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ADVANTAGES

� Increase in biogas yield of a conventional anaerobic digestion

� Reduction of inhibitory effects by VFA accumulation

� Improved anaerobic digestion process in terms of methane

production and organic matter removal

� Lower disposal costs due to reduction of residual sludge after

digestion
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INTRODUCTION AND PROCESS DESCRIPTION

The Temperature-Phased Anaerobic Digestion (TPAD) combining thermophilic and

mesophilic processes in seres, brings together the advantages of both systems. The

success of TPAD technology lies in the good performance of the organic matter

removal and the high digestion rate, methane yield and process stability as well as

the improvement of the effluent dewaterability.

Once the advantages of applying TPAD for the anaerobic digestion of sewage

sludge have been demonstrated, the aim in this study was to incorporate additional

measures in order to increase process efficiency and, therefore, methane

production. Among the measures usually adopted for improving anaerobic

digestion of complex wastes, biomass recirculation has demonstrated to be a good

option by decoupling the hydraulic retention time and the solid retention time, thus

increasing the degradation of the remaining organic matter and favouring the

growth of methanogenic microorganisms.

Table 1 .Operational and control parameters of the TPAD-Mesophilic digester (MTPAD) and TPAD-
Thermophilic digester (TTPAD) in all periods studied, with and without biomass recirculation

Parameters MTPAD  MTPADR MTPADRR TTPAD TTPADRR MC  MCR

T (ºC) 35 35 35 55 55 35 35

HRT (d) 6 6 7 5 5 11 11

OLR (kgCOD m-3 d-1) 3.4 2.9 2.6 6.6 6.8 3.2 3.3

OLR (kgVS m-3 d-1) 1.7 1.3 1.1 3.2 3.3 1.6 1.6

CH4 (m3mR
-3d-1) 0.22 0.16 0.10 0.82 0.89 0.38 0.53

CH4 (m3 tVS
-1) 123 126 93 257 307 247 366

CH4 (m3 tsludge
-1) 1.45 1.09 0.66 4.52 5.29 4.19 6.25

% CH4 79 74 76 69 68 70 68

TAlk (gCaCO3 L
-1) 3.06 3.45 3.10 2.91 2.73 3.01 2.83

pH 7.8 7.7 7.7 7.7 7.8 7.4 7.4

Figure 2 . Comparison on methane production (blue bars) and volatile solid removal
(green dots) between TPAD and control systems in all periods studied, with and
without biomass recirculation.Figure 1. Squematic diagram of recirculation strategies applied to a TPAD system and

to a mesophilic control system (MC). T: Thermophilic reactor; M: Mesophilic reactor:
HRT: Hydraulic retention time; TPADR: Temperature-phased system (mesophilic effluent
recirculation); TPADRR: Temperature-phased system (mesophilic and thermophilic
effluent recirculation); S-L: Solid-liquid

APPLICATION

• Biomass recirculation could be applied to overcome overloads and to solve inhibition periods

• When increasing the sludge flow rate is required in existing plants, but there is no space to

build new digesters, then, biomass recirculation can be implemented in order to increase the

process efficiency.


