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The Mission of RETASTE
The global food chain system is the single largest source of greenhouse gasses in the world,
and the largest  cause of  biodiversity  loss,  terrestrial  ecosystem destruction,  freshwater
consumption, and waterway pollution due to the mismanagement of biocides and nutrients.
On top of these deficiencies, approximately 40% of all produced food is wasted throughout
the farm to fork processes, while more than 900 million people remain undernourished.

Thus the margin for improvement of the global food chain system is huge, and may unlock
pathways towards the stability of the Earth system and the future of humanity. Against this
background, the RETASTE Conference initiates the dialogue for innovative solutions and
optimization schemes that exploit significant opportunities for food waste reduction, reuse,
and recycling at all stages of the food life cycle, as well as their scalability and commercial
translatability. In parallel, RETASTE aims to address the social aspects of food waste issues,
as well as to highlight ways to tackle social and perception barriers against reducing our
environmental  footprint,  thus  shifting  the  evolving future  of  social,  market,  and global
megatrends.

Through the conservation of  resources,  the strengthening of  the social  fabric,  and the
development  of  new  value  chains,  RETASTE  supports  the  implementation  of  Circular
Economy concept.

The audience of  RETASTE  includes academia,  industry,  and stakeholders,  and is  truly
transdisciplinary as the topics of the conference dictate.

Join us to Rethink Food Waste!

The presidents of the RETASTE Organizing Committee,

Katia Lasaridi Thrassyvoulos Manios

Professor
Harokopio University

Professor
Hellenic Mediterranean University
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ENVIROPLAN is an independent private consulting firm, 
founded in Athens, Greece in 1990. 
Our company provides integrated advisory, technical 
consulting, engineering & project management services in the 
fields of waste management, environment, climate change, 
industry, energy, technical and development projects and 
project management, starting from the initial planning to the 
construction supervision, as well as the operation and training 
for management and operation of the project. We specialize 
in Environmental Management & Engineering Projects, 
emphasizing in Waste and Wastewater Management, being 
considered as one of the leading companies in this sector. 

Our activities extend in many countries, including: Greece, 
Cyprus and other EU countries (Bulgaria, Romania, Lithuania, 
Italy), Turkey, the MENA region (Lebanon, Palestine, Jordan, 
Oman, Egypt), the Balkans (North Macedonia, Croatia, Serbia, 
Albania, Kosovo, Montenegro), Eastern partnership countries 
(Georgia, Azerbaijan, Armenia, Ukraine), the Middle East and 
Central Asia (Kyrgyzstan), etc.

The company is internationally recognized for its high level of 
know-how and has delivered successfully more than 600 

multi-disciplinary projects to date, providing a full range of 
related services. Our clients include Local Authorities, 
Ministries, Governmental and Non-Governmental 
Organizations, the European Union, various international 
funding organizations (including the European 
Commission, the European Investment Bank, the 
European Bank for Reconstruction and Development, 
KfW, the World Bank, the UN, etc.), as well as private 
companies (e.g. industrial / construction / tourism, etc.).
ENVIROPLAN SA is certified according to DIN EN ISO 
9001: 2015, EN ISO 14001: 2015 and EN ISO 45001:2018 
and holds an indefinite period of professional liability 
insurance.

Given that the philosophy of the company is the 
interdisciplinary approach to technical and environmental 
issues, the company employs more than 60 scientists of 
various specialties.

The Headquarters are located in Athens/Greece, while a 
network of regional branch offices is established in Thessaloniki, 
Heraklion, Larnaca, Bucharest, Skopje, and Ankara. 
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Scientific Committee
MANIOS Thrassyvoulos, Hellenic Mediterranean University1.
ABELIOTIS Konstantinos, Harokopio University2.
LASARIDI Katia, Harokopio University3.
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HARMANDARIS Vangelis, University of Crete7.
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KORNAROS Michalis, University of Patra9.
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LOIZIDOU Maria, National Technical University of Athens11.
LYBERATOS Gerasimos, National Technical University of Athens12.
PANAGIOTAKIS Spyros, Hellenic Mediterranean University13.
PAßLACK Nadine, Freie Universität Berlin14.
STYLIANIDIS Nikolaos, Association of Solid Waste Management of Crete15.
TSIPLAKOU Eleni, Agricultural University of Athens16.
TSOMPANIDIS Christos, ENVIROPLAN SA17.
RAPTIS Vasilion, IACM – FORTH18.
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Parallel Events
1st Forum on Food Waste Prevention Measurement,
prevention and management of food waste in the
hospitality and catering sector

LIFE-IP  CEI-Greece  “Circular  Economy
Implementat ion  in  Greece”  LIFE18
IPE/GR/000013

In parallel with the RETASTE 2022 Conference, Harokopio
University  is  organizing  the  1st  Forum  on  Food  Waste
Prevention “Measurement, prevention and management of
food waste in the hospitality and catering sector” (hybrid).
The Forum is organized in the framework of the LIFE IP
CEI-GREECE project (full title: Implementation of Circular
Economy in Greece / https://circulargreece.gr), which is co-
funded by the LIFE programme of EU and the Green Fund.

 

https://circulargreece.gr
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Keynote speakers
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Katia Lasaridi

Professor, Head of the Department of Geography, Harokopio University

Katia Lazaridis is  Professor and Head of  the Department of
Geography  at  Harokopio  University,  where  she  teaches
environmental management issues. She studied physics at the
University of Athens and received her M.Sc. in environmental
pollution control and Ph.D. in Environmental Engineering, from
the University  of  Leeds (UK).  She deals  with environmental
management  and  technology  issues  with  emphasis  on  solid
waste management, olive waste treatment, industrial ecology,
environmental  safety  and  environmental  decision  support
systems  (EDSS).
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Thrassyvoulos Manios

Vice-Rector, Hellenic Mediterranean University, Heraklion, Greece

Thrassyvoulos  Manios  is  Professor  at  the  Department  of
Agriculture, Hellenic Mediterranean University and Vice-Rector
of Finance, Planning and Development of the Institute. With a
degree in Agricultural Biology and Biotechnology (Agricultural
University  of  Athens),  Chemical  Engineering  (University  of
Patras) and a Doctoral -Degree in Environmental Engineering
(University  of  Leeds),  his  research  interests  include
management and treatment of  biowaste and wastewater.  To
date he has more than 85 publications in international scientific
journals,  150 presentations in international conferences, and
has managed more than 35 research projects, funded with over
10 million euros.
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Georgios Zervas

Emeritus Professor, Agricultural University of Athens

Emeritus Prof. of the Agricultural University of Athens (AUA).
He graduated from the Animal Science Department of the AUA,
and he gor his Ph.D.  from the Animal Physiology and Nutrition
Depertment  of  Leeds  University  in  UK.  During  his  PhD he
developed  a  method  of  administering  trace  elements  to
ruminant animals.  This method was patented in 1982 in 25
countries.  He  has  been  teaching  to  the  AUA  since  1984
Ruminants' Physiology and Nutrition and up to date he has over
165 scientific papers in peer-review journals, and participation
in 106 National and Inter. Scientific Conferences. In addition,
he  is  the  author  of  five  academic  books  on  ruminants’
physiology & nutrition and as a  researcher he tackled with
various  subjects,  such as  nutritional  evaluation  of  feeds  for
ruminants, biological animal husbandry, etc. He managed more
than  85  research  projects.  He  was  Rector  of  the  AUA  in
2004-2010,  Head  of  Nutritional  Physiology  &  Feeding
Department at the AUA, the President of the Hellenic Society of
Animal Sciences, the VP of the European Association for Animal
Production (2008-2020), President of the Hellenic Agricultural
Academy (2018-2022), Section editor of the Livestock Science
Journal in animal nutrition, and a reviewer in several scientific
journals. He has been coordinator and partner of many projects
funded by the EU Greek public organizasions and the private
sector.  
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Christina Marouli

Associate Professor, Environmental Studies, Deree – American College of Greece;
Monitoring expert, NEEMO EEIG

Dr. Christina Marouli has studied biochemistry (B.A.), Urban
and environmental  policy  (M.A.)  and sociology (PhD)  in  the
United States, with a specialisation on the urban environment,
health and social inequalities. She has been the recipient of a
Fulbright award during which she collaborated with a Turkish
professor  from  Bogazici  University  and  did  research  on
multicultural  environmental  education  programmes.  Her
research interests include sustainable – healthy – smart cities,
food  waste,  Education  for  Sustainability  and  education  for
behavioural and social change, and environmental health. She
is  Associate  Professor  at  the  Environmental  Studies  B.Sc.
program of DEREE - the American College of Greece, where
she  also  founded  and  directed  (for  7  years)  the  Center  of
Excellence  for  Sustainability.  In  addition,  she  has  extensive
experience  as  a  consultant  and  a  free-lance  researcher  on
environmental  and  occupational  safety  health  issues  in  the
private sector, as well as an expert of EU funded environmental
projects (under LIFE or Urban Innovative Action initiatives).
She has worked with NGOs focusing on women’s and children’s
issues (i.e. Director of Save the Children, Greece; responsible
for development education programmes at the YWCA, Greece),
while she was a co-founder of the Emergency Research Center
(NGO).
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Despina Papanikolaou

Head of Animal By-Product Department of Veterinary Public Health Directorate.
Hellenic Ministry of Rural Development and Food

Despina Papanikolaou is Veterinarian Hygienist and Head of
Animal  By-Product  Department  of  Veterinary  Public  Health
Directorate in Veterinary Services General Directorate at the
Hellenic Ministry of Rural Development and Food (MRDF). She
studied  the  Veterinary  Science  at  Aristotle  University  of
Thessaloniki and has also two masters (M.Sc.), her first M.Sc.
in  Public  Health  from  National  School  of  Public  Health  of
Athens  and  her  second  one  in  Waste  Management  from
Hellenic Open University of Patras. Her main responsibilities at
the  Ministry  are  related  to  the  European  and  national
regulation in the management of animal by-products from the
point of their production until their final use or disposal.
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Konstantinos Petridis

Associate Professor, Department of Electronic Engineering, Hellenic Mediterranean
University, Academic Coordinator of the H2020 European University Project
ATHENA

Dr  Konstantinos  Petridis  received  his  Bachelor  in  1996  from  the
Department  of  Physics  of  the  University  of  Crete  and his  MSc in
Optoelectronics and Laser Devices from the University of St-Andrews
in Scotland UK in 1996. In 1998 he joined the Nonlinear Optics Group
of the University of St-Andrews in Scotland, UK as a research student.
In 2001 he awarded his PhD. The title of his thesis is "External Cavity
Diode  Lasers  as  a  Pump  Source  for  Continuous  Wave  Optical
Parametric Oscillators". Dr Konstantinos Petridis in 2003 joined, as
post-doctoral researcher, the Non-Linear Optics Group of Professor
Ebrahimzadeh  in  The  Institute  of  Photonic  Sciences  in  Barcelona,
Spain.  In  2004  he  joined  the  Department  of  Electronics  of
Technological  Educational  Institute  of  Crete  (TEIC)  as  a  contract
assistant professor and as a researcher in the Optoelectronics, Lasers
and Plasma Physics Research Group of TEI of Crete. In 2008 he got a
tenure position as a lecturer in the Department of Electronics of TEI of
Crete.  Since  2013  is  a  member  of  the  Nanomaterials  &  Organic
Electronics Research group (leaded by Prof. Kymakis) of the HMU (ex.
TEI of Crete). In 2013 he was promoted to tenure Assistant Professor
in  the  Department  of  Electronic  Engineering  of  TEI  of  Crete.  Dr
Petridis  since  2004  has  organized  and  taught  ten  theoretical
undergraduate modules, three postgraduate modules and taught six
laboratory modules. Dr Petridis from 2011 was the Erasmus academic
coordinator of  the Department of Electronic Engineering of TEI of
Crete  until  2013.  His  research  interests  involve  Organic  BHJ
Photovoltaics, application of Graphene based materials in OPVs, CW
laser  systems  &  technology,  laser  process  of  graphene  and  its
derivatives,  laser  production  &  decoration  of  2D  materials,  laser
induced forward transfer (LIFT),  laser patterning,  gas sensing and
modern educational methods in HEIs (flipped classroom, SCRUM in
Higher  Education  and  PBL).  He  was  awarded  with  the  following
Prizes: EPSRC Studentship (UK) in 1996 (Academic Year 1996 – 97),
IKY 1st  Award Prize  for  the  quality  of  the  Intensive  Programs in
Organic Electronics has coordinated in the period of  2010 – 2012
(October 2013), EU award as Erasmus Academic Coordinator for his
contribution in the Erasmus Project (April 2015, Porto, Portugal). He
has coordinated 12 Erasmus projects and he actively participated as a
teacher, manager, subcoordinator in another 20 Erasmus projects. In
2020  he  was  nominated  as  the  Academic  Coordinator  of  the
International  Relations  Office  of  the  Hellenic  Mediterranean
University. He is the Academic Coordinator of the H2020 European
University Project ATHENA (2020 – 2023), from the HMU site, that
has  received  7.500.000  Euros  for  funding  (750.000  Euros  for  the
HMU).  He  has  participated  as  a  researcher  in  13  national  &
international research programs (Marie – Curie, FET). He has received
funding that sums up to 4.2 k€ (Erasmus Programmes & domestic
research grants awarded to HMU since 2006). His work counts more
than 61 publications, has been cited more than 1400 times, has an h-
index of  22,  i-index of  27 (Google Scholar  ID,  Scopus,  September
2022).
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Mattias Eriksson

Associate Professor, Swedish University of Agricultural Science

Mattias  Eriksson  is  an  Associate  Professor  at  the  Swedish
University of Agricultural Science where he conducts research
and teaching in sustainable food system. Mattias received a
PhD in technology 2015 for his thesis titled ‘Supermarket food
waste - Prevention and management with the focus on reduced
waste for reduced carbon footprint’. The focus of his research
has been on food waste in the retail and hospitality sectors, and
how a reduction of this waste could lead to a more sustainable
food system. He also works as a program director for a master
program in food inspection and teaches life cycle assessment to
undergraduate students.
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Alexandros Stefanakis

Assistant Professor, School of Chemical and Environmental Engineering, Technical
University of Crete, Greece

