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BIOGAS PRODUCTION FROM WASTEWATER FROM
THE RUBBER PROCESSING INDUSTRY BY SIMULTANEOUS
SULFATE-SULFIDE REMOVAL IN SINGLE STAGE DIGESTER
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Abstract

This study focuses on developing the capability to produce biogas from wastewater
contaminated with high organic and sulfate concentration, through an integrated system of
sulfate removal and biogas production within a single unit. The experiments were conducted
under anaerobic conditions with Sulfate/Nitrate (S/N) of 0.5, 1.0, 1.5, 2.0 and 2.5. Additionally,
the applicability of the system in industry was investigated. This study indicates that
operating at an S/N of 2.0 provided the most efficient biogas production, with a biogas
generation of 0.36+0.02 L/¢COD,¢moveq: The composition comprised methane and hydrogen
sulfide at 70.2+0.2% and 8.0+0.1 ppm, respectively. Moreover, this condition also
showed high efficiency in COD, sulfate and sulfide removal. The average COD in influent and
effluent was 12,818.25+13.25 and 1,770.42+10.12 mg/L, respectively. The efficiency in COD
treatment was 86.19%. In addition, the system was applied in a rubber sheet manufacturing
plant. Wastewater that contains nitrogen in form of nitrate-nitrite from the nitrification system
was circulated into the biogas production system to control the S/N ratio in influent at 2.0.
It was found that the system could produce more methane gas compared to the
previous system that did not include sulfate-sulfide removal process. Through energy
balance, electrical energy used for wastewater pump and aerator in the nitrification
process was 1.5 kWh per day, while it could produce 9.87 m’/day of methane gas.
This implies that it can substitute 11.8 kWh per day of electricity.

Keywords: biogas, sulfate removal, wastewater treatment, latex transforming wastewater
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Figure 1 Latex transforming wastewater treatment by simultaneous sulfate-sulfide removal and

biogas production.
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dodn S/N wihiu 0.5, 1.0, 1.5, 2.0 wag 2.5 auasiu a319it 1 (Table 1) wanslififiuin nsiiu
sruufidndy S/N 6 (RnlumseludSuaiinniull) dwalilssansamlunismiadamie
anad wazdanunsiiuasazanglumsadngseuundaiedinim vilissuuidseansam
Tunsiidndlenunniu Tnemsiiussuuiidaday S/N wihiu 0.5 nuuszansanwlunisiids
Flofgeiian wasTovay 87.36+3.2 vauriimsifiuszuulaghifinsidulumsn Uszdnsamly
mstdndlen SAnadesosas 74.1242.21

nansvaassduandliiiuin Uinadalisluihnginsidaiaududutosas
dlaeutusyuuiildfinsdiulumss Fauanududuvesdalniuinds 103.43 me/L daulu
wuuﬁﬂ’mﬂué’ﬂdau S/NWInAU 05, 1.0, 1.5, 2.0 uag 2.5 wuanudaduvestalidlutmss
N15UUR 15.35, 23.23, 25.22, 25.65 Wag 28.68 mg/L ALY Fauandlun1snad 2 (Table 2)
witdewnlunsadusiiusdenseulunseendladdalnsiiiiniulussuu Brito et al, 2018;
Cortés et al., 2021; Wang et al., 2023) wansAnwdauansliiiuin Anududuvesdalid
1u33uuqqsﬁumué’mdau S/N Aty Wownnsiaussuusedndiu SN sty Vinalluese
fdeuingszuvazanas vilrusinalunselifomelumseentladdald (Wang et al, 2023)
371971 2 (Table 2) Fauansliidiuin madussuufisnsidin SN i (Fnluasalud3unamn)
annsomdadalisiiadulussuulen uinunsazauvedlumsalusyuu Tnedisnsiau S/N
0.5 wumsazauveslumsaludmdamsvitingsiian fanads 85.22+1.50 me/L msazauvos
Tumsalumsiussuufidadiu SN Wi 05 uway 1.0 Andudesas 34.75 uaz 20.08 A&y

WA S/N Wiy 1.5, 2.0 wag 2.5 linun1savauvadtiumsg

Table 1 COD, Sulfate, TKN and SS removal efficiency of anaerobic wastewater treatment

reactor in various S/N ratio operation.

