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Abstract: This study compares the energetic and functional aspects of pneumatic and traditional
disintegration methods during the vinification of Negroamaro grapes to produce ready-to-drink
wine, focusing on sustainability and energy efficiency in winemaking. It addresses the critical need to
reducing costs and environmental impact in the wine industry through improved energy efficiency
and sustainable practices. The experimental tests conducted reveal that the pneumatic system
exhibits advantages in terms of energy consumption, production time, and thermal homogenization
during fermentation compared to the traditional system. Results indicate that the pneumatic system
requires significantly lower energy consumption and shorter operating times during fermentation
and pressing phases while maintaining consistent wine quality, highlighting its potential for more
efficient and sustainable winemaking practices.

Keywords: cap breaking; energy efficiency analysis; pneumatic system; pump-over system; red
vinification; ready-to-drink wine production

1. Introduction

“Sustainability” in the wine industry [1] encompasses various aspects, such as certi-
fication, responsible use of water, soil, and air, climate impact, energy efficiency, wildlife
management, safe chemical usage, waste management, and the challenges of globalization.
Improving energy efficiency is a critical objective to reduce costs and environmental impact
in wineries: see [2,3], two papers strictly concerning the highlighted problem.

In sustainable wine production, key solutions include the reuse of CO2, responsible
water management, the utilization of renewable energies, and the adoption of good oeno-
logical practices [4]. Furthermore, the adoption of renewable energies like solar power
can help mitigate overheating during summer and reduce electrical load peaks [5,6]. In
particular, combination of CHP (Cogeneration Heat and Power) with solar photovoltaic
plants also represents an optimal compromise between cost and efficiency in wineries.

Various factors influence a winery’s energy consumption, including local climatic
conditions, production technology, product mix, and the use of different bottling technolo-
gies [7–9].

Several mathematical models have been developed to simulate both plant working and
the thermal behavior of grape must during fermentation to optimize the energy required for
cooling. See, among others, some comprehensive papers on this subject: [10,11]. However,
the practical application of these models is still limited. Energy efficiency can be assessed
by considering various factors, such as climatic conditions, production technology, and the
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use of renewable energies. Wineries seek cost-effective and improvement solutions [12]).
Winery design and improvement interventions can contribute to energy savings and CO2
emission reduction. The choice of location and layout of processing areas, leveraging
gravity for loading and unloading, and reducing exposure of fermenters to sunlight, can
lead to significant energy savings [13]. Climate control [14] and cold stabilization are other
critical factors to consider to enhance energy efficiency, as well as the use of energy derived
from renewable sources like photovoltaic panels. Often, the approach to energy savings,
aimed at improving climate control efficiency, is evaluated with a simplistic approach
that does not consider the real operational conditions of a winery, which are naturally
influenced by daily and seasonal climatic changes. A detailed estimate of consumption is
a fundamental step in initiating a genuine energy management program within existing
facilities; with such an estimate, it is possible to define operational guidelines for significant
improvement [15].

Attention to quality aspects in food production has led to a growing focus on wine
processing phases, and, in particular, the interaction with mechanical components is con-
sidered a critical point in food processing. The success of red winemaking depends on the
quality of compound extraction from the skins and sugar degradation.

From the point of view of the red winemaking process, after delivery to the winery
accompanied by basic chemical and organoleptic analysis, the processes of destemming
and crushing almost immediately follow, once carried out entirely by hand, now rarely
non-mechanized. From here, the destemmed and crushed grapes are transferred to the
tanks for vinification. In a very short time, yeast inoculation, possibly concurrent with
lactic bacteria, is carried out to promote fermentation.

During maceration, the constituents of the solid parts of the grape cluster, which make
up the grape skins, seeds, and potentially stems, dissolve in the must before, during, or
after alcoholic fermentation. There are indeed technologies that separate the two moments
of maceration and fermentation [16]. Tannins, anthocyanins, polysaccharides, and desired
aromatic compounds present in the skins go into solution in the must and then into the
wine. In any case, it is important to avoid excessive extractions of astringent or bitter
tannins, as well as the formation of unwanted substances that could compromise the
wine’s quality.

