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Biogas Production by Fermentation of
Combined Substrates of Cow Dung and

Food Waste using UASB Reactor

Dr.Adel Awad’ Dr.Hossam Sabbouh®
Dr.Raed Jafer’ Eng.Kinda Ali®
V ABSTRACT YV

for The up flow anaerobic sludge blanket (UASB) reactor is an
important and effective anaerobic treatment method for sewage,
industrial wastewater, animal manure, agricultural crop residues, and
food waste . Biogas production in Syria is still in its early stages and
has become an urgent necessity, in addition to the large amount of
primary biomass, estimated at about 379 million tons per year, which
can generate about 4.6 billion cubic meters of biogas when treated.

3 Professor in the Department of Environmental Engineering —
Faculty of Civil Engineering — Tishreen University — Lattakia —
Syria.
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Engineering — Faculty of Civil Engineering — Tishreen University —
Lattakia — Syria.
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8 Engineering — Faculty of Civil Engineering — Tishreen University —
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The UASB reactor was designed in a laboratory scale with a diameter
of 19 cm and a height of 115 cm to achieve maximum methane gas
production. The mixing ratios of cow manure with the used food
waste were 10%, 18%, 40% and 6(0% at a temperature of 35 °C for
35 days. Several parameters affecting gas production were
measured. Methane production was 8.1 L at 10% food waste, 7.4
L at 20% food waste, 7.1 L at 40% food waste, and 6.6 L at 60%
food waste. The highest biogas production was achieved using 10%
food waste and cow manure due to their proximity to the ideal carbon

to nitrogen ratio (C/N).

Key words: UASB reactor — Anaerobic digestion — Biogas —

Organic solid waste.
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T Pr;o;jnuucreed Produced biogas
ype .
(million ton/year, (mllllon m3/year)
Sheep
and 14.45 14.45
goats
Cows Oxen 0.1 3.94
Calves 4.16 166.05
Dairy cows 13.12 524.91
Non Dairy cows 3.16 126.48
Calf female 0.6 23.99
Hors_es Horses 0.12 4.89
family
Ponkey and 0.8 32.16
Poultry Chicken 0.7 48.84
produces eggs
Mother Chicken 0.32 16.19

11 Organic load rate
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Chicken 6.04 422.84
Dinde 0.04 2.64
Duck and goose 0.01 0.44
Buffalo 0.14 5.52
Camel 0.61 24.24
Total 44.28 2,270.64
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13 Up flow anaerobic sludge blanket
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count mean std min max
Numbering for day | 34 17.5 9.96 1 34
pH 34 7.33 0.66 6.09 8.7
Moisture
34 92.49 1.49 | 89.95 | 96.02
percentage
coD
34 | 17297.65 | 872.56 | 14015 | 18475
mg/L
N
34 0.34 0.22 0.13 | 0.86
percentage
C / N ratio 34 21.06 10.4 5.43 | 44.1
inorganic
materials 34 2.02 0.66 0.43 | 3.42
percentage
organic matter C
34 5.44 1.35 2.28 | 9.62
percentage
Tss% 34 1.66 2.84 0.2 9.66
Vss% 34 6.71 2.11 1.96 | 12.59
Temperature
34 27.53 2.09 20 31
Celsius
rate of biogas | 34 5.62 1.94 0 8.11

O 5 (4Sbilly il plala) s g Cma il ) i B oY DIaF
(25 = 16) o J&Y) &gy (G ol Y sl das ml5s Lin( 7 — 35)
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.(Sayra, 2019) dglsa Ul LSyl gail Lo P 48130 pualiall (i mllad Cua
%18 ?w\ Dzl & %82 AN ‘LJJEB ;\a.).u" (2! 1 Sal)
Jamay pic SN ag 43550 A demgs seedill I ALY (e gandl Sl 2 ) 6,
O Aliall pH ) 4 Can gl 5 ¢ GEDAN a sl (il s Liagy S addsd 3 7.5
o=issl 19401 mg/l ks COD I Wi 5,891 ol 3 aiif( 6.7-5.54)
(2) sSall Slasy) Caagll mamsy il Jpaalls yseall JMACOD )

count | mean std min max
numbering for 28 16.04 | 8.87 1 30
day
pH 28 6.24 | 0.28 | 5.54 | 6.7
Moisture 28 92.11 | 2.15 88 96.6
percentage
COD mg/L 28 | 15981. | 1849. | 1286 | 1940
93 4 5 1
N percentage 28 0.13 0.02 0.1 0.19
C /N ratio 28 31.08 7.7 | 9.95 | 42.68
inorganic materials 28 1.26 1.08 | 0.02 | 4.46
percentage
Organic matter (C 28 4.11 1.41 | 1.85 | 6.48
) percentage
Temperature 28 31 0 31 31
Celsius
Rate of biogas | 28 3.25 2.29 0 7.4
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el - Oluall ZU0Y A8ledl) 4l (8 ulill judy S Laa (Oiiaball G dalall Sl
Gl s dalall s il ol 33 Xing il ae dlidl (8 cade

bl Aleal Cagylll A Jals))

