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Introduction 

World population is expected to reach 8.5 billion people in 2030 and 9.7 billion in 2015 (United Nations 

DESA 2019), posing challenges to sustainable development in the context of a changing climate (IPCC 

2018). Recent policies have addressed such issues and recognized the need for a transition towards more 

sustainable production systems and economies, establishing an overall ambitious goal for Europe: 

becoming the first climate-neutral continent by 2050 (European Commission 2019). This goal is to be 

achieved through a global shift in favor of circular economy models and a complete transformation of 

current industries which are still too “linear” and rely new materials being extracted, processed and 

finally disposed of as waste or emissions (European Commission 2020a). This transformative change 

will also affect farming systems, and in this context, bionenergy production through anaerobic digestion 

of agricultural waste and residues have been identified as a huge opportunity to produce renewable 

energy and improve the sustainability of agroecosystems (European Commission 2020b). The use of 

manure as a source of energy represents a reliable alternative to mitigate the emissions produced by the 

livestock sector. In fact, manure processing and storage are estimated to represent about 10% of livestock 

GHG emissions (Gerber et al. 2013). The purposes of this study were to estimate the environmental 

impact of electricity production from anaerobic digestion (AD) in terms of.: (i) Global Warming Potential 

(GWP) and (ii) GHG saving compared to fossil electricity and (iii) Italian electricity grid mix of four 

farms located in central Italy. 

Materials and Methods 

The study was conducted examining four farms located in central Italy, an area characterized by 

Mediterranean climate conditions. Two farms utilize livestock manure (buffalo and pig), energy crops 

and agricultural byproducts, while the other two use energy crops and agricultural byproducts. The 

chosen reference year was 2020. The study is a cradle-to-farm gate farm-based life cycle assessment 

(LCA), meaning that data is primary and all relevant activities that contribute to the energy production 

process are taken into account. They include substrate production (machinery, seeds, irrigation, etc.), 

digestate storage and distribution, electricity and fuel consumption. The production of substrates such as 

manure, food industry and crop byproducts was kept outside system boundaries. The only impact 

associated with these substrates was the transport to the farms.  

One net kWh of electricity produced was used as the functional unit and in order to conduct the Life 

Cycle Impact Assessment (LCIA) we chose the CML-IA baseline method, selecting the GWP indicator. 

The software used to perform the LCIA was OpenLCA (GreenDelta, Berlin - Germany), while for Life 

Cycle Inventory (LCI) background data, a combination of LCI databases was used, namely Ecoinvent 

(version 3.7.1), Agri-footprint (version 5), and Agribalyse (version 3.0.1). 



We estimated the following GHG emissions: N2O from crop fertilization and digestate distribution 

according to Zampori and Pant (2019), N2O from incorporated crop residues according to IPCC 

Guidelines (2019b); N2O and CH4 emissions from anaerobic digestion and digestate storage were 

calculated according to IPCC Guidelines (2019) for the two farms utilizing livestock manure, while for 

the two farms utilizing energy crops and agricultural byproducts, the approach proposed by Valli et al. 

(2017) was followed. For the two farms that utilize livestock manure we also estimated the avoided CH4 

and N2O from manure storage, according to IPCC Guidelines (2019a).  

Results 

The estimation of the global warming potential (GWP) of these four real-farm case studies showed that 

an average saving of 300% in terms GHGs emission would be possible when compared to electricity 

produced from oil. When the comparator is electricity produced from coal, such saving would be around 

150%. Finally, if compared to the Italian electricity grid mix, the GHG potential saving would be of 25%.  

Conclusions 

Our study highlighted that energy production from anaerobic digestion using agricultural products and 

co-products can contribute to a reduction of the environmental impact of electricity production in terms 

of GWP. Following a conservative approach, we chose not to consider GHG saving due to the 

replacement of synthetic fertilizer with digestate since its distribution on non-energy crops was not within 

system boundaries. Additionally, this saving was neither calculated for energy crops as they would not 

have been grown in absence of the AD plant. 

Furthermore, additional studies are needed in order to develop strong and reliable methodologies to 

assess the impact of specific production systems and specific digestate storage and application methods.  
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