The onset of fermentation is indicated by the bubbling of carbon dioxide, an increase in
temperature, and the emergence of the grape skins that aggregate to form a solid material
layer called the “grape cap”. This mass of material is what the must draws from for
color and tannins in relation to the alcohol that will develop. The cap must be effectively
dispersed in the must to prevent it from solidifying and creating an area in contact with the
air which would oxidize quickly and be susceptible to the action of aerobic microorganisms
responsible for excessive acetic acid production. Dissolving the grape skins also promotes
homogenization of temperatures inside the fermentation vessel, facilitating the proper
progress of fermentation.

Regarding punching down, it currently involves the immersion and stirring of the grape
cap using pneumatic pistons equipped with paddles installed on top of the fermenters.

However, both in pneumatic punching down and mechanical pumping over, heat
tends to accumulate at the top of the fermentation vessel, causing a temperature in-
crease when the must is sprayed over the grape cap. This has led to the search for
innovative solutions.

In a pioneering study, ref. [17] explored the effect of an innovative system called
a “breaking wave” on pneumatic tanks. This system uses modulated air jets to create a
wave that breaks up the cap, enhancing the extraction of compounds from the skins. The
results demonstrated a significant increase in the color intensity of wines obtained using
this technique.

Another study, by [7], compared two circulation systems during the fermentation of
Primitivo grapes with thin skins. One system used pneumatic cap breaking, while the
other used traditional pump-overs. The pneumatic system proved advantageous in terms
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of production speed, fermentation rate, and reduced energy consumption. However, it
was noted that overly vigorous pneumatic cap breaking might not be suitable for grapes
with thin skins. There are also considerations regarding additional investment costs and
the production of lees in slow fermentations. To achieve high-quality red wines, it is
crucial to carefully manage the contact between the skins and the must during maceration,
using traditional or innovative techniques based on the characteristics of the grapes and
production goals.

Therefore, sustainability in the wine industry requires an integrated approach that
considers various aspects such as responsible resource use, energy efficiency, and waste
management. Sustainable technologies and practices can contribute to improving energy
efficiency, reducing environmental impact, and ensuring product quality. Planning, moni-
toring, and continuous updates are essential to address challenges and achieve constant
improvements in sustainable wine production.

In this work, an experimental study was conducted, comparing the pneumatic system
and the traditional system from an energy, functional, and qualitative standpoint during
the red winemaking of must obtained from Negramaro grapes, known for having some of
the thickest skins among the Apulian cultivars.

2. Materials and Methods

The experimental tests were carried out at Cantine Due Palme, located in Cellino San
Marco (BR), on two production lines of ready-to-drink Negramaro.

Both the lines have some common components, as shown in Table 1.

Table 1. Common characteristics of the two vinification lines.

Equipment Technical Specifications Installed Capacity
(kW)

Receiving tank

Capacity = 800 q
Auger diameter = 400 mm

Auger rotation
speed = 5–19 rpm

Auger
capacity = 750–1000 q/h

15.0

Horizontal
crusher–stemmer

Operating capacity = 800 q/h
Rotational speed = 300 rpm 18.5

Piston pump
(crushed–destemmed grapes
transport to wine fermenter)

Flow rate =1000–700 hL/h 15

Hopper with auger
(transport marc from the
bottom of the vinifier to

the press)

Auger diameter = 300 mm
Length = 9000 mm

Auger capacity = 100–150 q/h
5.5

Single-screw pump
(transport marc from the
bottom of the vinifier to

the press)

Flow rate = 470/500 q/h
9.95

(Single-screw pump = 9.2
Rotary vanes = 0.75)

Pneumatic press
diaphragm with axial load

Capacity = 1950 q
Pressure Program:

Cycle 1 = n.3 Steps at 0.2 atm
Cycle 2 = n.1 Step at 0.6 atm

n.1 Step at 0.7 atm
n.1 Step at 0.8 atm

Cycle 3 = n.3 Steps at 1.6 atm

48
(Compressor = 22

Blower = 15
Drum rotation motor = 11)

Piston pump
(from press to tank) Flow rate = 1000/700 hL/h 13
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2.1. Vinifier with a Traditional System

The vinifier was produced by DE SILLA S.p.A. (San Donaci, Italy) and was filled with
Negramaro grapes. The technical specifications of the vinification line are presented in
Table 2.