:% 4()?1:.2.“ Mé—a % 60 J&,I‘\J\ gy dald 453 (3! 1 Sal)

Doy e (0 5y 45550 () Jmags ppedill ISV Y1 o (gl Sl 2 ) ey
Gn Al pH ) ol Congli (DAY sl GBS s LS il A 7.1
Sl Jsaalls (15024-17344 ) mg/l il COD ) Wi ( 6.67 - 6.37 )

(3) sSall Slasy) Caagll sy
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coun mean std min max
t
numbering for
day 30 15.5 8.8 1 30
pH 30 6.67 0.15 | 6.37 | 7.04
moisture
percentage 30 93.02 0.81 |92.68 | 95.98
COD mg/l 16263.5 | 728.1 | 1502 | 1734
30 1 5 4 4
N percentage 30 0.36 0.8 0.12 | 4.12
C /N ratio 30 30.96 14.75 | 0.71 | 56.19
Inorganic
materials
percentage 30 0.41 0.15 0.1 0.69
Organic matter
c percentage 30 5.02 1.54 2.03 | 7.16
Temperature
Celsius 30 31 0 31 31
Rate of
biogas | 30 2.83 2.18 0 7.1
LIS iy Y] ) Jals e Al sl Sle S ) o
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OS5 885l DAY e ¢ gl Lalusi liag 4,3V ) Adliaa) alsal) 0 M2 /kg
LS aladal) cillas ald (S5 Leadind Uisy 35 .(2017 Soha )alekall cullis
o Dy juadlls aSIdl (e

:%60 alakal) cdld an % 40 JEN) g,y hald A0 :(4) ) Sal)

Sl Z ) Jane gaids) AN gy ) alelall cBliad A caly LIS s Laag
Gl & 583 Ll eadlic 138 ] C/N L (aliady (C/N Lot (alidd ol
siad fahaal) bl of Jaws cua [Bharathiraja,2018] Gy gias Ly yall
DB gy Sy sl e Amiiiie Aty (guanll sl (0 Alle A o
Aoy aladall COlab s ol s g il e el A e (i g3
Yy Jie cdaanall Sluball e 33l o e a2l Aaill ity Guls C/N
O30S A e g odadll cllas of ) s (Bharathiraja et al., 2018
S OsSl A 28y 8 aald Ul ecpag il (e lalginag 43l dadije (gguac
Waalaal el dhall o3 il o W) ¢ JN1 gy o Ledalss ie (C/N) psm it
aladall b du 5al30 C/N s b
Aexii) pladal) cullail e gl €l & G DA e bl 138 it Ky
sa hs ASIghs Clgpad W e Wbl alalall cllss g cuall sa a8
sDa¥ls sl 888 & Aald) Cong il (e dadipe s o Bale (giad dygaac
Ay pil) bdsalls Sl i ¢ U1 s <0 50SI (e Ll sinay 45)lie (381
Laad e Al GLIVL Gie duhall oda b axtid) Y Gy 06 a8 (Jilaally
) (S0 sgine e ik Lae il o dlal (DY) e adiag Ay
Gl aShshy g pimd o gt Al aladall bl daw aly ol i) dagy
A ¢ C/Niuws Galiasl ) (ool Lea callaall ) g 5inly G 58 j2me A8l

e ol s e ggian dilid aleda Ll Creadiud Al Gluhall (oaxy 0S5 L
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sl Jaeatll Jame iy ¢ "o(Rig Saally echsill ¢ 591 ¢ 38l UWlay Jia) (s SU
Jsaalls %28 (TS ) 40 ddeall salall A3Y) 4ssiy 0.543 kg COD/meday

coun | mean std min max
t
Numbering for
day 30 15.5 8.8 1 30
pH 30 7.34 0.11 7.1 | 7.65
Moisture 89.7 | 95.9
percentage 30 92.4 0.96 4 2
COD mg /I 18485.9 | 1093.8 | 1591 | 2136
30 4 2 3 7
N percentage 30 0.16 0.07 0.09 | 0.44
C/N ratio 62.8
30 28.03 17.44 | 0.5 6
Inorganic
materials
percentage 30 1.03 0.66 0.08 | 2.13
Organic matter
percentage 30 3.82 2.27 0.09 | 7.92
Temperature
Celsius 30 31 0 31 31
Rate of biogas | | 30 2.74 2.04 0 6.6
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A il il par sl mmell Al ( BN
s bl Claladly (%26) LN g5 (%52) plakall chlilig Lala i 4

