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Abstract. The study addresses the generation, structure, and utilization of wood
residues and composite waste in furniture manufacturing within the framework of cir-
cular economy principles. The research is based on empirical data from a furniture
enterprise for the period 2022—-2024 and focuses on identifying efficient pathways for
waste valorization. A material flow analysis combined with a mass-balance model was
applied to evaluate waste streams and their allocation to reuse routes, including me-
chanical recycling, panel production, and bioenergy. The results indicate a significant
reduction in total waste generation from 54.80 m?in 2022 to 30.48 m® in 2024 (—44%),
mainly due to improved processing efficiency and optimized cutting strategies. Solid
offcuts decreased by 44%, while sawdust and shavings showed reductions of 47% and
45%, respectively. The proposed utilization model ensured approximately 95% landfill
diversion, with 28.95 m?® redirected to secondary use streams. The economic assess-
ment demonstrated a total annual effect of approximately UAH 0.25 million, primarily
driven by mechanical reuse (=89% of total margin). The energy recovery potential
from fine fractions reached 11.35 MWh/year, with avoided CO, emissions ranging
from 2.29 to 3.86 tons depending on substitution scenarios. The novelty of the research
lies in integrating cascade wood utilization with an enterprise-level material balance
model that aligns technological, economic, and environmental parameters. The practi-
cal value consists in providing a replicable tool for resource efficiency management
and sustainable production in furniture manufacturing.
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Introduction. The modern furniture industry is characterized by intensive con-
sumption of wood and composite materials, resulting in substantial generation of pro-
duction waste. According to existing studies, wood residues may account for up to 30—
40% of raw material input, significantly affecting production costs and environmental
sustainability. The relevance of this research is driven by the necessity to implement
resource-efficient technologies and reduce environmental impact through circular
economy approaches. However, most enterprises still lack integrated waste manage-
ment systems, leading to inefficient disposal practices such as landfilling or
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uncontrolled combustion. This results in economic losses and increased environmental
risks. Therefore, there is a need for systematic approaches that combine technological,
economic, and ecological aspects of waste utilization.

Aim. To develop and scientifically substantiate efficient pathways for the utiliza-
tion of wood residues and composite waste generated in furniture manufacturing.

Object Wood and composite waste generated during furniture production pro-
cesses. Subject. Technological and organizational approaches to recycling and reuse
of wood residues in furniture manufacturing systems.

Research Hypothesis. Efficient reuse and recycling of wood residues and com-
posite waste can significantly reduce production costs, minimize environmental im-
pact, and generate additional value-added products.

Methodology and Approach. The research methodology includes: analysis of
waste generation flows (2022-2024); classification of waste into solid (offcuts) and
fine fractions (sawdust, shavings); development of a material balance model with allo-
cation matrix; conversion of volume to mass considering density and moisture; eco-
nomic evaluation (revenues, costs, avoided landfill fees); energy and carbon assess-
ment (LHV, emission factors); sensitivity analysis.

Regression Model. Based on empirical data, the total waste generation can be
approximated by a linear regression model: Vi=54.80—12.16-(t—2022),
where: V; — waste volume (m?®), t — year. This model reflects a stable downward trend
in waste generation due to technological improvements.

Results of the Study. The analysis of production data for the period 2022-2024
revealed a steady decrease in the total volume of wood residues and waste generated
in the furniture manufacturing process. Specifically, the overall amount of waste de-
creased from 54.80 m? in 2022 to 51.46 m? in 2023 and further to 30.48 m® in 2024,
which corresponds to a total reduction of approximately 44%. This trend indicates a
significant improvement in production efficiency and the implementation of resource-
saving measures at the enterprise. A detailed structural analysis of waste streams shows
that solid wood offcuts constitute the largest share of total waste throughout the ob-
served period. Their volume decreased from 35.23 m? in 2022 to 34.17 m?® in 2023 and
further to 19.58 m?® in 2024, reflecting a reduction of approximately 44%. This decrease
is associated with the optimization of cutting patterns and more efficient use of raw
materials in the production process.

