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Abstract

The European catering sector is hugely expanding and serves
over 6 billion meals every year, which translate in 65 million
meals per day. The aim of our study was to investigate the envi-
ronmental performance of the expanded-polypropylene (EPP) box
production process to improve sustainability in catering services.
Moreover, a quantification of the environmental benefit in using
the EPP box instead of the conventional packaging was per-
formed.

The life cycle assessment was conducted following the ISO
14044:2006 standard. The EPP box for food delivery makes it pos-
sible to design a catering service characterised by —37% of overall
impacts compared to the use of the common box. EPP represents
a useful solution for environmentally sustainable catering services
due to its mechanical response and the insulating properties of the
polymer foam. The environmental impact of the EPP box life
cycle can be further reduced (—29%) by changing the energy coun-
try mix and applying a circular economy model, thus recycling the
100% of the EPP box. In conclusion, the EPP box represents a use-
ful solution for an environmentally sustainable catering service.
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Introduction

Logistics and supply chain management play a crucial role in
the food industry. In 2013 Manzini and Accorsi proposed an inte-
grated approach to study the food supply chain in order to design
and manage simultaneously quality, safety, sustainability and
logistics efficiency of food products and processes from farm to
fork. In particular, the European catering sector serves over 6 bil-
lion meals every year, which translates into 65 million meals per
day (FERCO, 2014). This sector is characterized by two approach-
es: conventional or cook-serve and deferred. In the conventional
systems, the meals are cooked and immediately served to con-
sumers (Ciappellano et al., 2009), whereas according to the
deferred method, used in the most of the recent catering contracts,
meals are prepared in a centralized cooking centre and then deliv-
ered to schools, hospitals, universities, and companies depending
on the type of contract (Fusi et al., 2016; Garcia-Herrero et al.,
2019). The distinctive element of the differed system is that the
time difference between the preparation in the centralized cooking
centre and the consumption can be several hours or days. In this
approach, three types of chains can be used: i) cook-warm; ii)
cook-chill; and iii) cook-freeze (Williams et al., 1996;
Ciappellano et al., 2009). Each one has well-defined procedures to
identify the best practices for serving meals, considering the
restrictions in term of time between preparation and consumption
and acceptable temperature drops to ensure food safety (Williams
et al., 1996). Besides food safety parameters, catering services are
transitioning towards a more sustainable way of feeding their tar-
get groups (Baldwin ef al., 2011; Palacios-Argtiello ef al., 2018;
Saxe et al., 2019). For instance, they purchase energy-efficient
kitchen equipment, use tap water, transport food using vehicles
with a low environmental impact, and reduce significantly the use
of packaging (Balzaretti et al., 2018). Also, the Green Public
Procurements initiative by the European Commission (Neto ef al.,
2017) set out new environmental criteria based on the quality of
food processing practices. However, if sustainability practices are
based only on criteria related to quality and not quantity and envi-
ronmental performance (greenhouse gasses, water depletion, or
resource consumption), it is impossible to calculate the actual
environmental savings (Cerutti ef al., 2016).

The life cycle assessment (LCA) was applied to some food
products (Roy et al., 2009) emphasizing the importance of cleaner
production techniques (Silva and Sanjuan, 2019). Recent studies
analysed various catering services using the LCA, focusing on the
environmental impacts of the deferred approach and evaluating
different options for food preparation and distribution (Fusi et al.,
2016; Cerutti et al., 2018; Mistretta et al., 2019; Garcia-Herrero et
al., 2019). These studies highlighted the environmental impact
due to the logistics and transport of the meals from the centralized
cooking centre to the satellite kitchens. Garcia-Herrero et al.
(2019) calculated that the delivery method account for 3% and

OPEN aACCESS



press

N

12% of the total environmental impact of a meal, representing high
responsibility of environmental impact. Giordano et al. (2014)
reported that impact of transport could be lowered from 35% up to
99% by replacing current vans with electric ones (which would
translate into high reorganization costs) and/or optimizing meal
logistics (vehicle loads, equipment and containers used).

In recent years, new materials and products have started to
offer a valid alternative to the traditional equipment in the logistic
sector (heavy trolleys, heavy boxes and heated or even refrigerated
vans). According to the Regulation EC No0.1935/2004 on food-
grade materials and items (European Union, 2004) and its environ-
mental impact, tertiary packaging should be both efficient, as it can
minimize the use of materials, energy and resources depletion, and
effective, as it can maximize its positive role in terms of food
preservation (Licciardello, 2017).