Dr Stefanakis is Assistant Professor at the School of Chemical
and Environmental Engineering, Technical University of Crete,
Greece. He is European Climate Pact Ambassador appointed by
the  European  Commission.  He  also  is  elected  Regional
Coordinator of Africa and Middle East for the ‘Wetlands for
Water  Pollution  Control’  Group  of  the  International  Water
Association. He serves as Editor-in-Chief of the journal ‘Circular
Economy and Sustainability’, and of the Springer Book Series
with the same title, and Associate Editor in other journals. He is
an Environmental Engineer and Researcher focusing on water
engineering,  specifically  on  nature-based  solutions  and
ecological engineering. He studies the content and realization
of circular economy across different sectors. He has designed,
managed, and constructed wetlands facilities for wastewater
management  across  Europe,  Middle  East,  Africa,  USA  and
South America integrated wastewater treatment and reuse with
waste  management  practices.  In  the  past,  he  worked  as
Researcher and Lecturer at the University of Brighton (UK), the
University of Beira Interior (Portugal), the Helmholtz Center for
Environmental Research – UFZ (Germany), and the Democritus
University of Thrace (Greece). He has also been employed by a
Greek and a  German multinational  company as  professional
engineer.  His  publication  record  includes  42  articles  in
scientific  journals,  more  than  50  papers  in  scientific
conferences,  5  books  and  several  book  chapters.
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Felicitas Schneider

Thünen Institute of Market Analysis

Since  2001,  Felicitas  focuses  on  the  development  and
implementation  of  national  food  loss  and  waste  prevention
strategies, definitions, applied methodology for measurement
and monitoring, impact assessment of measures along the food
supply chain. After 16 years in waste management, she has
been working at  the German Federal  Research Institute for
Rural Areas, Forestry and Fisheries, Thünen Institute of Market
Analysis  since  June  2017.  She  is  coordinator  of  the
Collaboration Initiative Food Losses and Food Wastes launched
at  the Meeting of  Agricultural  Chief  Scientists  (MACS-G20),
manages the “Global Platform for FLW experts and projects”
and organises annual regional FLW workshops.
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PLW: Food Loss and Waste Prevention
Prevention is at the cornerstone of sustainability. It is universally regarded as the best waste
management option. The food waste reduction potential through prevention is huge - some
reports speak about 70% - and it is spread throughout the value chain: the supermarkets, the
hospitality sector, even our households. Prevention largely depends on consumer behavior;
therefore, it is something dynamic – for this reason, the COVID-19 pandemic may also have
had its impact on food waste production.

Case studies presented in the RETASTE 2022 Session on Food Loss and Waste Prevention
span from across Europe, from Greece, Cyprus, Spain, Italy, Germany, the Netherlands, the
UK, but also across the Atlantic from Canada.
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Consumer behaviour and food product determinants related to
household food waste: A focus on chicken meat products

Margot Cooreman-Algoed1,*, Fien Minnens2, Lieselot Boone1, Kyara Botterman1, Sue Ellen
Taelman1, Wim Verbeke2, Brecht Devleesschauwer3, Yung Hung2 and Jo Dewulf1

1Research Group Sustainable Systems Engineering (STEN), Department of Green Chemistry and
Technology, Faculty of Bioscience Engineering, Ghent University, Coupure Links 653, B-9000, Ghent,
Belgium
2Department of Agricultural Economics, Faculty of Bioscience Engineering, Ghent University,
Coupure Links 653, B-9000, Ghent, Belgium
3Department of Epidemiology and Public Health, Sciensano, Rue Juliette Wytsmanstraat 14, B-1050
Brussels, Belgium

Abstract

Food wastage at home has gained increasing attention, as half of the environmental burdens
related to overall food waste are attributed to it in developed countries. Key parameters to
define the amount of food waste are consumer behaviour determinants and food product
determinants. Nevertheless, research addressing both types of determinants is generally
lacking.  This  study  aims  to  identify  household  food-wasting  segments  and  analyse  the
relationship between those and the two types of  determinants.  Household food-wasting
segments are defined based on various percentages of self-reported chicken meat waste.
Consumer data has been acquired through a survey on five chicken meat products in a
Belgian retail context (n=256). The investigated consumer behaviour determinants comprise
sociodemographic characteristics (e.g. household composition), household routines and skills
(e.g. planning routines), and motivations and attitudes (e.g. intention not to waste food). The
product determinants include product and packaging characteristics, amongst other, the
product’s shelf  life.  The results demonstrate that participants who waste little food are
significantly  older,  have  no  children,  and/or  are  unemployed.  These  households  report
having better household routines and skills. They agree more on the intention not to waste
food,  and  experience  a  greater  injunctive  norm and  perceived  consumer  effectiveness.
Regarding  food  product  determinants,  households  wasting  less  chicken  buy  organic
products, products with lower food convenience grades, and shorter shelf life more often.
This research emphasises the importance of parameters concerning consumer behaviour and
the food-packaging system in quantifying food waste levels in households.

Keywords: Food waste, Consumer behaviour, Chicken meat, Packaging, Sustainability

mailto:Margot.Cooreman@UGent.be
mailto:Fien.Minnens@UGent.be
mailto:Lieselot.Boone@UGent.be
mailto:Kyara.Botterman@UGent.be
mailto:SueEllen.Taelman@UGent.be
mailto:SueEllen.Taelman@UGent.be
mailto:Wim.Verbeke@UGent.be
mailto:Brecht.Devleesschauwer@sciensano.be
mailto:Yung.Hung@UGent.be
mailto:Jo.Dewulf@UGent.be


38

RETASTE Conference Abstracts
Vol. 2 RETASTE-PLW-215-Oral
Herakeion, Greece, October 20-21, 2022
© Author(s) 2022. CC Attribution 3.0 License

Food Waste in Tourism Sector: The case study of Protaras Area
in Cyprus

Pantelitsa Loizia and Antonis A. Zorpas

Open University of Cyprus, Faculty of Pure and Applied Sciences, Environmental Conservation and
Management, Laboratory of Chemical Engineering and Engineering Sustainability

Abstract

Tourism is one of the biggest and fastest growing sectors globally. Tourism may bring many
economic advantages to a country as it boosts employment and wealth, while at the same
time is causing pressure on infrastructure, the environment, to local communities, to other
economic sectors and wider society. Food waste is a monumental problem. Annually, over 1
billion tons of food produced from human consumption is lost or wasted. Furthermore, food
waste is responsible for an astonishing 8% of global carbon emissions. The main objective of
this study is the qualitative and quantitative waste composition analysis of the tourist area of
Protaras (Paralimni Municipality) giving emphasis in food waste production, in order to
determine the correlation between the food waste production and the visitors, to determine
their habits an to evaluate the existing Waste Management Plan. The waste composition
analysis was carried out according to the Standard Test Method for Determination of he
Composition Of Unprocessed Municipal Solid Waste, D5231-92,2003 and took place from
June to October for a period of 7 days per month (Sunday to Saturday, last week for each
month) and sampling was done on a daily base, 3 times/day. The result from the analysis
shows that the largest volume of waste was produced in July and August. Regarding daily
waste production,  the largest  volume was produced during the weekend,  while smaller
amounts were usually on Monday and Tuesday. This is due to the increased attendance of
local visitors on Saturday and especially on Sunday. Regarding the qualitative composition
analysis, the waste was divided in 18 main categories while for food waste were 7 main
categories with 31 sub categories. In ascending order, the main waste streams were paper
cardboard 7%, metal  packaging 8%, glass packaging 13%, food waste 24% and plastic
packaging 33%. Regarding food waste the largest amount were fruits (such as banana,
watermelon an apples),  sweet corns,  bread and pasta products.  The waste composition
analysis  highlighted  the  significant  problem  of  the  absence  of  an  effective  waste
management plan and, in particular, of the inefficiency plan for the separate collection of
recyclable materials.  Finally,  changing visitors habits,  raising awareness and developing
environmental consciousness is an essential step toward food an solid waste management.
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Abstract

The way we feed ourselves  is  the  single  largest  cause  for  the  overuse  of  the  world's
biocapacity. Making the world's food system more sustainable would thus reduce human
pressure on planetary boundaries. An important aspect in this process is to reduce food
losses and waste along the farm to fork continuum. In a country like Germany, where the
food retail market is characterised by an oligopoly of a handful of large, powerful companies,
a key starting point for these desired changes are the processes and modes that underly
modern retailers'  supply chain coordination. Current scientific findings suggest that the
product  requirements  and  standards  of  various  food  retailing  companies  for  fruit  and
vegetables go beyond the egally binding requirements and thus provoke food losses in the
upstream supply chain. However, the quantification of losses of certain crops caused by
particular product specifications is still lacking in the scientific debate. The present study
analysed the impact of quality standards as well as practices currently applied by a German
food retailing company within their  European fruit  and vegetables supply chain on the
occurrence of food losses. These quality standards and practices include the appearance,
packaging, and pesticide residue limits of products as well as exclusive supply contracts,
communication and ordering processes. The quantification of losses was carried out for
exemplary  fruit  and vegetable  crops.  For  the  assessment  and evaluation of  losses  and
possible adjustments to the company-specific quality standards and practices, a standardised
survey has been conducted at relevant loss points in form of quantitative questionnaires.
While we talked to all key actors involved in the upstream supply chain, a focus of the
quantitative survey was put on a particularly relevant loss point, namely the producers and
suppliers of fruit and vegetables in the retailer's main sourcing areas in Germany, Italy, and
Spain. Moreover, we put our findings in the context of the reduction potential of losses and
suggest specific options for action in the supply chain that encompass both, direct changes
in company-specific quality standards, as well as the supply chain's framework conditions.

Keywords: food loss and waste, modern food retail, fruit and vegetables, supply chain governance,
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Abstract

Food waste (FW) has become one of the top pressing issues today, with one-third of the total
food  produced  for  human  consumption  lost  or  wasted  across  the  entire  supply  chain.
Oversized  packaging  is  an  important  factor  attributing  to  this  problem,  which  usually
dominates legislative regulations due to the direct environmental impacts, associated to its
production,  transport  and  end-of-life  treatments.  However,  indirect  effects,  i.e.,  those
dependent on consumer behaviour, are usually overlooked, in spite of undertaken measures
to reduce these impacts are usually more effective than those to limit the direct ones. In this
context, the objective of this work is to analyse the influence of packaging attributes on FW,
identifying actions and strategies by involving industry stakeholders,  policy makers and
consumer groups in order to avoid negative environmental impacts and promote a more
sustainable food sector. A literature review demonstrated that the chief trouble resides in
finding a food-to-packaging trade-off, since changing to single-serve formats may result in
less FW, but in more packaging per serve, and vice versa. Based on this problem, measures
can be addressed to reduce both the direct and indirect impacts of packaging, involving both
producers  and  consumers  in  the  process.  The  application  of  circular  economy  (CE)
constitutes an essential opportunity for improvement by "closing the loop", implementing
what is known as a cradle-to-cradle approach. In this line, eco-design or circular product
design play a key role to support the transition to a CE by creating strategies for slow and
close the loop of the technical and biological cycles. Enhancement actions include the use of
low-impact resources, such as recycled, recyclable, biodegradable or compostable materials,
reduction of product weight or volume, ‘smart’ design focused on facilitating the separation
of different materials, or optimization of production, distribution, and end-of-life processes
by trying to extent food shelf life. Finally, changing consumer behaviour is mandatory to
modify environmental  outcomes.  Taking on a perspective of  "think global,  act  local"  to
promote zero-kilometre trade presents a chance to achieve food security and avoid FW, as
well as to reduce the amount of packaging by not requiring excessive product protection for
transportation.

Keywords: Environmental impact, technical cycle, biological cycle, circular economy, eco-design
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Abstract

In the EU around 931 million tones of Food Waste (FW) were generated in 2019, of which
26% are from foodservice and 13% from retail. This is equal to 174 kg per person, 143 billion
euros, or 170 000 000 tones of CO2 (EUFIC,2021). There are also social and environmental
impacts related with many environmental issues such as 75 billion m3 of water are used each
year to produce fruits and vegetables that are lost, 751 million ha of land go to waste due to
losses  in  meat  and  animal  products.  FW  also  burdens  waste  management  systems,
exacerbates food insecurity, making it a major contributor to the three planetary crises of
climate change, nature and biodiversity loss, and pollution and waste. The UN SDG 12.3
aims to halve FW at the retail and consumption scale. The main step to achieving this goal is
based on measuring FW on a local, national, regional, and global level. In addition, to reduce
FW, it is necessary to understand the exact problem to be solved (Eriksson et al., 2019). To
reduce FW, the existing strategy comprises: politics, business, stakeholders, behavior as well
as research and digitalization initiatives. FW has received increased attention in the past
decade especially after the 2007-2008 food crisis, which has rekindled debate about the
global availability of food. There are several methodologies and tools that are developed
focusses on how to measure FW. This paper presents a review on the existing quantified
approaches in the European Union on FW can be calculated, as the results can served as a
reference point to support decision-makers in adopting strategies for more sustainable food
use as well as on how FW can be reduced.
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Abstract

The  COVID-19  pandemic  has  had  major  impacts  on  food  purchasing  and  consumption
behaviours  in  many  countries.  The  pandemic  may  also  have  amplified  the  multiple
environmental,  social,  and  economic  implications  of  household  food  waste.  A  better
understanding of household food wasting during the pandemic is needed to improve the
management of waste and develop best practices for waste management programs under
crisis circumstances. To cut in half the per capita global food waste by 2030, policies and
programs that effectively reduce household food waste generation are needed. This study
assessed the impact of the COVID-19 pandemic on household food wasting in the midsized
Canadian city of London, Ontario. Additionally, a primary aim was to evaluate the long-term
effectiveness of the “Reduce Food Waste, Save Money” household food waste reduction
intervention by comparing direct measurements of household food waste across 99 study
households over two times periods, October 2017 and June 2020. This study builds upon a
previous randomized controlled trial intervention study by undertaking a precise comparison
of the quantity and composition of food wasted by the study households for an additional
(third) timepoint, during the first wave of the COVID-19 pandemic. While the generation of
avoidable food waste remained remarkably stable over time for both treatment (+1.6%) and
control (-0.6%) households, there was a significant increase (p < 0.01) in the amount of
unavoidable food waste generated by all households (+65.5%). This finding suggests that
households are likely preparing and consuming more meals at home than they did prior to
the outbreak. Additionally, the “Reduce Food Waste, Save Money” intervention was found to
have  a  long-term,  sustained  impact  on  avoidable  food  waste  generation  in  treatment
households.
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Abstract