Removal efficiency (%)

S/N
COoD Sulfate TKN SS

No nitrate 74.12+2.21° 75.22+2.32° 0.85+0.11° 76.39+3.25%
0.5 87.36+3.20¢ 52.49+1.22° 1.46+0.22¢ 77.70+2.25°
1.0 87.25+2.54¢ 63.89+3.12° 1.13+0.25¢ 74.65+3.45°
15 86.13+1.85¢ 89.77+2.349 0.70+0.03° 77.08+2.22°
2.0 86.19+1.68¢ 93.14+3.05¢ 0.89+0.08° 75.00+2.32°
25 84.88+1.10° 93.35+2.85¢ 1.20+0.114 74.32+3.23°

Remark Values followed by a different character within columns are significantly different for Ot= 0.05
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Table 2 Sulfide, nitrate and thiosulfate concentration and pH in influent and effluent of

anaerobic wastewater treatment reactor operated at various S/N ratio.

Sulfide Nitrate Thiosulfate pH
S/N (mg-S/L) (mg-N/L) (mg-S/L) -
In Out In Out In Out In Out
- ND 103.43+5.35¢ ND ND ND ND 6.5+0.2 7.4+0.4

0.5 ND 15.35+2.22%  245.25+0.22 85.22+1.54 ND 221054  6.8+0.2 7.8+0.1
1.0 ND 23.23+2.63° 125124032 25.12+0.65 ND 2.24+0.85  6.6+0.1 7.6+0.2
15 ND 25.22+2.45° 80.24+0.23 0.00+0.00 ND 2.12+£0.54  65+0.1 7.4+0.4
2.0 ND 25.65+2.83° 62.32+0.36 0.00+0.00 ND 2.36+0.34  6.8+0.2 7.6+0.2
25 ND 28.68+3.05¢ 51.11+0.54 0.00+0.00 ND 2.15£0.52  6.5+£0.2 7.5+0.3

Remark Values followed by a different character within columns are significantly different for Ot= 0.05

ND = Not Detected

iefinnsandnsnisiAaiedinimdinissd 3 (Table 3) wuin msiAuszuufoyn
NPaeIwLIn 1000 403 fretndsainnisuanesiugdanududu coD Wy 12,818.25
mg/L Inglaidulumsn d9n5n1siinfine@inin 0.1720.05 L/gCOD, ey HBIAUTENBUVDI
iy uazlelnsioudalid 68.240.5% uag 85.2+0.5 ppm Amddy Wiovinisauau
dadu S/N 71 2.0 WUBNIINISAAMGTININGIGA 0.36£0.02 L/GCOD emoveq HoTHBIAYTENDY

vosmeiimulazlalasiaudalg 70.240.2% waz 8.0+0.1 ppm AIUAIAU

Table 3 Biogas production from anaerobic wastewater treatment reactor operated at

various S/N ratio.

Biogas Biogas composting
S/N ratio
(L/gCOD;emoved) CH, (%) CO, (%) N, (%) H,S (ppm)
No nitrate 0.17+0.05° 68.2+0.5 23.2+0.4 6.5+0.2 85.2+0.5
0.5 0.21+0.03° 63.8+0.4 22.5+0.6 12.2+0.3 0.0+0.0
1.0 0.22+0.03° 65.4+0.3 23.4+0.3 10.4+0.2 8.3+0.2
1.5 0.31+0.02¢ 69.6+0.3 22.5+0.2 7.2+0.1 10.2+0.2
2.0 0.36+0.02¢ 70.2+0.2 22.6+0.3 6.4+0.1 8.0+0.1
25 0.30+0.02° 68.6+0.2 23.5+0.3 6.5+0.1 18.5+0.2

Remark Values followed by a different character within columns are significantly different for Ot= 0.05
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|
nansAnwandliiuinnAuszuURdadIu S/N 2.0 amnsosdnfiedanmled
fign uazidaludandnslussuuesnn linunsandsvedlumsaluszu Wedadau S/N ana
(AulunsaluTinauuniu) wuussdnsamvssssuulunisidn@led gelu winunisandns
voslumseluszuuluiinasnn uasdledadau SN Wadudu 2.5 (Eiluesluliinuianas)
wumsandsvestalidluszuy uansiiiuiiunaluesalifsawesonismdndalilsd
Andulusruu feulunmsussgndfldssuuluaauisgneuntsats Suiniseuaudndau SN
Tuthidhszuud 2.0
2. Uszgndldszuuiaunisnndndama-galng uasnanfnedanmluyaiiiabien
Wszvuluuszgndldlulssnundnerauny Smiauasassssuse lnevihnisusulss
szuurdnfnetanmiifiegifnvedssnuidussuusunsindadamin-dalnd waznanimdnmily
auUaLaed Fafilduansununnnnsianuvesszuulilunnd 1 (Figure 1)
inmsivdeyanisiiussuy wul didudszuuiaanududures Sulfate,
COD way TKN 1fy 128.64, 12,795.15 uag 145.55 me/L MuSIRU syuusamnsfdndaa-
Fale wazndnfivdinnlugavidabes dussdnsamlunisiidn COD, Sulfate, TKN wa
SS geniszuuiAesanuUsnaunseseiituddy fuandlunisadl ¢ (Table 4) aziiuld
1 srvueuUiuUgaiuszansamlunsthda COD, Sulfate, TKN wag SS 1aduesas 55.36,
65.83, 4.70 wa¥ 76.79 ANuEIAY srUUmaNsUTuURiuseansamlunisundn COD, Sulfate,
TKN wag SS Wnassovay 82.48, 74.86, 28.51 uay 84.00 MUAIU HioR1TUISAIINTAR
aginmuagesrUsenauvesingsneg Tufiedinim wuissuunaelsuugddnsmmsiafiie
T2 MAUTUIIN 0.20+0.08 1/8COD, 0 oeg 11U 0.31:£0.08 L/gCOD,moeq WAFWUBIAUTENBY