Table 2. Key characteristics of the vinification line with a traditional grape cap irrigation system for
pump-overs.

Equipment Technical Specifications Installed Capacity
(kW)

Wine fermenter Capacity = 2000 hL

15.75
(Pumping-over pump = 7.5,

Diffuser = 0.75,
Grape marc extraction

unit = 7.5)

Piston pump
(transport wine and marc to

the racking)
Flow rate = 1000–700 hL/h 14

Racking machine
(separates fermented marc

from wine)
Flow rate = 650–900 hL/h 1.1

Piston pump
(transporting wine from

racking to tank)
Flow rate = 1000–700 hL/h 13

Hopper with auger
(grape marc transport from

racking to press)

Auger diameter = 300 mm
Length = 9000 mm

Auger capacity = 100–150 q/h
5.5

Single-screw pump
(grape marc transport from

racking to press)
Flow rate = 470/500 q/h

9.95
(Single-screw pump = 9.2

Rotary vanes = 0.75)

The pump-over system used involves a backward-curved impeller electric pump that
draws the grape wine-must from the bottom of the container and conveys it through an
external pipeline to the top of the tank. Here, a diffuser equipped with a geared motor and
inverter irrigates the grape cap. The grapes were destemmed: the contents of the silo were
sent to a destemmer via a piston pump. The separated grape pomace was then forwarded
to the feed hopper of a single-screw pump and subsequently to a pneumatic press. The
fermented grape pomace extracted from the bottom of the vinifier was sent to another
hopper via a scraper blade-driven extraction group. Finally, the separated wine was sent to
a tank dedicated to the vinifier via another piston pump.

2.2. Vinifier with a Pneumatic System

The technical specifications of the vinification line are provided in Table 3. It uses
the Air MiXing Modulated Injection punch-down technique, developed by Parsec s.r.l.
(Osmannoro, Italy) of Sesto Fiorentino (FI).

The technique employs an innovative system of a “breaking wave” pneumatic injection
to punch down the grape cap during red grape maceration. It is based on a circular conduit
positioned 8 m from the top of the vinifier, connected to a centralized compressed air
network. From this conduit, four radial pipes of 50 cm length each enter the tank and
terminate with four injection nozzles. Each nozzle is equipped with a quick-opening
valve that opens for a few hundred milliseconds, creating a modulation of the opening
times. They inject compressed air at 4–6 atm with a combination of pauses and variable
time pulses. This reduces the total opening time of each nozzle (the total time being the
sum of all modulation openings) and creates a much more effective mechanical action
thanks to the mechanical resonance that these sequences and combinations generate. This
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winemaking approach aims to keep the cap constantly wet and soft, avoiding its compaction
and hardening.

Table 3. Key characteristics of the vinification line regarding the tank with the AIRMIXING
M.I.® system.

Equipment Technical Parameters Installed Power
(kW)

Vinifier Capacity = 2000 hL 7.5
(marc extraction group)

Piston pump
(transporting wine and marc

from vinifier to tank)
Flow rate = 1000–700 hL/h 13

For both vinifications, the same axial membrane pneumatic press was used with the
same pressure program (Tables 1 and 2).

3. Experimental Tests

During the alcoholic fermentation process, several parameters were monitored to
assess the efficiency and functionality of vinification. Must samples were taken at the be-
ginning of the process, mid-fermentation, and before racking, and each sample underwent
analysis to measure the alcohol content, total acidity, pH, optical density at 620 nm, and
hue using WineScan™ SO2 equipment from FOSS.

The following performance indicators were also evaluated:

- Temperatures inside the vinifiers.
- Energy consumption for the whole process.
- Vinification time.
- Racking time.
- Quantity of wine obtained, measured by assessing the wine level in two tanks, each

one dedicated to the wine coming from each of the vinifiers.