In this scenario, expanded polypropylene (EPP) represents a
useful solution. This raw material (Xu et al., 2007; Zhai et al.,
2010, 2011; Yu et al., 2013) can be used to make crates and boxes
for transport and storage in order to replace the conventional mate-
rials adopted for catering logistics. EPP boxes represent a valid
solution for delivery of meals from the centralised cooking centre
to the satellite kitchens due to the mechanical properties of this
material (Lopes ef al., 2019; Morton et al., 2020), to its suitability
for packaging more sensitive goods (Raps et al., 2014), its food-
grade quality (Srivastava and Srivastava, 2014), and its ability to
protect food from thermal stress due to the insulating properties of
polymeric foam (Zhai et al., 2010, 2011).

The aim of the study was to investigate the environmental per-
formance of the expanded-polypropylene (EPP) box production
process for the purpose of identifying engineering aspects to
design more sustainable catering services. The benefit of replacing
conventional materials with the EPP box was calculated. The LCA
was used as a decision-making tool for the calculation of the envi-
ronmental impact of the potential choices in catering service
design.

Materials and methods

The LCA proposed in this study was performed according life
cycle assessment standards (ISO 14040-14044: 2006). The entire
study was conducted by using the LCA software Simapro 9 (PRé
Sustainability, Amersfoort, The Netherlands) and the Ecoinvent
3.5 database.

Goal and scope

The LCA study was performed to: i) evaluate the environmen-
tal impact of the EPP box; and ii) evaluate and compare the envi-
ronmental impact of the delivery service bases on EPP boxes vs
common isothermal boxes.

The functional unit (FU) was defined as one packaging product
unit (one EPP isothermal box) with specific characteristic as
reported in Table 1.

The packaging box analysed offers a safe environment which
ensures food health and hygiene parameters as well as high
mechanical and thermal protection during the delivery process.

The isothermal box is obtained from EPP, a non-toxic,
lightweight, durable and fully recyclable material. It can be
defined as reusable tertiary packaging, which can be used to deliv-
er hot and cold food products in Gastronorm 1/1 (GN 1/1) or bulk.

The boundary system from cradle to grave was considered to
analyse the life cycle phases of the EPP box, from polypropylene
(PP) extraction, its expansion in EPP to the waste management
processes. As reported in Figure 1, the reference flow consisted of
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three modules: upstream, core and downstream. The extraction of
PP and its expansion to make EPP were defined in the upstream
module. The production process was identified in the core module,
starting from the transport of the EPP beads to the production plant
and ending with the packing of the EPP box. The downstream
module included the transportation, and disposal of the EPP box.
The catering service considered only the logistic aspects linked to
the delivery service. Primary data were collected for core and
downstream modules with surveys and interviews, while sec-
ondary data was used for the upstream module and the end-of-life
scenario.

According to ISO 14044, the allocation refers to the partition-
ing of the input and output flows of a process or a product system
between the product/system under study and one or more addition-
al products (ISO 14044:2006). The study analysed the production
of a tertiary box used for the logistic channel of catering services
following the environmental significance allocation criteria.

Due to the variability of the delivery service phase (e.g. differ-
ent distances), the use phase will be analysed separately from the
LCA of the production process. In particular, the comparison was
conducted based on an application model related to a school cater-
ing service (paragraphs 2.2.3 and 2.4) to highlight the effects of
replacing standard boxes with EPP boxes.

Life cycle inventory

Data concerning the EPP box production phases (core module)
and the downstream distribution phase were collected via ques-
tionnaires and surveys submitted to a company by the name of
Polibox® - Gruppo SDS for the analysis of primary data.
Conversely, secondary data was used for the upstream and end-of-
life phase inputs. A comparison between the use of EPP box and a
standard one was performed to evaluate potential environmental
benefits in the catering service.

Upstream module
Extraction and expansion of polypropylene

Extraction of polypropylene and its expansion in EPP was
modelled using secondary data (Ecoinvent 3.5 database).

In a typical PP foaming process, a high-pressure vessel is used.
A certain amount of CO; was used as expanding agent. Heat is also
used to achieve the saturation temperature to obtain the sorption of
COz in PP pellets. Once the sorption of CO; into the PP pellets
reached the equilibrium level, CO in the high-pressure vessel was
released from the foaming pressure into the ambient pressure.
During this release, PP beads expand (Xu et al., 2007). According
to the FU identified, the quantity of raw material necessary to
obtain FU was calculated.

