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Biowaste is one of several important waste streams that are progressively 
addressed by European circular economy and waste legislation. In the EU 
between 118 and 138 million tons of biowaste are generated annually [1].

The properties of kitchen biowaste are comparable to literature 
data and are similar to the properties of typical biomasses 
used to produce biochar by slow pyrolysis, while the properties 
of the two garden biowaste differ significantly.

Both garden biowaste studied may have been contaminated (soil,
stones) during collection, which influenced the high ash content.

For all the biowaste tested, the biochar yield decreased 
with increasing pyrolysis temperature.

Compared to biowaste before slow pyrolysis, carbon and fixed
carbon content as well as the HHV was higher in the kitchen biochar
and lower in both garden biochar.
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Ym (mass yield of biochar), % wt.
(dry basis)

proximate analysis (% wt.) (dry basis)
5.7612.1015.425.8911.6512.5911.1414.8820.49VM (volatile matter content)
71.3264.3861.7172.5765.3864.6921.0921.8118.57A (ash content)
22.9323.5222.8721.5422.9622.7367.7763.3160.94FC (fixed carbon) *

ultimate analysis (% wt.) (dry basis)
25.6227.4527.8421.0026.6025.3455.5554.8158.02C (carbon content)
1.472.542.801.411.712.412.673.024.00H (hydrogen content)
1.021.001.151.051.521.443.013.463.64N (nitrogen content)
0.574.636.503.974.796.1217.6816.9015.77O (oxygen content) **

other measurements (dry basis)
8.409.029.967.518.959.0421.9020.8422.68HHV (higher heating value), MJ/kg
8.078.469.357.208.588.5121.3120.1721.80LHV (lower heating value), MJ/kg
28.6835.6238.2927.4334.6235.3178.9178.1981.43CC (combustible compounds), (% wt.)

* by difference
** by difference (without considering the sulphur and chlorine content)
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proximate analysis (% wt.) (dry basis)
63.5181.5368.10MC (total moisture content) (% wt.) (wet basis)
43.7542.4376.55VM (volatile matter content)
43.8317.756.81A (ash content)
12.4339.8216.64FC (fixed carbon)*

ultimate analysis (% wt.) (dry basis)
29.9931.9443.36C (carbon content)
4.024.537.03H (hydrogen content)
1.192.843.12N (nitrogen content)
0.030.070.10S (sulphur content)
20.9242.8238.87O (oxygen content)*
0.010.050.71Cl (chlorine content)

other measurements (dry basis)
11.1610.6017.24HHV (higher heating value), MJ/kg
10.279.6015.69LHV (lower heating value), MJ/kg
56.1782.2593.19CC (combustible compounds) (%wt.)
55.3281.7790.06OS (total organic matter content) (%wt.)
44.6818.239.94MS (total mineral substances content) (%wt.)
23.1835.2937.47Corg (total organic carbon content) (%wt.)
8.629.205.18pH – (wet basis)

* by difference
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Table 1. Properties of the tested biowastes.

Table 2. Yield and properties of biochar obtained from slow pyrolysis of biowaste.

Figure 1. Schematic presentation of the methodology.

Characterization of the studied biowaste (kitchen, spring garden 
and autumn garden biowaste) and the biochar obtained it.
The effect of slow pyrolysis temperature on the yield 
and physicochemical properties of the obtained biochar. 

Objectives:

All the biowaste tested had a high moisture content. Therefore, 
the biowaste required pre-drying before the slow pyrolysis process.
Comparing the results of the ultimate analysis (Table 1), shows that 
kitchen biowaste has the highest content of all components (except  O).
The yield of both garden biochar, was almost twice as high as that 
of kitchen biochar (Table 2). However, the garden biochar contained more
than three times as much ash as the kitchen biochar. 
As the pyrolysis temperature increases, the VM, C, H, N, O, HHV and LHV 
of all biochar decreases (Table 2).

[1] European Commission (2020), https://data.europa.eu/doi/10.2779/691513
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Conditions:
• temperature: 

400oC, 500oC, 600oC
• heating rate: 33oC/min
• residence time: 1h
• nitrogen flow rate: 2 l/min

Three different types of biowaste that had been collected from
households in the Silesia region of Poland were used in this work.