= 7)o Smaned) Y a8 cngls (%10) sl 2y (%12) dakaial
%80-60 (3Uas (ann (y50)SH apusl A6 585 Aaslll L) 4S5 s o(S5.7
asdl 3 %20 N I sl 8 %0 (e Glisall 33l pe Limpyss mias) (g3l
Olisall Fue€ )38 285 .%5.5 Y %0.1 oo Gimssned) 35 adi) Lai caalad)
Apall (1o anS/ skl CxSa i (0.92 ~ 0.68) o Lo Al Alsjall b 5l il
AV el L gy gl ggand) ) o N Jgand) g dilinall 4y gaiaal)

Rate of
Biogas
Rate of Rate of
for Rate of Biogas
Biogas for Biogas for
mixing for mixing ratio
day mixing ratio mixing ratio
ratio (40% Food
(18% Food (60% Food
(10% Waste)L
Waste)L Waste)L
Food
Waste)L
0.47 +
1 0.6 £ 0.01 0.2+0 0.21+£0
0.23
1.12 +
2 1.23+0 0.5+0 0.89 £ 0.01
0.19
2.06 =
3 2.47 £ 0.01 0.78+0 1.25 £ 0.03
0.70
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2.69 +
4 3.08+0 2.2+0 1.9+0
0.68
3.93 +
5 4.32 + 0.01 3.5+0.04 3.06 £ 0.1
0.69
5.17 +
6 6.15+0.03 4.9 + 0.01 3.31 + 0.02
1.68
6.06 +
7 6.15 + 0.02 6.1 +0.01 5.8 +0.18
0.14
7.11 +
8 7.44 + (.12 7.03 + 0.05 6.35 + 0.08
0.63
7.18 +
9 6.65 +1.17 7.09 + 0.03 6.39 + 0.31
0.51
7.41 +
10 6.02 = 0.01 5.99 + 0.03 5.62 + (0.44
0.68
7.36
11 0.85 7 +£0.07 6.59 + 0.01 5.53 +0.02

5 .59+ 0.01

13

5.48 +
0.88

4.98 + 0.03

4.39 + 0.02

4.5 +0.01
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4.87 +
14 4.2 +0.01 3.97 + 0.02 4.2 +0.01
1.15
4.35 +
15 4.02 £ 0.06 3.9 +0.01 3.99 + 0.01
0.56
3.85 +
16 3.9 £ 0.06 3.51 £ 0.01 3.71 £ 0.01
0.15
3.40 +
17 3.5+0.01 3.4 +0.01 3.21 £ 0.01
0.17
3.17 +
18 3.2 +0.01 2.97 + 0.05 3.07 £ 0.05
0.06
2.84 +
19 2.81 +0.01 2.67+0 2.74 + 0.12
0.05
2.49 +
20 2.5+0.01 2.43 + 0.02 2.38 + 0.1
0.03
2.03 +
21 2.06 + 0.1 1.8 + 0.01 1.97 +0.11
0.15
1.44 +
22 1.51 £ 0.01 0.98 + 0.02 1.55 +0.21
0.12
1.16 +
23 0.16 1.09 £ 0.15 0.6 +0 0.89 + 0.65
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0.88 +

24 0.81 £0.01 0.4+0 0.67 = 0.5
0.11
0.63 +

25 0.5+0 0.23+0 0.45 + 0.37
0.23

Ol Dl (5 AV lally oSl aansl S e e T ey (gaall S ua
o3 il (J5¥) gl amy yaedill bt aas o ppeddl) (e ISV ALY (Dla
7.5¢8.11 5 gsond) Slall 5953 ana J3 L linal) 52l uSe e <y S5l
S5 O Wiy de SBI asll B Aa¥) colaill Nl e 5l 5.59 (7.1
=5 diad ehal die Al pea dB S 2l s Dha (s sned) afS
Al asdh (& 3.5 0038 ) paas 5le 0lh e gill) gsaall Sl Sl
%23.6 05XV awsl S ssinas %4719 sl sine OIS ¢ padill (e
Y (s5inas «%3.92 (s 2T Ul s5inas %236 Consuel) (ssinag

i) W) dasl %1.70

%10) Jadl gy aledall cllas o el Lalad) G of ) Al ol s
A 30y dies gl Sl Aaly) el ) ol (Ja &gy %90 5 alads bl
e 8B el e il ezl Jaee b pmlesd) Baa gl caladal) cillas

