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INTRODUCTION

Sewage sludge management is a key aspect of wastewater treatment, both because of the potential environmental risk that sludge poses if not properly treated and because of the significant resource recovery potential that it offers. Anaerobic digestion (AD) is a
well-established technology, accounting for about 70% of the sewage sludge treated in the UK, with around 150 operating sites of different size at UK wastewater treatment plant (WWTP). The process offers socio-environmental benefits reducing odour and
associated vector attraction potential of the sludge, and reducing the greenhouse gas emission due to the degradation of the residual organics, as well as economic benefits arising from the recovery of energy under the form of biogas. The process is therefore one
of the most successful and economically viable sludge treatment methods and it is likely to continue to have an expanding role as a principal technology for the treatment of sewage sludge. The AD of biodegradable matter is performed by a complex series of
interdependent microbiological steps, and the process engineering is controlled by a combination of process conditions and critical physico-chemical parameters, such as reactor temperature, loading rate and mixing energy, sludge dry solid (DS) and volatile solids
(VS) content, sludge biodegradable fraction, and many others depending on the type of wastewater collection network and up-stream processes. However, the biogas production performance is highly variable within and between sites and there is potentially
significant scope to increase the treatment efficiency through a better understanding of the interactive effects of these parameters on the system.
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Figure 4 — Reactor acidification. Conditions:
PS:SAS=80:20, OLR=1.5 kgVS/m?3/d, Temperature=41 °C, HRT=16 days

CONCLUSIONS
Anaerobic digestion as core technology to improve overall WWTP sustainability

The results from the optimisation of AD performance can be used to understand the impact of upstream process performance on overall
cost and energy consumption of WWTP.
In this example four scenarios are modelled (Table 1), to determine what is the cascade impact of having a poorly performing primary

Outcomes - normalised to worst case scenario & actual values

B Biogas produced
(m?/d)

W Total cost (energy+poly-incentives)

(£/d)

M Total energy displaced
(% tot)

sedimentation tank (PST) and an efficient sludge thickening system. Between the effects modelled are: PS:SAS, OLR, activated sludge 140%
pant oxygen demand, poly consumption, energy generated and value of incentives. T— T T —
The results (Figure 5) indicate that overall a WWTP with a good performing PST and |Influent flow m3/d 100,000
thickening system can reduce energy and polymer cost by up to 32% and displace up :”::”e”: Was:ewa:ers"l‘?;gth gggsf;/"f ;88 100%
- nriuent wastewater solids g m
to 31% more energy compared to the worst case scenario COD oxidation yield NSS/GCOD Vi s
Assumptions PS volatile solids VS/DS 80%
Rrocess Rarameter Good Sorar SAS volatile solids \VS/DS 75% 60%
TSS removal 45% 60% PS poly demand gActive/kgDS 1.5
PST COD removal 25% 40% SAS poly demand gActive/kgDS 3 40%
Unthickened PS DS% 2.0% 1.5% Digester temperature °C 39
Backmixing in place Yes No Methane percentage of biogas [(% vol) 60% 20%
Thickening Thickened PS DS% 7% 4% Engine efficiency (% CV) 38%
Thickened SAS DS% 6% 4% Cost of electricity £/MWhe 95 0%
Table 1 — Assumptions for different scenarios ROC incentive ROC/MWhe 0.5 Poor PST - Poor thickening Poor PST - Good thickening Good PST - Poor thickening Good PST - Good thickening
ROC value £/ROC 45 : : . )
Cost of PS polymer £ /kaActive > Figure 5 — Outcomes of the modelling using results from the experimental research
Table 2 — Other relevant assumptions used for the modelling  |Cost of SAS polymer £/kgActive 2.8

Disclaimer: This work was carried out as part of the Thames Water Utilities Innovation Programme and the requirements for the EngD STREAM Programme in the Department of Civil and Environmental Engineering, Imperial College London. The views expressed in the paper are those of the authors and not necessarily those of Thames Water.
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