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SPOKE, WP E TASK DI APPARTENENZA
Spoke 8 Circular economy in agriculture through waste valorization and recycling
WP 8.1 Producing new products to upgrade waste value

TASK 8.1.2 Valorization of the waste by biotechnology processes to obtain for high value molecules or new products

ABSTRACT/INTRODUZIONE ——

Compost is a key organic amendment for sustainable agriculture. Derived from Home compost production requires regular monitoring of temperature and
various biomasses, organic amendments are rich in organic matter and humidity, as well as interventions to ensure the correct maturation of the mass and
nutrients, thereby enhancing soil fertility and promoting plant growth. These high-quality compost. This work studies the adoption of microwave imaging (MWI)
products undergo specific processes to stabilize and sanitize the organic  as a supporting tool to detect, locate, and monitor biomass hot spots, which are
matter they contain, ensuring safe use. Composting is one of these processes. It  detrimental to the entire production. In this regard, it provides a threefold
results in a humus-like product of fin particles where the original material is no  contribution: first, the dielectric characterization and temperature profiling of the
longer identifiable the well-known compost. compost; second, the introduction of a robust low-power wireless temperature
Composting is a naturally occurring process that relies on anaerobic  sensor; finally, the validation of the MWI for retrieving the thermal profile of hot
microorganisms to transform and stabilize solid organic matter. However, due  spots via numerical experiments, considering critical design aspects such as
to the lengthy and variable nature of the spontaneous natural process, it has  spatial resolution, operating frequency and number of wave probes.

been refined to be carried out in specialized facilities in a faster and more The proposed imaging technique combines information from a network of
controlled way. In both cases, composting is exothermic, and the energy = temperature sensors and scattered electromagnetic field samples to simplify the
released is partly used by microorganisms and partly released as heat, linear imagery-based strategy. Furthermore, the MWI system is supported by an
increasing the temperature of the composting mass and making the  electronic system equipped with temperature, humidity, and pH sensors to
temperature a distinctive indicator of different phases of the composting integrate the information and validate its functionality in the prototype phase.

process. Overall, we demonstrate that it is feasible to use MWI for compost temperature
monitoring.
MATERIALI/METODI
Conceptualization Proofing and Prototype Desing Prototyping

Humidity sensor

| ] § B Ry (Rx -
onsor A pe \ N D 1)
Data acquisition Rl e A‘ ! [ : | —l —
[ Syncronization S / 3 : = -
] e B \

Build lincar operator
using distorted Born approximation

£(87) ]
| svo
REAL-TIME

5
f ar Lme [l —
8 B

a5 0 1S

4 Electronic.
board

Smart composter

Romota connecton _

DB il

B2

|/ 3D Temperature
Profile

Imaging Algorithm
andvsualzation Wicrowave imaging L J
algorithms —

N

RISULTATI
—~

Dielectric Characterization - Data collected Numerical Validation

Composter pH . 3
o ’ 10| . Retrieved profiles.
o i o “ (a-b) Normalized 4y [dB]
‘ I * (c) relative permittivity
of i ‘ * (d) Temperature [°C].
w0 10 W e
. - Dimensions in [cm].
) " i - ]
%] x
0 wm e o 0
o

pH

‘Composter Temperature

5§ 88 3

5

Temperature [*C|

Experimental setup for characterization. (a) Laptop, ‘{‘5 1 15 2 25 3 35 4 45
(b) Vector Network Analyzer, (c) Dielectric Probe, and Frequency [GHz] :
(d) compost sample.

~— REFERENZE

8

R
S e >°f‘ LD T e
2 @‘ u* Lt LA L

[1] D. O. Rodriguez-Duarte, M. Fiore, A. De Simone, T. Tommasi, F. Riente, G. Turvani, and F. Vipiana, “A feasibility Study on [6]M. Cavagnaro and G. Ruvio, “Numerical sensitivity analysis for dielectric characterization of biological samples by open-
Microwave Imaging for Domestic Compost Production Monitoring,” in 2024 IEEE International Workshop on Metrology for ended probe technique,” Sensors, vol. 20, no. 13, 2020.
Agriculture and Forestry (MetroAgriFor), 2024 [7] D. O. Rodriguez-Duarte, C. Origlia, J. A. T. Vasquez, R. Scapaticci, L. Crocco, and F. Vipiana, “Experimental assessment of
[2] G. Turvani, M. Fiore, D. O. Rodriguez-Duarte, F. Demichelis, T. Tommasi, F. Vipiana, and F. Riente, “Enabling high-quality real-time brain stroke monitoring via a microwave imaging scanner,” IEEE Open Journal of Antennas and Propagation, vol. 3,
compost for a smart domestic production,” in 2023 MetroAgriFor, 2023 pp. 824-835, 2022.
[3] R. Harrison, “Composting and formation of humic substances,” in Encyclopedia of Ecology, S. E. Jorgensen and B. D. Fath, [8] R. Scapaticci, J. Tobon, G. Bellizzi, F. Vipiana, and L. Crocco, “Design and numerical characterization of a low-complexity
Eds. Oxford: Academic Press, 2008, pp. 713-719 microwave device for brain stroke monitoring,” IEEE Transactions on Antennas and Propagation, vol. 66, no. 12, pp. 7328-
[4]U. Krogmann, |. K"orner, and L. F. Diaz, Composting: Technology. John Wiley & Sons, Ltd, 2010, ch. 9.2, pp. 533-568. 7338, 2018.
[5] A. Tieri, S. Pisa, E. Piuzzi, F. Frezza, and M. Cavagnaro, “Wideband measurement of dielectric properties of wheat flour,” [8]J. LoVetri, M. Asefi, C. Gilmore, and I. Jeffrey, “Innovations in electromagnetic imaging technology: The stored-grain-

\ |EEE Transactions on Instrumentation and Measurement, vol. 72, pp. 1-9, 2023. monitoring case,” IEEE Antennas and Propagation Magazine, vol. 62, no. 5, pp. 33-42, 2020.

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, CNO0000022). This manuscript reflects only the authors’ views and opinions, neither
the European Union nor the European Commission can be considered responsible for them.



