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Introduction 

Agricultural waste management involves a wide range of residual materials, both bio-based and of other 
kinds, such as containers polluted by pesticides and fertilizers, and plastic foils/metals/glass from greenhouses. 
From the point of view of agricultural activities, bio-based waste can be outflows (e.g., agricultural products, 
manure, etc.), or inflows (e.g., waste materials deriving from different activities – as food/food-processing waste 
and sewer sludge digestate, etc.). Agricultural waste management practices coherent with the concept of circular 
economy allow the conversion of the above-mentioned materials into biofuels, biomaterials, and bioenergy (Yrjälä 
et al., 2022; Vasco-Correa et al., 2018). This study is aimed at the analysis of the environmental impacts of 
agricultural waste management through an overview of the Life Cycle Assessment (LCA) studies available in the 
state-of-the-art literature (among the others, De Luca et al., 2017; Lee et al., 2020; Montemayor et al., 2022; Zhu 
et al. 2022). 

Methodology 

The literature review was developed into three main phases: 1. Survey of Scopus database adopting the 
keywords “Agricultural waste”, “management” and “LCA” and the period 2014-2023. This provided 312 
references. 2. The pre-screened references have been examined based on title and abstract, obtaining 178 
references. 3. The selected references were categorized based on the environmental assessment methodology 
applied, involved waste material, applied technologies, and obtained products.  

Results and discussions 

158 scientific articles and 20 reviews have been published from January 2014 to February 2023, with 12-
23 articles and about 2 reviews in each year. Considering the environmental assessment tool applied, our specific 
interest was focused on understanding if LCA was the only approach, or if it was supported by others. Among the 
selected references, LCA was mostly (89 %) the only adopted approach (Figure 1), but in few references also 
Technical and Economic Analysis (TEA) (8%) and Life Cycle Costing (LCC) (3%) have been applied. About 
system boundaries, the “cradle to gate” approach was the most applied (123 references), followed by “cradle to 
grave” (46 references). The selected studies involved a single farm or plant in 64 % of references, considering as 
geographical context – when specified - Italy, China, Spain, and Brazil with 10-20 studies for each of the 
mentioned countries. Within the selected LCA studies, a wide variety of functional units have been identified, such 
as electricity/heat produced, mass unit of agricultural waste/manure, mass unit of cultivated product, etc. 

 

 
Figure 1. Overview of the literature survey: (a) type of selected references and (b) life-cycle analysis tools applied.  

The waste materials considered in the selected references have been categorized into agricultural products, 
agricultural waste, manure, animal feed and digestate, fertilizers and pesticides, and other non-agricultural waste. 
Agricultural waste was the most studied (42 % of the selected references), followed by agricultural products (19 

15 16 14

25
21

18 18
24 23

4

0
1

0 0
1 1 1

4
5

1
0 0 0

1
2 2

0 0
1

0 0
5
10
15
20
25
30

0
1
2
3
4
5
6

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

N
°r

ef
er

en
ce

s

Year

LCA LCA + TEA LCA + LCC



 
 

%) and manure (14 %). In terms of applied technologies, anaerobic digestion and thermochemical treatments were 
predominant, and the selected studies mainly (87 %) described pilot and full-scale installations. Thermochemical 
treatments were identified in gasification, pyrolysis, and combustion, where gasification and pyrolysis were the 
most applied. On the other hand, within the LCA studies focusing on anaerobic digestion processes, the mesophilic 
temperature range and wet conditions were the most used, and maize/rice/corn wastes and cow/pig manure were 
the most common feedstock. About the products, biofuels and bioenergy and various biomaterials (as fertilizers, 
animal feed and biochar) were predominant within the selected references.  

Considering the results of the selected LCA studies, when different types of agricultural residues and 
manure were involved, the reported impact categories were as follows: Global warming potential, Ozone depletion 
potential, Aquatic and Terrestrial Eutrophication, Terrestrial acidification, Terrestrial and Aquatic ecotoxicity, 
Human health, and Land occupation. About the applied technologies for agricultural waste management, anaerobic 
digestion impacted mainly Global warming power, Ozone depletion potential, Eutrophication and Acidification 
categories. On the other hand, thermochemical process generated impacts in Global warming power, Acidification 
and Eutrophication. The same impact categories have been identified within the conversion of agricultural waste 
into animal feed through Black Soldier flies (Beyers et al., 2023), while in this case further efforts are needed to 
improve the sustainability of the process. 

