5l o]y delS g ot mlio slo Gl
oy (Jb (b 35 COD p5ols” i YF- (o Adgi 9 20y
033l g 392 /¥'+=Y+ s COD als’ sk (sgutitmss 31 Juol>
Rao & Bapat, Y- -7;) us i L/kg COD yV-¥5. ke
s Gangagni «,uxe» (Saleh & Mahmood, Y--¢
L/kg COD YY+-YV+ odgummo p3 oo Mg o aiblyyy ol Ko
s Sl Jload 38 g i G ple adkal bl oad S
Gl adlas Jb ol L. [¥8] ZCOD V+-VO0 Gis Lol L el
s 5551, G oyl 3 a8 a3 pbmil o) Ko 9 Hasnidah Ly
S ol 4has sl S]] oliia 5 IS Jlb 8 b
1 COD Gis wadllas oyl p> 03,8 sbgl Ll 32l als,ls
el FA 045 osmliie HRT 1 5 (VYo 3gr 4o 3 AY 15 OY 03950
(Osmanetal., Y- V) ol

15190 JolSG -Y-Y-¥

&l

Badshah, M., Parawira, W., & Mattiasson, B. (Y +)Y). Anaerobic treatment of methanol condensate from
pulp mill compared with anaerobic treatment of methanol using mesophilic UASB reactors.

Bioresource technology, Yo, YYA-YYY

Bakraoui, M., Hazzi, M., Karouach, F., Ouhammou, B., & El Bari, H. (Y +14). Experimental biogas
production from recycled pulp and paper wastewater by biofilm technology. Biotechnology

letters, €V, YY44- Y.V

Bakraoui, M., Karouach, F., Ouhammou, B., Aggour, M., Essamri, A., & El Bari, H. (Y+19). Kinetics
study of the methane production from experimental recycled pulp and paper sludge by CSTR
technology. Journal of Material Cycles and Waste Management, YV(1), YeY1-) ey |

Birjandi, N., Younesi, H., & Bahramifar, N. (Y+)1). Treatment of wastewater effluents from paper-
recycling plants by coagulation process and optimization of treatment conditions with response
surface methodology. Applied Water Science, 1, YY4-Y£A

Bonilla, S., Choolaei, Z., Meyer, T., Edwards, E. A., Yakunin, A. F & ,.Allen, D. G. (Y+YA). Evaluating
the effect of enzymatic pretreatment on the anaerobic digestibility of pulp and paper biosludge.

Biotechnology reports, 1V, YV-Ae

Chandra, R., & Singh, R. (Y+Y). Decolourisation and detoxification of rayon grade pulp paper mill
effluent by mixed bacterial culture isolated from pulp paper mill effluent polluted site.
Biochemical Engineering Journal, 1, £€4-0A

Chelliapan, S., Mahat, S. B., Din, M. F. M., Yuzir, A., & Othman, N. (Y+Y). Anaerobic digestion of
paper mill wastewater. Iranica Journal of Energy & Environment, ¥(Y), Ae-2+ .

Chinnaraj, S., & Rao, G. V. (Y++1). Implementation of an UASB anaerobic digester at bagasse-based
pulp and paper industry. Biomass and Bioenergy, ¥« (¥), YYY-YVV.

Deshmukh, N., Lapsiya ,K., Savant, D., Chiplonkar, S., Yeole, T., Dhakephalkar, P., & Ranade, D.
(Y++%). Upflow anaerobic filter for the degradation of adsorbable organic halides (AOX) from
bleach composite wastewater of pulp and paper industry. Chemosphere, Yo(2), YYVa-Y1Ao

qo000



A0AY-0F « asxbo N F Y Jl.w ub’m} J»aﬁ cfb)t.o.w crg.Q.; 0599 (Comnd by '09.‘& Ol

Dessi, P., Porca, E., Lakaniemi, A.-M., Collins, G., & Lens, P. N. (Y+YA). Temperature control as key
factor for optimal biohydrogen production from thermomechanical pulping wastewater.
Biochemical Engineering Journal, YYV, YY£-YYY

El Bari, H., Bakraoui ,M., & Karouach, F. (Y+YA). Energetic Potentiel of Recycled Pulp and Paper
Sludge. Book of Ecological Sustainable Waste Management, Morocco .