The temperatures inside the vinifiers were monitored using probes placed under the cap
and near the bottom, and the data were recorded on a PC using data acquisition software.

The air consumption in the vinifier equipped with a pneumatic system, for different
phases, was calculated considering both the nozzle flow rates and open/close times.

A Power Quality Meter and Analyzer from Yokogawa was used to measure the active
electrical power absorbed by the machinery motors involved in vinification.

Energy consumption was recorded by connecting the instrument’s probes to the power
supply lines of each machine and measuring the actual usage time.

Finally, the alcohol content was evaluated at 24 h after cap breaking, at 72 h, and
at the end of fermentation. In the latter case, the racking time was determined (the
time elapsed from cap breaking to racking start) at an equivalent final alcohol content
(approximately 12.00).

Triple sampling of the alcohol content was performed, and the results were subjected
to variance analysis, and they were compared using the Tukey multiple range test with a
significance level of 0.05.

4. Results and Discussion

Both vinifiers successfully completed the two fermentations according to the parame-
ters set by the winery. The goal was to produce ready-to-drink wines primarily for bulk
sale, without bottling, with the main focus on energy and production time savings.

As regards the vinifier using a traditional system, temperatures at the bottom were
consistently within the range of 29 ◦C to 31 ◦C. However, near the grape cap there was an
irregular trend, with minimum temperatures of approximately 27 ◦C during pump-overs
and temperature spikes ranging from 31.5 ◦C to 34 ◦C.
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As regards the vinifier using a pneumatic system, the must temperature after filling
was 23 ◦C, with an initial increase and then remaining almost constant throughout the
fermentation. Temperatures ranged between 28 ◦C and 32 ◦C both in the bottom and upper
parts of the tank. The interventions of the pneumatic breaking system did not cause abrupt
temperature variations.

The pneumatic system allows for better homogenization of temperatures throughout
the must during vinification, limiting thermal fluctuations and stresses within the mass.
This promotes steady alcoholic fermentation. In traditional vinifiers, especially in the grape
cap region, higher thermal stresses occur, which can influence other parameters requiring
adequate mixing.

Energy consumption is also a crucial factor in the production cost of medium-quality
wine. In the traditional pump-over system, both the pump and the diffuser operated for
a total of 11 h, with an average power consumption of 8.45 kW. This corresponds to an
electricity consumption of 92.95 kWh and a specific consumption of 0.09 kWh/hL of must
(Table 4). The higher consumption was attributed to the pump, with occasional power
peaks ranging from 6.92 to 7.45 kW (Figure 1a).

Table 4. Energy and functional parameters of the vinification line using the pump-over system.

Vinification
with

Pumping
over

Racking Draining Pressure Total Values

Length 660 min 330 min 60 min 140 min

Average
active power

input
8.45 kW 52.57 kW 10.27 kW 47.14 kW 118.43 kW

Average
specific

active power

0.08
kW/h must

0.05
kW/hL wine

0.01
kW/hL wine

0.04
kW/hL wine

0.18
kW/hL wine

Power con-
sumption 92.95 kWh 262.85 kWh 10.27 kWh 106.06 kWh 472.13 kWh

Specific
power

0.09
kWh/hL must

0.25
kWh/hL wine

0.01
kWh/hL wine

0.09
kWh/hL wine

0.44
kWh/hL wine

Wine made 1065.6 hL

Sustainability 2024, 16, x FOR PEER REVIEW 6 of 13 
 

Finally, the alcohol content was evaluated at 24 h after cap breaking, at 72 h, and at 
the end of fermentation. In the latter case, the racking time was determined (the time 
elapsed from cap breaking to racking start) at an equivalent final alcohol content (approx-
imately 12.00). 

Triple sampling of the alcohol content was performed, and the results were subjected 
to variance analysis, and they were compared using the Tukey multiple range test with a 
significance level of 0.05. 

