Biochar from Agricultural Waste Gasification:
Characterization and Potential for Nutrient Recovery and Soil Enhancement
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Introduction

Gasification is a thermochemical process that converts biomass into syngas and biochar under limited oxygen
conditions and may offer a sustainable pathway for the valorization of agricultural residues. Agricultural greenhouse
waste, such as tomato plant waste (TPW), is often heterogeneous and may include plastics, drip irrigation
components, and nylon lines mixed with organic biomass. Recent reviews of municipal solid waste gasification
emphasize not only energy recovery but also the importance of sustainable valorization of solid by-products,
particularly biochar, as part of circular economy strategies, with by-product quality strongly influenced by process
parameters (Ungureanu et al., 2025).

In the current study, gasification was suggested as an attractive alternative for treating TPW, with the focus on testing
the agricultural potential of the resulting gasification-derived biochar as a soil amendment. Although biochar research
has expanded considerably, most studies focus on pyrolysis-derived materials, whereas gasification-derived biochar
remains less explored, particularly regarding nutrient composition and agricultural applicability (Hoque et al., 2023).

Materials and Methods

Biochar was produced by gasification (Spanner Inc.) at 850 °C using a mixture of 60% wood chips and 40% tomato
plant waste (TPW; <5% moisture). Elemental and mineral compositions (Ca, K, Mg, P, C, N, S) of the resulting
biochar were analyzed by ICP-OES and an elemental analyzer. Biochar phytotoxicity was evaluated over a 28-day
period using a cress (Lepidium sativum L.) bioassay at application rates of 1% and 2% (w/w), with phytotoxicity
quantified using a phytotoxicity index (PTI). Syngas energetic properties were analyzed as part of the gasification
campaign but are beyond the scope of this abstract.

Results and Discussion

Gasification of tomato plant waste mixed with wood chips produced a biochar enriched in key plant nutrients (Table
1), demonstrating its potential value as a soil amendment for nutrient-poor and sandy soils. Phytotoxicity testing
demonstrated a short-term negative effect immediately after soil application; however, toxicity declined rapidly, and
no adverse effects were observed from the second to the fourth week at both tested application rates (1% and 2%
w/w). These results suggest that, following a short stabilization period or soil incorporation, gasification-derived
biochar can be applied without phytotoxic risk and may contribute to improved soil nutrient availability.

Table 1. Elemental composition of the raw feedstock and gasification-derived biochar (% dry weight).

Material Ca K Cl Mg | P N C S

Raw wood chips 0.98 |0.28 | 0.13 | 0.03 | 0.01 | 0.76 | 46.00 | 0.12
Raw TPW 2.65 |4.09|1.48 | 0.54|0.19 | 1.88 | 33.02 | 0.11
Biochar (40% TPW, 60% wood chips) | 25.12 | 7.64 | 1.46 | 3.14 | 0.72 | 0.29 | 15.18 | 0.00
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Figure 1. Biochar phytotoxicity in soil at 1% and 2% (w/w) application rates over four weeks.

Summary and Conclusions

Agricultural waste gasification may provide dual benefits through renewable energy generation (data not shown) and
the production of biochar that can potentially be suitable for agricultural applications. These findings support the
potential role of gasification in circular economy strategies for agricultural waste valorization, while indicating that
longer-term experiments are required to assess sustained effects on soil properties and crop performance.
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