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Abstract: The circular bioeconomy can be defined as a hierarchical combination of the characteristics of 
bioeconomy in the definition of circular economy. According to the EU Bioeconomy Strategy (2012), the 
circular bioeconomy is considered a key concept to increase the competitiveness of the European Union’s 
enterprises as it accounts 2 trillion € in annual turnover and more than 22 million jobs (around 9% of the EU 
workforce). The forest sector has a key role in the circular bioeconomy, with special regard to bioenergy and 
wood-based materials production. The main aim of the present study is to define and test a set of indicators 
aimed to quantify the effects of silvicultural treatments on circular bioeconomy in the framework of small-
scale forestry. In a case study in Italy (Monte Morello forest involved in the LIFE14 CCM/IT/905 project) the 
forest-wood chain was analyzed following the circular bioeconomy approach and using a multiple-criteria 
decision analysis (MCDA) approach, that allows the comparison of ecological objectives with socio-cultural 
and economic ones, by means of a structured and shared framework. The study was divided in three steps: 1) 
in the first step, the materials’ flow (timber and forest biomass for energy use) and CO2 emissions of productive 
process were analyzed; 2) in the second step, a set of indicators – specific for the forest sector – was identified 
to quantify the 4R (Reduce, Reuse, Recycle, Recover) of circular bioeconomy; 3) in the third step, the indicators 
were tested in the Monte Morello forest after two different silvicultural treatments (selective and from below 
thinning) in order to identify the optimum forest management scenario. The indicators have been used to 
perform the MCDA by means of multi-attribute value theory (MAVT) approach. The indicators used in the 
present study were: improvement of production process efficiency in term of economic value (economic 
sustainability) and of reduction of CO2 emissions (environmental sustainability); reuse and lifetime of wood 
products; optimization of potential wood assortments; and energy recover from the wood products.  
The results show that the scenario with selective thinning and valorization of the wood assortment at the selling 
point can be considered the best solution according to the circular bioeconomy principles. Instead the 
traditional thinning scenario does not optimize the commercial wood assortments - all wood volume is 
allocated for bioenergy production – and does not reduce the lifetime of wood products. Conversely, the 
traditional scenario shows a positive balance regard to the CO2 emissions and for the energy enhancement of 
deadwood stock.   
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