It is estimated by the FAO that 768 million people in the world faced hunger in 2020 [1]. This
fact is unacceptable, especially considering that food loss and food waste amount to about
one-third (1.3 billion tons) of all food produced worldwide [2]. As part of the solution to this
concerning environmental,  social  and economic issue,  the innovation of  food packaging
materials is a strategy which can play a substantial role, extending the shelf life of food
products, reducing food loss, food waste and their associated greenhouse gas emissions [2].
In particular, biobased polymers from waste biomass are a most relevant field of research:
LCA studies confirm that the substitution of petrochemical plastics with biobased ones leads
to a relevant decrease in CO2 emissions [3], paired with no exploitation of agricultural land,
and  while  supporting  the  sustainable  development  model  of  circular  economy.  In  this
framework, the aim of the present work was to investigate the functional properties of novel,
previously synthesized, biobased and very promising poly(ester amide)s (PEAs) from 2,5-
FDCA, containing different amounts of 1,10-decanediol and amido diols [4]. Both PEAs and
the  reference  homopolymer,  poly(decamethylene  furanoate)  (PDecF),  were  compression
moulded  into  films  and  subjected  to  WAXS,  TGA,  DSC  analyses  and  contact  angle,
mechanical,  gas  barrier  tests.  The  results  showed  a  remarkable  improvement  in  the
functional properties of PEAs compared to those of PDecF, with a decrease up to about 50%
of O2  and CO2  transmission rates, values comparable to those of commercially available
packaging materials. Most notably, the mechanical properties of PEAs were improved in
comparison with PDecF, because of the increased toughness and higher resistance to plastic
deformation,  paired  with  an  impressive  elongation  at  break,  up  to  650%.  From these
insights, it was possible to establish scientific structure-properties relationships, confirming
the suitability of this polymeric system for the production of biobased, sustainable, flexible
food packaging. The high gas barrier and mechanical performances of PEAs were found to
allow size-efficient, customizable design and increased shelf life for the prevention of food
loss and food waste.
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Abstract

Nearly half of all food is wasted in the food chain each year, from farm to consumer. In
addition, about a third of the planet’s food goes to waste [1]. Advancements in packaging
technology are providing one of the main solutions to food waste, since one of the most
important  features  of  food-packaging is  its  capacity  to  preserve  and protect  food,  and
specifically  plastic  packaging  helps  reducing  packaging  weight,  which  in  turn  reduces
delivery costs, energy consumption and greenhouse gas emissions [2]. Moreover, biobased
polymers from waste biomass have been gaining increasing importance recently, and LCA
studies confirm that the substitution of petrochemical plastics with biobased ones leads to a
relevant decrease in CO2 emissions [3], paired with no exploitation of agricultural land, and
while supporting the sustainable development model of circular economy. This work is part
of this complex, constantly evolving scenario,  with the aim of proposing new polymeric
materials  obtained  from  2,5-furandicarboxylic  acid  (2,5-FDCA)  and  camphoric  acid,
polymerized  with  1,6-hexanediol,  for  the  realization  of  sustainable,  monolayer  food
packaging. The optimization of the solvent-free synthetic method made it possible to obtain
high molecular weight polyesters with a percentage of camphoric acid up to 17 mol%, which
could be compression moulded into films and were subjected to NMR, FT-IR, GPC, WAXS,
TGA, DSC analyses and mechanical and gas barrier tests. The results showed a remarkable
improvement  compared  to  the  mechanical  properties  of  poly(hexamethylene  furanoate)
(PHF), the homopolymer of reference: in particular, the polyester containing 15 mol% of
camphoric acid (PHF85HC15) was found to have higher flexibility, higher toughness and a
430% improvement of elongation at break. O2 and CO2-transmission rates were also found to
be comparable or superior to those of commercially available packaging materials. From
these  insights,  it  was  possible  to  establish  scientific  structure-properties  relationships,
confirming  the  suitability  of  this  polymeric  system  for  the  production  of  biobased,
sustainable, flexible food packaging. The high gas barrier and mechanical performances of
PHF85HC15 were found to allow size-efficient, customizable design and increased shelf life
for the prevention of food loss and food waste.
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Abstract

The university stage represents a phase of personal transition (Jerez et al., 2018). Eating
habits are also affected, this includes the choice of dishes ant it represents an important part
of students’ intake in case they make use of the university canteen (Martínez-Riera et al.,
2018). The menu choice plays a fundamental role at nutrition and in food waste too. This loss
of food can occur in all stages of the food chain, but it has some relevance in mass catering
(Al-Shehri et al., 2017). To evaluate the menu choice and the food waste generated in a
university canteen during 4 months, 2018-2019. Study was made by a cross-sectional and
observational study. It was conducted for 4 months in a university canteen and the menu
choice of 181 students 181 trays with first and second dishes) was evaluated on dishes
choice and food waste generated. Data was obtained through direct weighing, photographic
report, with the informed consent of the users, and data was processed statistically through
the SPSS™ program. Pasta and meat dishes are mainly chosen by women and men as first
option, but the second option for first course is vegetables in women and rice for men, while
for second course is fish in both sexes. The waste generated by women is greater than the
waste generated by men (90.8 vs. 46.0 g/person/menu, respectively). It is in women and for
the second course where the greatest amount of waste is found with 22.0% of the dish
served. Food waste generated represents the 7.9% of the serving sizes for the first course
(273.6 ± 61.1g) and the 13.3% of the second course (248.9 ± 72.9 g). It is important to
emphasize in the case of bread, the waste was 16.7%. Statistically significant differences
were not observed in any case. In the period studied, food waste generated by women was
greater than the waste generated by men, but not difference in the first-choice options of
menus by gender was found
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Abstract

The European Union is committed to the United Nations target of halving food waste at the
retail and consumer level by 2030. According to European legislation, member states are
obliged  to  monitor  national  food  waste  levels  and  report  progress  to  the  European
Commission at annual intervals between 2022 and 2030. To achieve the reduction targets,
suitable measures need be developed and implemented for each sector of the food supply
chain. The objective of our research was to investigate the food waste reduction potential in
bakeries and hotels through different forecasting methods. Within our research, we used a
dataset from three bakery chains in Germany based on stock management software. In
addition, we implemented food waste tracking systems in a hotel chain to generate data for
the  forecasting models.  In  order  to  investigate  the  food waste  reduction  potential,  we
compared the predictive quality of three forecasting models. We evaluated two machine
learning models, namely random forest and support vector machine, and one time series
model,  namely  ARIMA.  The  accuracy  of  the  models  was  described  by  error  indicators
regarding the expected food waste reduction. In the oral presentation, we will give a brief
insight into the findings of our research and highlight various aspects related to the potential
for reducing food waste using different forecasting methods. The best fit model for bakeries
was ARIMA, reaching significantly better demand forecasts that could reduce food waste by
75,8% (±10,3). In hotels, food waste was already halved after implementing the food waste
tracking systems, but showed significant additional reduction potentials through demand
forecasting.
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Abstract

Wholesome food wasted results in resource depletion, challenges for human health, GHG
emissions,  water  pollution,  and  loss  of  opportunity  to  recover  energy,  organic  matter,
minerals, and water (Lasaridi et al., 2017). Due to the magnitude of these effects, prevention
initiatives  and  sustainable  management  of  food  waste  (FW)  are  essential  if  the  UN
Sustainable Development Goals (SDG), and especially SDG 12.3 are to be met (Chroni et al.,
2022). Food is wasted throughout all stages of the food supply chain (Lasaridi, Terzis, et al.,
2019). A significant fraction of the food is wasted at consumption stage, in which important
factors contribute (e.g., managerial, behavioral, cultural). While to date households have
been sufficiently studied (Abeliotis et al., 2019; Kritikou et al., 2021), food is also wasted in
the food service sector (FSS) (Eriksson et al., 2018; Lasaridi, et al., 2019). With a 12% share,
FSS makes  a  noticeable  contribution  to  FW,  particularly  considering  that  75% of  that
quantity represents the so-called “avoidable” FW fraction. Thus, assessing FW in the FSS is
crucial for reshaping the current dysfunctional food system into a healthy, balanced, and
sustainable one. In view of the complex FSS which involves different types and a variety of
sizes,  scales,  and scope organizations,  studies have been undertaken to understand the
dynamics of FW (Amicarelli & Bux, 2021; Lasaridi, Terzis, et al., 2019). Their results are
identifying the factors that contribute to FW and offer recommendations for consumer-
focused  preventative  efforts  or  techniques.  However,  the  FSS's  complexity  and  variety
remain a stumbling block. The objective of this work is to identify the dissimilarities among
existing  methods,  techniques  and  tools,  features  and  characteristics,  limitations  and
delimitations, challenges, and opportunities, as well as results and best practices in the
literature. A literature analysis on 70 FW quantification studies was carried out. Findings of
wide geographical coverage, as well as broad spectrum of FSS sub-sectors, suggest lack of
established and standardized definitions and approaches with varying (de)limitations, and
uncertainties  in  data  collection  encompassing  estimations  throughout.  This  significantly
affect their results in terms of waste quantities range (ranging from 9% of the food portion
being wasted, up to 45%), as well as generalizability and comparability. This research argues
that the majority of the approaches published, although scientifically sound, could only draw
conclusions on a strict case-specific viewpoint, offering limited means -nevertheless still
useful- to support horizontal FW prevention measures, or FW management solutions across
the FSS. Additionally, this study points out that a) a better understanding of the numerous
contextual and cultural factors involved in FW and its management is decisive, and b) the
similarities and differences between the magnitude and drivers of FW across all the different
FSS sub-sectors is essential to impose sustainable prevention and mitigation measures and
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approaches.
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Abstract

Although the “Retail and other distribution of food” (RoDF) sector of the Food Supply Chain
(FSC) is responsible for a quite small share of the total food waste (<10%), it can transpose
food waste generation to the rest FSC sectors, through quality (aesthetic) standards setting,
expiration dates handling (i.e., returns policy), and influence of households’ purchases. This
study attempts to quantify food waste generated in the (RoDF) sector, by analyzing data for
the year 2020, collected by one of the largest supermarket chains (AB Vassilopoulos) in
Greece. To estimate the amounts of generated waste, detailed recordings of the quantity and
value of unsold food (shrink) were processed. The recorded products were provided either in
weight units or items. When provided in items, they were converted into weight, utilizing net
weight of the products or typical unit weights of nutrition and dietetics databases. The
preliminary results shows that for the year 2020, the unsold food, food waste and food
donation accounted for the 2.06%, 1.90% and 0.16% of food handled in the year 2020. The
data were analyzed based on two factors:  1.  the main store activity  departments,  i.e.,
grocery, fresh meat, fresh fish, bread, and pastry, etc., and 2. the main reason the food items
have not been sold, i.e., food donation, store food waste, warehouse food waste and store
returns.  The results indicate that the main food waste quantities are generated by the
following departments: fruits & vegetables department (32.1%), dairy product department
(27.4%), deli & bakery (18.5%), meat & fish (14.0%), grocery food (7.0%), and frozen (1.1%).
The analysis of data showed that food waste accounted for 1.9% of food handled, and food
donations  for  0.2%.  Following  this  food  waste  quantification  study  AB  Vassilopoulos
developed, in collaboration with WWF Greece, and begun implementation of its action plan
to reduce waste and enhance donations.
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Abstract

This study aims at the establishment of a baseline for the food waste generated in Greek
households, in context to the EU legislation and guidelines. To estimate the food waste
generation  in  Greek  households,  the  method  of  self-reported  food  waste  diaries  was
followed. The design of the online diary was based on the food waste diary, which was used
for the first food waste generation study of Greek households in 2013 - 2014 (Abeliotis et al.,
2019). The participants were asked to record the type and quantity of the avoidable and
unavoidable food waste of their households. As, to date, there is not a common knowledge
base regarding conversion factors of food waste volume/items to mass, processing of the
collected data was based on data of international nutrient and food component databases,
and the database of the Department of Nutrition and Dietetics, Harokopio University for
Greek foods. Although the participants were instructed to fill the food waste diary for 7
consecutive days, a number of them filled it for less or for more than 7 days. However, there
was  no  statistically  significant  difference  among  the  average  per  capita  quantity  of
avoidable, unavoidable, and total food waste among diaries completed for 1-7 days. A total of
1,102 participants completed the diary for a period of 1-7 days. Participants were required to
record avoidable food waste per eight different food type categories and clearly name the
food items wasted, as well as the reason for not consuming it. Unavoidable waste were
classified as plant or animal origin. As the number of household members has a direct
impact on the food waste generation (Silvennoinen et al., 2014), the average food waste
quantities  were  calculated  for  each  household  size  class  and  values  multiplied  by  the
estimate of the Hellenic Statistical Authority for the size distribution of Greek households.
The analysis of the results shows that 930,323 t/y (95.5 kg/y/ca) of food waste were produced
by households in Greece, of which 403,628 t (38.7%) were avoidable. The avoidable food
waste fraction consisted mainly of fruits & vegetables (51.8%), bakery products (18.6%), and
pasta, rice and cereals (7.6%).
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Abstract

Unsustainable consumption and production patterns jeopardize the resilience of the current
food systems, including those in the Mediterranean basin, leading to profound implications
for the environment and food security (United Nations, 2015; Zdruli et al., 2016). Moreover,
both climate and non-climate stressors in the limelight, such as geopolitical instabilities,
social inequalities, the COVID-19 pandemic, and economic recessions, pose dynamic threats
to the resilience of the food systems, resulting in cumulative impacts on food security (FAO
et al., 2021; HLPE, 2020; IPCC, 2022; Mbow et al., 2019). As a component of unsustainable
consumption and production  patterns,  food waste  generation  has  been associated with
parameters of environmental degradation (Capone et al., 2020; Zdruli et al., 2016), economic
losses (FAO, 2014), caloric and nutrient losses (Capone et al.,  2016; Searchinger et al.,
2019), as well as other social costs associated with the pillars of food security (FAO, 2019a).
Meanwhile,  among  other  drivers,  the  rising  population,  higher  rates  of  urbanization,
globalization,  and economic growth continue to  raise  food demand and change dietary
preferences towards western-style diets. Paradoxically, although research evidence suggests
that the Mediterranean diet could serve as a sustainable dietary pattern and an effective
preventing measure for numerous noncommunicable diseases (FAO, 2019b), the adherence
to this pattern has decreased in these regions, highlighting the nutritional transition of these
societies (CIHEAM, 2015). It has been claimed that future policies and initiatives should
incorporate changes to both the demand and supply sides of the food system (Mbow et al.,
2019). Reducing food waste and shifting to sustainable diets, such as the Mediterranean
dietary pattern, have been advocated as demand-side mitigation strategies (FAO et al., 2021;
IPCC, 2022). The aim of this study is to present the research on the levels of food waste and
its implications in the Mediterranean region. To achieve this, an extensive literature review
was conducted, focusing on the available national data on food waste measurements in the
countries of the Mediterranean basin. Furthermore, estimates of the environmental impacts
of food waste generation in the Mediterranean area have been presented. In conclusion,
although there is a growing scientific interest in that topic, evidence for the amounts of food
waste at national level in the Mediterranean basin is lacking. Further initiatives are required
to encourage the reduction of food waste in the Mediterranean food systems, including the
incorporation of the Mediterranean diet into future policies as a measure for food waste
prevention.
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VAL: Valorization of Food Processing By-
Products
The Food industry is a continuously growing sector due to the increasing population and
globalization that create the need of a wide variety of food products. During food processing,
many  by-products  are  thrown away  and  accumulate  as  an  environmental  burden.  The
problem is greater in developing countries, where 40% of food waste is generally generated
at post-harvest and processing levels.  Valorization of food processing by-products offers
sustainability by circumventing landfilling or disposal and aims to recover matter, energy,
and  biomass  in  the  form of  “secondary”  products  and  energy  contributing  to  circular
economy.

