Anaerobic digestion of different feedstocks: impact on energetic and environmental balances of biogas in Italy
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1. Introduction:

For the achievement of EU objectives reported on RED Directive (increase of renewable energy production and reduction of greenhouses gas emission) the anaerobic digestion (AD) of energy crops and waste biomass appears as one of the most promising agro-energy chain. In Italy there are about 520 AD plants and the production of renewable electricity is strongly subsidized. The energetic and environmental aspects must be carefully evaluated in order to guarantee a full sustainability of this bio-energy.
The aim of this paper is the evaluation of energetic and environmental sustainability of AD process in Northern Italy. Three different biogas plants have been assessed in this study: the first located in Vercelli district codigest silage maize and pig slurry and has a electrical power equal to 1 MW, the second in Pavia district fed only with silage maize (power 500 kW), and, the last, a plant in Lodi district, fed only with pig slurry and a lower electrical power (250 kW).


2. Concept and methodology:

The three biogas processes, including field and transport operations as well as digestate management, have been compared in term of fossil fuel consumption and GHG emissions (expressed in kg CO2 eq). Mass and energy flows have been quantified and converted in primary energy and GHG emissions following updated methodologies [3] [4]. In particular the environmental performance has been calculated according the guidelines reported in RED directive and in COM(2010)11 [1][2]. 
The functional unit is 1 kWh of electricity fed in the national grid. 
Technical data and parameters have been collected with surveys in different biogas plants located in Lombardy and Piedmont Regions. More in detail, the biogas plants have been investigated for feeding (type and amount of feedstock), biogas and methane production, biogas losses and electrical and thermal self-consumption. For the three districts, for each feedstock, to assess energetic and environmental load, data regarding biomass production and its recovery (fuel, fertilizers and seeds consumptions of fuel, fertilizers, chemicals, seed, etc.) have been collected. 

3. Results:

The analyzed biogas processes show positive results both from energetic (EROEI index > 1) and environmental point of view. In particular, it allows a good GHG emission saving in comparison with the Italian Electricity system and with the reference system reported in the COM(2010)11 [4].
The largest GHG emissions sources in Vercelli and Pavia is maize cultivation while in the biogas plant fed with pig slurry (Lodi) is the feedstock recovery. Methane losses during the biogas process represent an important contribution to the GHG balance (20 to 30%). 
In terms of fossil energy demand, the hot spot of the process is the production and the recovery of the feedstock.
Among the biogas plants there are considerable differences; the plant fed only with pig slurry shows worse results mainly regarding the energetic aspect. Between the two plants fed with silage maize (Vercelli and in Pavia districts) the results are similar and the differences due to fertilizer application during maize cultivation.
For plants fed with energy crops energetic and environmental balance can be improved through a complete recovery and valorization of the produced thermal energy, by a proper utilization of digestate like organic fertilizer and minimizing the transport distances. For the biogas plant in Lodi the reduction of transport distance is the key-aspect: the transportation of feedstock with low total solid content and, consequently low biogas production, involves high GHG emissions and substantial energy consumption. 
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