Table 1 Overview of scenario narratives and parameter assumptions
	Scenario
	Boundary
	Calculation method
	Explanation of the parameters

	
	Environmental attribute
	Resource attribute
	Physical removal/recycling
	Chemical removal/recycling
	

	Elements recycling
	Element with content higher than the crustal abundance and below the mineral cut-off grade is included
	Element with content higher than the mineral cut-off grade is included 
	Recovery grade:


Removal grade:


Where Pi is the content of the element 
D’i=1 when the removed element is the same as the recovered one
	Recovery grade:

 
Removal grade:

 
D’i=1 when the removed element is the same as the recovered one
	The physical recovery process often leads to the incorporation of impurities, whereas chemical recovery enables the selective extraction of elements through chemical reactions, resulting in a higher grade compared to physical recovery. Likewise, physical removal is limited in targeting specific elements, while chemical removal can efficiently focus on multiple elements for precise removal, yielding a more stable product. Consequently, the grade of chemical recovery/removal is superior.
The process of recycling elements has a substantial influence on the environment. Accordingly, the accounting scope for environmental attribute should surpass that of resource attribute to reflect their interplay.

	Compounds recycling
	Compound with content higher than the crustal abundance and below the mineral cut-off grade is included
	Compound with content higher than the mineral cut -off grade is included
	Recovery grade:


Removal grade:


Where Pi is the content of the compound
D’i=1 when the removed compound is the same as the recovered one
	Recovery grade:

 
Removal grade:


D’i=1 when the removed compound is the same as the recovered one
	When an element is recovered as a resource, it is removed at the highest level, which is represented by Di'=1. In the case of element recovery as compounds, this study assumes that their valence remains unchanged, and as a result, Di equals 1.

	Downcycling
	Element (compound) with content higher than the crustal abundance is included
	Mineral compounds (i.e., Ca, Si, Al, and Fe) are included
	Recovery grade:


Removal grade:


where Pi is the content of the element (compound)
D’i=1 when the removed element (compound) is the same as the recovered one
	Recovery grade:
None
Removal grade:


D’i=1 when the removed element (compound) is the same as the recovered one
	[bookmark: _Hlk134185872]The process of downcycling solid waste, commonly used in construction materials, involves a solidification reaction. Consequently, it is assessed through the physical recovery or removal method.

	Landfill
	Element (compound) with content higher than the crustal abundance is included
	None
	Removal grade:


Where Pi is the content of the element (compound)
	Removal grade:


	Solid waste landfilling involves a solidification/stabilization reaction, which is thus assessed using chemical removal.


Note: The value of crustal abundance and cut-off grade is detailed in Table S1
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