The dynamics of fine fractions demonstrate similar trends. The volume of sawdust
slightly increased from 11.92 m3in 2022 to 12.58 m? in 2023, which can be attributed
to changes in production structure or an increase in finishing operations. However, in
2024, a significant decrease to 6.65 m* was observed, corresponding to a reduction of
approximately 47%, which indicates improved process control and dust extraction sys-
tems. The volume of shavings decreased consistently from 7.65 m? in 2022 to 4.71 m3
in 2023 and further to 4.24 m® in 2024, representing a total reduction of about 45%.

The proportional structure of waste in 2024 shows that solid offcuts account for
approximately 64% of total waste, while sawdust and shavings represent about 22%
and 14%, respectively. This distribution reflects the technological nature of furniture
production processes, where primary cutting operations generate the majority of resi-
dues. Based on the developed material balance model, the allocation of waste streams



to utilization pathways was optimized. The results demonstrate that approximately
11.75 m? of solid residues were reused in the production of structural elements such as
blockboards, furniture panels, and auxiliary components. Additionally, 4.90 m? of off-
cuts and 1.27 m® of shavings were directed to particleboard production after mechani-
cal processing, while 1.33 m® of sawdust was utilized as raw material for MDF manu-
facturing. A significant share of fine fractions was allocated to bioenergy production,
with a total of 6.78 m* converted into pellets and briquettes. This utilization pathway
ensures efficient use of low-quality residues that are not suitable for mechanical recy-
cling. Furthermore, a minor portion of waste (approximately 0.64 m?) was used for
auxiliary purposes such as bedding materials and absorbents, while technological
losses remained limited to 1.52 m2,

The proposed allocation scheme resulted in a landfill diversion rate of approxi-
mately 95%, meaning that 28.95 m® of waste were effectively reused or recycled, and
only a small fraction required disposal. This demonstrates the high efficiency of the
integrated waste management system implemented at the enterprise.

The economic evaluation of waste utilization pathways indicates that the total an-
nual economic effect reaches approximately UAH 0.25 million. The largest contribu-
tion is generated by mechanical reuse of solid offcuts, particularly in the production of
structural elements, which accounts for the majority of the total profit margin. Biofuel
production provides a secondary but stable source of income, while the use of residues
in particleboard and MDF production contributes additional value. An important com-
ponent of the economic effect is the avoidance of landfill disposal costs, which further
increases overall efficiency.

From an environmental perspective, the use of fine fractions for bioenergy pro-
duction provides a significant energy output of approximately 11.35 MWh per year.
This energy substitution leads to avoided CO, emissions of about 2.29 tons when re-
placing natural gas and up to 3.86 tons when replacing coal. Therefore, the implemen-
tation of integrated waste utilization strategies contributes not only to economic per-
formance but also to environmental sustainability.

The obtained results confirm that the application of a cascade utilization approach,
combined with an enterprise-level material balance model, ensures a high level of re-
source efficiency, minimizes waste disposal, and creates additional economic and en-
vironmental benefits for furniture manufacturing enterprises.

Scientific Novelty: Integration of cascade wood utilization with enterprise-level
material balance modeling. Improvement of waste classification considering reuse po-
tential. Establishment of relationships between waste management efficiency and eco-
nomic performance. Development of a combined techno-economic-environmental
evaluation framework.

Practical Significance: Reduction of raw material consumption and disposal
costs. Increase in enterprise profitability through secondary products. Implementation
of resource efficiency KPIs. Applicability for furniture and related wood-processing
industries.

Expected Results: Increase in resource efficiency by 20-30%. Reduction of
waste disposal to below 5%. Stable economic return from secondary resource streams.
Reduction of environmental impact and CO, emissions.



Conclusions and Recommendations: Waste generation decreased by 44% due
to improved production efficiency. Solid offcuts are the main contributor to both waste
generation and economic value. The developed model ensures up to 95% landfill di-
version. The total economic effect reaches approximately UAH 0.25 million annually.
Bioenergy utilization provides additional environmental benefits, including CO, reduc-
tion. Priority should be given to mechanical reuse of solid residues. Fine fractions
should be flexibly allocated between bioenergy and panel production. Implementation
of sorting, moisture control, and waste routing is essential. Further improvements re-
quire investment in pelletizing technologies and advanced recycling systems. The in-
tegration of cascade utilization principles with a material balance approach provides a
robust framework for sustainable waste management in furniture manufacturing. The
proposed model ensures both economic profitability and environmental sustainability,
making it a viable solution for modern wood-processing enterprises.
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