Table 1. Structural and mechanical characteristics of the expand-
ed-polypropylene box.

Width 400 mm
Length 600 mm
Height 270 mm
Volume 386 dm?
Weight 768 g
Temperature range —40/+120 °C
Resistivity coefficient 0.039 W/mK
75-65°C drop time +180 minutes
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Core module
Expanded-polypropylene beads transportation

EPP beads were transported to the processing company by a
20-feet-long truck (ISO 668:2020). The product transported had a
very low density (25 kg m3), thus posing a volume limit (82 m?),
regardless of the loading weight capacity of the truck (16 t). For
this reason, the product transported filled the trailer, but it weighed
only 2100 kg. The average distance between the extraction site and
the production site was 1054 kilometres.

Expanded-polypropylene bead storage

The EPP was received at the company and stored into silos
after passing quality controls. The EPP beads were moved from the
truck to the silos using a vacuum pump (11 kW) with a flow rate
of 1080 kg h! for the EPP analysed.

According to the allocation (ISO 14044:2006), Eq. 1 was fol-
lowed to evaluate the correct amount of electricity to be allocated
to the FU.

Ec= (Mpw * EPPm) | Fr (1)

where:

Ec: Electricity consumption of the machinery;
Mpw: machinery power;

EPPm: EPP mass;

Fr: flow rate of the EPP through the machinery.

Filling

A second vacuum pump (7.5 kW) moved the EPP beads from
the silos to a pressurization tank. The recorded bead flow was 1720
kg h! and the electricity allocated to the FU was defined based on
Equation 1.

Pressurization
The EPP beads were fed into the pressurization tank (45 m?) to
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reach 3/4 of the tank volume (about 900 kg of EPP). Subsequently,
an air compressor (250 kW) was used to pump compressed air in
the production line. The air compressor (2430 m? h! airflow at 7.5
bar) supplied a maintenance chamber set at 7 bar which then sent
compressed air at 2.19 bar into the pressurized tanks. The produc-
tion site was equipped with 6 pressurized tanks operating simulta-
neously. The pressurized air system was set to ensure 2.19 bar and
an airflow of 46 m3 min! per each tank. The air compressor
worked for 21.4% of each production cycle at the maximum power
(240 kW) vs 78.6% at its minimum power (80 kW). Hence, the
final air compressor power load was 114.24 kW. the electricity
consumption of the air compressor per FU was quantified on the
basis of the flow rate of the production site (100 boxes h™1).

Steam chest moulding

The moulding phase, which is the most important stage of the
production phase, followed the sintering process and was operated
with three input flows: EPP, compressed air, and steam (Zhai et al.,
2010, 2011). The company in this case study was equipped with 5
moulding presses (13 kW) having flow rate of 20 boxes per hour.

The steam chest moulding process included the following
steps: 1) closing; ii) filling the mould; iii) steaming; iv) cooling;
and v) ejection of the moulded box (Raps et al., 2014). The energy
consumption of the press per each FU was assessed.

As to the steam, the 2018 gas and water consumption reports
was used to evaluate the amount of gas and water used and
according to yearly productivity, the allocated quantity of methane
gas and water per FU was determined.

After the ejection of the moulded box, an average of 2% of the
EPP material was lost due to production waste. This waste cannot
be reinserted in the production line as raw material and therefore it
was treated as plastic waste.

Thermal stabilization

The moulded boxes then underwent thermal stabilization in an

DOWNSTREAM
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+ Pressurization
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Figure 1. Modules and relative phases considered in the studied system according to the cradle-to-grave boundary system. EPP, expand-

ed-polypropylene.
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oven (15 m-long x 5 m-wide x 2.6 m-high) with a capacity of 1050
boxes per cycle. The heat generated by the steamer was recovered
and used to maintain a temperature of 75°C in the oven. The allo-
cated electricity consumption of the oven per FU was calculated
only with reference the two vents (1.5 kW each) necessary to sta-
bilize thermally the EPP box.

Packaging

After thermal stabilization and cooling, the boxes were packed
in a PE packaging bag (35 g) with a capacity of 5 boxes each and
then stacked on a 1200x1100-mm pallet (14.2 kg) with a capacity
of 10 bags.

