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The mass of municipal solid waste (MSW) has been increasing due to the growth of urbanization and the
global population. In some EU countries, over 60% of household waste goes to landfills, which has been a huge
environmental problem, especially because of a significant share of organic waste. The Council Directive
(1999/31/EC) indicated that the amount of biodegradable municipal waste had to be significantly reduced. The
solutions for the reduction of the mass of organic waste before being landfilled are mechanical-biological treatment
(MBT) installations. They previously were managed with mixed MSW, and in the biological part of the plants, the
organic fraction of municipal solid waste (OFMSW), separated on a sieve, was stabilized (Bayard et al 2018,
Bernat et al 20214, Bernat et al 2021b). During the stabilization of OFMSW, its biodegradability decreases, and
the emission of greenhouse gases reduces. However, the final product of OFMSW stabilization can only be
landfilled (Jedrczak et al 2020, Potomka and Je¢drczak, 2019). To produce a valuable final product — compost,
biowaste from municipal solid waste should be separately collected, and then composted. Such actions have been
already implemented. However, during the process, leachate (L) is generated. The organics- and nitrogen-rich
leachate have fermentative potential, thus, before its discharging into the environment it is proposed to be
anaerobically treated. Anaerobic digestion has many advantages such as not only organic waste treatment but also
renewable energy generation (biogas).

Another liquid waste product is waste glycerine (Gly) from saponification, which is characterized by a
high content of organics and low nitrogen content, thus, it does not constitute a suitable substrate for mono-
fermentation. So, these two liquid waste products can be co-fermented. Leachate can serve as a solvent for
glycerine and provides more stability to the reactor due to the high alkalinity content needed for the fermentation
process. In addition, leachate provides macro- and micronutrients that are important for bacterial growth. The
characteristics of leachate and waste glycerine are given in Tab. 1.

Table 1. Characteristics of leachate after biowaste composting and waste glycerine

Characteristics Units Leachate Waste glycerine
COD mg/dm? 41260 100000
Niot mg/dm? 1440 600
COD/Not - ~29 ~170
VFA mg/dm?3 17500 n.d.*

In this study, the methane potential of the L from composting of biowaste and of the L with the addition
of Gly was determined. The following variants were used: L only (with the COD/N ratio of 28.7), three mixtures
of L and Gly in the proportions of 70:30, 60:40, and 50:50 (v/v), which resulted in raw Gly content of 3, 4, and
5% (v/v), and the COD/N ratios of 55.2, 68.7 and 86.2, respectively. Three repetitions of each variant were
performed. The experiment was conducted in the Automated Methane Potential Test System (AMPTS I1) (Fig. 1)
under mesophilic conditions (36°C) at an initial organic loading rate (OLR) of 7.5 kg COD/m?. The inoculum for
MP measurements consisted of anaerobically digested sewage sludge from the municipal wastewater treatment
plant. The AMPTS Il has three units: water bath, CO, absorption trap, gas volume measuring device. In the sample
thermostatic incubator, 500 mL bioreactors, containing sample and inoculum, are incubated as long as a plateau
in methane production is achieved. The bioreactors possessed small stirrers and are mixed (80 rpm for 1 min every
hour).

During the experiment, besides methane production (MP), the effectiveness of anaerobic digestion was
assessed based on the decrease of organic compounds (expressed as COD, chemical oxygen demand, and VFA,
volatile fatty acids).


mailto:bernat@uwm.edu.pl

It was found that at an initial OLR of 7.5 kg COD/m?, with all variants (L and L+Gly), during the first
few days, over 80% of the total MPs were achieved, and the maximum cumulative MPs, of ca. 300 L/kg COD agded,
were reached by the 10" day of measurements. This means that leachate from biowaste composting and glycerine
from saponification can be successfully co-fermented and the methane potential of the leachate and the mixtures
of leachate and glycerine is high. However, the addition of 3-5% of raw Gly slowed down the MP. This resulted
from the fact, that during the first days of the measurements, VFA was intensively produced, which correlated
with a slight reaction decrease (to 6.21-6.52 pH). With 3% Gly content in the mixture with L, high concentration
of VFA (ca. 3000 mg/L) was noted up to 3" day of measurements. With 4% and 5% of Gly content, this high VFA
concentration maintained up to 4™ and 5™ day of the methane production. After VFA concentration decreased, the
reaction recovered up to a value higher than 7 pH, and then methane was intensively produced. The present study
has shown that leachate from biowaste composting and glycerine from saponification can be successfully co-
fermented. However, glycerine slowed down the production of methane, because VFAs accumulated. Thus, the
share of glycerine should be established under operational conditions not to disturb methane co-fermentation.
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