The  RETASTE Session  on  Valorization  of  Food  Processing  By-Products  focuses  on  the
significant efforts of the contributors to address these issues in all major food industries:
meat, poultry, fish and seafood, fruits and vegetables, dairy, cereal, and nuts . Secondary
products  presented have a  vast  area of  application,  from food additives,  beverages,  to
cosmetic products.
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Abstract

The citrus industry generates a significant amount of waste containing high amounts of
valuable bioactive phenolic compounds.  The potential health promoting effects of phenolic
extracts from citrus fruits reported include anti-inflammatory,  anti-hypercholesterolemic,
antihypertensive antibiotic, anti-diabetic, antiulcer, antioxidant and anti-allergenic. Lemon
peels, which constitutes nearly about 50 to 60% of the total fruit mass, contain phenolic
compounds such as phenolic acids, flavanones, flavones and flavonols. The recovery of these
bioactive substances by extraction will help to increase the added value of its waste. In this
study, lemon peel waste from four different lemon cultivars including Enterdonat, Lamas,
Kara limon and Kütdiken which are the most commonly used ones in juice industry were
evaluated for their potential of phenolic content (Singleton et al.,  1999), total flavonoid
content (Dewanto et al., 2002) and antioxidant activity (Miller and Rice-Evans, 1997; Apak et
al., 2004). Phenolics were extracted from peel powder by using 50% aqueous ethanol or only
water with a sample:solvent ratio of 1:10 and 1:20 (g/ml). The highest extraction efficiency
was obtained with 50% aqueous ethanol and the sample:solvent ratio of 1:20 (g/ml). Total
phenolic content of lemon peels differed between 12.06 ± 0.22 and 23.63 ± 0.11 mg GAE/g
dry matter and total flavonoid content varied between 10.02 ± 0.99 and 30.10 ± 0.33 mg
rutin/g dry matter. Kara limon cultivar had the highest total phenolic and flavonoid content,
followed by Lamas, Enterdonat and Kütdiken, respectively. Antioxidant activity of lemon
peels was found in the range of 30.54 ± 0.19 - 60.64 ± 2.78 mg TE/g dry matter and 38.20 ±
1.09 - 72.63 ± 0.73 mg TE/g dry matter by ABTS and CUPRAC methods, respectively. Kara
limon cultivar  had  the  highest  antioxidant  activity  followed by  Lamas,  Enterdonat  and
Kütdiken.
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Abstract

Onion is considered as one of the most important crops produced worldwide due to its
indispensability as a culinary ingredient. In the Philippines, the production areas for onion
are estimated to be 17,905 hectares in 2018. With this total area, the country registered a
production of 172,666 metric tons of onion. Onion leaves are normally left in the field after
harvest of onion bulbs and they are often discarded as waste contributing to the looming
environmental  crisis  caused by  agricultural  wastes.  Realizing  the  need to  develop  and
expand its local production and provide solutions to specific problems on competitiveness for
each stage in its value chain, producing high-value products from onion waste is targeted,
thereby minimizing agricultural wastes in onion farming, and providing additional income for
farmers.  In  this  study,  several  packages  of  technology  (POTs)  were  developed  for  the
processing  of  waste  onion  leaves  into  different  food  products.  Although  drying  is  a
preservation technique for herbs such as onions, it is often accompanied by loss of volatiles
and bioactive compounds. Hence, the changes in bioactive components of onion leaves in
terms of  total  phenolic  content  (TPC)  and total  flavonoid  content  (TFC),  using various
dehydration techniques were also evaluated. Results revealed that onion leaves possess
flavour, aroma, and bioactive components like onion bulb, making it a potential alternative
spice. It has a moisture content of 92.58 ± 1.00 % while its bioactive components such as
TPC and TFC were found to be 633.99 ± 4.90 mg GAE per g dry weight and 10.44 ± 0.26 mg
Quercetin per g dry weight,  respectively.  Different dehydration techniques such as sun
drying,  convection  drying,  vacuum drying,  and  freeze  drying  were  also  found  to  have
significant effects on preserving bioactive compounds. Since onion leaves are targeted for
food applications, pesticide residues in leaves were also analysed. Findings revealed that
pesticide traces were below the specified maximum residue level  for cypermethrin and
lambda-cyhalothrin in onions or shallots, which are 0.1 mg/kg and 0.2 mg/kg, respectively
based on the European Union Pesticide Database. The POTs developed for the processing of
onion leaves include drying, powdering, pickling, vacuum frying, and juicing. These POTs
produced different  food  products  such  as  dehydrated  leaves,  powdered  leaves,  pickled
leaves, vacuum-fried leaves, and onion leaves extract. Consequently, these products were
further processed to produce onion leaves-flavoured pandesal (bread),  kropek (cracker),
noodles, tea, puree, juice, garnish, and seasoning. With the proven potential of onion leaves
for food applications, not only the problems in agricultural waste disposal and sustainability
are addressed but also its possible significant impact on the profitability of farmers and the
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onion industry in general.
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Abstract

In the process of food by-product reduction innovative solutions are under investigations. In
the current study valuable by-product - sauerkraut juice was investigated. Two innovative
products of sauerkraut juice– dehydrated juice via spray-drying and concentrated juice via
evaporation were tested in ready-made soups. Commercially these soups are provided in
different forms - instant or whole, dried or paste form. The aim of this study was to evaluate
the use of dehydrated and concentrated sauerkraut juice in dry and paste ready-made soup
mixes. In the current experiment four soup recipes with sauerkraut juice products were
tested: red beet soup with sauerkraut “Borscht”, Ramen with nori, ginger and garlic, country
soup mix with potato flakes and traditional sauerkraut soup. All four recipes were developed
in two forms - powder and paste. Since in the fermentation process NaCl is vital, no addition
of salt was needed. For comparison commercial instant dried and paste form soups were
tested. Additionally, sauerkraut juice powder and concentrate solution in hot water was
tested to evaluate its properties. For all soups pH, NaCl, colour in CIE L* a* b* system and
volatile  compounds using solid phase microextraction and GC/MS were tested.  Sensory
properties are very important quality parameters and intensity of acidity, cabbage taste and
aroma, colour were tested using line scale. Results showed that dried and concentrated
sauerkraut juice has effect on physicochemical and sensory properties. pH of soup mixes
made with concentrate were from 4.3 to 4.5, whereas with dehydrated sauerkraut juice it
was 5.5 to 5.7. Commercially available beetroot soup mix has a pH of 3.9. The main volatile
compounds in dehydrated juice - water solution was allyl isothiocyanate and caryophyllene.
Allyl isothiocyanate is compound naturally occurring in cabbages and has sulfur, pungent,
garlic notes, whereas caryophyllene has wood and spicy notes. In concentrated juice main
volatiles are limonene with mint and citrus notes and acetic acid with sour aroma. In red
beet soup mixes dominated volatiles of other ingredients masking sauerkraut juice products
volatiles  and  as  the  main  compound myristicin  was  determined  with  spice,  warm and
balsamic notes.  To conclude, sauerkraut juice powder and concentrate is promising by-
product for use in food industry and ready to make soups could be one of perspective
application.
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Abstract

It is estimated that 15-25 million tonnes of mango peels and stones are produced annually.
The  incineration  or  deposition  of  these  by-products  in  landfills  represent  a  severe
environmental problem. About 300 research papers were published in the last two decades
about  mango  peels’  phytochemical  composition,  bioactive  properties,  processing  and
applications in the food industry. Most of them demonstrated that mango peels had a high
potential  to  develop food ingredients  or  natural  additives  with high fiber  and phenolic
compounds content. Usually, mango peels processing into food ingredients/additives starts
with a disinfectant washing to remove dirt particles and reduce microbial load. However,
there  is  little  information  about  the  impact  of  washing  conditions  on  mango  peels’
composition  and  properties.  This  study  aims  to  fill  this  lack  of  knowledge.  Sodium
hypochlorite (SH) and peracetic acid (PAA) are the most used disinfectants for washing food
products.  So,  in  this  study,  two  Box-Behnken  Designs  were  performed,  one  for  each
disinfectant. The impact of three washing variables (food product to disinfectant solution
ratio (XA), SH or PAA concentration (XB) and disinfectant time (XC)), with 3-levels each (XA:
1:1, 1:5, 1:10 (kg:L); XBSH: 0, 100 and 200 mg/L; XBPAA: 0, 40 and 80 mg/L; XC: 1, 10, 19 min)
on total mesophilic aerobic bacteria, total yeasts and moulds, dry matter, ash content, total
phenolic compounds, total carotenoids and antioxidant capacity through the DPPH and ABTS
methods, was evaluated. The SH and PAA optimal disinfection conditions were determined,
considering each parameter individually or performing a multi-criterion optimization. After,
other batch of mango peels was washed according to SH and PAA optimal disinfection
conditions. Besides analyses mentioned before, Enterobacteriaceae, Bacillus cereus and total
protein  were  evaluated.  Significant  statistical  models  were  found  for  all  parameters
analysed, excluding total yeast and moulds (not detected), ash content, and ABTS assay (in
PAA Design).  The increase of  disinfectant concentration and disinfection time improved
mango  peels’  microbiological  safety.  However,  high  levels  of  these  washing  variables
impaired dry matter, total carotenoids and antioxidant activity. More studies are needed
about the effect of washing conditions on total phenolic compounds. According to multi-
criterion optimization, the SH and PAA optimal washing conditions were XA=1:9 (kg:L),
XB=200 mg/L, XC=90 s and XA=1:1 (kg:L), XB=27 mg/L and XC=19 min, respectively. The
application of SH and PAA optimal washing conditions significantly improved the mango
peels’  microbiological safety and did not cause marked changes on their phytochemical
composition and antioxidant activity.
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Abstract

Figs are widely consumed Mediterranean fruits that a greatly appreciated for their sweet
taste and healthy properties. Their production yields high amounts of waste, particularly the
peels, stems and leaves. The leaves of the fig tree constitute the highest waste of the entire
crop and could be used in several areas of the food industry. In this work, the leaves from
five varieties of fig trees, namely Pasteliere, Longue d’Aout, Dauphine, Bourjassote Noire
and Mareille, were subjected to a maceration extraction with ethanol water 80/20 v/v, and
further screened for potential bioactive molecules, antioxidant, and antimicrobial activities.
Organic acids were screened through UFLC-DAD, showing 7 individual acids, namely oxalic,
quinic,  malic,  chiquimic,  ascorbic,  citric  and fumaric,  being oxalic  and malic  the  most
abundant. In terms of soluble sugars, fructose, glucose, sucrose, trehalose and raffinose
were identified through HPLC-RI, in which fructose and glucose were the most abundant. In
terms  of  the  antioxidant  activity,  analysed  through  the  thiobarbituric  acid  reactive
substances, all varieties showed high antioxidant activity, being the Pasteliere variety the
one with the highest antioxidant activity, and Bourjassote Noire the least antioxidant. When
screened against foodborne bacteria and fungi, the Dauphine variety showed interesting
inhibition of Escherichia coli,  Salmonella enerocolitica  and Yersinia enterocolitica,  while
Pasteliere was quite active against Aspergillus fumigatus. Overall, to understand the safety
of using the leaves in the food industry, the plant extracts were screened against porcine
liver and monkey kidney primary cell lines to rule out toxicity, and thus, no toxicity was
sought for any of the varieties. Finally, the antiproliferative and anti-inflammatory activities
were also screened, in which Longue d’Aout was the most promising against tumor cell lines,
while Dauphine showed the best anti-inflammatory activity. Overall, these leaf extracts can
be used in the food industry as preservatives, although further analyses will be performed,
namely on the individual phenolic compounds and other antioxidant activity assays.

Keywords: circular economy, sustainability, preservatives, figs

Acknowledgments: The authors are grateful to the Foundation for Science and Technology (FCT,
Portugal) for financial support through national funds FCT/MCTES to the CIMO (UIDB/00690/2020);

mailto:carlos.seiti.shiraishi@gmail.com
mailto:mcarocho@ipb.pt
mailto:cmlobo@ipb.pt
mailto:mcarocho@ipb.pt
mailto:sd@modecima.pt
mailto:marta.lima@tagusvalley.pt
mailto:sheleno@ipb.pt
mailto:lillian@ipb.pt


65

to the European Regional Development Fund (ERDF) through the Competitiveness and
Internationalization Operational Program for financial support to the project 100% Figo
(POCI-01-0247-FEDER-064977). S. Heleno and M. Carocho thank FCT for their individual employment
program–contract (CEEC- IND/00831/2018, CEECIND/03040/2017), and L. Barros also thanks to the
national funding by FCT through the institutional scientific employment program–contract for her
contract. C. Shirashi and C.L. Roriz thank the project 100% Figos.