4. Results and Discussion 
Both vinifiers successfully completed the two fermentations according to the param-

eters set by the winery. The goal was to produce ready-to-drink wines primarily for bulk 
sale, without bottling, with the main focus on energy and production time savings. 

As regards the vinifier using a traditional system, temperatures at the bottom were 
consistently within the range of 29 °C to 31 °C. However, near the grape cap there was an 
irregular trend, with minimum temperatures of approximately 27 °C during pump-overs 
and temperature spikes ranging from 31.5 °C to 34 °C. 

As regards the vinifier using a pneumatic system, the must temperature after filling 
was 23 °C, with an initial increase and then remaining almost constant throughout the 
fermentation. Temperatures ranged between 28 °C and 32 °C both in the bottom and upper 
parts of the tank. The interventions of the pneumatic breaking system did not cause abrupt 
temperature variations. 

The pneumatic system allows for better homogenization of temperatures throughout 
the must during vinification, limiting thermal fluctuations and stresses within the mass. 
This promotes steady alcoholic fermentation. In traditional vinifiers, especially in the 
grape cap region, higher thermal stresses occur, which can influence other parameters 
requiring adequate mixing. 

Energy consumption is also a crucial factor in the production cost of medium-quality 
wine. In the traditional pump-over system, both the pump and the diffuser operated for 
a total of 11 h, with an average power consumption of 8.45 kW. This corresponds to an 
electricity consumption of 92.95 kWh and a specific consumption of 0.09 kWh/hL of must 
(Table 4). The higher consumption was attributed to the pump, with occasional power 
peaks ranging from 6.92 to 7.45 kW (Figure 1a). 

  
(a) (b) 

Figure 1. Electrical power consumption of the machines used for pump-overs in the vinifier with 
the traditional grape cap irrigation system: (a) pump for pump-overs; (b) inverter for the diffuser. 

  

Figure 1. Electrical power consumption of the machines used for pump-overs in the vinifier with the
traditional grape cap irrigation system: (a) pump for pump-overs; (b) inverter for the diffuser.



Sustainability 2024, 16, 4360 7 of 12

Regarding the traditional system, the electrical power consumed by the pump for
pump-overs exhibited relatively little variation, ranging between 7.0 kW and 7.4 kW. In
contrast, the power consumed by the diffuser followed a cyclic pattern with two distinct
levels of consumption: one at 1.8 kW and the other, significantly lower, at 0.9 kW (Figure 1b).
These variations are due to the higher torque developed by the device at the beginning of
its rotation.

In the pneumatic system, the only power consumption during fermentation is due
to the interventions of the centralized compressor, with an average power of 37.70 kW
(Table 5). This results in an energy consumption of 33.93 kWh and a specific consumption
of 0.033 kWh/hL of must (Table 6). The specific consumption of the pneumatic system
is approximately three times lower than that of the traditional system, thanks to the
methodology used for grape cap breaking.

Table 5. Parameters related to the compressed air delivery during the execution of the pneumatic
grape cap breaking program.

Start Fermentation Racking

Total cycle length 105 s 131 s 10.5 s

Nozzle opening time 47.7 s 58.9 s 2.1 s

Air consumption per
intervention 6.9 m3 5.6 m3 0.3 m3

Total consumption 13.8 m3 176.2 m3 1.5 m3

Table 6. Energy and functional parameters of the vinification line using the pneumatic system.

Vinification
with

Pneumatic
System

Racking Draining Pressure Total Values

Length 54 min 210 min 240 min 140 min

Average
active power

input
37.70 kW 25.3 kW 10.31 kW 40.47 kW 122.63 kW

Average
specific

active power

0.03
kW/hL must

0.02
kW/hL wine

0.01
kW/hL wine

0.04
kW/hL wine

0.1
kW/hL wine

Power con-
sumption 33.93 kWh 88.55 kWh 41.24 kWh 91.06 kWh 254.78 kWh

Specific
power

0.033
kWh/hL must

0.08
kWh/hL wine

0.04
kWh/hL wine

0.08
kWh/hL wine

0.23
kWh/hL wine

Wine made 1123.2 hL

Moreover, the use of a centralized compressed air system enables matching of the
energy needs of the entire winery, ensuring optimal compressor operation and a high-power
factor (0.96n).

