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Reusing Olive Pomace Waste )
for Energy-Saving Applications S
in Construction: Development of a Panel
Prototype

Manfredi Saeli, Adriana Cala, and Federica Zagarella

1 Introduction

In the context of the evolution to an advanced, sustainable, and progressive energy
system, energy efficiency emerges as a key element in the EU [1, 2]. Resources’
overconsumption and an increasing energy demand are significantly impacting the
environment, as evidenced by current climate change. The building sector, with its
significant contribution to CO, emissions and energy use, is also responsible for a
massive waste production, raising concerns and causing further energy waste [3].
Today, 75% of the EU building stock is energy inefficient, signalling resources’
ineffective use [4]. The role of buildings’ energy efficiency is vital to improve the
energy performance of existing buildings and promote the construction of new
energy-efficient buildings, in line with the recent EU Directives [5, 6]. These striv-
ings meet the ambitious climate targets of the 2021 EU Green Deal, aimed at mak-
ing the continent climate neutral by 2050 [7]. Energy regulations are becoming
increasingly stringent, aiming to ensure that buildings meet minimum energy
requirements [8]. The Italian National Plan for Recovery and Resilience (PNRR) is
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also aimed at improving energy performance, in line with EU directives [9]. To
address that, policies need to facilitate the transition to near-zero energy buildings,
characterised by high energy efficiency, supported by renewable energy sources,
low-energy technologies, and passive design approaches [6]. Nowadays, there is a
rising interest for the adoption of alternative sources in both the construction phase
and the building materials production, with the aim of replacing virgin materials
with more sustainable solutions to mitigate environmental impact [10]. In this con-
text, Circular Economy (CE) emerges as an effective strategy to mitigate environ-
mental impacts in construction, focusing on the autonomous generation of resources
through waste reconfiguration, with the goal of end-of-life recycling.

Agriculture plays a crucial role in the socioeconomic development of
Mediterranean countries, serving as an important source of employment, income,
and cultural heritage. However, losses and waste from agricultural and food produc-
tion negatively affect the efficiency of agri-food supply chains and contribute to
increased waste generation [11]. Exploring the possibility to reuse agricultural
wastes in construction is a promising way to address this issue. Construction is
under increasing pressure to adopt more ecological and sustainable materials and
processes. These are able to reduce the environmental impact and, together, improve
the quality of the indoor environment, as well as contribute to energy consumption
decrease. In this scenario, bio-based materials derived from agricultural wastes are
an attractive alternative [12]. Realising the importance of the olive sector, it becomes
essential to adopt sustainable practices to effectively manage production residues
[13]. In Europe and Africa, the areas planted with olive trees amount to almost 10
million hectares, with an annual production of more than 2.5 million tonnes of olive
oil [11]. The European Union is the primary market for olive oil production suppli-
ers, growing globally and accounting for 69% of world production. Most of the EU
production is concentrated in four key nations: Spain 63%, Italy 17%, Greece 14%,
and Portugal 5% of the total [14]. The olive sector plays a key role in the
Mediterranean region, both socioeconomically and culturally, being an integral part
of the Mediterranean diet. However, olive oil production generates a considerable
amount of waste, which is an environmental problem independently of the process-
ing process [15].

A solution to such waste surplus could be the demand for new construction mate-
rials, using both traditional materials and waste from other industries. This study
focuses on the reuse of olive pomace to explore possible applications in construc-
tion. In particular, it proposes the development of a pomace panel prototype, which
follows the principles of CE and industrial symbiosis, valorising and reusing such
waste in a sustainable way.
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2 Wastes from the Olive Sector: Possible Applications

The oil production chain is articulated in various phases, as shown in Fig. 1, gener-
ating many types of waste. Olives, harvested from trees, are sent to the oil mill
(Fig. 1a), deprived of branches and leaves’ residues, and washed (Fig. 1b). Next,
they are pressed in two succeeding steps: crushing (Fig. lc) and malaxation
(Fig. 1d), a deeper squashing to obtain larger volumes of oil drops. These favours
the next stage, namely, centrifugation or pressing (Fig. le), consisting in the com-
plete separation of the oil from the solid pomace. Lastly, the production process
terminates with the oil extraction and the removal of the vegetation water (Fig. 1f)
[16]. The former and last steps remain constant in all processing systems. However,
the separation of the oil from the solid pomace varies depending on the used extrac-
tion methodology. These may include the traditional press, the modern 2 or 3 stage
centrifugation system, and percolation through filtration [17]. The wastes produced
during these stages are pruning waste (i.e. branches and leaves), vegetation water,
pomace, and stones [18].

