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* The study was developed within the project
RES4LIVE
“Energy Smart Livestock Farming towards Zero
Fossil Fuel Consumption” (H2020, 1A, 2020-2024
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Pilot case
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* Farrow-to-Nursery Swine Farm
* 500 sows, 2500 weaners
* De-fossilization of nursery barn
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O bjectives ENERGY SMART LIVESTOCK FARMING

TOWARDS ZERO FOSSIL FUEL CONSUMPTION

Development and installation of an integrated RES system
combining

— a photovoltaic-thermal plant,
— a geothermal storage, and
— a modular heat pump.

Smart control system for environment monitoring and energy
management

Smart control system to monitor underground temperatures
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Integrated RES system

35 kW medium temperature
heat pump,

8 kW PVT system with a solar
station, to provide electricity
for the heat pump operation
and the electric needs of the
nursery barn, and thermal
energy

Borehole Thermal Energy
Storage (BTES) system that
exploits both solar thermal
energy and underground heat
capacity to increase the heat
pump efficiency by storing the
excess heat from PVT, and

Smart control system.
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Smart monitoring system RES4L|VE
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Preliminary design - Energy loads
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e 8 Boreholes 30 m
* 2 pezometers
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ipes, 30 m deep

8 boreholes with double U p

Installation of geothermal storage
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inlets and 4 oultets per each of the 2 collectors
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System monitoring Process Diagram
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Energy data analysis: numerical modelling RES4ALIVE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION
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Energy analysis: measured data
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Degrees Celsius [ "C]
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RES4LIVE

Measurement of boreholes temperature
 Average Temperature in 30m borehole in March 2023: 15.9°C (before installation)

* Average Temperature in 30m boreholes on 10 Sep 2023: 20.5 °C

* Increase in TC temperature due to solar heat injection from May to August 2023: 4.6°C
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— PTO1 Pressure sensor
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Energy production

Thermal energy produced 1807 kWh Thermal energy produced 2220 kWh
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Thermal energy production and insolation during (a) May and (b) June.
(Thick dashed lines correspond to the average thermal energy production in each month.)
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System performance
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Conclusions RES4L|VE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

An integrated system with PVT, Borehole Thermal Energy Storage (BTES) and
Dual Source Heat Pump (DSHP) was designed and installed; under monitoring.

Underground areas of farmyards can be effectively exploited to install BTES, to
store excessive heat produced by RES system, such PVT or biogas.

A mix of RES can be specifically designed for a livestock farm, to exploit the
renewable resources available.

An effective solution requires monitoring the temperatures of the components,
and environmental parameters outdoor and indoor.

Data about energy usages were analyzed to assess efficiency. Smart monitoring
systems have been developed.

Databases created and fed by the systems; data processing ongoing.

ALMA MATER STUDIORUNM
UNIVERSITA DI BOLOGN/



17

References

Murali, D., Acosta-Pazmino, I.P., Loris, A., Garcia, A.C., Benni, S., Tinti, F.,, Gomes, J. Experimental
assessment of a solar photovoltaic-thermal system in a livestock farm in Italy (2024) Solar Energy
Advances, 4, art. no. 100051.

Tinti, F., Tassinari, P., Rapti, D., Benni, S. Development of a Pilot Borehole Storage System of Solar Thermal
Energy: Modeling, Design, and Installation (2023) Sustainability (Switzerland), 15 (9), art. no. 7432.

Benni, S., Tinti, F., Bovo, M., Barbaresi, A., Torreggiani, D., Tassinari, P. An Integrated Renewable Energy
Plant with Smart Monitoring System for Sustainable Farming (2023) 2023 IEEE International Workshop on
Metrology for Agriculture and Forestry, MetroAgriFor 2023 - Proceedings, pp. 547-552.

Tyris, D., Manolakos, D., Bartzanas, T., Benni, S., Amon, T., Maselyne, J., Lecompte, S., Grammelis, P,,
Balafoutis, A., Zhang, G., Bakalis, P., Kalogridis, S., Marchand, O., Hoes, H., Gomes, J. RES4LIVE — Energy
Smart Livestock Farming towards Zero Fossil Fuel Consumption (2022) VDI Berichte, 2022 (2406), pp. 493-

R

| 9 8 Y;"A
* <[5 & /O,
=
2 c
A by

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA



ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA

Stefano Benni

Department of Agricultural and Food Sciences, University of Bologna, Bologna, 40127, Italy

stefano.benni@unibo.it

WwWw.unibo.it