Conclusions 

In overall, based on the performed literature survey, actual agricultural waste management operations have 
a very good level of technological development, and allow to obtain bioenergy, biofuels, and biomaterials. LCA 
was the prominent environmental assessment tool, only rarely supported by others. In the wide spectrum of waste 
materials, applied technologies and resulting products described by the selected references, the results of the 
selected LCA studies showed that the involved impact categories where numerous (usually Global warming 
potential, Ozone depletion potential, Aquatic and Terrestrial Eutrophication, Terrestrial acidification, Terrestrial 
and Aquatic ecotoxicity, Human health, and Land occupation). In conclusion, the adoption of practices based on 
the conversion of agricultural waste into high-value products and bioenergy is crucial in the Circular Economy. 
However, the choice of the proper technology for agricultural waste management should account not only the 
related environmental impacts, but also the socio-economic features of the specific local context (e.g., amount of 
feedstock, technology development level, demand for product, infrastructures, and catchment area). 

Acknowledgements 

This study was carried out within the Agritech National Research Center and received funding from the European 
Union Next-GenerationEU (PIANO NAZIONALE DI RIPRESA E RESILIENZA (PNRR) – MISSIONE 4 
COMPONENTE 2, INVESTIMENTO 1.4 – D.D. 1032 17/06/2022, CN00000022). This manuscript reflects only 
the authors’ views and opinions, neither the European Union nor the European Commission can be considered 
responsible for them. 

References 
De Luca, A. I., Iofrida, N., Leskinen, P., Stillitano, T., Falcone, G., Strano, A., & Gulisano, G. (2017). Life cycle tools combined 

with multi-criteria and participatory methods for agricultural sustainability: Insights from a systematic and critical review. 
Science of The Total Environment, 595, 352–370. https://doi.org/10.1016/J.SCITOTENV.2017.03.284 

Lee, M., Lin, Y.-L., Chiueh, P.-T., & Den, W. (2020). Environmental and energy assessment of biomass residues to biochar as 
fuel: A brief review with recommendations for future bioenergy systems. Journal of Cleaner Production, 251. 
https://doi.org/10.1016/j.jclepro.2019.119714 

Montemayor, E., Andrade, E. P., Bonmatí, A., & Antón, A. (2022). Critical analysis of life cycle inventory datasets for organic 
crop production systems. International Journal of Life Cycle Assessment, 27(4), 543–563. https://doi.org/10.1007/s11367-
022-02044-x 

Yrjälä, K., Ramakrishnan, M., & Salo, E. (2022). Agricultural waste streams as resource in circular economy for biochar 
production towards carbon neutrality. Current Opinion in Environmental Science and Health, 26. 
https://doi.org/10.1016/j.coesh.2022.100339 

Vasco-Correa, J., Khanal, S., Manandhar, A., & Shah, A. (2018). Anaerobic digestion for bioenergy production: Global status, 
environmental and techno-economic implications, and government policies. Bioresource Technology, 247, 1015–1026. 
https://doi.org/10.1016/j.biortech.2017.09.004 

Zhu, X., Labianca, C., He, M., Luo, Z., Wu, C., You, S., & Tsang, D. C. W. (2022). Life-cycle assessment of pyrolysis processes 
for sustainable production of biochar from agro-residues. Bioresource Technology, 360, 127601. 
https://doi.org/10.1016/J.BIORTECH.2022.127601 

Beyers, M., Coudron, C., Ravi, R., Meers, E., & Bruun, S. (2023). Black soldier fly larvae as an alternative feed source and 
agro-waste disposal route – A life cycle perspective. Resources, Conservation and Recycling, 192, 106917. 
https://doi.org/10.1016/J.RESCONREC.2023.106917

 


