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1. Introduction 

In situ hydrogen biomethanation represents a biological Power-to-Methane technology that can be 

integrated into anaerobic digestion systems treating organic wastes and sewage sludge, enabling the 

simultaneous utilization of biogenic CO₂ contained in biogas and hydrogen produced from surplus 

renewable electricity. This approach is particularly relevant in the current operational framework, 

where many anaerobic digestion facilities have been converted to biomethane production through 

biogas upgrading, thereby limiting the availability of recoverable thermal energy from combined heat 

and power units. 

2. Materials and Methods 

In this study, in situ biomethanation was investigated using a laboratory-scale continuously stirred tank 

reactor (CSTR) with a working volume of 8 L. The reactor was semi-continuously fed with primary 

sludge, typically from Monday to Friday, while hydrogen was continuously supplied to promote 

biological conversion of CO₂ into methane by hydrogenotrophic methanogens. Process performance 

was assessed in terms of Methane Evolution Rate (MER), evaluating the capability of the anaerobic 

digester to operate as an integrated biological hydrogen methanation unit without compromising 

process stability. Due to the exothermic nature of the hydrogen biomethanation reaction, mass and 

energy balances were developed to determine the hydrogen volumetric flow rate required to achieve 

thermal self-sufficiency of the digester under mesophilic operating conditions. 

 



 

3. Conclusions 

The results indicate that in situ biomethanation enables the conversion of hydrogen produced from 

surplus renewable electricity by exploiting existing anaerobic digestion infrastructure, potentially 

reducing capital expenditures compared to conventional ex situ methanation systems. More than 97% 

of the injected hydrogen was biologically converted into methane, confirming the high efficiency of 

the process under the investigated operating conditions. This aspect becomes particularly critical in 

biomethane-oriented facilities where thermal energy recovery from cogeneration is no longer available 

for digester heating under typical European climatic conditions. However, the overall techno-economic 

feasibility of the process remains strongly dependent on the availability and cost of excess renewable 

electricity used for hydrogen production. 

 