Downstream module
Expanded-polypropylene box transportation

The final destinations of the boxes were spread all over
Europe. According to the surveys, 411 km was the average dis-
tance travelled by each 20-feet truck.

Considering a fully loaded trailer, 22 pallets can be loaded and
the average load per FU was defined on the basis of the weight of
the box (768 g) plus the allocated weight of the PE bag (7 g) plus
the allocated weight of the pallet (284 g).

Catering service

The company guaranteed the lifetime of the isothermal box for
S years, during which the isothermal box was used for the delivery
phase of the catering service.

Expanded-polypropylene end of life

Primary data regarding the end-of-life scenario were not col-
lected. Therefore, in order to have representative waste manage-
ment data, the European plastic packaging waste management sce-
nario was considered (40.8% recycling, 38.8% incinerator and
20.4% landfill) (PlasticsEurope, 2018).

Based on the LCI analysis, the primary input data were calcu-
lated and summarized in Table 2.

Considering the nature of the process, the sensitivity analysis
aimed firstly to evaluate the environmental benefit in replacing the
actual Italian energy country mix (45% natural gas, 16.3% hydro-
electric, 9.3% coal, 9% biomass, 8.3% solar, 6.2% other fossil fuels
and 6.2% wind) (Deloitte, 2019) with an ideal one based on 100%
renewable electricity sources (50% hydroelectric, 20% photovoltaic,
20% wind, 10% geothermal). Secondly, considering the full recycla-
bility of the EPP box, the sensitivity analysis aimed to evaluate the
potential benefits of recycling completely the EPP box.

Sensitivity analysis

Comparative analysis

The comparative analysis aimed identify and quantify only the
environmental benefit of the delivery phase from replacing the
EPP box with a common packaging box in a five-year school cater-
ing service. Generally, food products are delivered using isother-
mal polyethylene (PE) boxes with an average weight of 5 kg. The
weight of the isothermal boxes in the food handling phases plays a
crucial role in the overall sustainability of the delivery operation,
especially if substituted with the EPP box weighting only 768 g.
Therefore, the comparison considered only weight differences,
neglecting the environmental impact of the raw material and the
production processes for both boxes. The modelled system consid-
ered a school catering service consisting of 230 working days in
which the delivery company handled 1344 food serves daily using
a lightweight commercial vehicle (volume capacity of 6.3 m3 per
48 boxes). Each box consisted of an average of 10.64 kg including
one food tray GN 1/1 (2.24 kg) and food (8.4 kg of pasta with
tomato sauce). Overall, the daily gross weight transported on the
outward trip was 547 kg in the EPP box scenario including 403.2
kg of food to be served to the users (net weight), and 750.7 kg in
the common box scenario including 403.2 kg of food to be served
to the users (net weight). Due to weight loss, during the return trip,
the lightweight commercial vehicle carried only the boxes and the
empty trays, i.e. 144.4 kg in the EPP box catering service scenario
and 347.5 kg in the PE box catering service scenario. The kilome-
tres covered by the vehicle during the school catering service was
10 km for the outgoing and return trips.

Table 2. Specifications and quantifications of input data deriving from life cycle inventory analysis.

Extraction and expansion ~ EPP beads 0.776 kg Quantity of raw material per FU

of polypropylene

EPP bead transport EPP beads transported 0.776 kg Weight for FU

EPP bead storage Vacuum pump electricity consumption 7.89 Wh The allocated value for the vacuum pump

Filling Vacuum pump electricity consumption 3.395 Wh The allocated value for the vacuum pump

Pressurization Air compressor electricity consumption 1.14 kWh The allocated value for the air compressor

Steam chest moulding Energy consumption of one moulding press 151 Wh The allocated value for one moulding press
Water 18 dm? The allocated value for one moulding press
Methane gas 1.60 m? The allocated value for one moulding press
Production waste 8 g EPP beads

Thermal stabilization Electricity consumption of the oven 8.6 Wh The allocated electricity consumption per FU

Packaging PE film and pallet 0.291 kg The allocated packaging per FU

Transportation Transportation load 1.059 kg Transportation load due to packaging and EPP box

EPP, expanded-polypropylene; FU, functional unit; PE, polyethylene.
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Life cycle impact assessment

The potential environmental impacts were calculated using the
characterisation method by associating the scale of pollutant emis-
sion to a selected characterisation factor. For this study, most
impact categories were taken directly from the CML-IA baseline
method (eutrophication, global warming, ozone layer depletion
and abiotic depletion, elements, and fossil fuels) and CML-IA non
baseline method (acidification). The water scarcity category was
based on the AWARE method. Photochemical oxidation was based
on ReCiPe 2008.