YIMLLNUNALTUDNA Y Faandlunis1en 5 (Table 5)

Table 4 COD, sulfate, TKN and SS removal efficiency of wastewater treatment and biogas

production system.

Removal efficiency (%)

Parameters
Before approving After approving
COD 55.36+3.222 82.48+2.22°
Sulfate 65.83+2.822 74.86+3.45°
TKN 4.70+0.15° 28.51+1.65°
SS 76.79+2.34° 84.00+2.46°

Remark Values followed by a different character within rows are significantly different for Ol= 0.05
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Table 5 Biogas production rate and gas composting in biogas.

System Biogas production Gas composting in biogas
(L/gCOD\emoved) CH, (%) CO; (%) N, (%) H,S (ppm)
Before approving 0.20+0.042 62.2+0.92 30.6+0.32 4.4+0.2° 122.0+8.0°
After approving 0.31+0.08° 70.2+0.5° 21.6+0.3° 6.8+0.4° 8.0+2.0°

Remark Values followed by a different character within columns are significantly different for Ot= 0.05

ﬁ]’mmi‘vﬁauQawé’wmmadiwuﬂwﬁm}]Lﬁs NUI1 SEUUAInsnasnulndluns
WWuszuuedsiuay 1.5 Alatad-dalus (kwh) Tnganunsandnfnadinild 9.87 gnunariunsse
Su (nnirszuurdsinetinmwuuiiuiildfinsmindaun-dalug fanunsandndmuldiiios
7.9 gnuiAnwnssa) Feawsanaunundenlaiilg 11.8 Alatad-talus szuviiasiinu
mmzauﬁasﬁwlﬂ"dizE;ﬂ@’iﬁuﬂﬁmﬁmﬁw%ammmﬁ:ﬂLﬁ&JLLUigUEJNWm 318azLYANTTIN

AUAANANTUVBITLUULEAIRININT 2 (Figure 2)
MSANINELNAANGIU (Energy Balance)

WaruiilansT UL = ndsuiindsldainszuu - ndanuildlunsiiusyuy
- w§aliihannfedinminaaldainseuy - dsoulnihdmsudy
guihidednssuulioma + wdnulwihdmivduguihdsvesszuy
Tumshatu + ndanulnihdmsuedenfivernialuszuulunsindu)
=11.80 - (0.60 + 0.072 + 0.84) kWh
=10.3 kWh
CHs 9.87 m’/d

Electricity 11.8 kWh
4 @248 W)

Inﬂuen: 4.5 m3/fj Sulfate-Sulfide Removal Effluent
y
Pump 0.60 kWh

and Biogas Production

Aeration
Efﬂuerlt 0.9 m*/d (Nitrification)
: x

Aerator 0.84 kWh
(2.88 J)

Pump 0.072 kWh (0.26 J)

Figure 2 Energy balance.
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anUsena

msAnwluadeiuandifidiui lumsdadaindonasnanfnedanimainunae i
msUudeuasdunisuasdauingaiu nsmuaudadudamaselunsmlulaziau (S/N ratio)
s[.uﬁ%ﬁafiauvﬁ"]gjiwuﬁ 0.5, 1.0, 1.5, 2.0 waz 2.5 Mlrszuuiuszansainlunsnnindlen
wardamnunniy Sntaiidnenmlunisuanfedinmunniy waddesanlunssurunismsin

o

wuulsonia daunaggniddsuduarsaratedalid Jelanuduiiviegdunidluszuy

a ¥ a
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