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Table 1 1 List of monetization methods and substances contributing to environmental impact categories
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Fig. 2 Process flow diagram of Copper Indium Gallium Selenide solar panels recycling
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Table 6 Comparison of monetization weight factor results between domestic and foreign countries
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Constructing and applying a monetization method for environmental impact in
China from a life cycle perspective

WANG Qinyu', HUANG Beijia'*", WANG Yuyue', WANG Yao'?, LONG Yugqiong', WANG Xiangjin'

1. College of Environment and Architecture, University of Shanghai for Science and Technology, Shanghai 200093, China;
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Abstract  Quantifying regional-specific environmental externality costs is crucial for supporting sustainable
technologies. China currently lacks a widely applicable localized methodology for monetizing environmental
impacts, with existing studies often constrained by incomplete indicator coverage and unrepresentative
characterization factors, leading to compromised accuracy and generalizability. This study optimized the
localized monetary weight factors for seven environmental indicators in China, including terrestrial ecotoxicity
(TET), based on the life cycle-based ReCiPe method, combined with market value and environmental tax
approaches. By integrating China's standardized factor database, this method incorporates the proportionate
contributions of different substances to environmental indicators such as climate change (CC), particulate matter
formation (PMF), terrestrial acidification (TA), fossil depletion (FD), and metal resource depletion (MRD). It
enhanced methodological rigor by 1) incorporating key factors such as resource depletion rates, reserves, and
production volumes for MRD and FD, and 2) replacing conventional characterization substances for TET and
water consumption (WC) with 1,4-dichlorobenzene and industrial water usage, respectively, to improve cross-
sectoral applicability. Results revealed MRD exhibited the highest monetary weighting factor (8.77 Yuan-kg™'
Cu eq.), while FD showed the lowest (0.30 Yuan-kg ' oil eq.), underscoring the correlation between monetized
resource impacts and regional resource endowments and market dynamics. To promote the sustainable
development of clean energy, this study conducted an externality cost analysis using the recovery of copper
indium gallium selenide (CIGS) waste photovoltaic panels as a case study. The externality cost of CIGS
photovoltaic panel recovery ranges from 9.16 to 20.67 Yuan-m*, with sulfuric acid and coal-fired power
generation significantly contributing to the externality costs of TET and CC. It was recommended to use eco-
friendly reagents and green electricity to reduce costs. This study provided a new perspective and method for
improving China's assessment system for environmental impact monetization factors and simultaneously
promotes the management of photovoltaic waste recycling.

Keywords life cycle assessment; currency weighting factor; monetization; normalization; copper indium
gallium Selenide solar panels recycling
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