Kamali, M., & Khodaparast, Z. (Y °). Review on recent developments on pulp and paper mill
wastewater treatment .Ecotoxicology and environmental safety, YY¢, YY1-V£Y |

Kaviyarasan, K. (Y« ¢). Application of UASB reactor in industrial wastewater treatment—a review. Int. J.
Sci. Eng. Res, ©(V), oA&-0A4 |

Li, H., Han, K., Li, Z., Zhang, J., Li, H., Huang, Y., Shen, L ,.Li, Q., & Wang, Y. (Y +A). Performance,
granule conductivity and microbial community analysis of upflow anaerobic sludge blanket
(UASB) reactors from mesophilic to thermophilic operation. Biochemical Engineering Journal,
AL

Li, J., Carlson, B .E., & Lacis, A. A. (Y++1). A study on the temporal and spatial variability of absorbing
aerosols using Total Ozone Mapping Spectrometer and Ozone Monitoring Instrument Aerosol
Index data. Journal of Geophysical Research: Atmospheres, 1Y £(D1) .

Lin, H., Liao, B.-Q., Chen, J., Gao, W., Wang, L., Wang, F., & Lu, X. (Y+))). New insights into
membrane fouling in a submerged anaerobic membrane bioreactor based on characterization of
cake sludge and bulk sludge. Bioresource technology, ) Y(¥), YYV¥-Y¥va

Meyer ,T., & Edwards, E. A. (Y+) ¢). Anaerobic digestion of pulp and paper mill wastewater and sludge.
Water research, 1o, YY)-v£4

Na, J.-G., Lee, M.-K,, Yun, Y.-M., Moon, C., Kim, M.-S., & Kim, D.-H. (Y +11). Microbial community
analysis of anaerobic granules in phenol-degrading UASB by next generation sequencing.
Biochemical Engineering Journal, Y)Y, Y£)-Y¢A

Nayono, S. (Y+Y+). Anaerobic digestion of organic wastes for energy. Hyderabad, Telangana, India .

Nkemka, V. N., & Murto, M. (Y +1Y). Biogas production from wheat straw in batch and UASB reactors:
the roles of pretreatment and seaweed hydrolysate as a co-substrate. Bioresource technology, ) YA,
YUELNVY

Osman, W. H. W., Abdullah, S. R. S., Mochamad, A. B., Kadhum, A. A. H., & Abd Rahman, R. (Y+Y).
Simultaneous removal of AOX and COD from real recycled paper wastewater using GAC-SBBR.
Journal of environmental management, YY), A+-AT

Ouhammou, B., Aggour, M., Frimane, A., Bakraoui, M., El Bari, H., & Essamri, A. (Y+)4). A new
system design and analysis of a solar bio-digester unit. Energy Conversion and Management,
AEYSRRRRAE]

Ouhammou, B., Naciri, M., Aggour, M., Bakraoui, M., Karouach, F., & El Bari, H. (Y+ V). Design and
analysis of integrating the solar thermal energy in anaerobic digester using TRNSY'S: application
kenitra-Morocco. Energy Procedia, Y €), YY-\V .

Pontual, L., Mainier, F., & Lima, G. (Y+)°). The biogas potential of pulp and paper mill wastewater: an
essay. Am. J. Environ. Eng, °(¥), e¥-ov .

Rao, A. G., & Bapat, A. (Y++1). Anaerobic treatment of pre-hydrolysate liquor (PHL) from a rayon grade
pulp mill: pilot and full-scale experience with UASB reactors. Bioresource technology, 3Y(YA),
YYVI_YYY.

