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Problem statement

« Packaging plays a significant role in FSC, and its management affect overall environmental
sustainability...

« Packaging accounts for 15% of the municipal solid waste with an increasing trend.

« For certain items, packaging contribute to almost 45% of food footprint depending on product
variety and package material.

* Reuse is promising strategy for preventing virgin materials extraction...

« ...Butis limited by organizational and economic issues.
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Problem statement

« Reuse is promising strategy for preventing virgin materials extraction...
« ...Butislimited by organizational and economic issues:
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Optimisation for reuse network design

« Given the broad set of actors, entities, flows involved, optimisation could aid cost and impacts
minimization supporting network design:
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Optimisation for reuse network design

« Given the broad set of actors, entities, flows involved, optimisation could aid cost and impacts
minimization supporting network design:
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« Capacitated facility location problem and network design to respond to
retailers and food packers demand and requirements from the perspective
of the pooler: Retailer 1

Retailer 15 0,25 € Retailer 2

Industrial case study: Location problem (6 CPR
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Industrial case study: Location problem

« Capacitated facility location problem and network design to respond to
retailers and food packers demand and requirements from the perspective of

the pooler:

79 .

Genove _Genova

\'ICHNIA-QIIIG(

atcr b

ey \
.""G “_"“ sodup
k Ligure —
g \
. Mare Adriotico b
[ | al

Jecan

re Ligure

Rt

Acpsla

» — GO TS A e
M ieng w Milana .
o "o
(O3 e

LYm—
\BOSMIA-ERZEG(

Tan

Swbuerie

800000
700000
600000
500000
400000
300000
200000
100000

0

Demanding Regions

Containers Demand, d;,

/”" R ~ AUSTRIA
SVIZZERA UN
e sul Wi ﬂhe;\.p'
SLOVENIA P
- LW 2
‘.___._/\‘_—. 1 TR !
.\//\/' o g )
W— - o oN
Podg_w
1 2 3 4 5 6 7 8 9 10 11 12 - @
Weeks . e "
. . Var di
—e—Abruzzo —e—Basilicata —o—Calabria irdegna®™
. . . o Bgfaglari  Mar Tirreno .
Campania =e—Emilia Romagna =o—Friuli Venezia Giulia -
=e=| azio ==L iguria =o=| ombardia Palermo _ .
—o—Marche —e—|\lolise —e—Piemonte . Containers Demand, d-t ? Mar
=o=Puglia =o=Sardegna Sicilia ] / a \
Toscana =e—Trentino Alto Adige ~ —*=Umbria . Containers Collected, COlhf
MALTA
—o—V\eneto

22 SEPTEMBER 2023, LIUC University

SYSTEM

INSIEME CREIAMD VALORE

0)CPR
A

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA



Indusirial case study: Washing operations

« From the pooler's perspective, Service . it L I
Level is the percentage of containers N snssssssssseeet R
washed at each return cycle. i . o vy
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Indusirial case study: Washing operations

« From the pooler's perspective, Service
Level is the percentage of containers
washed at each return cycle.

* Increasing service % affect the operational
costs of the network, as containers must be
shipped to the washing facilities.
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Industrial case study: Costs vs Transport Emissions CPR

 While optimizing the network (strategically and tactically), the trade-off v %.XHSMIEM
between poolers costs and transport emissions associated with containers
supplies to the food vendors is assessed.
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Managing uncertain inventories, washing, and transportation of
reusable containers in food retailer supply chains

A closed-loop packaging network design model to foster infinitely
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twins to enhance the accuracy of

profile of such

1. Introduction containers are unavoidsble despite being important evirenmental
stressors and sources of waste (Gallego-Schmid 2018).

Pathvrays exict to seduce such impacts and reusable packaging net-
warks can provide timely answers (Sundqvist-A:
2021). Regasdlezs of the benefit of lowering virgin plastic polymers in
food packaging, the spread of reussble sysems io limited by organiza-
tional and economic imues (Cresmwood et al, 2021) and reazonable

Olobal vwarminig is today's clephant in the raom. lgnosing the problem
will permanendy change the state of natural and anthropogenic sco-
sysmema (Leisnes, 2020; Gaodde et al, 2021). Researchers, practitioners,
muz pravide salutions that conzider the indusrial
zectars that muinly affect climate change. Considering their demand
wvalume and flow along wwidh the impact of production and diswribution doubt: about their real environmental impaces sull endure (o= 2t ol
procesces, the food inducts is 3 major contrbutor to climsee change 2017}, Remaskably, the impacs: of the reverse logimics of rescable
{Campbell et 2l 2015). Orwing to their crucial sole in protecting and  continers are under the lens of scholars, 5C players, and
handling food throughout supply chain (5C) perations, packaging and  and the on. phase might be up to tip the bal

berg and Akerman,
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Food Supply Chains (FSCs) are responsible for over 25% of
all anthropogenic GHG emissions (Foore and Nemecek, 2018). In
order to meet global sustainable development goals, food com-
panies must improve the emvironmental sustainability of FSCs
’C:mpbc]l et al., 2018; Govindan. 2018). Consumer preferences and
povernment regulations are increasingly pressuring businesses to
reduce their environmental footprints. Gircular food packaging net-
works represent one possibility to do so (Matthews et al, 2021;
Yadav et al. 2022).