The impact categories used are reported in Table 3.

Results and discussion

The results refer to: i) an investigation of the environmental
performance of the expanded polypropylene box from cradle to
grave without considering the catering service phase (EPP box life
cycle); and ii) a comparison of the catering phase based on the
model performed (application of catering service model). Finally,
the engineering aspects to design a sustainable catering service
were considered.

Expanded-polypropylene box life cycle
As reported in Figure 2, the results of the environmental
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impact analysis are divided into 100% stacked columns according
to the EPP box life cycle modules.

The upstream module, which involved only EPP extraction and
expansion, was not the most impactful category. According to
Table 4, the most impactful categories were POX (7.55E-03 kg
NMVOC; 57%) and ACD (7.93E-03 kg SO; eq; 47%), whereas the
least impactful category was ODP (4.86E-08 kg CFC-11 eq; 5%).
The average percentage for all impact categories was 35%.

A different consideration can be made for the core module, as
the most impactful category was ODP (9.10E-07 kg CFC-11 eq;
94%). The average percentage among all impact categories was
57%. The downstream module without considering the catering
service phase was the least impactful in the life cycle of the prod-
uct and achieved an average value of 6% for all impact categories.
In order to optimize the EPP box life cycle, it was necessary to
analyse in depth the specific phase in each one of the three mod-
ules, in particular in the core module, where there are more oppor-
tunities for developing mitigation actions.

Figure 3 and Table 5 show the breakdown of the modules into
their phases. The transportation of EPP beads, which was the first
phase of the core module, was the smallest contributor to the total
impact, except for the ADE impact category, in which this process
accounts for 27% (4.04E-07 kg Sb eq) of the impact due to the
fuels and transport emissions.

The steam chest moulding phase (and pressurization phase)
required a high amount of natural gas (1.60 dm?), electricity (1.14

0%
ACD EUT GWP POX ADE ADF WSC opp

@ Upstream @Core @O Downstream

Figure 2. Contribution analysis of the expanded-polypropylene box for the upstream, core and downstream modules. ACD, acidifica-
tion; EUT, eutrophication; GWD, global warming (GWP100a); POX, photochemical oxidation; ADE, abiotic depletion, elements; ADF,
abiotic depletion, fossil fuels; WSC, water scarcity; ODDP, ozone layer depletion.

Table 3. Impact categories, acronyms and unit of measures used in the EPD (2018) method.

Impact category Acronym Unit measure Characterisation factor
Acidification ACD kg SO2 eq CML 2001
Eutrophication EUT kg POs eq CML 2001

Global warming (GWP100a) GWP kg COz eq CML 2001
Photochemical oxidation POX kg NMVOC ReCiPe 2008

Abiotic depletion, elements ADE kg Sb eq CML 2001

Abiotic depletion, fossil fuels ADF MJ CML 2001

Water scarcity WSC m? eq AWARE

Ozone layer depletion ODP kg CFC-11 eq CML 2001

[Journal of Agricultural Engineering 2021; LII:1139]
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kWh) and water (18 dm?) to produce steam and pressurize the pro-
duction line. For this reason, an average of 51% of the environ-
mental footprint among all impact categories was attributable to
this multi-input (natural gas, electricity and water) process. In the
ACD impact category, electricity production and gas extraction
account for over 42% of the total impact. In the GWP impact cat-

egory, the combustion of natural gas was responsible for 87% of
the steam chest moulding process which had a weight of 91%.
Since steam chest moulding was the most important process to
produce EPP boxes, it was impossibile to eliminate. However,
unlike the other phases with a lower impact, this processes offered
more possibilities to optimize its environmental profile.

Table 4. Environmental impact assessment of the expanded-polypropylene box for the upstream, core and downstream modules.

Impact category Unit of measure Upstream Core Downstream
ACD kg SOy eq 7.93E-03 8.44E-03 3.57E-04
EUT kg POs eq 1.84E-03 1.66E-03 8.06E-04
GWP kg COz eq 2.07 5.23 8.46E-01
POX kg NMVOC 7.55E-03 5.41E-03 4.16E-04
ADE kg Sb eq 3.85E-07 9.22E-07 2.14E-07
ADF MJ 56.20 75.50 1.14

WSC m’ eq 6.00E-01 7.70E-01 8.75E-03
ODP kg CFC-11 eq 4.86E-08 9.10E-07 1.36E-08

ACD, acidification; EUT, eutrophication; GWP, global warming (GWP100a); POX, photochemical oxidation; ADE, abiotic depletion, elements; ADF, abiotic depletion, fossil fuels; WSC, water scarcity; ODP, ozone layer
depletion.

