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Introduction and Objectives

Several emerging economies like India, Brazil and even small towns in Europe have embraced
sequencing batch reactor (SBR) technology for municipal wastewater treatment (wwt). The sludge
from SBRs requires further stabilisation before discharge. Thermal hydrolysis process (THP) prior
to anaerobic digestion (AD) has gained worldwide prominence on treating waste activated sludge.
This is due to its value propositions such as asset optimisation, energy recovery, circularity, lower
carbon footprint, high quality biosolids. However, the application of THP on SBR sludge in Indian
context has not been explored extensively. In addition, India annually generates about 62 Mtons of
municipal solid waste (MSW), ~15% is currently treated. About 60% (37 Mtons) of MSW is
organic waste, which has a huge potential for revenue generation in terms of bioenergy/electricity
production, fertilizer production, if managed in a sustainable way.

The objective of this study was to examine the effects of THP at different temperatures, pressures
on degree of solubilisation and methane yields on: (1) SBR sludge with high sludge retention time
of 40 d and (2) co-digestion of MSW with SBR sludge.

Materials and Methods

Two sets of experimental design using 350 mL batch assays (biomethane potential, BMP) were
investigated. Sewage sludge for batch assays was obtained from two SBR process (64 MLD) near
Haridwar and (3 MLD) from Indian Institute of Technology (IIT) campus at Roorkee in India. The
municipal solid waste (MSW) samples were collected from the hostels of the IIT Roorkee campus.
The samples consisted of a mixture of biodegradable (paper, garden and cooked kitchen waste,
fruit and vegetable scraps) and non-biodegradable (rubber, plastic, and metals) fractions. The
biodegradable fraction of MSW was pulverized to 5 mm using a mechanical grinder. The organic
fraction (OFMSW) comprised 1% paper waste, 4% garden waste and leaves, and 92—-95% raw and
cooked fruit and vegetable waste.

BMPs were carried out with ISR: Inoculum to Substrate Ratio 1:1 at 35°C. The characteristics of
the sludge is given in Table 1. The THP pilot plant was provided by Cambi, Norway, included a
steam generator, a 5L reactor, and a flash tank. Dewatered SBR sludge (14% TS) was pretreated at
variable pressures (2, 3.5, 6 and 10 bar) and pretreatment times (30- 60- 90—120 min) using steam
injection into the THP reactor. After the desired reaction time, the sludge was flashed into another
chamber resulting in enhanced cell disintegration from the rapid pressure drop. The sludge was
cooled down at room temperature before being used for batch assays.

Results

For the SBR sludge, The BMP test at 120°C and variable reaction times, a maximum CHy yield of
325 mL CH4/g VSaddea Was observed at 120°C at 90min, i.e., 2.7 times higher than the control.
Among all the studied THP conditions, the highest cumulative yield of 507 mL CH4/g VSadded Was
achieved at 160°C-30min. THP pretreatment of 140°C- 60 min shows the best potential for
maximum methane recovery (506mL/gVSadded), VS reduction (58.76%), and sCOD removal
(71.30%). These efficiencies were almost 4.0 (CHs generation), 2.2 (VS reduction), and 2.5
(sCOD removal) times higher than the control assay. Among the tested BMP conditions on SBR
sludge, 160°C at 30 min had the best condition after that there was no significant methane yield.


mailto:ashish.sahu@cambi.com

Table 1. Characteristics of SBR sludge and MSW for codigestion for BMP experiments

SBR MSW-
Dewatered sewage
Raw SBR
Inoculum for SBR Sludge sludge
Parameter Inoculum sludge before N MSW -
co-digestion from [IT mix
from 64 THP )
MLD campus (80:20,
VS basis)
pH 7.54 7.25 7.20 6.78 5.27 6.02 5.46
TS (%) 3.87 6.17 14 8.63 16.11 16.78 16.23
VS (%) 1.39 2.98 7.37 3.64 14.89 7.9 12.88
VFA (mg 300 600 600 2775 660 2025
Hac/L)
NHs-N 105 290 10 90 376 93
(mg/L)
Alkalinity 1200 2800 2050 850 2250 1250
(mg
CaCOs/L)
sCOD (mg/L) 1233 7536 5457 20675 3832 17070
tCOD (mg/L) 41340 106000 10854 204440 174765 185250

For the codigested sludge, among all the THP conditions studied, the highest cumulative biogas
volume (4524 mL) and biogas yield (603 ml/gVSaided) were achieved at 140°C and a reaction time
of 60 min. The values were 3.7 times higher than those attained in the control. An optimized
mixing ratio of 80:20 (VS basis) and a C/N ratio of 24 were considered best for THP pretreatment-
mediated anaerobic co-digestion of the OFMSW-SS mixture. The highest COD solubilization of
40% was achieved at a 160°C temperature regime (Figure 1).
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Figure 1. Soluble COD and percent COD solubilisation on THP for SBR and MSW
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