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1. Introduction 
This extended abstract is based on elements of a recently published article [1]. In LCIA, the resource issue is 
still debated and remains the least consensual area of concern. The currently popular assessment models for 
resource depletion are based on “heuristic” considerations. This paper deals with the use of a stock dynamic 
model to address the resource depletion by marginal approach. It shows how the Abiotic Depletion Potential 
[2] anticipated the result and gives us ideas for managing the dissipative use of resources. 

2. Materials and methods 

2.1. Abiotic depletion potential 
Guinée and Heijungs [2] published a “proposal” for the construction of Characterization factors (CFs) for abiotic 
and biotic resources on the basis of an abiotic depletion potential (ADP). Based on heuristic reasoning (“both 
reserves and deaccumulation ... should somehow be included in an equation ... indicating the seriousness of 
depletion”) and formal mathematics (unit independence), they offer a formula for assessing resource depletion 
on the basis of a CF that has deaccumulation (similar to production) 𝑃" in the numerator, and reserve 
(measured in some way) 𝑅" squared in the denominator: 𝐶𝐹&'," = 𝑐𝑜𝑛𝑠𝑡 × 𝑃" 𝑅"0⁄  

For the constant 𝑐𝑜𝑛𝑠𝑡, they used the same expression for a reference flow which was antimony for abiotic 
depletion. The resulting score was then expressed in kg Sb-equivalent. Recently, CFs for biotic resource 
depletion based have been proposed [3, 4]. They are defined by a marginal approach used on a fish stock 
model 𝐶𝐹"234 = 𝑐𝑜𝑛𝑠𝑡" × 𝑃" 𝑅"0⁄  (see Fig 1 for an overview of the approach). With the similarities between both 
CFs, it is interesting to look at the parallel we can draw. 

 
Figure 1. Schematic of the CF derivation from bottom-up model. 

2.2. Marginal depletion potential 
The fish population dynamics model in [4] is based on the very common logistic function. In use for nearly two 
centuries, the logistic curve is applied in many domains such as stock management, ecology, biology, 
chemistry and economics. This is also the relation used in the Hubbert peak theory [5]. In the Hubbert curve 
model, the extraction rate 𝑃" is a function of the current (𝑅") and  the initial ultimately extractable (𝑈") reserves. 
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We use the shape of the model to describe the current depleted resource fraction (𝐷𝑅𝐹" = 1 − 𝑅" 𝑈"⁄ ). This 
fraction equals to zero for a never exploited resource and tends towards one with the depletion. Note that there 
is, from a conceptual point of view, an analogy with the potential affected fraction of species (PAF) and 
indirectly with the potential disappeared fraction of species (PDF) used for the ecosystem quality.  

𝐷𝑅𝐹"is taken as the impact to assess for the resource depletion. The inventory flow is then a mass of extracted 
resource, removed from the current reserve 𝑅". The use of the marginal approach relates the marginal change 
of the impact according to the marginal change of the inventory. The use of partial derivative therefore makes 
it possible to define the CF of the resource depletion on the basis of the Hubbert theory (where we have 
changed the subscript 𝐴𝐷 from the classical abiotic depletion to 𝐻𝐷 for the one based on the Hubbert peak 
theory): 𝐶𝐹;'," = −
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= 𝑐𝑜𝑛𝑠𝑡" × 𝑃" 𝑅"0⁄  

3. Results and discussion 

3.1. Empirical comparison 
The difference between the two approaches, 𝐶𝐹&'," and 𝐶𝐹;',", lies in the constant part of the equations with 
a fixed (antimony-based) unit conversion factor for 𝐶𝐹&' and a resource-specific parameter for 𝐶𝐹;'. The two 
CF values are thus not directly comparable, but we can study them with data coming from the same source 
[6]: 𝐶𝐹&'," and 𝐶𝐹;',",  are highly correlated ( 𝑟 = 0.99 with 𝑝-value	≪ 0.001, based on the Pearson correlation 
between the logarithms of the two sets of CFs). Considering ADP as a marginal approach applied on resource 
dynamic models offers interesting perspectives. This implies that the CF design is based on a model which 
was developed in the relevant research fields, like it is for other impact categories.  

3.2. Perspectives for dissipative use 
With ADP being seen as a marginal approach of the resource de-accumulation, the next step is an  assessment 
of more complex models, combining the extraction and the recycling dynamics. The resulting balance 
represents the dissipation of the resource. This changes the assessed stock: it would be a wider one, merging 
the extractable reserve in the environment and the quantity usable in the technopshere (anthropogenic stock). 
The definition of the CF dealing with this stock must be made with particular attention to the dynamics: the 
evolution of the dissipation rate depends on the recyclability of the resource but is also determined by the 
market. The cost of extracting the resource contributes to the price and therefore to the commercial interest of 
recycling. This extraction cost is also partially determined by the availability of the resource (𝐷𝑅𝐹"). This means 
that representing the dissipation of a resource requires a complete modelling of stock dynamics to define the 
CF through a marginal approach. 

4. Conclusions 
If theoretically Hubbert theory-based ADPs have a better theoretical foundation than the more heuristic original 
ADPs, we show here that the original ADP is a very good estimator for the CF derived as a marginal depletion 
characterization factor from the Hubbert curve. The models we have discussed suggest a similar approach for 
biotic and abiotic resources. This could contribute to a more consensual pathway for the resource area of 
concern, which is a hot topic in LCA. Moreover, the resource depletion potential design now fits better in the 
overall framework of LCIA, where CFs are partial derivatives from dose-response type of models 

5. References 
1. Hélias A, Heijungs R. 2019. Resource depletion potentials from bottom-up models: Population dynamics 

and the Hubbert peak theory. Sci. Total Environ. 650:1303–1308. 
2. Guinée JB, Heijungs R. 1995. A proposal for the definition of resource equivalency factors for use in product 

life-cycle assessment. Environ. Toxicol. Chem. 14:917–925. 
3. Helias A, Langlois J, Fréon P. 2018. The use of dynamic stock model to the definition of characterisation 

factors for biotic resources depletion. SETAC Eur. 28th Annu. Meet. Rome. 
4. Hélias A, Langlois J, Fréon P. 2018. Fisheries in life cycle assessment: Operational factors for biotic 

resources depletion. Fish Fish. 19:951–963. 
5. Hubbert MK. 1956. Nuclear Energy and the Fossil Fuels. Drill. Prod. Pract. American Petroleum Institute, 

New York. 
6. Sverdrup HU, Ragnarsdottir KV, Koca D. 2017. An assessment of metal supply sustainability as an input 

to policy: security of supply extraction rates, stocks-in-use, recycling, and risk of scarcity. J. Clean. Prod. 
140:359–372. 

Table 1 could look like this 