While the benefit of reducing the use of virgin pastic poly-
mers are wel-known, several bariers limit the adoption of
reusable container systems {Salhoder et al, 2008; Accorsi et al.
2014; Coelho et al. 2020). The twofold diffusion and capillar-
ity of FSC affects the cost and the management of the back-

" Corresponiing auor

: 22 SEPTEMBER 2023, LIUC University

and number of rotations are a crucial lever in designing sustain-
able closed-loop metworks as explored by researchers (Ross and
Evans, 2003; Krikke, 2011; Gonzalez et al, 2018; Cottavafava et al.
2021) or brought out by surveys [Glock, 2017; Rosa et al, 2019;
Mahmoudi and Parviziomran, 2020) The diverse actors in the
FSC. the suppliers, poolers. and retailers. lack the synergy to co-
ordinate or even communicate their logistical operations. The ab-
sence of shared governance and traceability systems impairs vis-
ibility on container return flows, resulting in managerial uncer
tainty (Kim and Glock 2014; Ellsworth-Krebs et al. 2022). From
the perspective of the pooler, which manufactures. supplies. col-
lects, and washes the containers, such uncertainty disrupes tactical
and operational decisions, decreasing profitability, impacting ser-
vice levels, and discouraging client participation [Otto et 2l 2021
Kieine and Piscicelli, 2021). The growth and long-term sustainabil-
ity of these reusable packaging networks are impeded by this un-
certainty, affecting the costs, resilience, and sustainability of the

which accounts. so far, for 15% of the municipal solid waste. and
shows an increasing trend (OECD. 2013 Eurostat. 2017). To face
this issue, the Furopean Waste Framework Directive (2008/98{EC)
stated the importance of preventing waste generation. The Euro-
pean Council Directive on Packaging (2004/12/EC) indeed priori-
tizes the reuse of packaging, before recycling and recovery, as the
main strategy to implement in those sectors that use virgin mate-
rials most (Corvellec. 2016}

Food industries and food supply chains adopt huge volumes of
transport packaging, thereby representing an urgent call for schol-
ars and pm:ririnn!rs to address. Given the nature of food. con-

day and needing protection until consumption, the
(unmbunun of packaging to the entire environmental impact of

* Cormespanding authar.
E-mail address: riceando accorsi2uibait (R Accoesi).

hitps: i org/ 1010
2352 55080 2020

spe 20006014

sessment (LCA) analysis (Toniolo et al. 2014; Siracusa et al. 2014
Del Borghi et al, 201) and confirmed that most carbon emissions
result from the use of virgin materials. Beyond the technologi-
cal bariers to the adagtion of waste-reducing eco-innovations in
the packaged food sector (Vitale et al, 2018; Simms et al., 2020),
reusable packaging represents a promising strategy for preventing
virgin materials extraction and reducing such impacts (Tonn et al.
2014)

In Furope, reusable packaging employed for distributing fruit
and vegetable products accounts for 40% of the sector (Sriftung Ini-
tiative Mehrweg, 2000). Whilst wooden and cardboard baxes are
dispasable salutions, plastic containers can be employed as in-
finitely reusable and recyclable packages but require complex: I
gistic systems to manage their life cycle. Reusable packaging sys-
tems require more logistic operarions than disposable packag-
ing: the collection of containers after use, the storage, the clean-

ion of Chemical Engineers. Published by Elssvier BY. All ighns reserved.
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Conclusions

* Reuse packaging system are promising but the management of circular logistics is
challenging.

« Optimisation comes to hand to provide support-decision and planning methods.

« Addessable Issues include the optimal location of the poolers facilities, the
optimization of dirty and clean containers inventory, and the minimizatfion of the
overall environmental impacts associated with tfransportation.

« Future developments involve the design of circular networks for reusable primary
packaging solution integrated with secondary and tertiary packaging

(https://www.r3pack.eu/ ). R 3 pA c K
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Thanks for your Attention

Questions?

Prof. Riccardo Accorsi, Ph.D.
Department of Industrial Engineering
Alma Mater Studiorum — University of Bologna
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