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The increasing issue of sludge accumulation in wastewater treatment plants (WWTPs)
from processes such as primary sedimentation (PS) and activated sludge (AS) has
become a global concern. Anaerobic digestion (AD) offers a promising solution by
transforming various residual biomasses, including sewage sludge, anaerobic sludge,
agricultural waste, and food waste, into bioenergy and bio-fertilizer. This process
produces valuable by-products like volatile fatty acids (VFAs) and biogas, which mainly
consists of methane (CH4) (50—70%) and carbon dioxide (CO2) (30—50%), with minor
amounts of hydrogen sulfide and ammonia. AD is favored for its cost-effectiveness and
environmental benefits, as it consumes less energy and results in a smaller carbon
footprint compared to traditional waste disposal methods like landfilling and

incineration, thereby aiding carbon neutrality efforts.

The efficiency of CH4 production in AD depends on the diverse microbial communities
responsible for hydrolysis, acidogenesis, acetogenesis, and methanogenesis.
Temperature is a crucial factor in maintaining metabolic stability and maximizing
biogas output. AD is typically carried out at three temperature ranges: psychrophilic
(around 20°C), mesophilic (20-43°C), and thermophilic (50-60°C), with commercial
operations favoring mesophilic and thermophilic conditions. Despite extensive research
on these conventional temperature ranges, there is limited exploration of the
intermediate range between mesophilic and thermophilic (40—45°C). Understanding
the microbial communities that thrive at these intermediate temperatures and their
adaptability is still underdeveloped. Some studies suggest that CH4 production could
increase at 45°C, but these studies were conducted under stable temperature conditions.
Processing WWTP sludge at intermediate temperatures might simulate real-world

temperature fluctuations in existing digesters and improve CH4 production.

The current study investigated the effects of temperature shifts on biogas production
using fed-batch mode with anaerobically digested sewage sludge as the inoculum and a

glucose-based substrate. Temperature changes were implemented in steps of at least
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5°C. The first scenario involved increasing the temperature from 42°C to 48°C, while
the second involved decreasing it from 55°C to 45°C. Both scenarios resulted in
decreased biogas production, particularly at 45°C. The upshift scenario led to a
maximum 83% reduction in biogas production, while the downshift scenario showed a
16-33% decrease in CH4 output. Analysis using next-generation 16S rRNA sequencing
revealed that Methanoculleus dominated in the upshifted scenario, but its presence did
not strongly correlate with biogas production, suggesting inhibition of the
hydrogenotrophic pathway. Conversely, the downshift scenario showed better biogas
production due to the dominance of acetoclastic Methanosaeta and lower levels of
sulfate-reducing bacteria. These results emphasize how temperature changes impact

microbial communities and biogas production.

The study then concentrated on the upshift scenario, examining metagenomics aspects
including functional analysis and microbial interactions. Using digested sewage sludge
as the inoculum and a substrate with 1.5 g/l glucose and trace elements, the
temperature was gradually increased from 37°C to 45°C in 2°C steps. The results
showed CH4 production of 298 and 309 mL CH4/g CODseq at 37°C and 39°C, respectively,
but a decrease at 41°C. However, increasing the temperature to 43°C restored CH4
production to 260 mL CH4/g CODrteq, with a lower CO:z output. At 45°C, the gap between
CH4 and COz2 production widened, indicating enhanced methanogenic activity due to
sustained high temperatures. Methanothrix (formerly Methanosaeta) was the
predominant methanogen, with Methanobacterium activity rising at 43°C and 45°C,
and key hydrogenotrophic pathway enzymes (fivd, ftr, mch) were upregulated. The
presence of Acetomicrobium and Defluviitoga likely supported these enzymes. These
findings highlight the adaptability of microbial communities and potential syntrophic
relationships in response to temperature changes, showing that AD processes can
remain resilient under varying conditions. Higher CHi production with lower
methanogen abundance may provide a clue that methanogens have the potential to
increase capabilities and efficiency in CH4 production after being given a temperature

pressure.

When the glucose concentration was increased to 10 g/l, different results emerged. At
temperatures of 37—41°C, disturbances in acetogenic bacteria and methanogen
populations led to significant reductions in CHs production. However, as the
temperature rose further, the activity of acetogens and methanogens increased,
correlating with higher CH4 and COz2 production. Methanothrix continued to dominate,
reflecting the acetoclastic pathway's predominance. Functional analysis showed that

acetate decarboxylation enzymes were resilient at 43°C and 45°C, whereas

hydrogenotrophic pathway enzymes were more susceptible to inhibition. Higher
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glucose levels favored the acetoclastic pathway for CHs production, while the
hydrogenotrophic pathway was more limited, indicating that increased glucose
concentrations enhance acetoclastic CHs production and restrict hydrogenotrophic
activity. These findings illuminate the steadfast nature of acetoclastic methanogenesis
in AD processes, even amidst temperature shifts, providing valuable insights for the
optimization of biogas production. Looking ahead, future research trajectories could
benefit from integrating temperature shift scenarios into continuous reactors. This
approach holds the promise of unravelling deeper insights into microbial community
dynamics and biogas production across diverse environmental conditions, further

enhancing our understanding of AD processes.
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