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The current rise of floricultural and horticultural crops in a protected
environment, mainly due to market factors and the increase in demand
for biological products, is the basis of the significant increase of the
energy consumption for the greenhouse climate control. Diesel, LPG
and natural gas are generally used as fuel in heating greenhouses and,
although the use of renewable energy can improve the sustainability of
the crops in a protected environment, these still play a niche role in the
energy panorama due to the non-simultaneity of the energy production
during the daylight hours compared to the night energy required. For
these reasons, the scientific community is aimed at testing new energy
storage technologies, such as new batteries with very high efficiency,
re-pumping water into elevated water storage systems, boilers powered
by solar thermal systems. However, an interesting solution consists in
the solar energy conversion in hydrogen(H2) in order to implemented a
totally renewable and stand-alone system for greenhouse heating. 
The above mentioned system was installed at the experimental farm

of the University of Bari “Aldo Moro” in order to supply the heating
energy required of a experimental tunnel greenhouse of 16 m2. The
systems consist of photovoltaic panels connected to an electrolyzer, that
during the daylight hours, produce hydrogen by electrolysis  and then it
is stored in a pressure tank. During the night, thank to a fuel-cell, the
hydrogen was converted to electric energy in order to feed a ground
source geothermal heat pump for greenhouse heating.
In particular, the system was composed of polycrystalline photovolta-

ic panels with peak power of 8.23 kWp, an alkaline electrolyzer with 2.5
kW of electric power in the absorption, an hydrogen storage tanks with
a capacity of 15 Nm3 and operating pressure of 30 bars, a PEM fuel cell
with 2 kWp of peak power, buffer gel batteries with a capacity of 10.8
kWh, a heat pump with thermal power of 0.8 kW and 0.16 kW of electric
absorption and vertical geothermal borehole 120 meters deep.
Considering the energy efficiency of photovoltaic panels of 13%, the

energy efficiency of  electrolyzer equal to 48%, the fuel-cell energy effi-
ciency of 41% and finally, the coefficient of performance of geothermal
heat pump of 5, the overall system efficiency, starting from the amount
of solar energy available during the daylight hours, was of 12.8%.
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The natural air/low temperature (NA/LT) in-bin drying technology is
not adopted in Italy and Europe. The lack of information and successful
examples prevent the diffusion and adoption of this technology by
farmers. In the last years, an in-bin drying prototype was developed by
the National Institute of Agricultural Technology (INTA) in agreement
with four companies in order to investigate the applications of this
technology in Argentina. The core of the drying system is a model based
fan and burner controller. The system was adapted by DISAFA to be
used in Italian conditions and installed in two plant of capacity of 70
and 100 t in NW of Italy to dry corn. The goals of this research were: 1)
test the reliability of automatic smart drying controller for low-temper-
ature drying, 2) test the performance of a prototype in-bin drying sys-
tem for drying corn to 14% final MC, 3) evaluate the energy consump-
tion and 4) evaluate grain quality after drying. The results showed that
the in-bin drying system was able to dry the grain in about 28 days from
21.5% to 13,7% MC. The individual kernel MC gradient was reduced
during drying. The energy consumption was very low compared to tra-
ditional mixed flow driers, just about 4.95 L t-1 of dried grain, equal to
55% energy saving. Grain quality was very good with very low stress
crack index compared to traditional driers. Another important aspect is
the very low flow rate of the air compared to traditional driers, that
imply practically no dust emissions. These results confirmed the poten-
tial of NA/LT in-bin drying systems for drying corn, rice and other spe-
cial quality grains in NW of Italy. 
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The increasing demand of biomass for biogas production is arousing
some concerns about the sustainability of this process. In fact, the cul-
tivation of energy crops in farmlands is becoming more noticeable,
causing a competition with food production.
The utilisation of grass from the management of territory as a feed-

stock for the anaerobic digestion process could contribute to reduce
these problems, both on environmental and social aspects. In fact,
grass exploitation, beyond minimize the competition with food, could
reduce eutrophication and production of greenhouse gases, provide
nutrients for the fertilization of the soils and make more profitable the
management of landscape and the biogas production.
Although currently grass is not used in the biogas production chain,

it is a widely available biomass within the territory. Its anaerobic diges-
tion appears feasible from a functional point of view; nevertheless,
there are still few studies related to economic, energy and environmen-
tal recovery of this biomass, considering non-cultivated green areas.
The PhD project will investigate about the feasibility of exploitation
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