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Spatial differentiation? Yes, but, not only for impact characterization!

Introduction

Life Cycle Assessment (LCA) faces with spatial differentiation issues that have been discussed for years in LCA community. The most commonly studied one is the lack of spatial consideration in the environmental impact characterization step and especially for local and regional impacts as eutrophication [START_REF] Potting | Part II: spatial differentiation in life-cycle assessment via the site-dependent characterisation of environmental impact from emissions[END_REF]. More recently number of developments aim to include spatial and temporal information during the Life Cycle Inventory (LCI) carrying out (Beloin-Saint-Pierre 2012). If theorical examples are available for LCI and characterization, we only found practical ones for the two others LCA steps despite identified issues. This fact can be seen as a paradox as for the life cycle thinking, iterative, holistic and global aspects of LCA. That is why we propose to develop a conceptual framework that aim to consider the spatial differentiation all over the four steps of LCA in a continous and heterogeneous way: the spatialization continuum. The first steps of the building of such a conceptual framework consist in the identification of the existing theorical and practical considerations of spatial differentiation in LCA and the potentiality to combine them towards a continous methodology. The conceptual framework also set the objective to examine different tools that appear to be indispensible when dealing with spatial information and their potential compatatibility and coupling with LCA methodology and practices. Among these tools, Geographic Information Systems (GIS) are the most commonly used.

Why a continuum?

Our work remains on a strong literature review that explore how theorically and pratically the spatial differentiation is considered in LCA methodology and case studies. So far 77 articles were analyzed by identifying which steps are concerned by spatial differentiation and how strong is the methodological proposition (on a four range scale). It appears that steps 2 (Inventory) and 3 (Impact assessment) are concerned by respectively 36 and 44 papers when only 22 and 16 papers deal with steps 1 (Goal and scope definition) and 4 (Results interpretation). Furthermore, the secondly cited ones amost exclusively concern case studies. Despite LCA steps are supposed to be strongly linked (as LCA is iterative and holistic) we paradoxaly found only 5 papers that proposed to treat the spatial differentiation issue by considering the implications all over the four methodological steps. As for this paradox and in order to make better use of the spatial differentiation advances, we proposed to build a continuous and heterogeneous conceptual framework called the spatialization continuum.

What is the continuum and how to do it?

What is the continuum?

As explained in the previous part, we highlighted the paradox between the iterative characteritic of LCA and the lack of links between methodological steps when dealing with spatial differentiation. Asking ourselves on the existance of this paradox, we concluded on the necessity of a conceptual framework that explores two questions:

-For each step of LCA, what is necessary to ensure the spatial differentiation consideration? -What does a development on a precise step involve to the other ones? Also we decided to keep in mind that different solutions had to be proposed per step that give different levels of spatial differentiation with an easier or harder applicability according to the needs of spatial differentiation.

How to do a continuum?

Continuity and heterogeneity imply to develop intermediate steps between classical LCA steps that are described in figure 1: classification by location of the sub-systems to be able to have a spatialized inventory, classification of the inventory to perform a spatially differentiated impact assessment (that can be done if the spatial information has been implemented in the LCI) and selection of the appropriate spatial scale to aggregate the pollutant flows function of the assessed potential impacts. 2), the extension aims to add dimensions to traditional LCA (as economic and social), the toolbox consists in separately using complementary tools and the hybrid uses other tools in couple with LCA (as IO-LCA). Our proposal does not completely match with these strategies then we introduce a new one called "multi-plugin LCA". The idea is to keep LCA methodological framework as described in standards and to call for additional tools when necessary for any improvement. These plugged tools depend on the objectives of the study and especially on the required level of spatial differentiation making the conceptual framework fully adjustable. 

What about the ugly time?

If we studied as a priority the spatial differentiation, we think that the temporal component could be integrated in the conceptual framework. Pratically it would call upon other issues and resolving tools but the concept of multi-plugin LCA is a priori extendable to temporal differentiation.

Conclusions

To overcome the paradox between the LCA framework and the selective application of spatial differentiation, we develop a conceptual framework to consider spatial issues all over the four steps of LCA in a continous and homogeneous way. We call it the spatialization continuum. It materialize as a multi-plugin LCA that will call for different solutions depending on the concerned issue and the required level of robustness.
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 1 Figure 1: the spatialization continuumIn Udo de Haes classification of strategies to overcome LCA limitations (de Haes et al. 2004) (Figure2), the extension aims to add dimensions to traditional LCA (as economic and social), the toolbox consists in separately using complementary tools and the hybrid uses other tools in couple with LCA (as IO-LCA). Our proposal does not completely match with these strategies then we introduce a new one called "multi-plugin LCA". The idea is to keep LCA methodological framework as described in standards and to call for additional tools when necessary for any improvement. These plugged tools depend on the objectives of the study and especially on the required level of spatial differentiation making the conceptual framework fully adjustable.
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 2 Figure 2: the multi-plugin LCA, a fourth strategy to overcome LCA limitations