Land Use in Life Cycle Assessment of greenhouse gas emissions
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Abstract:
The ongoing competition between forestry, agriculture, infrastructure and natural ecosystems has made land a limited resource. Land use and land use change have also negative environmental impacts, thus being interesting topic from the perspective of sustainable consumption and production and life cycle thinking. Currently, land use related terminology is diverse, and the methodologies to assess the impacts of land use and land use change are still partly under development. Various agreements and guidelines introduce recommendations or instructions on how to take land use and land use change into account in Life Cycle Assessment (LCA). In this study, viewpoints on consideration of land use and/or land-use change, determination of appropriate reference situation and consideration of carbon stock changes are given. The principles of so called attributional (ALCA) and consequential (CLCA) approaches are reflected.
[bookmark: _GoBack]Some agreements and guidelines (for example the EU Renewable Energy Directive i.e. RED) only focus or provide specified guidelines on assessment of carbon stock changes related to land-use change (transformation). However, significant carbon stock changes or deficits from potential C stocks between various land management measures (e.g. forest management) may take place during land use (occupation) without change in land-use status. Inclusion of carbon stock changes from both land-use occupation and transformation in the life cycle inventory (LCI) stage can be recommended.
Indirect effects through market mechanisms are one of the most difficult and controversial issues to be dealt with in LCA. Any change in resources such as land, feedstock, other auxiliary inputs or products demand and supply causes indirect effects, which are typically always related to land use. The indirect effects may be very far reaching in space and time, including possibly a number of complicated positive and negative feedback mechanisms. Due to the difficult cause and effect relation of market mechanisms it is probably impossible to objectively attribute a certain indirect impact to a certain single product. However, regardless the fact that indirect impacts are uncertain they are significant and some compromise solution is likely required in order to manage and reduce emission leakage.
Highly controversial and inadequate determination of reference situation for land use in LCA can be found from the literature and guidelines. In ALCA the “no use” reference situation shall be the natural relaxation of the land area while in CLCA alternative land use situation becomes the reference. Alternative land use can be either natural vegetation or some human land use, depending on the situation in that specific area, and it can be derived for example from statistical time series or economic models. Both natural relaxation and alternative land use can be considered as “the independent behaviour of the site” as stated in and the choice depends on the modelling approach selected (attributional or consequential). 
In order to be able to conduct the analysis under varying timeframes, a method that considers the timing of emissions and sinks in the inventory (LCI) stage and that can be used within different timespans seems most suitable to be used in Life Cycle Impact Assessment (LCIA). The indicator should consider at least the actual measure of warming, cumulative radiative forcing, but is advisable to be communicated relative to a pulse emission of one mass unit of fossil CO2. In this way the actual warming impact will be included in a correct way and the result can be communicated in a unit familiar to a broad audience (fossil CO2 equivalent).

Regardless of the relatively clear principles, many practical challenges are encountered. For example, GHG emissions of actual land use or land-use change under consideration may be difficult to determine exactly. Furthermore, determination of GHG emissions for reference land use, in other words the path that did not take place, is always based on assumption and thus cannot be measured, verified and monitored. This creates a problem of using LCA as an appropriate mandatory decision-making tool such as introduced in the EU RED.

 