The racking of the pump-over vinifier lasted a total of 5 h (Table 4). The active power
absorbed by the mentioned machines (see Figure 2) was essentially constant, except for the
racking machine (Figure 2b), which exhibited consumption peaks, likely due to processing
a mass with non-uniform solid content.
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traditional pump-over system for grape cap irrigation: (a) piston pump to the racker; (b) fully loaded
racker; (c) pump from the racker to the destination tank; (d) grape pomace extraction unit; (e) pump
for grape pomace from the bottom of the vinifier to the pneumatic press.

The average active power absorbed by the line was 52.57 kW, resulting in an energy
consumption of 262.85 kWh and a specific consumption of 0.25 kWh/hL of wine (Table 4).

In the tank where pump-overs were performed, the grape pomace extraction unit
had an absorbed power ranging from an initial value of 4.5 kW to a regime absorbed
power of 2.5 kW (Figure 2d) and an average of 3.5 kW, while in the other vinifier, the
absorbed power was on average 2.77 kW (Figure 3b). This difference could be attributed
to a higher flow rate and lower fluidity of the mass discharged from the tank where
pump-overs were performed. On the other hand, the single-screw pump exhibited higher
average power consumption in the case of the product vinified with the pneumatic system,
9.5 kW (Figure 3a) compared to 6.5 kW (Figure 2e), likely due to a higher flow rate of the
processed product.
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AIRMIXING M.I.® System: (a) piston pump for moving wine and grape pomace from the vinifier to
the pneumatic press; (b) grape pomace extraction unit in the vinifier; (c) pump from the vinifier to
the pneumatic press.

Based on the overall results related to the racking phase, it can be stated that the
pneumatic system produced a more homogeneous and liquid mass that was moved with
fewer machines, resulting in lower electrical consumption and approximately 1 h and
30 min of lead time compared to the traditional system. At this stage, it is not possible to
make a comparison between individual machines because the lines and the quantity of
product treated are substantially different.

Once at the press, the grape pomace coming from the vinifier with the traditional
pump-over system underwent a draining phase lasting 1 h. In this phase, the electrical
power consumption was 10.27 kW, the electricity consumption was 10.27 kWh, and the
specific consumption was 0.01 kWh/hL of wine (Table 4). In the case of the vinifier with the
pneumatic system, the entire content was sent to the press and underwent a draining phase
lasting 4 h and 15 min. The electrical power consumption was 10.31 kW, the electricity
consumption was 41.24 kWh, and the specific consumption was 0.04 kWh/hL of wine
(Table 6). Therefore, in this phase, the specific energy consumption appeared to be quite
low in both cases, but it was influenced by the time-varying power consumption.

From the tank of the vinifier with the pneumatic system, a much more liquid mass was
received, as confirmed by the trend of active power consumption during the draining phase
(Figure 4—bottom left). It can be observed that the draining of the mass was characterized
by very regular and stable power consumption over time, stabilizing at values ranging
from 12.0 kW to 16.0 kW due to nearly continuous operation of the rotating cage. In
contrast, during the processing of the wine-must from the fermenter subjected to pump-
overs, the phases in which the rotation of the cage was interrupted were much longer since
the working mass was less liquid, and the machine, under normal operating conditions,
consumed more power, 19.0–25.0 kW (Figure 4—top left).
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In the case of the pneumatic system, the draining of the mass was characterized by
consistent power consumption over time, while in the traditional system, interruptions in
the rotation of the cage were longer due to the less liquid consistency of the mass.

It can be stated that the pneumatic system shows advantages in terms of mass ho-
mogeneity, a lower number of machines used, lower power consumption, and shorter
processing times compared to the traditional system.

The pressing phase, set with the same parameters for both vinifications, lasted 2 h
and 20 min in both lines. The product obtained was sent to the final tank through a piston
pump controlled by the float in the press collection tank.

