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1. Introduction

Uganda’s lack of separation at the source leads to a fair share of non-degradable materials in its 

municipal solid waste (MSW) composting plants  (Castellani et al.,  2022).  These materials 

currently end up in the sieving residuals after the final sieving step and are dumped into the 

plants’ surroundings or landfilled. To prevent wasting the potential hidden in these materials, 

their use as refuse-derived fuel (RDF) in the cement industry might present a valuable option,  

since using RDF possibly leads to a reduction of the cement industry’s fossil CO2 emissions 

(Beguedou et al., 2023).

To determine the actual fossil CO2 reduction, the adapted Balance Method (aBM) can be applied 

which determines the share of fossil  and biogenic materials in a mixed fuel based on the 

difference of their water-and-ash-free elemental compositions (C, H, N, S, O). Previous studies 

in Austria found that the method was the most reliable compared to other methods and that valid 

data on water-and-ash-free elemental composition of biogenic and fossil materials present in 

the fuel are essential. The elemental composition is typically in a close range when different 

RDF from the same country/region are regarded (Schwarzböck et al., 2018). Data collection 

and application of the aBM outside of Europe though is still pending. Thus, this study is the 

first to test and apply the aBM to solid waste from Uganda.

2. Materials and Methods

The sieving residuals of the MSW composting plants in Mukono and Masindi were sampled 

twice, once during wet season and once during dry season (in 2023 and 2024, respectively). 

The samples were further sorted into 22 fractions. 

The combustible fractions were dried and milled, followed by analyses to determine their 

organic C-, H-, N-, S- and O content, which are the input parameters for the aBM. Further, the 

lower heating value (LHV) was calculated, using the empiric formula by Boie (Kost, 2001). A 

moisture content of 20% was considered, assuming a drying step before using the RDF.



With the results of the aBM and the fuel’s LHV, the fossil emission factors in tCO2,fos/TJ of the 

RDF were calculated using the formula provided in  Schwarzböck et al. (2018) and further 

compared to the fossil emission factor of coal.

3. Results and Discussion

The results show that the determined elemental composition of biogenic and fossil materials 

from both plants are in  close range of one another, indicating that they might even be more 

broadly valid for MSW in Uganda. They also show a similar elemental composition when 

compared to European values (Kost, 2001; Schwarzböck et al., 2018). The biggest share of the 

fossil materials are plastics (50-60%) of which the majority are thin polyethylene bags, so-

called Kaveeras. The main polymer types are PE and PP which is comparable to the values 

given in Schwarzböck et al. (2016).

The results of the aBM show that the fossil CO2 emission factor of the investigated RDF is up 

to 60% lower than that of coal.  The lower heating value was estimated to be 15-19 MJ/kg (at 

20% moisture content). The share of biogenic carbon in the RDF is, depending on plant and 

season, 43-63%. The biogenic C stems mostly from not fully degraded organic material which 

makes up a major part of the residuals (33 to 44 %) (see Neuburg et al., 2025). 

4. Conclusion

This study is the first to apply the aBM to solid waste from Uganda, thereby contributing to the 

validation and versatility of the method. Valuable input data were produced,  which could 

potentially also be used when aBM is applied to other MSW-based RDF in Uganda. The results 

show that the fossil CO2 emission factors for the sieving residuals are significantly lower than 

that of coal, thus indicating that the substitution of fossil fuels with this RDF can lead to a 

reduction of the fossil CO2 emissions. 
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