This paper focuses on the pomace generated either by traditional pressing or by
the three-phase extraction method as dry pomace. In contrast, the two-stage system
generates pomace with a high moisture content (Fig. 2a—c) [17]. Recently, a

Fig. 1 Phases in the olive oil production process: (a) harvesting, (b) washing, (¢) crushing, (d)
malaxation, (e) centrifugation, (f) extraction
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Fig. 2 Waste generation phase at the mill: (a) pomace extraction from centrifugation phase; (b)
pomace collection; (¢) wet pomace

growing sustainability led to the development of many strategies to valorise these
wastes [19]. Beyond the recovery of residual oil, pomace shows several applications
as an agricultural fertiliser [20], animal feed [21], biofuel [22], feedstock for biofu-
els [23], and in the cosmetics industry [24].

At the best of our knowledge, pomace was hardly investigated for applications in
construction. Anyway, its physical properties, lightness, and compostable nature
make it reusable as secondary raw component in novel bio-composite materials, in
light of CE and improved sustainability. Moreover, it may contribute to improve the
energy efficiency in buildings for its lightness. Olive pomace had been used as addi-
tive in brick manufacture increasing the overall porosity and, hence, improving the
insulating properties [15]. Moreover, it was demonstrated that the addition of little
quantities of olive pomace (up to 10%) resulted in a considerable reduction of the
apparent density, thermal conductivity, still maintaining a good compressive resis-
tance [15]. Also, dynamic thermal simulations showed encouraging energy saving
applications in buildings [25]. However, the increasing pomace amount in clay
matrix (up to 40 volume%) amplifies the brick thermal insulation capacity, showing
a reduced thermal conductivity of 55%, and for a maximum volume% of pomace a
reduced density of up to 17.8%. However, this increase in insulating power nega-
tively affects mechanical strength, with a decrease in compressive strength of about
80% [26].

Olive pomace was also used as aggregate to replace sand in light concrete and
mortars. In general, studies showed that that substitution improved the thermal per-
formance, with a lower thermal conductivity as the percentage of olive pomace
increases [27-29]. However, the presence of pomace reduced the compressive
strength as the insulating power increases. However, some studies showed that a
concrete mix containing 5% pomace achieved satisfactory results, with compressive
strength between 25 and 35 MPa after 28 days of curing, thus meeting the minimum
strength requirements for structural use as a building material [28, 29]. Applications
of pomace as an antioxidant and recycling agent in asphalts have also been reported,
showing superior antioxidant performance and improved mechanical and cracking
resistance [30-31].
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Considering the promising results in various fields, particularly within the con-
text of this study, pomace was used to produce samples that were subsequently
characterised. In addition, the evaluation of a prototype panel made from this waste
was deepened with subsequent laboratory analyses. The main objective was to
assess the material’s performance, with a focus on its potential applications in the
energy context.

3 Materials and Methods

In this study, olive pomace was furnished by a local oil mill whose plant is based on
a two-phase centrifugal extraction method. At the time of sampling (November), the
pomace was a thick and pasty substance that included olive stones, pulp, peels, and
oil residues. Generally, 1000 kg of olives returns about 800 kg pomace [15]. Pomace
is characterised by a remarkable organic matter content and a slightly acidic pH. The
main components include lignin, hemicellulose, cellulose, fat, protein, and water-
soluble carbohydrates. In addition, there is a fraction of active phenolic compounds
that contribute to the chemical properties of pomace [15].

In this study, specimens’ performance evaluation was directed to investigate the
possibility to develop a panel intended to implement the building energy perfor-
mance in accordance with the major EU recommendations (EU Green Deal) [3].
After collection, six wet pomace specimens were prepared and weighted.
Subsequently, they were dried in a conventional oven at 40 °C up to constant mass.
Bulk density was calculated from geometric calculations in both wet and dried con-
ditions. Water content was calculated as the wt.% difference between wet and dried
samples.

