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   This study evaluates biodiversity impacts across 44 facilities operated by 10 major 
semiconductor manufacturers in Taiwan, employing ReCiPe modeling integrated with 
Geographic Information System (GIS). In 2023, the industry's biodiversity footprint 
reached 3554.83 PDF·km²·yr—approximately one-tenth of Taiwan’s land area—
primarily driven by indirect emissions, direct emissions, and water consumption.

   The research results demonstrates how Taiwan's semiconductor industry can achieve 
economic growth while mitigating biodiversity impacts through improved environmental 
efficiency. Despite an 18.2% increase in overall biodiversity footprint (2020-2023), 
TSMC exemplifies successful ecological-economic decoupling with the sector's lowest 
impact intensity (0.0013 PDF·km²·yr/NT$1M) while maintaining a dominant 67.1% 
global market share, proving that industrial leadership can align with superior 
environmental performance.

  The proposed framework enables high-resolution identification of ecological risk 
hotspots, supporting strategic interventions in energy transition, water circularity, and 
emissions reduction to advance sustainable industry development.

   This study proposes a comprehensive assessment system for analyzing biodiversity 
footprints in semiconductor manufacturing. This assessment system comprises data 
collection through scope definition, environmental inputs/outputs, midpoint impacts 
(such as global warming potential and water resource depletion), to endpoint impacts 
(ecosystem degradation), as shown in Fig.2.

   While TSMC has the highest absolute biodiversity footprint (2289.44 PDF·km²·yr) reflecting its 
dominant 67.1% global market share, it simultaneously achieves the industry's lowest impact 
intensity (0.0013 PDF·km²·yr/NT$1M)—demonstrating how technological leadership can 
effectively decouple economic growth from Biodiversity impact.
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   Fig.1 illustrates the segmentation of the semiconductor value chain, emphasizing the 
midstream IC/Wafer Manufacturing sector—the core focus of this biodiversity footprint 
assessment.

   Fig.7 shows an 18.2% increase in biodiversity impacts—from 
3008.30 to 3554.83 PDF·km²·yr—between 2020 and 2023. It illustrates 
changes in company-level contributions, with TSMC’s footprint rising 
alongside its expanding market share. The temporal comparison 
contextualizes biodiversity trends within broader industry growth.

   I sincerely thank the National Science and Technology Council (NSTC) for supporting 
this research (Project No. 114-2922-I-002-114). I am especially grateful to Professor 
Ching-Pin Tung for his exceptional mentorship and insightful guidance. His support was 
instrumental to the successful completion of this meaningful and challenging project.

   This proposed biodiversity footprint assessment of Taiwan's semiconductor manufacturing industry provides both quantitative metrics and a replicable framework for environmental 
management. Despite the semiconductor manufacturing industry's biodiversity impact having grown by 18.2% (2020-2023), TSMC has demonstrated effective decoupling of economic 
growth from biodiversity loss, implementing advanced technologies that have improved environmental efficiency. This study will further develop Nature-Positive Pathways and 
implement AR3T (Avoid, Reduce, Restore, Regenerate, Transform), focusing on energy transition, water recycling, and process innovations—establishing science-based targets that 
support both ecological sustainability and Taiwan's competitive position in the global semiconductor market.
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