Rice, E. W., Bridgewater, L., & Association, A. P. H. (Y+Y). Standard methods for the examination of
water and wastewater (Vol. Y +). American public health association Washington, DC .

Rosa, A., Chernicharo, C., Lobato, L., Silva, R., Padilha, R., & Borges, J. (Y YA). Assessing the potential
of renewable energy sources (biogas and sludge) in a full-scale UASB-based treatment plant.
Renewable Energy, YY¢, Y)-Y1

Saleh, M. M., & Mahmood, U. F. (Y + £). Anaerobic digestion technology for industrial wastewater
treatment. Proceedings of the eighth international water technology conference, IWTC ,
Alexandria, Egypt ,

Verma, A. K., & Kumar, S. (Y+)Y). Characterization of Sewage and Design of a UASB Reactor for its
Treatment

Qo001



ADOY-A0F + asxiuo N F+ Y Jlw Lo Jad (F b ylowd caks 090 o § Janmo @gle Oolalllae

Zwain, H. M., Hassan, S. R., Zaman, N. Q., Aziz, H. A., & Dahlan, I. (Y +Y). The start-up performance
of modified anaerobic baffled reactor (MABR) for the treatment of recycled paper mill
wastewater. Journal of Environmental Chemical Engineering, Y()-Y), 1V-1¢ .

qooV



A0AY-0F « asxbo N F Y Jl.w ub’m} J»aﬁ cfb)t.o.w crg.Q.; 099 (o by '09.‘& Ol

Biogas production from recycled paper mill effluent by UASB

Alireza Tolouei' ; Mohammad Ahmadi’
' MSc., Faculty of Agricultural and natural resources, University of Mohaghegh Ardabili, Ardabil, Iran
" Associate Professor, Faculty of Agricultural and natural resources, University of Mohaghegh Ardabili,
Ardabil, Iran

Abstract
Y. Introduction

Pulp and paper industry is a big consumer of energy and water. Its industrial process produces significant
amounts of organic effluent with a high chemical oxygen concentration (COD). According to the raw
materials used in the process, there are two types of paper production industry: pure pulp and recycled
paper. In this work, we focus on the effluent of the recycled paper industry. A large amount of organic
waste produced from the recycled paper industry may be converted into biomethane and converted into
renewable energy. Different methods for pulp and paper wastewater treatment, physicochemical treatment
methods such as (sedimentation and flotation, coagulation and sedimentation, filtration, reverse osmosis,
absorption, wet oxidation, ozonation and other advanced oxidation processes) and biological treatment
methods such as Anaerobic digestion, aerobic treatment and fungal treatment). Among these techniques,
we can mention anaerobic digestion, which is a sustainable process for wastewater treatment. In fact, it
significantly reduces the input mass and COD concentration compared to the activated sludge process. This
technique has more advantages than aerobic and physicochemical processes, including simplicity of design
and less energy requirement. Note that in the case of aerobic treatment, the thick sludge produced in large
guantities by wastewater treatment facilities of paper recycling plants is a serious disposal problem that
requires an immediate solution, the degradation process is effective compared to conventional aerobic
processes, and only © It produces up to ) * % sludge. This results in significant savings in costs and measures
associated with sludge disposal. In addition, UASB digester can be used in small and large scale. Many
different types of anaerobic reactors such as high flow anaerobic filter, high flow coated anaerobic sludge
(UASB) + partial recirculation, submerged anaerobic membrane bioreactor (SAnNMBR) and modified
anaerobic baffled reactor (MABR). The most commonly used for industrial and municipal wastewater
treatment is the UASB digester, which is operationally stable and energy efficient. UASBreacto is an
encouraging system where it is located at the bottom of granular sludge because it can provide relatively
high COD removal efficiency and energy production in the form of methane. Due to the low yield of biogas,
anaerobic processing of bio sludge has not yet been carried out in pulp mills.

