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Introduction

Climate change represents one of the most pressing global challenges of the twenty first century and is increasingly
affecting ecological systems, agricultural and forestry production conditions, and the management of near natural
habitats. Rising average temperatures, prolonged periods of drought, altered precipitation patterns, and an
increasing frequency of extreme weather events have pronounced impacts on soils, vegetation dynamics, and water
availability. These developments pose particular challenges for regions with high ecological sensitivity, such as
near natural habitats, nature reserves, and national parks, especially with regard to their long-term stability and
resilience.

At the same time, substantial quantities of biogenic residues are generated in the Austria Hungary border region
as a result of landscape management, the maintenance of nature parks, agricultural and forestry activities, and
municipal services. These materials include tree, shrub, and grass cuttings, residues from the management of
protected areas, and invasive plant species whose spread poses a growing threat to native ecosystems, biodiversity,
and human health. To date, only limited sustainable and circular economy-oriented concepts exist for the disposal
and utilization of these biogenic waste streams. Pyrolysis represents an innovative solution in this context.
Against the background of national (AdBL, 2023) and European climate targets, particularly the objective of
achieving climate neutrality, the identification and optimization of carbon sinks is gaining increasing importance.
In addition to natural sinks, technical carbon sinks that enable long term carbon sequestration are receiving growing
attention. In this regard, the pyrolysis of biogenic residues constitutes a promising approach to materially and
energetically utilize biogenic waste, achieve long term carbon storage, and simultaneously provide high quality
biochar as a natural soil amendment.

Material and Methods

As part of an inventory assessment conducted in the Austria—Hungary border region, various biogenic residues
with a high potential for material and energetic utilization within a circular economy framework were identified.
Particular attention was given to materials that are generated on a regular basis through the management of near
natural areas and agricultural activities. In consultation with operators of nature reserves and national parks in the
AT-HU border region, an initial survey was carried out to identify biogenic residues relevant to the region as well
as invasive plant species that pose challenges to local biodiversity.

The investigated materials included wood chips from landscape management, reed biomass from wetland areas,
vine prunings, and the invasive species Japanese knotweed and Canadian goldenrod. The selected feedstocks were
mechanically processed, shredded, and dried in preparation for thermochemical treatment. One approach to
combining energetic and material utilization is the pyrolysis process. In this process, the biogenic residues are
heated in a reactor under oxygen limited conditions to a temperature of approximately 600 °C, with a residence
time of ten minutes. During thermal decomposition, a combustible gas and biochar are produced. The combustible
gas is subsequently oxidized in a thermal post combustion chamber, and the released heat can be recovered for
energy use.

Comprehensive analyses were conducted on both the produced biochar and the original feedstocks prior to
pyrolysis. These included proximate analyses to determine and compare moisture content, fixed carbon content,
ash content, and the fraction of volatile matter. The resulting data were used to optimize pyrolysis parameters, to
assess the suitability of the biochar as a technical carbon sink, and to investigate its effects on soil structure, nutrient
availability, and plant growth.
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Results and Discussion

The results demonstrate that the pyrolysis of biogenic residues and invasive plant species represents an effective
and safe method for treating these materials. Thermochemical decomposition fully stabilizes the organic matter,
thereby preventing further propagation through seeds or vegetative plant parts, particularly in the case of invasive
species. At the same time, a stable, carbon rich biochar is produced that functions as a technical carbon sink and
enables long term carbon sequestration.

During the pilot scale trials, particular emphasis was placed on quantifying the mass loss of each biogenic
feedstock during thermochemical conversion. The results of the pyrolysis experiments conducted at a reactor
temperature of 600 °C indicate that approximately 74 to 80 % of the initial mass is converted into the gas phase,
while 20 to 26 percent remains as a solid residue in the form of biochar. Additional experiments showed that lower
reactor temperatures lead to increased biochar yields. Table 1 provides an exemplary overview of the analyzed
parameters of reed biomass as a biogenic residue before and after pyrolysis.

Table 1. Comparison of analysed parameters for reed feedstock and resulting biochar

Parameter Raw Material Biochar
Ash content [%] 6,7 30,6
Volatile substances [%] 77,6 4,9
Fixed Carbon [%] 15,7 64,4
Calorific value [MJ/kg] 18,3 23,1

The analyses highlight the considerable potential of regional biogenic residues and invasive neophytes for the
sustainable production of biochar. The results demonstrate that thermochemical processes are capable of
stabilizing a substantial fraction of carbon over the long term. In contrast to natural decomposition, during which
almost all carbon is rapidly released as CO2 or CHa, pyrolysis enables durable carbon sequestration in the form of
biochar. When incorporated into agricultural soils, biochar can not only contribute to CO: storage but also improve
soil structure, nutrient availability, and water holding capacity (BMBF, 2023).

To scientifically assess these soil related effects, pot and field experiments are planned in subsequent project
phases. These experiments will systematically investigate how biochar influences soil water retention, nutrient
availability, and the resilience of soils in the Austria—Hungary border region to climate induced stress, thereby
enabling an evaluation of its potential as a tool for climate adapted and sustainable land management.

Conclusions

This study demonstrates that thermochemical treatment by means of pyrolysis constitutes an effective instrument
for the material and energetic utilization of biogenic residues and invasive plant species in near natural habitats of
the Austria—Hungary border region. By integrating waste valorization, carbon sequestration, and soil improvement,
this approach makes a substantial contribution to climate change adaptation and to the implementation of regional
and national climate strategies.

In particular, the use of biochar opens up new opportunities for the sustainable management of natural, agricultural,
and forested areas in the Austria—Hungary border region. The results underline the potential of integrated, cross
border strategies to enhance ecological resilience and to achieve long term climate objectives. The developed
concepts and findings are transferable beyond the region and are of international relevance.
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