Table 5. Environmental impact assessment of the expanded-polypropylene box per each step studied in the system boundaries.

EPPbead EPPbead EPPbead Filling Steam chest moulding Production Thermal Packaging EPP box End of
production transport  storage and pressurization waste stabilization transport life

Impact Units

category

ACD kgSOzeq  TO3E03  483E-04  DTGE-5  LISE-0 7.80E-03 J43E06  292E-05  8ISE-05  242E-04 1.14E-04  1,67E-02
EUT kgPOseq  184E-03 LOIE-04  6.64E-06  2.78E-06 1.47E-03 3.32E-05 TOSE-06  329E-05  5.08E-05 155604 4.30E-03
GWP kg COzeq 207 135E01  34TE03  145E-03 5.0 1.19E-02 36TE-03  238E02  G.77E-02 TT8E-01 814
POX kgNMVOC ~ 755E-03  545E-04  843E-06  3.52E-06 476E-03 338E-06  892E-06  8.56E-05  2T3E-M4 142E-04 134E-02
ADE kg Sheq S8OE-0T  4MMEOT  153E09  639E-10 5.04E-07 385E-10 162E-09  983E-09  2.03E-07 1.15E-08  1,52E-06
ADF M 5.62E+01 204 414E-02  173E02 T.28E+01 280E-03  438E-02  5.26E-01 1.02 LISE-01 133E+02
WsC m eq 6.00E-01 L0E02 25603 1.O7E-03 T43E-01 592E05  2TE-03 LO9E-02  5.26E-03 SAGE-03 138
ODP kgCFC-1leq  486E-08  249E-08  403E-10  1.68E-10 8.83E-07 3.09E-11 42TE-10 458E-10  125E-08 LI1IE-09 §,72E-07

ACD, acidification; EUT, eutrophication; GWP, global warming (GWP100a); POX, photochemical oxidation; ADE, abiotic depletion, elements; ADF, abiotic depletion, fossil fuels; WSC, water scarcity; ODP, ozone layer
depletion; EPP, expanded-polypropylene.
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BEPP bead storage OFilling @ Steam chest moulding

B Production waste B Thermal stabilization B EPP box transport BEPP end of life B Packaging

Figure 3. Contribution analysis of the EPP box for the phases included in the boundary system. ACD, acidification; EUT, eutrophica-
tion; GWP, global warming (GWP100a); POX, photochemical oxidation; ADE, abiotic depletion, elements; ADF, abiotic depletion,
fossil fuels; WSC, water scarcity; ODDP, ozone layer depletion; EPP, expanded-polypropylene.
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As can be seen in Figure 3 and Table 5, the transport of the EPP
box and the end of life of the EPP box are not very impactful activ-
ities from the environmental point of view. The EPP box transporta-
tion from the company to the consumers only accounted for the 13%
in terms of ADE impact category, while the end of life represents the
major responsible phase (31%) in the impact category EUT due to
the waste management operation (7.55E-04 kg PO4 eq).

Scenario analysis

Considering the impact of the core module and the most
impactful activities in this module are steam chest moulding and
pressurization (Figure 3 and Table 5), the first sensitivity analysis
aimed at identifying the potential change in its impact assessment
compared to the current scenario, if the country electricity mix
were based only on renewable energy. The second parameter is
related to the end of life of the EPP box, which was replaced with
a scenario based on 100% recycling.

As shown in Figure 4, the use of an electricity mix based only
on renewable energy led to a reduction in all impact categories.
The variability of benefits depends on the weight of electricity in
the different impact categories. The current electricity production,
in the current scenario, implies a higher proportion of energy is
derived from hard coal and incinerators which requires a high
amount of natural gas. Less electricity production from this source
translated into a lower impact for the ADE category, which was
36%, and the increase in the use of hydropower electricity produc-
tion from an alpine river led to 83% benefit for the WSC impact

press

N

category. The same results were not achieved changing waste man-
agement system, apart from the EUT impact category (—18%). The
cut-off allocation criteria implied that the benefit of recycling is
not attributable to the EPP box, because the gate of the recycling
system, i.e. the grave of the boundary system studied, ended at the
gate of the waste processing site. The last column identifies the
optimal life cycle of the EPP box when it is produced with 100%
renewable electricity and disposed as 100% recycled product with
an overall benefit of 25%.