66

RETASTE Conference Abstracts
Vol. 2 RETASTE-VAL-238-Poster
Herakeion, Greece, October 20-21, 2022
© Author(s) 2022. CC Attribution 3.0 License

A Sustainable Integrated Project to Recover Bioactive Molecules
from Fig Production Residue

Carlos Shirashi1, Custódio Lobo Roriz1, Marcio Carocho1,*, Sara Domingos2, Marta B.
Evangelista3, João Nunes4, Maria Jorge Campos5, Sandrina Heleno1 and Lillian Barros1

1Centro de Investigação de Montanha (CIMO), Instituto Politécnico de Bragança, Portugal
2Sociedade Agrícola Quinta da Mó de Cima, S.A., Rua Julieta Ferrão, 12 Torre A 602, 1600 – 131
Lisboa, Portugal
3TAGUSVALLEY - Vale do Tejo Scientific Park, Rua José Dias Simão s/n, 2200-062, Alferrarede –
Abrantes, Portugal, INOV.LINEA - Agrifood Business Unit from TAGUSVALLEY, TAGUSVALLEY
Science and Technology Park, Rua José Dias Simão s/n, 2200-062, Abrantes - Alferrarede
4Centro Bio R&D Unit, Associação BLC3 – Campus de Tecnologia e Inovação, Rua Nossa Senhora da
Conceição 2, Lagares da Beira 3405 – 155 Oliveira do Hospital, Portugal
5MARE – Marine and Environmental Sciences Centre, ESTM, Polytechnic of Leiria, 2520-641 Peniche,
Portugal

Abstract

The  project  focuses  on  the  use  of  bioresidues  (leaf  and  peels)  produced  during  the
production and processing of figs, to contribute to the development of new and healthy foods
products, promoting sustainability and circular economy. The first step is the identification
through high performance chromatographic techniques to identify potential preservative and
bioactive molecules present in the bioresidues of the five fig species. These molecules will be
recovered through microwave-assisted  solvent  extraction,  ultrasound-assisted  extraction,
high hydrostatic pressure assisted extraction and pulsed electric fields assisted extraction to
define the best extraction conditions. The molecules and extracts, after ruling of potential
toxicity, will be used to preserve several food products, namely jams and other sweets fruit-
based foods,  thus investigating the stability  over a  shelf-life,  in  terms of  chemical  and
physical parameters. Further research will be done on the prediction of stability of the shelf-
life  and  improvement  of  healthiness  by  addition  of  functional  and  sugar  reducing
compounds.  A  sensory  analysis  of  the  final  products  will  also  be  performed.  Finally,
optimization of the laboratorial processes will be made to allow a scale-up to a pilot level.
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Abstract

In the beverage industry there is a need to find natural products that can replace the
addition  of  synthetic  additives  that  aim  to  conserve,  intensify  or  improve  their
physicochemical,  biological  or  sensory  characteristics.  Some  examples  are  acidity
regulators, non-caloric sweeteners, dyes, preservatives (sulphites), among others, that have
been associated with toxicity effects, such as sulphites (E220-228) which are normally used
to preserve. Thus, there is a growing demand for new sources of potential natural additives,
in order to be able to replace synthetic additives. The agri-food by-products resulting from
some sectors  are  often  rich  in  functional  compounds,  such  as  polyphenols,  which  are
currently underutilized (compost or animal feed) and their potential added value is often
lost. In this sense, there is an opportunity to value and transform by-products into value-
added products, which may include new natural additives or food ingredients, which can be
incorporated into other products. Therefore, based on the exhaustive characterization of
thousands of natural matrices and agri-food bio residues, the chestnut male flowers were
selected to preserve wines, given their outstanding antioxidant and antimicrobial properties
and no toxicity for the human organism. At the moment, several wine varieties were already
produced using this ingredient, allowing the complete elimination of sulphites addition in the
wine making process. These findings were national and internationally patented and leaded
to the creation of a spin off  dedicated to the exploitation of this technology. From the
obtained results, the use of chestnut flowers in the wines causes no significant interference
in the physical and in the sensorial properties, also highlight the ability to intensify the red
colour of red wines. Currently the entire chestnut value chain is being exploited, as also the
wine residues along the producing chain to identify other promising ingredients with the
capacity to preserve wines and beers, as also to promote the flavour fixation on flavoured
waters, under the frame of the Bio4Drinks financed project.
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Abstract

The project Bio4Drinks aims to respond to the constant demands for safer, healthier, and
functional natural agents. The beverage industry is limited to the use of artificial additives to
preserve  their  products  and  maintain  their  quality  over  the  shelf  life.  Therefore,  the
development  of  natural  alternatives  with  the  same  efficiency,  but  healthier,  is  a  real
challenge to both academia and industries. Bearing this in mind, the Bio4Drinks project
intends to promote innovation in the natural extracts and beverage industries through the
development of multifunctional natural ingredients, for application in beer and flavoured
water, through the use of by-products from wine and chestnut production. In this project,
several goals are aimed to achieve: (i) characterized the by-products of the chestnut and
wine industries;  (ii)  obtaining extracts from the by-products of  the same materials  and
subsequent identification and quantification of bioactive compounds; (iii) evaluation of the
bioactive properties and toxicity of extracts; (iv) determination of the bioavailability and
bioaccessibility  of  extracts  and  suitability  for  storage,  production  and  preservation
processes;  (v)  application of  extracts in the production of  beer and flavored water and
monitoring of microbial, physicochemical and sensory characteristics during storage; (vi)
evaluation of the final products regarding the bioactive effects of the applied extracts and
the  accelerated  shelf  life.  Thus,  the  project  intends  to  investigate  natural  bioactive
compounds with potential added value extracted from by-products of the chestnut and wine
production sectors, to be later added in the production of beer and flavored water, giving
rise to higher quality products with stable properties throughout the storage time. The
Bio4Drinks  project  will  be  developed  by  a  multidisciplinary  consortium  with  proven
experience within the scope of the project, composed of three companies, the leading co-
promoter Tree Flower Solutions Lda., the co-promoter FermentUM and the partner Super
Bock Group, and two non-profit entities companies of the R&I System, MORE – Collaborative
Laboratory Mountains of Investigation, and Polytechnic Institute of Bragança, which provide
all the technical-scientific knowledge necessary for its success.
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Abstract

The food industry, that applies artificial  additives into their food formulations has been
focused its efforts on the development of innovative food formulations with natural agents,
promoting safety, health maintenance and well-being, as also providing additional bioactive
benefits. Besides the food industry, these bio-based ingredients are also highly necessary in
other industries such as the pharmaceutical and cosmetic ones, for use in formulations with
medicinal,  therapeutic  and  antioxidant  properties.  Currently,  the  promotion  of  circular
economy is under strong exploitation, in the recycling of low economic raw materials into
highly valuable sources of molecules with effective functionality, thus replacing the use of
artificial agents. In this presentation, successful achievements will be presented, resulting
from the work developed regarding the extraction, stabilization, and application of natural
additives in the industry. As a result of decades of studies regarding the exploitation of
natural matrices and given the antioxidant and antimicrobial properties exhibited by the
polyphenol extracts of  strawberry-tree,  basil,  lemon balm, chestnut flowers,  fennel,  and
german chamomile, they were used as preservatives in loaf bread, cupcakes, yogurt, cheese,
among others. These polyphenols are mainly flavonoids (catechin, quercetin and luteolin
derivatives), phenolic acids (rosmarinic, chicoric, lithospermic, caffeic, caffeoylquinic acids),
and  hydrolysable  tannins  (trigalloyl-HHDP-glucoside).  Also,  colouring  molecules  like
betalains (gomphrenins,  isogomphrenins)  from purple globe amaranth and anthocyanins
(cyanidin, delphinidin, and malvidin derivatives) from rose, dahlia, centaurea, strawberry-
tree, roselle, blueberry, sweet cherry, fig peel, blackthorn epicarp, were applied in yogurt,
waffles,  donut  topping,  among  other  foods.  Ergosterol  and  vitamin  D2  obtained  from
mushroom bioresidues  were  also  explored  as  bioactive  ingredients  in  dairy  and  bread
products.  Another  important  study  ongoing  is  the  evaluation  of  different  genotypes  of
pumpkins from different countries from the Mediterranean region (Pulping project), aiming
at establishing the ideal cultivation conditions as well as using the pumpkin bioresidues to
develop a natural preservative to be used in an innovative pumpkin pulp, since  the residues,
specifically  seeds,  peel  and  fibrous  strands,  demonstrated  to  be  a  great  source  of
antioxidants,  without  hepatotoxicity.  These  findings  are  already  under  use  by  several
industries, namely the food sector.
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Abstract

Aligned  with  the  recent  global  priorities,  it  is  necessary  to  move  from  the  current
unsustainable food system to a resource-efficient paradigm, based on a circular economy
approach. This transition is urgent but complex, particularly because the multiple aspects of
food production and consumption are closely interrelated. Nevertheless, the overall objective
can  be  effectively  achieved  in  regions  with  advantageous  characteristics,  such  as  the
Mediterranean basin. In this region, a variety of crops and native species can be rationally
valorised  for  food  production  and  for  recovering  of  added  value  compounds  from the
generated by-products, fulfilling the needs associated to sustainable production systems in
the entire food chain. PulpIng is a financed research project that intends to stimulate and
improve the sustainable valorisation of pumpkin fruit in African and European countries in
an integrative and waste-free manner. The agronomic performance of Cucurbita sp. will be
improved based on sustainable farming tools and the plant as a whole will be used, in a
circular economy point of view. The chemical and nutritional profiles of the pumpkin fruit
will  be  analysed,  and  further  transformed  into  a  pulp  product  targeting  African  and
European markets, among others. Besides, pumpkin fruit (rind and seeds) and crop (leaves)
by-products will be screened for molecules with preservative potential and tested as food
preservatives in the pumpkin pulp. Thus, safety issues and extended shelf-life will be assured
by  the  incorporation  of  these  natural  ingredients/preservatives,  obtained  by  optimized
processes and innovative processing and preservation technologies. The viability of these
processes will be proved through the execution of life-cycle cost analysis and the obtained
results will be disseminated and exploited through several activities. A whole value-chain
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from nature  to  safe  food products/ingredients  will  be  generated,  improving crop yield,
creating jobs and fostering the local economies of the Mediterranean region. Overall, this
project  will  create  innovation,  and,  most  importantly,  it  will  provide  the  industry  with
sustainable solutions and answers by reusing the waste material from pumpkin production to
create added value molecules and preserve the newly designed pumpkin pulp. Moreover,
this project will be conducted in straight collaboration with pumpkin enterprises (producers
and processors) that will give full support to this proposal.

Keywords: Pumpkin residues, sustainability, genotype improvement, high valuable molecules, natural
preservatives
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Abstract

Nowadays, the dramatic increase of the world population has posed enormous challenges in
the agri-food sector, in order to meet the demands of modern society, while depleting the
planet's natural resources and producing huge amounts of waste (solid, liquid and gaseous)
(Berbel  and Posadillo 2018).  The food industry,  despite playing a leading role in many
national  economies,  is  attracting  increasing  social,  political  and  scientific  attention
nationally and internationally due to the pressures, it exerts as an economic activity on
environmental sustainability (Esposito et al. 2020). The olive oil industry is an extremely
important economic and social activity, with a world production of around 3 million tons per
year (Donner and Radic 2021). The olive oil extraction is a process in which significant
amounts of by-products and waste, solid and liquid, are generated (Mechnou et al. 2021).
Due to the extremely high levels of polyphenols, the low pH and the high concentration of
inorganic  and organic  substances (Doula  et  al.  2021),  this  waste  can cause significant
environmental threats, such as degradation of soil and water resources and consequently
affect neighboring ecosystems, if not treated and managed effectively (Abu Tayeh et al.
2020).  The  management  of  olive  mill  waste  is  considered  a  significant  environmental
challenge in the Mediterranean region, since the majority of world production is produced in
Mediterranean countries (Nunes et al 2020). Given the risks of uncontrolled disposal of olive
mill waste, as well as the huge amount of by-products and waste produced worldwide, the
need for  implementing the a circular economy (CE) in the olive oil industry is imperative
(Esposito et al. 2020). CE is a paradigm shift in the way human society interacts with nature.
It targets at the rational use of resources through the minimization of waste, in order to
avoid  the  exhaustion  of  natural  resources  (Grafstrom  and   Aasma  2021).  This  study
emphasizes the application of  the principles of  the circular economy to the production
process of olive oil, which is considered a staple food for the Mediterranean countries, both
because of its role in the Mediterranean diet (Kashiwagi et al. 2020) and because of its
significant share in the local economy. It also highlights the international best practices
applied in the treatment and management of waste and by-products of olive mills, as well as
possible options for their valorization. Many utilization solutions are proposed, including
methane production, composting and soil applications, feed, source of phenolic compounds
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and biochar   production (Donner  and Radic  2021).  Finally,  this  study aims to  capture
through  the  extensive  review  of  the  literature,  the  Greek  reality,  regarding  the
implementation of sustainable practices in waste management in olive oil industry, and to
highlight the imperative need to convert the linear model to circular in the case of olive oil
production, in a country that is confronting with the economic and refugee crisis in the era
of the Covid-pandemic.