The energy behaviour was evaluated with an ISOMET 2114 instrument, a por-
table microprocessor-controlled thermofluximeter for direct measurement in steady
state of materials thermal properties. That can be equipped with either a needle
probe, suitable for unconsolidated and composite materials, or a surface probe, suit-
able for solid consolidated and composite materials. In this study, 10 subsequent
measurements were done with the surface probe after sample realisation (A) and
after a drying process for 24 hrs at 40 °C in a conventional oven (B), to evaluate any
changes upon exposure to thermo-hygrometric stress conditions. Indeed, thermal
properties of an insulating material can largely worsen due to exposure to humid-
ity [32].

4 Results and Discussion

Figure 3 shows pomace physical investigation. Figure 3a shows the water and pulp
content of pomace specimens. It is observed that, on average, pomace contains
68.2 wt.% pulp and 31.8 wt.% water. The high water content is due to the two-phase
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Fig. 3 Pomace physical characteristics: (a) water and pulp content %; (b) bulk density

Table 1 Olive pomace-based sample measured thermal properties (mean values) with
ISOMET 2114

Case A (normal) Case B (dried)
Thermal conductivity A [W/mK] 0.067 0.066
Thermal diffusivity a [m%/s] 0.873*10¢ 0.814*10°°
Heat capacity [J/m*K] 0.076%10° 0.081*10°

centrifugal extraction method used in the mill that does not separate vegetation
water from pulp. Figure 3b shows the bulk density of wet and dried pomace speci-
mens that resulted 1827.28 + 27.12 kg/m?® for the wet state (original state at mill)
and 780.92 + 26.15 kg/m? for the dried state.

Results of thermofluximeter measurements are reported in Table 1. The measure-
ments returned an average value of 0.067 W/mK in condition A and of 0.066 W/mK
in condition B, witnessing a slight conductivity worsening due to humidity increase.
These values are strongly closed to the threshold indicated by the National
Association of Thermal Insulation (ANIT) [32] for materials to be considered
“insulating”. Interestingly, as this value is around the double of the common
expanded polystyrene (EPS) panels (0.033 W/mK), if assuming a typical air-cavity
wall made of hollow-bricks and finished with plaster, to comply with the thermal
transmittance limits in climate zone B from the Italian Ministerial Decree “Minimum
Requirements” of 26-06-2015 [33] (i.e. 0.40 W/m?K), a 10 cm olive pomace-based
panel would be equal to a 6 cm EPS panel, with a slight thickness increase of only
4 cm. The comparison in terms of embodied energy or associated greenhouse gas
emissions of using these two materials with different thicknesses could provide
more information on which kind of materials it would be worthy pushing in the
market. Indeed, it is well known that preferring natural insulating materials in place
of synthetic or mineral ones not only provides improved physical performances but
causes also lower environmental impact. According to [34], the production of 1 m?
of EPS with a thermal transmittance of 0.25 W/m?K has a Global Warming Potential
(GWP,() equal to 4.6 kgCO,.,, while that of organic insulating materials, assuring
the same thermal transmittance, reports negative GWP values, ranging from few
units until to —22.47 kgCO,., in the case of recycled materials as the straw bales.
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The measured thermal diffusivity mean values were 0.873*%107% m?%/s in condition A
and 0.814*107° m?%s in condition B. According to a report from ANIT [35], a mate-
rial with a diffusivity lower than 0.1 *10° m?%s can be considered having high
thermal inertia. The obtained value is largely higher than that threshold and the
developed bio-composite is in the range of common synthetic insulating materials
like EPS (0.99*%10°° m%s), XPS (0.70*10° m?s), and phenolic resins
(0.73*107° m?/s). This finding can be useful in the frame of wall stratigraphy design.

5 Prototype Energy-Testing Simulation

5.1 Setup: Pomace Panel Prototype, Testing Model,
and Test Procedure

The thermal tests were performed on a pomace panel prototypes with the aim of
evaluating the energy performance by analysing the temperature variation occurring
into a model that was used to mimic an isolated room of a building. The tested pom-
ace samples were moulded in 150 x 150 x 20 mm dimension (Fig. 4a). The

Panel

T2

c TL] T4

Fig. 4 (a) Pomace panels prototype; (b) 3D representation of the exploded model; (¢) model with
indication of the probes’ position; (d) setup of the test
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demonstrator was made of extruded polystyrene to grant a complete thermal insula-
tion of the inner chamber. The complete model measured 210 x 210 x 300 mm
(Fig. 4b) and was made of four vertical panels, representing the walls, and a lower
piece, representing the floor. The latter was removable to facilitate the insertion and
placing of thermometer probes used to monitor the inner temperatures; the upper
side was left open to allow the insertion of the pomace prototype for testing.