Comparative analysis

Table 6 reports the environmental impact comparison between
the EPP box and a common box used for catering services as mod-
elled in paragraph 2.4. The catering service model analysed was
based on the same variables: i) number of meals served every day;
i) food weight (products and trays); iii) distance covered in kilo-
metres; and iv) the vehicle used (light commercial vehicle). The
only variable which was changed was the weight of the box. Since
there was a direct correlation between the transported load and fuel
consumption, the transport of EPP generated less pollution with
respect to a catering service based on PE with an overall benefit of
—37% (the average among multiple impact categories). As to the
GWP impact category, the change in the packaging box used in the
delivery system avoided the release of 88.93 kg of CO> eq per year
(Table 6). Potential solutions to reduce the environmental impact
of catering services could be: i) high-cost investments, i.e. greener
company vehicles, innovative equipment; and/or ii) low-cost
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Figure 4. Sensitivity analysis resulting from the comparison between the current scenario and alternative scenarios. ACD, acidification;
EUT, eutrophication; GWP, global warming (GWP100a); POX, photochemical oxidation; ADE, abiotic depletion, elements; ADE, abi-
otic depletion, fossil fuels; WSC, water scarcity; ODD, ozone layer depletion; EPP, expanded-polypropylene.

Table 6. Environmental impact comparison of the delivery phase.

ACD kg SOy eq 14TE02 075 119 044
EUT kg PO eq 430B-03 020 032 012
GWP kg COz eq 8.14 15147 24040 8893
POX kg NMVOC 134E-02 092 146 054
ADE kg Sb eg 152E-06 5.92E-04 939E-04 3 4TE-4
ADF MJ 133E+02 21576 3516.69 ~130093
wse m’ eq 138 1493 23.10 87
0DP kg CFC-11 g 9TIE0T 2.64E-05 4.19E-05 155605

EPP, expanded-polypropylene; ACD, acidification; EUT, eutrophication; GWF, global warming (GWP100a); POX, photochemical oxidation; ADE, abiotic depletion, elements; ADE abiotic depletion, fossil fuels; WSC, water scarcity; ODP, ozone

layer depletion.
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investments, i.e. reduction of food serves, fewer kilometres cov-
ered, a more efficient cooking process. Considering the limit of
companies to afford high-cost investments, the reduction of food
serves or the reduction of distances covered in kilometres could
imply a reduction in term of revenues.

The potential use of the EPP box for food delivery could con-
tribute to highlight the importance of engineering aspects and
design a more sustainable catering service thanks to a —-37% of
overall environmental benefit in the proposed LCA with respect to
the respected to the use of common boxes. The results demonstrat-
ing that the EPP production process can be further improved in
terms of environmental sustainability are as follows: i) changing
the energy country mix (—25% average of category impact); ii)
recycling 100% of EPP boxes, thus designing a circular economy
model (4% average of category impact); iii) identification of
more energy-saving machinery to reduce the thermal energy and
electricity required.

Conclusions

The current period is characterized by an increase of the pop-
ulation and an increase of production in food sector. Therefore, the
increase of the environmental impact derived from this growth is
becoming a worldwide issue. Hence, it is necessary to apply
decoupling strategies to reduce the environmental impact of prod-
ucts and services, continuously offering to the population the pri-
mary goods as food products. New materials and products start to
become a valid alternative to traditional equipment in the logistic
sector. Expanded polypropylene represents a useful solution for
environmentally sustainable catering services due to its mechani-
cal response and the insulating properties of the polymer foam.
Moreover, it is suitable for packaging more sensitive goods and
foodstuff. The life cycle assessment was used as a decision-making
tool to calculate the environmental impact of potential options for
catering service design. The potential use of EPP boxes for food
delivery could be the right solution for designing sustainable cater-
ing services, because it offers a —37% overall benefit, with respect
to the use of common boxes, as shown in the proposed LCA, thus
avoiding the release of 88.93 kg of CO> eq.

Moreover, the environmental impact of catering services can
be further optimized by changing the country energy mix in the
EPP box production process and making fully recyclables EPP
boxes.
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