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Abstract

This work aims to improve the process of producing biodegradable pots
from compost. In the first prototyping phase, there was the study of the
formulation and composition of the pot dough, while in the second
phase involves the improvement of the moulding and drying process.
In this thesis project, the focus is on the second part in particular, a
careful analysis of the transport phenomena during the pot drying
process was carried out with the subsequent construction of a model
implemented in COMSOL Multiphysics®. The model was
subsequently validated thanks to experimental data collected during the
process about temperature, humidity, and mass.

The drying process is certainly one of the most energy-intensive process
steps, so with the aim of optimising time and costs, several simulations
were carried out with the model by modifying process parameters, such
as temperature and air flow rate, to understand their influence on
process efficiency.

In addition to the process, tests were also carried out on the finished
pots, in particular compression tests at various moisture content to
assess its mechanical strength, and tests on the electrical conductivity
of the substrate contained in the pots.

Mechanical tests show that even a 5% decrease in water content can
more than doubled young's modulus (E) and the final pot moisture
should be around 12-14%, while conductivity tests showed that critical
values are not reached for most crops in 27 days.
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Chapter one

Introduction

In this chapter the main containers used
in agriculture will be presented, listing
their advantages and disadvantages.
Furthermore, the state of the art will be
described as regards the bio-containers
and the objectives of the following work.




Chapter five

Conclusion

In This chapter summarizes what was
carried out during the thesis work and
are reported the relevant conclusions.

[73]
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The objective of this work was to develop a biodegradable pot using
compost and other by-products such as plant waste as material to offer
the container market an alternative that would help reduce the plastic
problem. After the study of the dough to make the pots, which was done
prior to this study, the following work was concerned with studying all
the subsequent stages, first and foremost, the most energy-intensive
stage, i.e., drying.

For this reason, a model was developed to simulate this process. A study
was made of the motion field using the k-omega model, heat transport
and the diffusion of liquid water and vapor. This model was
implemented on COMSOL Multiphysics®, where it will be possible to
solve all the material and energy balances easily even when changing
properties and boundary conditions. During the drying process, a series
of data on temperatures, humidity and the mass of water lost were
collected, thanks to which it was possible to validate the work. Once
the model was validated, it was used to perform several simulations
using different temperatures and air flow rates.

In the second part of this work, tests were conducted on the finished
product. Mechanical tests were carried out, which showed the strong
dependence of the pot resistance on the water content. In fact, at an
average moisture content of 9.5% and 14.5%, the Young modulus was
26 MPa and 11 MPa, respectively. The electrical conductivity tests
showed a maximum value of 1.82 mS/cm for the substrate, which is
below the critical values for many cultures.

Thanks to the mechanical tests, it was possible to identify a final
moisture content of the pot that corresponds to 12%-14%, while the
elaboration of the model allows an optimisation of the process time
because having set this final moisture point to be reached, it was seen
with simulations that using air at 60 °C and an inlet velocity of 7 m/s it
is possible to dry the pot in 90 minutes while with the same time and
initial conditions the humidity is still 22%.

In conclusion, the validated model will allow the optimisation of the
drying process during the design phase of the large-scale plant, thanks
to the possibility of quickly simulating the process by changing the
variables, while the mechanical and electrical conductivity tests were
able to respectively identify the final moisture content of the pot and its
non-toxicity for crops.







References

10.

11.

12.

13.

14.

15.

Viggiani, G., Annuario dell’agricoltura italiana 2019,
Rapporto sul commercio estero dei prodotti agroalimentari
2019 con anticipazioni 2020 e Rapporto L’ emergenza Covid-19
e il settore ittico italiano: impatto e risposte. 2019, Ufficio
Stampa CREA.

Coldiretti, Agricoltura italiana in numeri. 2019.

Candido, V. and V. Miccolis, [ contenitori innovativi per una
ortofloricoltura ecocompatibile. 1 contenitori innovativi per una
ortofloricoltura ecocompatibile, 2008: p. 1000-1047.

Simson, S.P. and M.C. Straus, Basics of Horticulture. 2010:
Oxford Book Company.

Fuentes, R.A., et al., Development of biodegradable pots from
different agroindustrial wastes and byproducts. Sustainable
Materials and Technologies, 2021. 30: p. e00338.

Inammudin, A.A.-h.a., Advanced applications of biodegradable
green composites. ISBN: 1644900645. 2020, Materials
Research Forum LLC: Materials Research Forum LLC.

Chae, Y. and Y.-J. An, Current research trends on plastic
pollution and ecological impacts on the soil ecosystem: A
review. Environmental pollution, 2018. 240: p. 387-395.

Hall, C.R., et al., The appeal of biodegradable packaging to
floral consumers. HortScience, 2010. 45(4): p. 583-591.
Agnew, J. and J. Leonard, The physical properties of compost.
Compost Science & Utilization, 2003. 11(3): p. 238-264.
https://'www.britannica.com/topic/manure.

