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ABSTRACT

Anaerobic treatment is an alternative and effective method for treatment of effluent generated from the
paper mills. The generation of biogas, a renewable energy resource as a byproduct of the anaerobic
treatment, is the major attraction to this treatment method. A laboratory prototype of UASB reactor was
fabricated to treat the effluent collected from RCF based kraft paper mill to evaluate the production of
biogas. The experiments were carried out at mesophilic temperature range (35-39°C) at variable organic
loading rate (OLR). The hydraulic retention time (HRT) was maintained around 11 h during all the
experiments. One-way ANOVA was used to determine the significance of results for biogas production
at different OLR. The experimental finding indicated that the RCF based kraft paper mill effluent had a
good potential for treatment through the process of bio-methanation, which when incorporated as pre-
treatment step, improved the overall performance of Effluent Treatment Plant (ETP) along with added
advantage of biogas generation. The optimum OLR at which maximum COD reduction of around 72% and
along with biogas generation of 0.56 m3/kg COD reduction was achieved around 9.14 kg COD/m3 day.
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INTRODUCTION

Scientific management of the waste by
transforming it into energy-related products
through anaerobic digestion provides a viable
solution to the waste management issue in a
constructive manner (Fermoso et al., 2018).
So far, various types of treatments (primary,
secondary and tertiary) have been developed
and applied in order to enhance the treatment
efficiency and to reduce the amount of the
produced final wastes and also to prevent the
toxic effects induced by the presence of
hazardous compounds when released into the
receiving environment (Kamali et al., 2016).
Anaerobic digestion is considered as a stable
process for wastewater treatment (Bakraoui
et al., 2019a). Useless material produced from
various industries such as fruits, food, pulp
and paper can be used for the production of
biogas (Bhatia et al., 2020). Anaerobic
digestion has attracted attention in recent
years due to its inherent merits such as
biogas production and minimizing the solid
waste production, which has made it an
attractive method for the treatment of pulp

and paper mill wastewater (Reungsang et al.,
2016). In fact, it provides a significant
reduction in the input material mass
(Bakraoui et al., 2019b). Moreover, the huge
quantity of organic waste matter produced
from recycled paper industry may be converted
to biomethane and valorized to a renewable
energy (Bakraoui et al., 2020). This technique
is more effective than any other treatment
techniques in terms of low energy
requirement and design simplicity (Ekstrand
et al., 2020). The UASB digester is most
commonly used for industrial and municipal
wastewater treatment, which is operationally
stable and energetically efficient (Chen et al.,
2017). The UASB process is a combination of
physical and biological processes. The main
feature of physical process is separation of
solids and gases from the liquid and that of
biological process is degradation of
decomposable organic matter under anaerobic
conditions (Sangeetha and Sharmila, 2020).
These experiments were conducted to
evaluate the efficacy and feasibility of lab
scale up-flow anaerobic digester (UAD) in
biogas production at different organic loading
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rate (OLR) from effluent collected from RCF
based kraft paper mill by anaerobic digestion.

MATERIALS  AND  METHODS

In the present work, a RCF based paper
manufacturing mill located at Muzzafarnagar,
Uttar Pradesh, India was selected for effluent
collection. Grab samples of effluent were
collected from the sedicell outlet of the effluent
treatment plant and stored by refrigerating at
4°C and then brought to room temperature
prior to analysis.
A laboratory scale up-flow anaerobic digester
(UAD) was installed at Environmental
Management Division, CPPRI, Saharanpur.
The UAD was fabricated using plexi glass with
an internal diameter of 9.92 cm, radius 4.96
cm and overall height of 161.43 cm. Total
volume of the reactor was approximately 12.47
litre. A gas headspace equivalent to 1 liter
(about 155.43 cm height) was maintained above
the effluent line. A screen was placed to arrest
the floating material at a height of 147.43 cm.
A peristaltic pump was used to feed the
wastewater (influent) with a flow rate of 0.62
l/h into the reactor. The connecting pipeline
of effluent was sealed to prevent gas leakage.
The gas outlet was connected to a water
displacement system to measure the gas
production. The UAD was inoculated with
granular anaerobic sludge collected from a full-
scale UASB digester. During the startup, the
washed sludge in the digester was continuously
fed with kraft paper mill effluent with a low
flow rate using peristaltic pump to get the
anaerobic microbes acclimatized to new
substrate (RCF based kraft paper mill effluent),
for around 12 days. This step was undertaken
to adapt the anaerobic sludge to the new
temperature (37±2°C) conditions and to avoid
their deterioration. The schematic diagram of
the UAD installed is shown in Fig. 1.

The experiments were determined at diluted
concentration of COD ranging between 5000
to 15500 mg/l. The hydraulic retention time
(HRT) for all the experiments was 20.11 h. The
organic loading rates (OLR) were maintained
at a range of 6.10, 9.14, 12.19 and 15.24 gCOD/
l×day. The experiments were carried out at
mesophilic temperature range i.e. 35-39°C.
The samples were analyzed for the pH,
alkalinity, TDS, TSS, TS, BOD, COD, VFA,
inorganic and organic solids in triplicates. All
the analysis was performed as per the methods
provided in Table 1.