The conducted tests on the prototype consisted in simulating for 120 min the heat
solar irradiation over the pomace panel prototype, by using a thermal cushion that
was positioned at the top of the building model, in contact with the panel. Probes
were positioned as follows (Fig. 4c): T1—in contact with the panel’s upper surface;
T2—in contact with the panel’s lower surface; 73—inner environment; and 74—
external (environmental) temperature. Figure 4d shows a test setup with the probes
(left) and pomace prototype (right) positioning. The panel was placed to hermeti-
cally close the model. To run the test, the thermal cushion was placed at the top of
the panel prototype and set at 60 °C. During the tests, temperatures were recorded
every 5 mins with the aim to observe the temperature variation over time. From 7'1
and 72, it was possible to evaluate the temperature variation between the upper and
lower surfaces of the panel prototype, that is the thermal conductivity; from 73, it
was possible to evaluate the inner temperature variation. The external environment
was kept constant at ambient temperature using a traditional room A/C; T4 was
monitored to ensure that there was no heat leaking through the model walls. In this
regard, the model resulted perfectly insulated. Consequently, every change in inner
temperatures (73) was due to the pomace panel.

5.2 Results and Discussion

Figure 5 shows the results on the test model: A—temperature rise on the pomace
panel prototype in operation (as it is); B—temperature rise in dried condition. In
both the cases, the temperature difference among 71 and 72 is reported. It is
observed that the AT is higher in the case of the dried panel (case B) rather than in
the case of the panel in operation. That is in line with the energy measurements (cf.

15.9°C
AT=17.8°C

AT

Temperature [°C]
Temperature [°C]

mnomowowomwomomwon 0 ocnguouowounowaWongn
CN2RRABRVSLIRVBBEBRRS g4 0 °w2aRY4RA SORBBBRREY

90
95
00
o

Time [min] Time [min]

—T]  —T2 3 —T] —T2 T3

Fig. 5 Prototype testing: (a) in operation; (b) dried
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Table 1). In particular, results were A—AT = 15.9 °C; B—AT = 17.8 °C. Therefore,
as also expected, the panel in operation (stationary conditions) resulted in less insu-
lating as the inner constitutive moisture favours heat transfer through the material.
Hence, drying the material before usage could grant further advantage in terms of
system energy efficiency.

Figure 6 shows the normalised 72s of the two tests, hence the quantity of heat
transfer through the panel. It is observed that the temperature of the dried panel rises
slower than same in operation. Once again, this means that drying the panel before
using helps in enhancing the prototype performance with a heat transfer delay.
Finally, it is observed that in a stationary condition temperature at 120 mins (7')
tends to be similar as the former panel tends to dry during the test, hence reaching
the best insulating conditions.

6 Conclusions

This study focused on the olive sector and on the generated wastes with a focus on
the recycling potentials. More particularly, olive pomace was studied and reused to
manufacture a panel prototype intended for energy applications in construction.
From the considered industrial oil chain, the resulting pomace had a high moisture
content of about 70 wt.%. A preliminary drying operation significantly reduced the
material density of about 50%. Thermal tests were performed on panel prototypes
simulating the conditions of a building envelope, to detect temperature variations
within an insulated chamber in which the pomace panel was placed. Preliminary
results indicated a promising potential of olive pomace as insulating material, mak-
ing it technologically competitive in the market for energy applications in buildings
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in light of the CE approach and improved sustainability. Furthermore, olive pomace
reuse could give an immediate financial benefit to oil industrial plant as its disposal
could represent a challenging operation in terms of collection, storage, and trans-
portation to the final processing plant. Furthermore, induced benefits to construction
sector are much more impacting than a simple reuse for pellets. However, the
importance of further testing to confirm and optimise these results is envisaged,
especially to evaluate the material durability, given its organic nature, which could
lead to degradation under the influence of external agents, particularly water, mould,
and bacteria attack. Therefore, solutions to study the material’s resistance to weath-
ering will be explored. Finally, considering the reported promising results, further
tests will be conducted by reusing pomace, and other olive-derived wastes, as sec-
ondary sources for novel building solutions, in order to maximise their potentials.
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