Y- Materials and methods

Y-Y- Setting up and test method
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Figure Y. shows the experimental setup consisting of an inlet storage buffer tank installed before the UASB
digester; The role of the buffer tank is to control and adjust the input physicochemical parameters before
feeding to the reactor. A peristaltic pump maintains digester feeding at a flow rate of +,° to ¢, liters per
hour. The results of the digester design were Y- liters with a height of ' meter and a diameter of +,¥:
meters. The upper part of the UASB digester includes a gas-liquid-solid separator with a height of +,¥+ m.
This device allows the recovery of biogas. In order to maintain the mesophilic conditions of the process, a
spiral exchanger is fixed inside the digester.

Fig. ). Schematic of a UASB digester, designed to treat wastewater from recycled pulp and paper
industry. Fig. ) llustrates the designed UASB digester used in this work, influent tank (), influent feed
pump (), UASB cylinder tank digester () with a total volume of Y+ L, "solid-liquid-gas" separator (£),
including thermostat heating water (°) for mesophilic conditions (YV°C) C, effluent tank (1), Gazometer

(V), graduated tube (A) for measuring the water volume displaced from the gasometer.
The volume of biogas produced during the process is measured using a Y 1-liter water tank connected to the
reactor (Boyle-Marriott tank). The volume of biogas displaces an equal measurable volume of water from
the tank. The volume of biogas is expressed in normal conditions (+ °C and Y1+ mmHg) taking into account
the effect of pressure and temperature on a standardized laboratory scale.
Y-¥-Y-granular sludge bed

The reactor is inoculated with Ye liters of granular sludge. The granular sludge bed used in this experiment
is recovered from a full-scale UASB digester. Table Y shows the characteristics of the granular sludge bed
used in this study.

Table Y Physicochemical characteristics of the granular sludge bed

Parameter Unit Average value
PH - \As
COD (chemical oxygen demand) mg/L ovY- .0
ALK (alkalinity) mgCaCOr/L YYH-
TS (total solid) g/L ryaq
VS (volatile solid) g/L YV.YA
MS (mineral solid) g/L N
%TS % ¥
VS (%TS) % AV.Y-
Moisture (%) % asva
Diameter Mm -1
Color - Black

The initial granular sludge had respectively YV,YA and YY,44 g/L as VS and TS value, and the COD
equals to Y'Y +,e mg/L. In General, the alkalinity varies from Y+« to ¢+++ mg/L as CaCOY in anaerobic.
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Y- Results and discussion

The purpose of monitoring stability parameters is to control and ensure process performance. The main
control parameters are: evolution of pH, alkalinity (Alk), volatile fatty acid (VFA), VFA/AIK ratio and
chemical oxygen demand (COD).

Y- - Stability parameters

¥'-Y-3- Evolution of pH

pH is an essential parameter used to control the stability of the anaerobic digestion process. The average
value of input and output pH is calculated during the process. The pH fluctuation was in the neutral range,
which confirms the correct operation of the process and the stability of the UASB digester. Indeed, several
studies reported that most anaerobic bacteria, especially methanogens, increase biogas production in the

pH range of 1,2 to V,°. A previous study on RPMW treatment using a modified anaerobic baffled reactor
(MABR), reported that the pH decreased slightly from V,¥ to 1,Y during the process.

Y'-Y-Y- Evolution of volatile fatty acids

Volatile fatty acid content is an essential parameter for monitoring the anaerobic digestion process.
Accumulation of VFA causes displacement of bicarbonate to dissolved COY, and COY partially passes into
the gas phase. Their accumulation in the digester leads to organic overload and acidification of the digester
content, which leads to process failure. Several studies show that organic overload in digesters is due to
VFA accumulation, and often acetate accumulates first, the total VFA concentration increases slightly or
steadily.

¥ - Conclusion

It is predicted that UASB digester granules are effective in converting organic matter from wastewater to
biogas. The reactor seems to support high organic loads; Also, this technique is an excellent opportunity to
exploit the economic benefits of the energy produced from this process, which can contribute to the
development of more efficient and sustainable systems.
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