Keywords: circular economy, valorization of olive oil industry waste, waste management of olive oil
mills
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Abstract

Rice straw is a usable residue massively produced in all rice-producing countries worldwide
and which can be transformed into added-value products such as polyphenols, antioxidants,
lignin, and cellulose. Although rice straw pulping to obtain cellulose is already an industrial
practice in some countries, greener strategies avoiding the use of aggressive chemicals and
an integral  valorization of  other added-value compounds are desirable for  a  more eco-
sustainable process. The present study aimed at using a green process combining a mild
alkali treatment, ozone, and enzymatic treatments to extract cellulose and other added-value
compounds from rice straw and to evaluate the effect of the order of applying the different
extraction steps. Specifically, the alkali treatment was performed using an autoclave at pH
13 for 3 h, the ozonation was carried out at pH 13 for 2 h at 100 g/Nm3 and the enzymatic
hydrolysis was done using a xylanase capable of working optimally at pH 9 for 5 h. This
combined strategy breaks, oxidizes and purifies the biomass to obtain different products in
the process. Both, the solid extracts and the supernatants obtained after each treatment
were collected for further physicochemical characterization. The solid extracts were also
examined  using  fluorescent  microscopy.  The  alkali  (A)-ozone  (O)-enzyme  (E)  treatment
showed the best capacity to extract high purity cellulose from rice straw and other valuable
compounds  during  the  process.  Accordingly,  the  relative  presence  and  abundance  of
cellulose fibers observed in the microscope increased after the alkali hydrolysis in both
treatments. The amount of lignin was reduced in both processes. However, lignin content
was lower in the solid extract obtained after the SAOE process compared to the SOAE
process.  Also,  the  TGA analysis  showed that  SAOE and SOAE samples  increased their
thermal stability after the enzymatic process. In the obtained supernatants (L), polymeric
xylan  or  xylose  and  arabinose  were  enriched  after  the  alkali  hydrolysis  using  both
approaches. Additionally, the antioxidant capacity and the polyphenol contents were higher
in LA and LOA. In contrast, LO and LAO samples showed lower antioxidant capacity and
polyphenol content, probably as a consequence of ozone oxidation. Thus, the alkali process
allowed the purification and extraction of various valuable compounds from the rice straw.
In conclusion, the AOE strategy is suggested to become a greener method for extracting
cellulose and other added-value compounds that could be used to develop packaging and
active materials in the future.
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Abstract

Cereal is a staple food and the major source of dietary nutrients all across the world. It is
grown in huge quantities due to its economic value as a commodity that provides more food
and energy than any other crop on the planet. Worldwide is estimated that around 12.9% of
all food waste is generated from cereal processing. Wheat bran, wheat germ, rice bran, rice
germ, corn germ, corn bran, barley bran, and brewery-spent grain are just a few examples of
wastes  that  may  be  exploited  to  recover  bioactive  compounds,  therefore  promoting  a
sustainable approach for the development of novel food products and ingredients. Food
industry wastes come out as potential valuable protein sources to be valorized, thus, the
cereal wastes are mainly used due to their immense release rates and high protein contents
compared to other by‐products. High-value compounds like lignans, essential fatty acids,
ferulic acid and phenols, tocopherols, anthocyanins, or β-glucans are found in cereal by-
products.  The most crucial  stage in isolating various types of  bioactive molecules from
cereals is the extraction process. Bioactive compounds have been extracted from cereal
waste using both traditional and innovative extraction protocols.  Currently,  a variety of
extraction methods are applied to recover the bioactive compounds from cereal by-products.
Solvent  composition and polarity,  the optimal  sample particle  size  and sample:  solvent
proportion, as well as pH, pressure, and temperature are key factors for the release and
preservation  of  extracted  compounds.  This  paper  aims  to  provide  a  critical  and
comprehensive overview of the current knowledge of the well-known conventional extraction
methods and the advanced novel treatments and extraction techniques applied to release the
bioactive compounds from cereal waste and by-products.

Keywords: cereal by-products, bioactive compounds, novel extraction, conventional extraction,
sustainability
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Abstract

Food  waste  is  a  persistent,  multidimensional,  and  loosely  defined,  socio-environmental
problem (Närvänen et al., 2020). With the exception of consumer-centric topics, food waste
is usually regarded as a side effect of a today’s highly developed and controlled food supply
chains. This view of food waste ignores the human side of the food system. Non-consumer
actors are often regarded as rational,  robot-like cogs in the system and are thought to
perform predefined tasks without  any flexibility  or  independent thought (Gruber et  al.,
2016). However, in reality, professionals engaged in food waste management are impacted
by the moral burden of the phenomenon and in turn shapes how the sector deals with the
various challenges it  faces. Despite efforts to prevent the generation of surplus food, a
certain volume of excess food always ends up leaving the supply chain as waste. This food
can  be  circulated  back  into  the  food  supply  chain  through  various  routes  such  as
redistribution  via  social  organisations  or  creating  new,  value-added  surplus  products
(Papargyropoulou et al., 2014). The aim of this study was to explore the phenomenon of food
waste and surplus valorisation by drawing on the experiences of professionals engaged in it.
Based on a phenomenological analysis of 16 in-depth unstructured interviews, our results
point  out  that  food  waste  valorisation  professionals  in  the  Netherlands  consider  local
embeddedness, societal perception, and food safety to be important aspects of their work.
They often grapple with legislative and logistical  uncertainties and face various ethical
dilemmas such as competition for surplus food and having to pay for products that were
once considered waste. Based on these results, we discuss the differences in perspectives of
professionals  working  with  for-profit  and  non-profit  organisations  and  propose  that
professionals  with  a  penchant  to  help  the  food system transition  to  a  circular  way  of
operating could be suitable candidates to broker such a transition. We also posit that private
standards and voluntary agreements could be a way for the sector to better manage the
various uncertainties that are characteristic of food waste valorisation endeavours.

Keywords: VASP, circular economy, food waste, private governance, qualitative research

References
Närvänen, E., Mesiranta, N., Mattila, M., & Heikkinen, A. 2020. Introduction: A Framework for
Managing Food Waste. In E. Närvänen, N. Mesiranta, M. Mattila, & A. Heikkinen (Eds.), Food Waste
Management: Solving the Wicked Problem (pp. 1–24). Springer International Publishing.
https://doi.org/10.1007/978-3-030-20561-4_1
Gruber, V., Holweg, C., & Teller, C. 2016. What a Waste! Exploring the Human Reality of Food Waste
from the Store Manager’s Perspective. Journal of Public Policy & Marketing, 35(1), 3–25.
https://doi.org/10.1509/jppm.14.095

mailto:m.rao@maastrichtuniversity.nl
mailto:a.bast@maastrichtiversity.nl
mailto:a.deboer@maastrichtuniversity.nl


81

Papargyropoulou, E., Lozano, R., K. Steinberger, J., Wright, N., & Ujang, Z. bin. 2014. The food waste
hierarchy as a framework for the management of food surplus and food waste. Journal of Cleaner
Production, 76, 106–115. https://doi.org/10.1016/j.jclepro.2014.04.020

Acknowledgments: The authors would like to thank all interviewees for their participation in the
study. This research has been made possible with the support of the Dutch Province of Limburg.



82

UTL: Food Waste Utilization
In the session Valorization of Food Processing By-Products we saw how we can get the most
out of raw materials to reduce losses before they reach our plate. But once it leaves our
plate,  waste becomes more difficult  to manage.  In industrialized countries this  fraction
contributes to over 40% of food waste. The utilization of food waste in bioplastic production
or other biorefinery processes is  for many an ideal option.  With one stroke we reduce
petroleum-based plastics, we reduce the cost of biodegradable plastics that today require
overpriced pure substrates and we also reduce the volume of waste.
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Abstract

Limonene can be obtained from orange peels which are a waste biomass obtained from the
orange juice industry. Thus, limonene is a renewable, easy available and a relatively cheap
organic compound which can be used as a raw material in organic reactions (for example in
oxidation and isomerization reactions). The work presents the preliminary results of the
studies on limonene oxidation over the TS-1 catalyst with the titanium content of 5.42 wt%.
No solvent  was  used in  the  oxidation  studies,  and molecular  oxygen was  used as  the
oxidizing  agent.  The  effect  of  reaction  time  on  the  conversion  of  limonene  and  the
selectivities  of  appropriate  products  was  investigated.  It  was  found  that  it  is  most
advantageous to carry out the process of limonene oxidation for 6 h. Under this time the
conversion of limonene amounted to 43 mol%, and main products of limonene oxidation
were:  1,2-diepoxide  (selectivity  of  34  mol%),  carveol  (selectivity  of  11  mol%)  and  1,2-
epoxylimonene diol (9 mol%). In smaller quantities also carvone and perillyl alcohol were
formed. The oxidation of limonene over TS-1 catalyst with the use of molecular oxygen as the
oxidant was carried out in a 25 cm3  glass reactor equipped with a reflux condenser, a
magnetic stirrer with heating function and a glass bubbler for oxygen supply from the
cylinder. Limonene was introduced into the reactor first, followed by the addition of the
appropriate amount of TS-1 catalyst and the supply of oxygen from a bottle at a rate of 40
ml/min. The flask was placed in the paw, immersed in the oil bath and agitated at 500 rpm.
The oxidation was carried out at the temperature of 85 °C, during 3-48 h and with the
catalyst content of 1 wt%. After the reaction, the post-reaction mixture was separated from
the catalyst using a centrifuge. The described limonene oxidation process allow for the
management  of  waste  in  the  form of  orange  peels,  as  well  as  for  obtaining  valuable
compounds for the perfume, cosmetics, food, polimer industries and also for medicine.
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Abstract

Among the numerous crises triggered by the COVID-19 emergency, both access to food and
waste have been difficult challenges for many cities and communities worldwide. This article
investigates the intervention strategies in the city of Turin regarding the fight against food
waste and the objectives set during the two years of the pandemic. These interventions will
be analyzed through the application of system thinking, by highlighting the main strengths
and innovation points, as well as the limits and barriers of the various projects to prevent
food waste in the city. Some scenarios will be proposed to support intervention policies and
propose a new approach to food emergency, in which food and its by-products can represent
a means of reconstruction of socio-spatial relationships to fight social exclusion as well as to
reach out for greater urban sustainability.

Keywords: sustainability, urban regeneration, urban policy, food waste
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Abstract

Kitchen waste materials are the significant sources of starch, sugars, nitrogen contents and
minerals which can be highly valuable for the growth of the microorganisms and production
of enzymes and other molecules.  Potato, banana, corn and sweet potato are frequently used
in our diet, and their peel waste can be effective growth nutrient for the production of
enzymes by the microorganisms. In this study, we used variety of peels from fruits and
vegetables  as  nutrients  to  grow  the  actinobacteria  for  the  production  of  amylases.
Actinobacteria were isolated from sea water of Kachhighadi Coast near Dwarika, Gujarat.
Number of Actinobacterial strains of Nocardiopsis genera were screened and selected for
the amylase production. The amylase production was initially assessed on the solid media
supplemented with different fruits and vegetable peels as substrate. Peels and other waste
generated  from  different  fruits  and  vegetables  were  used  for  amylase  production  at
appropriate conditions of salt, inoculum size, alkaline pH and temperatures. The growth of
the organisms and amylase production was periodically monitored. The strains Kh-2(13),
Kh-2(1) and Kh-3(12) produced maximum amylase with potato peel as substrate after 48 hrs
of growth. However, other strains also produced amylases at the significant level utilizing
various raw substrates of fruits and vegetables. Based on its relative suitability and starch
contents, the potato peels were selected for further studies for the amylase production. The
optimum amylase production by the selected actinobacteria  was observed in  stationary
phase after 4 days of growth. The study projects significance of the waste raw materials for
the production of enzymes in extremophilic microorganisms.

Keywords: Haloalkaliphilic Actinomycetes, Amylase production, Kitchen waste, Raw material
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Abstract

Food waste is a multi-faceted complex problem for urban circular economies with critical
impacts not only on food system, but also for energy, water, and climate systems. In this
context, this study adopted a group model building approach to system dynamics modelling
to investigate the life cycle impacts of food management options on food, energy, water and
carbon nexus throughout the supply chain and in duration of time. The aim of this work is to
examine the usefulness of circular economy’s waste hierarchy framework which prioritises
the options as reduction, redistribution, animal feed, anaerobic digestion (AD), compost,
incineration, and landfill, respectively. For this, a quantitative system dynamics model is
developed to simulate the dynamics of  food (waste)  and its  energy,  water,  and carbon
footprints  in  Bristol  city  in  the  UK from 2018 to  2030.  Our  findings  suggest  that  the
reduction and redistribution order in the waste hierarchy framework should be shifted for
food waste management in upstream supply chain. This is because the redistribution of food
surplus has lower energy, water, and carbon footprint than the reduction. When prioritising
the  energy  and water  footprint  to  greenhouse  gases  (GHG)  emissions,  the  food  waste
hierarchy framework also requires significant changes as AD treatment and incineration
options have less,  and animal  feed and compost  options have more,  energy and water
footprint.  This  leads to  conclude that  the circular  economy’s  waste hierarchy does not
necessarily lead to environmental sustainability. Moreover, regarding the average results of
animal feed option in reducing carbon footprint and poor results in reducing energy and
water footprint, this study suggests that using food to feed animals should be regarded as
food waste rather than food surplus. Hence, food waste is defined as ‘any food and inedible
parts which is not consumed by human regardless of its destination’. Despite insufficiency
and  inconsistency  of  data,  this  simulation-based  study  is  the  first  dynamics  modelling
research in this area which provides valuable data-driven insights in the complexities of
urban food (waste) impacts on energy, water, and carbon nexus. While this study has been
focused on environmental impacts, further research is required to comprehend the dynamic
impacts  of  social  and  economic  factors  of  food  waste  management  on  urban  circular
economies.

Keywords: Food, Energy, Water, and Carbon Nexus, Circular Economy, System Dynamics Modelling,
Waste Hierarchy, Group Model Building
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Abstract

Resource recovery, reuse, and recycling action are imperative, to achieve the transition to a
circular economy. Despite transition efforts, landfilling and incineration are still the most
common approaches to waste management. Home composting is easily applicable, as it is
carried out on site, i.e. next to the point of production of organic waste. Additionally, due to
the low environmental risks, it is suitable for the treatment of small quantities – volumes of
organic household waste. Separating and processing household biodegradable waste helps
to avoid the conventional final disposal of this stream (sanitary landfill). A small composting
unit at the household level requires minimal resources and emits minimal emissions.  The
A2UFood project is a holistic approach to tackling food waste, with innovative actions to
prevent and manage both avoidable and unavoidable food waste, with the main of using food
waste  and  reducing  the  quantities  produced.  To  achieve  the  above  objective,  a  home
composting action was implemented on a pilot scale and 100 home compost bins were
distributed to a corresponding number of households. At the same time, with the distribution
of the bins, the necessary information/instructions for better use were given through leaflets
and short-time videos. The main objective of this study is to quantify the connection between
household food waste with the environmental burden via means of Life Cycle Assessment.
The chosen impact assessment method was ILCD 2011 Midpoint+ V1.11 / EC-JRC Global,
equal weighting. This method was developed in 2011 by the research center of the European
Union (JRC) and is one of the most reliable worldwide. The main purpose of the home
composting operation was to manage organic waste in such a way as to produce compost
that can be used as an organic amendment or fertilizer. The assumptions adopted are that:
the average household needs 4 months to fill up with 300 L of bio-waste – as defined by the
respective legislation.   According to the above,  the total  amount of  bio-waste that was
diverted through household composting and did not end up in a landfill is 90,000L, of which
30,000 L was food waste. The conversion from volume units to mass units was done based on
the apparent density of bio-waste represented by the value 338 kg/m3.  In summary, the
functional unit was the management of food waste and green waste for one year. An amount
corresponding to 30,420 kg of bio-waste in total, from which 14,400 kg of compost will
result. At the same time, a comparison was made between the amount of bio-waste required
for the compost produced at the household level and the disposal of the same amount in a
landfill. Finally, it was found that the main categories in which savings are made by diverting

mailto:synani@hua.gr
mailto:kabeli@hua.gr
mailto:tmanios@hmu.gr
mailto:klasaridi@hua.gr


88

waste through household composting are: climate change, human toxicity with carcinogenic
effect, marine eutrophication, and depletion of water resources.