RESULTS  AND  DISCUSSION

The effluent from sedicell outlet of RCF based
kraft paper mill located at Muzaffarnagar, Uttar
Pradesh, producing kraft or brown paper grades
was collected for evaluating the efficiency of
UAD for effluent treatment and biogas
production. The characteristics of the waste
water effluent from the sedicell outlet are
shown in Table 2.

Fig. 1. Schematic diagram of lab scale up-flow
anaerobic digester (UAD).

Table 1. Analytical methods used for evaluation of water samples

Parameters Method used

pH IS: 3025; P- 11 (Potentiometer)
Chemical oxygen demand (COD) IS: 3025; P- 58 (Open reflux method)
Biochemical oxygen demand (BOD) IS: 3025; P- 44 (Three days incubation at 27°C)
Total dissolved solids (TDS) IS: 3025; P- 16 (Gravimetric method)
Total suspended solids (TSS) IS: 3025; P- 17 (Gravimetric method)
Alkalinity IS: 3025; P- 23 (Indicator method)
VFA TM III - B18, 2001, CPPRI (Reflux and titration method)
Inorganic solids IS: 3025; P- 18 (Gravimetric method)
Organic solids IS: 3025; P- 18 (Gravimetric method)
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The current UAD was maintained at different
organic loading rates (OLR) of 6.10, 9.14, 12.19
and 15.24 gCOD/l×day. The COD reduction and
biogas generation were determined on regular
basis to evaluate the removal of organic
pollutants from the feed water. The biogas
production increased significantly with
increase in the OLR (Table 3). The maximum
biogas production was observed at effective OLR
i.e. 9.14 gCOD/l/day. Beyond 9.14 gCOD/l/day,
increase in OLR showed decrease in COD
reduction efficiency along with reduced biogas
production.  Similar results were observed in
a study conducted by Sangeetha and Sharmila
(2020), where maximum COD removal of 88%
and a methane yield of 0.32 m3/kg were
achieved at OLR of 8 kg COD/m3/day.
At effective OLR 9.14 gCOD/l/day, the COD
reduction was maximum i.e. 72.43% along with
maximum biogas production of 7.7 liters as
compared to other OLR (Fig. 2). One-way
ANOVA was used to determine the
significance of results for biogas production at
different OLR. The results indicated that the
null hypothesis for equality of different
treatment means got rejected because
calculated value (Fcal) of F-statistic (10.65) was

greater than its critical value (Fcrit) i.e. 3.49;
Fcal>FCrit, which fell in rejection region at 95%
confidence level. Further p-value (0.001) which
was less than 0.05 indicated the same (Tables
4 and 5). Thus, OLR significantly affected the
biogas production.

Table 2. Physico-chemical analysis of feed influent to
UAD

S. No. Parameters Results

1 . pH 6.89±0.24
2 . TS (mg/l) 22,753±146.10
3 . TSS (mg/l) 3,171±21.26
4 . TDS (mg/l) 19,389±112.10
5 . COD (mg/l) 15,500±132.82
6 . BOD (mg/l) 10,749±102.02
7 . VFA (meq/l) 32.14±5.12
8 . Alkalinity (meq/l) 1.8±0.52
9 . Inorganic solids (%) 52.14±4.29

10. Organic solids (%) 47.86±6.32

Table 3. Maximum biogas production and COD reduction at different OLR

S. OLR Max. COD reduction Max. biogas production Max. m3/kg COD
No. (gCOD/liter × day) (%) (ml) reduced

1. 6.10 69.23 4472.7 0.51
2. 9.14 72.43 7700.0 0.56
3. 12.19 59.21 4653.1 0.31
4. 15.24 54.21 4466.8 0.26
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Fig. 2. Biogas production along with COD reduction
at different OLR.

Table 4. ANOVA single factor summaries

Groups Count Sum Average Variance

A (6.10 OLR) 4 1.65 0.4125 0.011625
B (9.14 OLR) 4 1.88 0.47 0.005
C (12.19 OLR) 4 1.02 0.255 0.003767
D (15.4 OLR) 4 0.88 0.22 0.001533

Table 5. ANOVA single factor

Source of variation SS df MS F P-value F crit

Between groups 0.17512 3 0.0584 10.65 0.001 3.49
Within groups 0.06578 12 0.0055
Total 0.24089 15
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The effective OLR, at which COD removal was
significant, was 9.14 gCOD/l/day. The
maximum COD reduction at effective OLR was
determined as 72.43% with biogas yield of 0.56
m3/kg COD reduced (at normal temperature
and pressure).

CONCLUSION

The experimental results and statistical
analysis indicated that RCF based kraft paper
mill effluent had a good biodegradability



potential, which can be treated through bio-
methanation. The effective OLR, at which COD
removal was significant was 9.14 gCOD/l/day.
The maximum COD reduction at effective OLR
was determined as 72.43% with biogas yield of
0.56 m 3/kg COD reduced (at normal
temperature and pressure). The significant
reduction in COD not only helped in reducing
pollution load but will also generate a value
added product i.e. biogas. The results showed
that anaerobic digestion is an appropriate
technology that can be applied to RCF industry.
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