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Abstract

Anaerobic Digestion not only enables to reduce stabilize the volume of sludge to be disposed
but also is the only way to recover energy from tesater process-wise. The AB process
developed by Béhnket al. (1977) with its two stage of activated sludge &etmreduce the energy
demand from the aeration on the water line anceasz the methane production on the sludge line
which are the key elements to reach energy selfegericy for wastewater treatment plants. The
present work studies the anaerobic digestion o$@iationi.e. A sludge from the first stage of the
AB process and compares it to the digestion of eatisnal primary and mixed sludge. The
operation of 5-Litres digesters for 100 days shtves A sludge and conventional primary sludge
are equivalent in terms of sludge characterisagioth behaviour through the anaerobic digestion
process. They both produce about 27% more methane/§.q than the conventional mixed
sludge. Considering that A sludge represents aitgogrtion (85%) of the mixed AB sludge that
the primary sludge (65%) does for conventional migkidge, the AB process does have a higher
potential of energy production than conventionasteaater treatment systems.
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INTRODUCTION

The AB (Adsorption-Biosorption) Process for wastewdreatment was developed by Bohrke

al. (1977). It consists in a two-stage activated shudd and B stages, each composed of a
bioreactor and a clarifier. The A stage hosts aligefficient biosorption process for early
entrapment of the organic matter, which can bectlyéransferred to the digesters, maximizing the
recovery of the biodegradable carbon containedha wastewater. Around the world, a few
wastewater treatment plants use this process amd shmuch more efficient energy balance,
sometimes even positive, than conventional plaists equipped with digesters. The present study
compares the anaerobic digestion process of Bitiearpe. A sludge with conventional primary
sludge and conventional mixed sludge, within seomtinuous 5-Liter reactors under mesophilic
conditions (37°C).

MATERIALSAND METHODS
Experimental Setup

Three double jacketed glass reactors of 5 Litreskiwg volume are equipped with a water bath
circulator controlling the temperature at 37°C. yfiaee fed on a daily basis thanks to a peristaltic
pump. The conventional primary and mixed sludge sampled from the conventional Water



Reclamation Plant of Kranji in Singapore. The Adgle comes from a 50%d AB process pilot
plant on the same WWTP and treating the same rastewater. The digesters were inoculated with
the digestate of a 3hpilot plant digester at mesophilic conditions feith Kranji WRP mixed
sludge.

The operating conditions are the same for the theaetors with a Sludge Retention Time of 16
days and an Organic Loading Rate of 1.5 kg\/&iniThe three different feed sludge are thickened
through centrifugation to meet the common OLR.

Follow-up and measurement

The biogas production is monitored continuouslyhwitilligas counters (Ritter) and the biogas
composition is analysed twice a week with a 490rMiGas Chromatograph (Agilent). Total Solids
(TS) content is calculated as the amount of sebdsaining after oven-drying the samples at 105°C
during 24 h and Volatile Solids (VS) content isccgdited as the loss of weight after igniting the
oven-dried residue at 550°C for 5 h. Total COD antlible COD concentrations, Volatile Fatty
Acids (VFAs), Total Alkalinity (TA), Total AmmoniaNitrogen (TAN) are measured with kits
(Hach). All these parameters are analysed from fest and digested sludge three times a week.
Biochemical Methane Potential tests were run toradtarise the bioreactivity of the three
substrates.

Figure 1: Reactor set-up.

RESULTS AND DISCUSSION
Characterisation of thethreefeed sludge

The table 1 presents a characterisation of theudgsl from the 50fid AB process pilot plant, the
conventional primary and the mixed sludge from Kirdvater Reclamation Plant.

Tablel: Characterisation of the A sludge, Primdugdge and Mixed sludge.

Total - Methane
TS VM VM COD VFA Alkalinity N-NH4 potential
gL glL  %TS g/L  mgHOAc/L mgCaCO3/L  mg/L Lsre CHa/ kg
VSintroduce«
A sludge 30,4 24,8 81,6% 48,3 847 784 145,6 335
Primary sludge 30,7 24,8 80,8% 50,5 1012 686 172 290

Mixed sludge 32,1 24,3 757% 479 1725 1210 474




The A sludge and Primary sludge appear to be cegigivalent in terms of behaviour during
anaerobic digestion. The Biochemical Methane Prtetdsts show about the same potential for
this two sludge, with a slightly lower potentialrféhe primary, which can be attributed to
operational issues of the plant during the sampfiagger SRT of the primary clarifier affecting
significantly the quality of the sludge as the ifiar temperature reaches 30°C). The Methane

Potential of A sludge is 335skr CHs/ kg VSntroduced The kinetics of the A sludge BMP test is
slightly higher than the primary sludge test.

Start-up and steady state operation

The acclimation period lasted for 3 SRTs with atfpphase of 1 SRT at half Loading Rate. The
methane production steadily increased without angakp of VFA (VFA<500mg/L,
VFA/Alkalinity<0.15) nor Soluble COD (<2g/L). At 3. SRTs, the steady state operation was
reached for all the reactors with a constant methmoduction, VS and CQg, content.

The following results were obtained during the diestate operation.
Removal rates and specific methane production
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Figure 2: Cumulated methane production over VS fed fortkinee reactors.

The primary sludge reactor and the A sludge regmtesent equivalent overall performances, both
in terms of removal rates and specific methaneywrtion. The specific methane production reaches

290 Lstp CH4/kg VS, for the A sludge digester, and 30@rk CH, /kg for the primary sludge
digester.

The VS, COD removal rates and the specific methmoduction of the anaerobic digestion of A
sludge are respectively 33%, 32% and 27% higher filvamixed sludge.

All the results are summarized in the table 2.

Table 2: Overall performances of the three reactors

A Sludge Primary Sludge Mixed Sludge

Reactor Reactor Reactor
VS Removal 48,5% 45,3% 36,4%
TS Removal 43,0% 40,6% 30,6%
COD Removal 42,8% 47,2% 32,5%
L biogas / kg VSin 470 494 380
L CH4/kgVSin 290 301 229
L CH4/kg COD in 150 156 112

L CH4 / kg COD destroyed 345 343 336




Overall AB process system

The mixed sludge produced by the AB process coni®bo of A sludge and 15% of B sludge. A
conventional activated sludge wastewater treatimemproduces a mixed sludge composed of 65%
primary sludge and 35% of secondary sludge. Itl$® delieved and to be proven on future
experiments that the AB process produces more sltigign the conventional system. Adding to
these facts that the AB sludge has a higher metpaotiction than conventional mixed sludge, the
whole AB process should enable to produce more anethand thus energy pef of wastewater
treated, than a conventional wastewater treatnysteIs.

CONCLUSION
- The comparison of the anaerobic digestion of Bipson i.e. A sludge, conventional

primary sludge and conventional mixed sludge wasist with semi-continuous 5-Litres
digesters at mesophilic conditions (37°C).

- The anaerobic digestion of A sludge is quite edemato the anaerobic digestion of
conventional primary sludge, with equivalent ogistly better removal rates and kinetics
(290 NL CHY/VSiy).

- Future work will aim at demonstrating that anaecatigesters treating sludge from an AB
process produce more energy than the digestergiakesb with a conventional activated
sludge process.
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