Keywords: Circular economy, Life cycle assessment, mitigation

Acknowledgments: Part of this study was supported by the A2UFood project, which is co-funded by
the European Regional and Development Fund, through the Urban Innovative Actions Initiative.



89

RETASTE Conference Abstracts
Vol. 2 RETASTE-UTL-303-Oral
Herakeion, Greece, October 20-21, 2022
© Author(s) 2022. CC Attribution 3.0 License

Recent developments in the pilot scale process of PLLA
production from food waste

N. G. Malliaros1, A. E. Maragkaki2, T. Lazou3, C. Tsompanidis1, K. Velonia3 and T. Manios2

1ENVIROPLAN SA, 23 Perikleous & Iras Str, 15344 Gerakas Athens, Greece
2Laboratory of Solid Waste & Wastewater Management, School of Agricultural Science, Hellenic
Mediterranean University - Educational and Research Committee, Heraklion, 71401, Crete, Greece
3Department of Materials Science and Technology, University of Crete, Heraklion, 71003 Greece

Abstract

The global production capacities of innovative biopolymers such as polylactic acid (PLA) and
polyhydroxyalkanoates (PHAs) are set to quadruple in the next five years. These polyesters
are  bio-based,  biodegradable,  and  feature  a  wide  array  of  physical  and  mechanical
properties. PLA is a very versatile material that displays excellent barrier properties. Thus,
high-performance PLA grades constitute an ideal replacement for several conventional fossil-
based plastics such as PS (polystyrene) and PP (polypropylene). The main research core of
the  Biowaste  to  Bioplastics  (B2B)  project  is  the  optimization  of  the  total  stages  that
constitute the production process of Poly L-Lactic Acid (PLLA) using food waste as starting
material, which has been previously researched in laboratory scale, by University of Crete.
Following  the  experimental  data  reported  in  previous  phases  of  the  PLLA  production
process, the topic of the current presentation is the recent advances made regarding the set
goals of this project, particularly in the ever-recurring challenges concerning the smooth
transitioning from lab scale to industrial scale reactions. As reported previously, significant
progress has been made in the 1st stage of the production process, particularly the pilot
scale fermentation reaction. Herein, the developments that will be presented regard the
treatment and purification of the large scale fermentation broth containing L-lactic acid, as
well as the 2nd and 3rd stage of the PLLA production process, namely the retrieval of L-lactic
acid via esterification and the final polymerization reaction, respectively.

Keywords: food waste, plla
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TFM: Technology in Food Waste
Management
It’s a brave new world out there and it’s also a brave new world
for  our  food waste.  From smart  farming to  smart  kitchens,
technology promises to solve problems that  were previously
though  unsurmountable,  all  the  way  from  farm-to-fork.
Innovative ways to manage, connect, sense, and distribute are
emerging, and with them an entire new field of research and
entrepreneurship. An entirely new way to reduce wasted food
and create new jobs in the process.

The  RETASTE  Session  on  Technology  in  Food  Waste
Management is part of the A2UFood group of sessions. The
A2UFood project proposes a holistic approach to food waste
management  and  technological  innovations  are  at  its  core.
Among  other  activities,  A2UFood  equips  the  citizens  of
Heraklion in Crete, Greece, with mobile apps to better manage
their shopping and monitor their compost, and hotel kitchens
with a smart scale that monitors their kitchen waste.
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Abstract

As is well known, a promising alternative to petroleum-derived non-biodegradable plastic
packaging could be represented by bioplastics, bio-based or biodegradable ones. Bioplastics
possess similar properties to conventional plastics and offer interesting advantages such as
reduced carbon footprint  and waste management options.  Despite this,  today bioplastic
market represents only 0.6 % of the total plastic production. One of the most promising
biopolymers  is  poly(lactic  acid)  (PLA).  Despite  its  interesting  mechanical  and  optical
properties, this polymer is relatively brittle, that limits its application as packaging material.
To overcome this  problem and improve the ductility,  an interesting alternative  can be
blending PLA with other polymers. Furanoate polyesters represent a commercial biobased
alternative to petrochemical polyesters such as PET, synthetized starting from furan-2,5-
dicarboxylic acid (FDCA), obtained from biomass-derived sugars. Among a series of furan-
based polyesters, poly (pentamethylene 2,5-furandicarboxylate) (PPeF) showed unexpected
and interesting properties. In fact, despite being an amorphous rubbery polymer at room
temperature,  it  can  be  easily  processed  by  compression  molding  as  a  freestanding
flexible film. In this contest, solution-cast blends of polylactic acid (PLA) and bioderived
poly(pentamethylene 2,5-furanoate) (PPeF) in variable concentrations (1−50 wt %) were
prepared  and  investigated.  The  characterization  of  the  thin  films  (thickness  50  μm)
highlights that PPeF strongly improves the UV-shielding properties of PLA, with a decrease
in transmittance at 275 nm from 47.3% of neat PLA to 0.77% with only 1 wt % of PPeF, while
the transmittance decrease in the visible region at these PPeF fractions is marginal, allowing
the production of optically transparent films. Despite the complete immiscibility of PLA/PPeF
blends, PPeF effectively enhances the ductility of PLA as the tensile strain at break increases
from 7% of neat PLA to 200% of the blend with 30 wt % of PPeF. This composition is the
most promising, also from the gas-barrier point of view as the gas transmission rates of
CO2 and O2 drop to one-fourth of those of neat PLA, comparable to those of poly(ethylene
terephthalate). These results highlight that PPeF remarkably enhance the ductility of PLA
but  also  it  provided  UV-barrier  and  gas-barrier  properties,  all  fundamental  for  food
packaging applications. Especially, sample containing 30 wt % of PPeF showed remarkable
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gas-barrier performance, with GTR values to O2 and CO2 comparable to those of PET, and
slightly better than those of poly butylene succinate (PBS) and poly hydroxybutirate (PHB).
Further, 30 wt % of PPeF in the blend revealed to be the optimal amount to effectively
address the main shortcomings of PLA, that is, excessive brittleness and poor gas-barrier
properties, and this paves the way for the production of very interesting biobased materials
for sustainable packaging. It is worth mentioning that these promising results have been
obtained  despite  the  complete  immiscibility  between  PLA  and  PPeF.  A  much  greater
improvement is expected by mixing the two homopolymers in the melt and using suitable
compatibilizers.

Keywords: polylactic acid, poly(pentamethylene 2,5-furanoate), blends, thermal properties,
mechanical properties, gas-barrier properties
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Abstract

For a long times polymer materials, named also plastics, coming from petroleum resources,
have supplied most of the common packaging materials like paper, metal, glass, thanks to
their better properties like softness, lightness, transparency, higher strength and low cost.
However increased use of such materials has led to serious ecological problems related to
their total non-biodegradability. Further, the problem of over use of petroleum resources
focalized the attention on the development of sustainable alternatives. Actually, about 40%
of  polymers are employed as  food packaging materials,  principally  petrochemical-based
ones,  due  to  their  great  performances.  Their  substitution  by  plastics  obtained  from
renewable resources (food and plant wastes) can considered a valuable alternative to reduce
the total carbon footprint. In this contest, furan-based polyesters are becoming even more
attractive as the starting monomer, 2,5-furandicarboxylic acid (2,5-FDCA), is one of the
twelve building blocks that can be obtained from renewable sources, such as sugars. A new
monomer, the 2,5-thiophenedicarboxylic acid (2,5-TDCA), similar in structure and different
just for the substitution of the O-atom with S-atom in the furan ring, has attracted growing
attention, thanks to the fact that it is just industrially produced starting from renewable
resources. In this contest a new class of polyester with different length of aliphatic chain
were synthetized and fully characterized, using 2,5-TDCA and glycols containing 3 to 6
methylene groups, as monomers. Such polyesters were characterized in powder form, as
obtained, as well as in the form of films, due to their possible use in packaging sector. In
particular,  thin  films  were  characterized  mechanically,  to  test  their  stress-strain
performance, and regarding the gas barrier performances to the principal gases used in the
food field, such as O2 and CO2. It was observed that the length of the glycol chain modulates
the final performances of such polymers. In particular,  the different chain mobility and
amount of crystalline/amorphous phase developed in the samples, could play an important
role in the final mechanical and gas barrier properties, giving rice to materials ranging from
rigid to plastic  and from lower to higher gas barrier behavior.  Further,  in all  samples
investigated was evicted a further structural phase, named mesophase, characterized by a
lower degree of order than the crystalline one, but similar to the amorphous phase. Such
phase,  whose  amount  is  strictly  related  to  the  aliphatic  chain  length,  was  considered
responsible  of  the peculiar  mechanical  and gas barrier  performance of  the synthetized
materials.  A  comparison  between  thiofuran-based  homopolymers  and  their  furan-based
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homologues was carried out.

Keywords: sustainable packaging, furan-based polyesters: thiofuran-based polymers, structure-
property relationship, gas barrier behavior, food packaging, renewable resources
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Abstract

Food security and food waste reduction dominates in at least 10 of the 17 Sustainable
Development Goals (Andreopoulou, 2017; Durán-Sandoval et al., 2021).  While half the issue
lies on the increased demand of high-quality food products, the other half is based on the
fact that according to several studies, at least one-third of food production is wasted along
the line of the supply chain contributing at the same time on the massive production of CO2 
(Parfitt et al.,2010; Kummu et al., 2012; Lemma et al.,2014).  There is an increasing need for
monitoring of food processing along the supply chain to diminish these effects.  It has been
shown, that the use of digitalization like the Internet of Things (IoT), artificial intelligence,
virtual reality, blockchain and other communication technologies can be used to improve
traceability  and  sustainability  of  waste  products,  even  during  a  global  crisis  like  the
COVID-19 pandemic (Andreopoulou, 2017; Peña et al.,2020). As digital technologies like IoT
can provide a huge network of communicating devices without the involvement of humans, it
has been shown that shared information improves decision making processes involving the
quantities necessary in a supply chain (Peña et al.,2020).  The ability to access information
about products remotely as well as the movements of the products along the supply chain,
from the field to the customer and back to the field, especially in high quality fresh products
with a limited shelf-life like fruits and vegetables, can help in the development of sustainable
strategies and solutions in line with Circular Economy for both the reduction of food losses
but also food waste (Tagarakis et al., 2021).  The digitalization of the food industry can be a
base pillar for food waste management which constitutes at least 40% of the waste disposed
in landfills (Zorpas et al., 2015; Tagarakis et al., 2021). Not only that, from the management
of disposable food packaging to the monitoring of biogas energy from food waste, a route to
Circular Economy can be provided concerning food products beyond their end of their shelf-
life  through digitalization technologies (Valoppi,  2021).   The current paper reviews the
existing  digitalization  methods  used  in  the  food  industry  and  how  innovative  modern
infrastructures involving digitalization can be used as tools to help the world achieve food
security and increase the global awareness on food waste for the sake of future generations.
The contribution will provide a collective review of existing methods for digitalization while
it will highlight the necessity, impact and opportunities of digitalization techniques in the
food  waste  sector  for  better  monitoring  and  recording  food  waste  in  all  parts  of  the
production chain.