In the fermenter equipped with the pump-over system, the press had an average active
power consumption of 47.14 kW, consuming 106.06 kWh of electrical energy, with a specific
consumption of 0.09 kWh/hL of wine (Table 4). These results are like those obtained in the
fermenter with the pneumatic system, which had an average active power consumption
of 40.47 kW, consuming 91.06 kWh of electrical energy, with a specific consumption of
0.08 kWh/hL of wine (Table 6, Figure 4—right). From the results of this phase, it can be
noted that energy consumption in the two lines is influenced by the presence of liquid
in the mass to be treated. When the liquid phase is higher, energy consumption is lower,
penalizing the traditional system, while when the product to be treated is similar, there are
no significant differences in energy consumption.

Overall, the line with the traditional pump-over system had a specific energy con-
sumption of 0.44 kWh/hL of wine (Table 4), which is nearly twice the specific consumption
of 0.23 kWh/hL of wine (Table 6) in the line with the pneumatic system.

During the experimental tests, the fermentations were concluded when similar pa-
rameters were reached in both fermenters, resulting in similar “ready-to-drink” wines for
both fermenters. This type of wine is intended for a mid-range placement in the market,
to be marketed quickly and at affordable prices. Table 7 shows that at 24 and 72 h from
the initial cap breaking, there is no significant difference in alcohol content values between
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the two fermenters. On the other hand, at the end of fermentation (i.e., at the same alcohol
content, about 12.00), it is evident that the fermenter with the pneumatic system allows for
a significant reduction in fermentation time (16 h).

Table 7. Alcohol content and sampling time for the musts in the two fermenters: start of fermentation.

Parameters Vinifier with Pneumatic
System Vinifier with Pumping Over

Start of fermentation

Alcoholic grade 2.65 a 2.12 a

Withdrawal time (hours after
cap breaking) 24 h 24 h

Half-fermentation

Alcoholic grade 8.30 b 8.78 b

Withdrawal time (hours after
cap breaking) 72 h 72 h

End of fermentation

Alcoholic grade 11.88 c 11.70 c

Withdrawal time (hours after
cap breaking) 80 h 96 h

Different letters denote statistically significant differences (p < 0.05).

These results are consistent with a previous study conducted on Primitivo grapes,
which have thinner skins [7]. In that case as well, the pneumatic system showed more
significant differences in energy consumption, during both fermentation and the pressing
phase, likely because it allows for more energetic disintegration of the cap.

This highlights the functional and energy advantages of the pneumatic system, which
provides favorable performance while maintaining the same quality for “ready-to-
drink” wine.

5. Conclusions

Modern winemaking techniques must ensure food safety and comply to principles
of energy saving and environmental sustainability. Modern vinifiers offer advantages in
managing fermentation parameters, with the possibility of remote monitoring through
sensors. Studies are focused on the technology of mass movement during fermentation
and the operation of pneumatic presses to simplify and expedite the winemaking process
without compromising quality standards.

In this experimental study, two winemaking lines with different grape cap manage-
ment systems were compared: the pneumatic cap disintegration system and the traditional
pumping-over system. From an energy perspective, the most significant differences were
observed during fermentation and pressing. The pneumatic system required lower energy
consumption compared to the traditional system in both phases, approximately half of the
traditional system overall.

From a thermal perspective, the pneumatic system allows for better homogenization
of temperatures during fermentation, reducing thermal fluctuations and enabling a more
regular alcoholic fermentation. This result is particularly important for a winery in Southern
Italy, where energy and water consumption for traditional mass conditioning can be
quite high.

The results obtained are consistent with a previous study conducted on Primitivo
grapes, which had thinner skins compared to Negramaro. In particular, the pneumatic
system allowed for earlier pressing by 16 h in the present study, while achieving the
same final wine characteristics. However, the differences in energy consumption are less
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significant during both fermentation and pressing, likely due to the different characteristics
of the grape skins.

In conclusion, winemaking with the pneumatic system offers various energy and
functional advantages, contributing to a more efficient and sustainable winemaking process.
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