DECRETO LEGISLATIVO 29 aprile 2010, n.-
R.e.r.d.d.im.d.f., a norma dell'articolo 13 della legge 7 luglio
2009, n. 88.

https://www.compost.it/marchio-compostabile-
cic/compostabile-cic/.

Scotti, C., La salinizzazione é una delle “minacce” del degrado
delle funzioni del suolo, R.E. Romagna, Editor.

agrario, M.L.i.,, Metodo per la gestione della fertirrigazione.
16/2012.

Schettini, E., et al., Recycled wastes of tomato and hemp fibres
for biodegradable pots: Physico-chemical characterization and

field performance. Resources, Conservation and Recycling,
2013.70: p. 9-19.




16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Manafi-Dastjerdi, M., et al., Production of biodegradable pots
from cattle manure and wood waste: effects of natural binders
on  mechanical  performances and  biodegradability.
Environmental Science and Pollution Research, 2021: p. 1-14.
Francesco Raimo and Eugenio Cozzolino SEMINIERE
BIODEGRADABILI NEL VIVAISMO ORTICOLO (Centro
Orticolo Campano) November 2013 Centro Orticolo Campano.
Norashikin, M. and M. Ibrahim, The potential of natural waste
(corn husk) for production of environmental friendly
biodegradable film for seedling. World Academy of Science,
Engineering and Technology, 2009. 58(1): p. 176-180.
https://www.terramore.net/.

FLUID-BED DRYER TG  200. Available from:
https://www.retsch.it/it/prodotti/sistemi-ausiliari/essiccatori/.
TA.XT Plus texture analyzer, Stable Micro Systems Ltd
(https.//www.stablemicrosystems.com/TAXTplus.html).

Hart, E., Theory of the tensile test. Acta metallurgica, 1967.
15(2): p. 351-355.

Curcio, S., et al., Simulation of food drying: FEM analysis and
experimental validation. Journal of food engineering, 2008.
87(4): p. 541-553.

De Bonis, M. and G. Ruocco, Modelling local heat and mass
transfer in food slabs due to air jet impingement. Journal of
Food Engineering, 2007. 78(1): p. 230-237.

Perry, RH. and M. Hays, Perry's chemical engineers'
handbook. 1999, New York: McGraw-Hill. 1 computer optical
disc : col.

Wilcox, D.C., Formulation of the kw turbulence model
revisited. AIAA journal, 2008. 46(11): p. 2823-2838.

Marra, F., M.V. De Bonis, and G. Ruocco, Combined
microwaves and convection heating: A conjugate approach.
Journal of Food Engineering, 2010. 97(1): p. 31-39.

Taheri, H., F.P. Schmidt, and M. Gabi, Numerical investigation
of effective heat conductivity of fluid in charging process of
thermal storage tank. Open Journal of Fluid Dynamics, 2015.
5(01): p. 39.

Tschaepe, L.P., Evaluation of HFIR LEU Fuel Using the
COMSOL Multiphysics Platform. 20009.




Ringraziamenti

A mia madre e mio padre, per il loro amore, il loro sostegno costante e
la loro infinita pazienza durante tutto il percorso di studi. Senza di loro,
questo traguardo non sarebbe stato possibile.

Ai miei fratelli, per avermi incoraggiato e sostenuto in ogni fase della
mia formazione.

Alla mia fidanzata Lisanna, per il suo amore e per essere stata un faro
luminoso che mi ha guidato attraverso le fasi piu impegnative di questo
percorso.

Ai miei cugini Edoardo e Giuseppe, modelli da imitare per la loro
integrita, generosita ed empatia.

Al gruppo di food engineering, fatto di ragazzi e ragazze meravigliosi
con i quali ho trascorso due anni fantastici permeati da fratellanza,
solidarieta, collaborazione ed affetto.

Alla vecchia guardia Michele Galiano, Luigi Martinello, Francesco Di
Crescenzo e Raffaele Trifone veri e propri punti fermi della mia
esperienza universitaria sicuro del fatto che lo saranno per la mia intera
vita.

A Carlo Noce, compagno di studi di sempre con il quale ho vissuto
tutto, dalle gioie alle amarezze universitarie.

Ad 1 miei amici Emanuele De vito, Simone Vietri, Simone De chiara,
Vincenzo lannone, Francesco Laserra, Kimon Antoniadis e tutti gli altri
che ho dimenticato di nominare va un ringraziamento speciale perché
sono stati una fonte inesauribile di sostegno e ispirazione. La vostra
presenza nelle mie giornate ha portato leggerezza e gioia, rendendo piu
agevole affrontare le sfide che si sono presentate.

All’ing. Marco lannone, una delle persone piu interessanti e speciali
che io abbia mai conosciuto.

Infine, desidero ringraziare tutti coloro che, in un modo o nell'altro,
hanno contribuito a questo percorso. Ogni parola di sostegno, ogni
gesto di gentilezza e ogni momento condiviso hanno reso questa
esperienza unica.