A:JA:J‘ 3e e L,,JL :\.u.n.d\ Y '[:J\,D'S

Agall s 8 Sad) aagl) Alad e Jxi Jeliad) & COD ) a8 (alads)
) Agguanll dlgall Jagad A Uil 80 S Sy (alady) e, Jlaall AL 4, guaal)
cAallead) 3o e 3hm lee A Gile

Ao 3215 Al LSl sail Auulis(PH)  ded Slidall aagll is LS
dapd ity Lae ¢ (VA liall dgaall (aleal) oSl ) o 88 aladall cililis
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- L,,sﬁs\ S 5]ty o Rl i i g L)

P e J - A angl dlee Gamy o Sa Bllaiall daall palea) oSy
ms pllail) il e Jadlay Les ¢ alea¥) o o815 il Sy cdalid) i Jass

. ng.\al\ Jl.d\ CLLL\ ITAEN %)
oo S ST ) 5wl gy (e % 90 5 alekall llas e 710 ki A xie
Slisall Sle 2l Jane minil aladall Cilylés dass 5305 w4 Jangly L gpml) Slal
Mag 30 ) doay syaiial) salad) ¢ liy (o) OIS 5 cAalal) Aagy V) Cplaill e JS 8

Cigys aladall ulilie o ddbad) Ll s a6 Glasiul Auhall oda Cha
Jelie i Ladielh dadina) Jaaill Cagyla (e o] Lauaill 2085 Cargy 5N
L g 34 ) 31 o zsb Bla Aaps Alasall galal 4% HUauUASB
slasy Alicie degiiag 32 ASJ0e IS, aladin) (Kumari et al., 2018) aaic!
ldliag edaall cilalie ) ALYl Gl Gl HEY1 Cig s ol Gl
sy il 5 2:1 Lls Ay GLOU sl Copall sliay sl cliliag (3ilasl)
daaly Als e L3aal alaiy 45 dayn 20 B)ha
il Aliid) dlall cliliad) dallaad UASB Jelie aladinly Zufpall 536 i
st el 538 aall Capeall sle slea e alaie 1 (50 N Eag )5 aladal)
el Capall ol dallae o @3S S Lna el luhal) aliee e Calidy L
Jelia Galat 3t a s Aila) oy 4 gill 13, cDleladl) (he gl 13n lasinl;
3)) Jlae 8 baaa BT i) Lee cialial) 3umsl) culiliall dalles JailUASB
. saaaie Adlla jolae ) Lebean g calilal)
il amgl) DA o dliad 5 gaal) Sl zl) el of Otun (2016) el
gl o gamnll Sl 2l A3)lae /164.8 &l Cus « JEN) gy alakall cilalad
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il LS 791.0 il illy alaall coldligy 48U cilalies YY) culaliad ol il
Gos ¢ /83.9 N Cugys RSl i iiiall auagll (e gl Sl
Lis 48Ul clilie o el Wzl il s B /79.8 La AN &

Agline Hlas) Gagyla s lldg (/77,4 Lasd oladall Clilas (a5 <£76.4

:;il,gng;i."

oo 710) ¢f 0.11 culs FW/CM Ll dus (il of by DA Lasg
s sl R e Aualy) Juadl s 388 (L) Cigy (e % 90 5 pladall Ll
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o lili) o3 AuS 5 g 5T Gy ()3Y
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sk Loaal 83aal) oda 5y Awnal) sleally 53S0 el 3 A aclial)
gl 138 ol sea O S G g (B Aala il Jsadl) sl il
sy Lae cdilpally Jaainll Callss s dallaall 56l st 3 cDlelaall (g

cgsanll a5l & Lpnbaidy s Al dalriy|

ahall da,35 ¢ gunguell Bl o IS Ol (Jeliall Lasl) Ldhall Pl gl LS
Olall Sle daly) jpen 8 Lgs 5o 25 (C/N) Gamsial) () sl A
55 5l 8 aaly e ¢ JHladl Jlaill Llee e Aailill (gAY chlally &)la
Aalgem B iy 5 Alpa yypns (08 Bats . el les 6 WS ey il linal
Ge A Gl N alaatinl ) Ledy 13a o8 alakall clilie (g 32305 AaSy 308
bl i i LSy gsan) Slall Z Y Al alaball cililiey cililsall &y,
Cigys pladall lley Jie dliall cllall jpeas 8 UASB Jelis alasiad of )
Capaall olie dallra b Joliall cagiil) alasiu¥) e Calidy ey Gag Jiey ¢ SN
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