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Introduction

Municipal solid waste (MSW) is gaining increasing attention as a relevant resource not only for waste-to-
energy applications, but also within circular economy strategies and efforts to defossilise carbon-based material
systems (Kéhler et al., 2021). In the coming decades, the substitution of fossil carbon with secondary carbon
sources is expected to play a key role in reducing greenhouse gas emissions, particularly in the chemical sector. In
this context, MSW represents a widely available but still insufficiently characterised potential carbon source.

MSW is a highly heterogeneous material whose composition varies strongly depending on regional,
seasonal, and socio-economic factors. Rather than being a limitation, this heterogeneity enables fraction-specific
analyses, allowing for more precise and differentiated insights into material properties. Fraction-resolved
characterisation permits a more accurate assessment of carbon content, ash composition, and heating value, and
helps to identify the specific potentials of individual waste fractions for thermochemical conversion and chemical
recycling processes.

To reduce existing data gaps and provide improved reference data, a fraction-resolved characterisation
approach was applied in this study. Selected carbon-rich MSW fractions collected in the city of Munich were
analysed to gain deeper insight into the overall carbon content of MSW and to assess its relevance as a secondary
carbon source. The results were benchmarked against regional literature data from Bavaria (Weigand and Marb,
2003; Bayerisches Landesamt fiir Umwelt, 2012) as well as against aggregated MSW data reported by the
Intergovernmental Panel on Climate Change (Eggleston et al., 2006).

Materials and Methods

All experimental work was carried out at the Chair of Energy Systems, Technical University of Munich
(TUM). Eight representative MSW samples were collected within the city of Munich, covering four different
residential structure types. From these samples, the mass-wise most relevant carbon-containing fractions (Stadt
Miinchen - Statistisches Amt, 2018) were selected for analysis, namely organic waste, plastic waste, and composite
materials. Inert fractions such as glass and metals were excluded from the present study.

Sample preparation involved drying, size reduction, and homogenisation. Material-dependent behaviour
during milling required adapted preparation procedures for the different fractions. Ultimate and proximate analyses
were performed according to international biomass-related standards, enabling the determination of elemental
composition (C, H, N, S, O), moisture content, volatile matter, fixed carbon, and ash content.

Ash-forming elements were analysed using inductively coupled plasma optical emission spectroscopy
(ICP-OES). In addition, ash melting behaviour was investigated using an ash melting microscope to determine
characteristic ash transformation temperatures. For the estimation of total MSW carbon content and lower heating
value (LHV), literature reference values for paper, hygiene products, wood, and textile fractions were included
and combined with the experimentally determined fraction data.

Results and Discussion

The investigated MSW fractions exhibited pronounced differences in composition. The organic fraction
showed the highest moisture content and the lowest carbon content at 22.2 wt% (as received). Despite its
comparatively low carbon concentration, it represents the largest mass fraction of MSW and therefore contributes
significantly to the overall carbon content, consistent with Bavarian waste composition studies (Bayerisches
Landesamt fiir Umwelt, 2012; Stadt Miinchen - Statistisches Amt, 2018).

In contrast, plastic and composite fractions contained substantially higher carbon contents of 73.3 wt% and
43.4 wt% (as received), respectively, while exhibiting only minor water contents. The composite fraction mainly
consists of paper and plastics, resulting in intermediate carbon values, in line with reported data for household
waste fractions (Weigand and Marb, 2003).

By combining the experimentally determined carbon-rich fractions with literature-based reference values
for paper, hygiene products, wood, and textiles, an updated estimate of the overall MSW carbon content was
derived. The resulting carbon content of municipal solid waste was 29.2 wt% (as received). This value is slightly
higher than regional comparison datasets, but remains within the range reported in IPCC reference data (Eggleston
et al., 2006).

All carbon-rich fractions exhibited comparatively high lower heating values (LHV), with the highest values
measured for the plastic fraction. Based on the combined fraction data and supplemented by literature values for
paper, hygiene, wood, and textile fractions, the overall LHV of MSW was estimated to be 10.4 MJ kg™. This
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value is somewhat higher than regional comparison values, while still lying within the range reported in IPCC
datasets (Eggleston et al., 2006). The comparison of fraction-specific and aggregated values of the elemental
composition and moisture is illustrated in Figure 1.
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Figure 1: Composition of municipal solid waste showing carbon (C), hydrogen (H), nitrogen (N), sulfur (S), ash,
moisture, and residual components, compared to literature data. Experimentally determined data from this study
are combined with literature reference values for paper, hygiene products, wood, and textile fractions to derive
the total carbon content of MSW.

ICP-OES analysis revealed generally low concentrations of ash-forming elements. Compared to Bavarian
literature data, significantly lower concentrations of iron, zinc, copper, and manganese were observed, indicating
regional and fraction-specific differences in MSW composition (Weigand and Marb, 2003).

Conclusions and Outlook

This study provides a fraction-resolved characterisation of carbon-rich municipal solid waste from Munich
and delivers a representative estimate of its carbon content. The results show good agreement with regional
Bavarian literature and IPCC data, while highlighting the strong influence of fraction composition on MSW
properties and the limitations of bulk MSW characterisation.

The generated dataset is particularly relevant for evaluating the potential of municipal solid waste as a
secondary carbon source for future chemical recycling pathways. In this context, the results support ongoing
activities within the H- Living Lab ChemDelta Bavaria, where a pilot-scale thermochemical conversion plant is
being developed to analyse waste-derived feedstocks for chemical recycling applications. Future work should
include inert MSW fractions, extend sampling to additional regions and seasons, and systematically assess
downstream thermochemical processes with respect to energy efficiency, technical feasibility, and economic
performance.
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