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Abstract : Single-board drying is one of the most energy—intensive processes in the timber processing industry
chain. Traditional coal—-, gas—, and steam-based drying methods face dual pressures arising from
rising carbon emission costs and increasingly stringent environmental protection policies. This paper
adopts a four—dimensional evaluation framework encompassing "energy efficiency - quality -
economic viability - carbon emissions" as its analytical axis to systematically review the fundamental
theories, key technologies, performance comparisons, developmental bottlenecks, and future prospects
of air—source heat pump—based single—board drying. The study demonstrates that air—source heat
pump drying outperforms traditional methods comprehensively in terms of SMER (0.5 - 1.2 kg/kWh)
and carbon emission levels; however, the decline in COP under high—temperature operating conditions
and relatively high initial equipment investment remain the primary barriers hindering its large—scale
adoption.

Keywords : air-source heat pump; single-board drying; drying kinetics; dehumidification drying;
coefficient of performance (COP); specific moisture removal energy consumption (SMER)
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