Keywords: Internet of Things (IoT), Digitalization, Food waste, Circular Economy, Sustainability.
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Abstract

In Germany, 4,7 million tonnes of bakery products are produced annually, of which 1,7
million tonnes are wasted. The return of unsold bakery products accounts for 36% of the
total waste amount, being the second largest cause after households (49%) (Schmidt et al.,
2019). Digital forecasting tools in the bakery sector, which help to optimize the production
volume by reconfiguring the order quantity of industrial bakery goods, can serve as an
accelerator  towards  the  target  attainment  of  international  and  national  sustainability
strategies such as SDG 12.3 by reducing the return of bakery goods. So far, rare knowledge
exists about the acceptance and usage rate of digital forecasting tools in bakeries. The main
objective of this study is to provide a measure framework for the bakery sector, accelerating
the acceptance of such digital tools in order to tackle food waste reduction. The study
comprises two phases. In the first phase, the current attitude towards and the usage rate of
digital tools in the bakery sector is examined by conducting an online survey with employees
of  bakeries.  In  a  second online survey,  inhibiting and promoting factors  regarding the
application of digital tools in the bakery sector are investigated. Target group of this survey
are management trainees of the bakery sector, as this group represents the future managers
of bakery stores and hence carry the potential for transformation in this sector. The results
serve for the second phase of the study, in which expert interviews will be carried out to
elaborate the type and feasibility of acceptance enhancing measures. Based on the findings,
measures for bakeries and training facilities are derived. By targeting different levels of
stakeholders from the selling point up to the management level,  a holistic approach is
provided targeting food waste reduction.
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Abstract

Food waste constitutes a major global issue, entailing immensely significant environmental
and  socio-economic  repercussions.  The  increase  in  the  atmospheric  concentrations  of
greenhouse gases, land degradation and irrigation water scarcity turn out to be the most
ecologically  destructive  ones.  Furthermore,  the  substantial  detriment  in  the  form  of
economic loss owing to food cultivation, storage, processing, transportation, distribution and
disposal, while millions of people, both in developing and developed countries, are affected
by food insecurity,  indicates the social  and economic ramifications of the problem. The
alleviation of this situation can be achieved through focusing on food waste throughout the
food supply chain, which, as far as developed countries, are concerned, occurs during the
final consumption stage. The presented research introduces a technology solution, allowing
food-service establishments to utilize the surplus food, which would otherwise be disposed
of, by providing it to food insecure people. The research concentrates on the intersection of
two rapidly growing scientific areas, that of food waste management and that of Blockchain
technology, which will be used to ensure continuous communication between food-service
establishments and food insecure people, using an online ledger, where the quantity and
type  of  food  made  available  by  each  contracting  party  will  be  shared  with  a  view to
optimizing the allocation of excess food. The aim of the project is to develop a mobile
platform, composed of three subsystems: a) A data collection subsystem, gathering data
streams such as photos and nutrition information, pertinent to the available portions of food,
for  visualization  purposes,  b)  A  reward  subsystem,  through  which  food  donations  are
monetized, by providing tokens, as a reward, to the contracting parties, thereby creating a
co-operative incentive and c) An application subsystem, enabling the visualization of the
information gathered and offer value-added services to both food-service establishments and
food insecure users of the application. The integrated system is used to ensure continuous
communication between both parties, so as to optimize the allocation of excess food and
thus, minimize food waste. In the long term, the abovementioned project aspires to promote
an analytical and sustainable plan to reduce food waste in food-service establishments, while
providing food aid to people in need. Moreover, it plans on scaling the implementation of its
results up into such a way that it also permits consumers to provide edible food, which they
do not need and would otherwise dispose of, to food insecure people.
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Monitoring and Reduction of Food Waste by using the RMFood-
App - Project A2UFood (Heraklion)

Gerold Hafner, Stefan Hadlaczky and Dominik Leverenz

Institute for Sanitary Engineering, Water Quality and Solid Waste Management, University of
Stuttgart, Büsnau 70569, Stuttgart, Germany

Abstract

Within the framework of the research project A2UFood, a monitoring of food waste in the
Greek  hotel  sector  was  carried  out  using  the  city  of  Heraklion  as  an  example.  The
RESOURCEMANAGER FOOD was used as a digital tool for the semi-automatic recording of
food waste with comprehensive analysis options. This tool was adapted to the conditions in
Greece within the scope of the project (international version of the app) and is now also
available in Greek. The originally PC-based tool was converted into an app for tablets and
smartphones with wireless connection to digital scales and is now available for download
free of charge. During the presentation, the monitoring concept will be introduced and the
optimization potentials in food management and waste prevention will be presented. This
also includes SDG-based assessment approaches integrated in the app, such as the CO2

equivalents of food waste thrown away. Depending on the respective boundary conditions, a
reduction of food waste by approx. 50% can be achieved - this could be demonstrated in one
of  the investigated hotels  in Heraklion.  During the first  campaign,  measurements were
carried  out  in  a  total  of  five  hotels.  The  most  comparable  data  were  those  from the
overproduction of Hotel 1 and 2. The results of the daily amount of food waste generated due
to overproduction show that Hotel 1 generated three to nine times more food waste due to
overproduction for  lunch and dinner than Hotel  2.  For breakfast  Hotel  1 generated at
maximum two times the food waste amount due to overproduction in comparison to Hotel 2.
Therefore in Hotel 2 significantly less food waste is generated by overproduction than in
Hotel 1. There are several reasons for the differences in the amount of overproduced food
waste, but it is not possible to identify the most relevant reason. On the one hand, the
interest and knowledge of the kitchen staff and in particular the chef about the importance
of food waste has an impact on the amount of food waste. On the other hand, the variety of
food on offer and the size of the buffet are also influencing factors. The combination that in
Hotel 2 the interest in reducing the own food waste through overproduction was greater
than in Hotel 1 and at the same time the variety of food on offer and the size of the buffet in
Hotel  2  were smaller  than in  Hotel  1  leads to  the large differences in  the amount  of
overproduced food in both hotels. According to the results of measurements in Hotel 2 they
were able to halve the amount of daily overproduction by 5.4 kg/day from 10.7 kg/day to 5.3
kg/day, while in Hotel 1 the food waste amount did not decrease. Instead it increased slight
by 3.1 kg/day from 28.8 kg/day to 31.9 kg/day. When it comes to the composition of food
waste,  Hotel  1 and 2 have in common that  a large amount of  the total  food waste is
generated in the salad area,  mainly mixed salad.  Furthermore, the “main courses” and
“supplements” are a large part of the food waste. But this categories need to be analysed
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more detailed to be able to say for which products there are saving potentials. A comparison
of the plate leftovers per guest between the main kitchen (buffet style) in Hotel 1 and the a
la carte restaurant kitchens in Hotels 4 and 5 showed that the amount of plate leftovers was
significantly  lower  in  the  buffet  kitchen.  The  results  from the  hotels  in  Heraklion  are
analyzed and compared with the results from other research projects (hotels in Germany). In
addition they are placed in the overall context of the topic and the SDG goals. Finally, an
outlook is given and the potential to be worked out in further research projects is presented.
In  this  context,  a  special  focus  will  be  given to  the following topics:  automatic  image
recognition, automatic derivation of planning data for food production, EU-wide reporting of
food waste and documentation of  SDG-targets,  including SDG target 12.3 (halving food
waste by 2030).

Keywords: RMFood-App, Greek, Food Waste, Monitoring, System Optimization, FLW, Digital Tool,
SDG
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Abstract

Household food waste is one of the key sustainability challenges facing the global food
system. Various solutions and interventions for addressing this problem have been studied in
the literature.  Digital  technologies such as mobile applications have been suggested as
potential  solutions,  and several  such applications  have  emerged in  the  market  already
(Närvänen et al. 2021). Some of them focus on connecting consumers and food services
through a platform-based business model like the ResQ Club (Mattila et al. 2020) or Too
Good To Go (Vo-Tanh et al.  2021). Others are helping consumers manage their kitchen
including food purchases and inventories at home to plan better, such as Cozzo or Total Ctrl.
However, the potential of these solutions in reducing consumer food waste is not yet well
known. In this study,  we conduct a systematic literature review to gain insight on the
potential of consumer mobile applications (CMA) to reduce food waste at the consumer and
retail level. We ask: What types of CMAs have been studied? and What is the purpose and
functionality of  the CMAs? As a result,  we identified initially 64 publications using the
Scopus database with the search words “mobile app*” OR “smartphone app*” OR “app” AND
“food waste”. In the next phase, we will screen the studies in more detail and analyse their
content.  Our  study  examines  the  disciplinary  and/or  theoretical  background,  research
methods, the types and features of mobile applications as well as geographical area covered
by the studies. Furthermore, we identify whether and how previous studies have measured
food waste as part of the research design. We also highlight an agenda for future research
on this topic. Our paper contributes to food waste studies in particular as well as more
generally  to  the literature on mobile  applications’  potential  in  addressing sustainability
challenges.
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Abstract

Energy  production  from  residues  produced  in  the  arid  or  semi-arid  regions  of  the
Mediterranean basin,  as  well  as  from food residues,  is  a  major  field  of  research with
promising results.  A  main objective  of  this  research field  is  the  development  of  a  dry
anaerobic bio-reactor (Solid State Anaerobic Bioreactor), which will be able to manage all
the residues of the Mediterranean countryside (agricultural, livestock, agro-industrial and
urban origin) in an automated and optimal way, in order to produce the maximum possible
volume and optimal  composition of  biogas.  The main operational  parameters of  such a
bioreactor need to be closely monitored and actively controlled in order to be both safe and
optimally tuned for maximum biogas production. The development of an electronic circuit,
based on the Arduino platform, for monitoring and controlling the Solid State Anaerobic
Bioreactor was the main subject of our work. The system was based on the Arduino nano
microcontroller  (ATmega328),  coupled  with  various  sensors  for  accurate  monitoring  of
temperatures (inside the bioreactor, as well as ambient and heating water temperature), pH,
and data logging of all values in an SD card for further analysis. All data can be remotely
monitored, in real time, in a mobile phone or tablet, via Bluetooth connection, using an
application. Moreover, the pH can actively be controlled by the microcontroller, using a
peristaltic pump for injection of small quantities of acidic solution, in order to maintain the
desired pH level in the bioreactor, for optimum performance.

Keywords: Solid State Anaerobic Bioreactor, monitoring, arduino
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AWP: Awareness and Prevention
Today’s food systems are broken.  Our diets are the leading
cause of disease. 33 million people in the EU cannot afford a
quality meal every second day. At the same time, 50% of adults
are obese and we dispose 200 to 400 gr of food waste per day.
Unfortunately,  Greece  is  typically  at  the  top  of  these  lists.
Beyond an urgent environmental issue, food waste is primarily
a social issue; a societal inefficiency. To change this paradigm,
we need to make bold changes, starting from our schools, all
the way to our consumer habits, and the way we address food
residues as waste rather than as a resource.

The RETASTE Awareness and Prevention session is part of the
A2UFood group of sessions. This session is part of the A2UFood
group of sessions. The UIA A2UFood project proposes a holistic
approach to food waste management, and social aspects are at
its core. Among other activities, A2UFood is building a second
opportunity  restaurant  in  Heraklion in  Crete,  Greece where
food otherwise wasted will be transformed in nutritious meals
for those in need.
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How Does Technology Revolutionize Recycling? The Active
Contribution of Smart Label in The Ecological Process and

Human Resources

Maria Poli
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Abstract

Technology not only contributes to the recycling of  products but also to the ecological
consciousness of people and the quality of their daily lives. According to current research,
this work studies that packaging technology contributes actively to food waste reduction,
support citizens playing a role to recycling, equating user’s weaknesses in their daily lives,
strengthening their ecological consciousness and the autonomy of their living. Presenting
paradigms of companies that are in search of ways to optimize services by making effective
use of customer interface diversified by the prevalence of digital devices, as the digital
change of  consumer  behavior  accelerated  rapidly,  major  attention  is  being  focused on
intelligent packaging equipped with ID devices such as NFC tags and QR code, which can be
scanned using smartphones to simplify interactive communication with customers. Solutions
provided from the American Food and Drug Administration (FDA), with low cost IoT sensor
tags, attached as stickers to products or integrated during the manufacturing process, in
combination  with  shipment  visibility  and  verification  technologies  provide  end  to  end
traceability. According to Rfid journal, the global market for RFID tags, readers and software
is expected to reach $10.7 billion this year and expand to $17.4 billion by 2026. Pilot
programs run for 2021-2022 aiming to build, diversity and protect exports by developing
producer to consumer traceability. Labels carry international traceability data, based on
GS1, such as time and temperature logging,  captured through product cloud database.
Packages printed with invisible digital watermarks or barcodes but viewed from cameras at
the recycling centers, support machines to sort items more efficiently. The cameras view
them as if they are covered in barcodes although they are not clear to the human eye. This
idea makes recycling less confusing at home. Many of us struggle to figure out which items
can be recycled while sorting our rubbish at home. Machines in sorting plants can have the
same problem. This prevents many countries from achieving the recycling rates they would
like.  Smart  bins also contribute by saving the 20% of  the ingredients that  commercial
kitchens are supplied. Smart labels connected to smart devices inform consumers about
which products expire in their refrigerators, which lose their freshness, and remind users to
follow their recycling. In this way, recycling enters the education of people, mainly helps the
population with access problems and normalizes problems in their daily life.

Keywords: Technology, Smart Labels, Food Waste, Recycling, Human Aspect
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Abstract

The  reduction  of  food  waste  is  an  important  aspect  in  terms  of  the  sustainable
transformation  of  our  society.  Education  is  given  a  key  role  in  changing  private  and
professional actions so that they are intra- and intergenerationally equitable. To this end,
educational institutions should increasingly impart sustainability-oriented knowledge and
enable people to learn lifelong learning and to think systemically (WBGU, 2011, p. 341). In
particular, the daily work routine offers scope for experience and design for one's own
sustainable  actions,  which  can then be  carried  from the  workplace  into  society.  Thus,
vocational  education  and  training  can  make  its  important  contribution  to  the  "great
transformation towards sustainability" (WBGU 2011, p. 89) (cf. Hemkes et al., 2013, p. 31).
This also includes the contribution to SDG 12.3 to halve per capita global food waste at the
retail  and consumer levels and reduce food losses along production and supply chains,
including  post-harvest  losses  by  2030.  Since  each  occupational  field  of  action  is
characterized by specific  work processes,  procedures,  products or services,  there is  no
general educational goal of "sustainability". Rather, it is necessary to concretize this for each
occupational field and to formulate didactically justified focal points without permanently
omitting  a  sustainability  dimension  (cf.  Hemkes  et  al.,  2013,  p.  31).  Taking  these
requirements  into  account,  this  paper  derives  a  model  for  describing  sustainability
competencies in food processing professions. The authors address the question of which
aspects of sustainability are relevant in the working environment of the food trade and
industry. From this, they derive skills, abilities and knowledge that employees must have in
order to be able to act in an ecologically, economically and socially responsible manner in
the  professional,  but  also  in  the  private  context.  The  model  presented  comprises  15
sustainability-related topic areas. They are backed up by competence targets which can
provide  impetus  for  curricular  and  didactic  vocational  training  work  or  for  the
reorganization of training occupations. With regard to the avoidance and reduction of food
waste,  three thematic fields of  the matrix play an important role:  firstly,  selecting and
providing  raw  materials  according  to  demand,  secondly,  valorising  raw  materials  and
optimizing work processes,  and thirdly,  producing resource-  and climate-efficiently.  The
work presented in this work includes associated knowledge, skills and competences which
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should be acquired by trainees in the food craft and industry.

Keywords: Food waste reduction, sustainability competencies, Vocational education and training,
competence targets
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Abstract

The world population growth and the rising incomes of individuals is increasing the demand
for food and agricultural products and creating extreme pressure on natural resources. In
this  sense,  it  is  necessary to mitigate problems related to intensive crop and livestock
farming or overfishing and to act on the whole food systems to move towards a circular
bioeconomy. There is a considerable room for improvement in our food production and
consumption patterns, reducing food waste that ends up in landfills and increasing food
production in a sustainable way. The transition to a sustainable and circular bioeconomy is
crucial for better food production, better nutrition and livelihoods and a better environment
with  sustainable  food  waste  management.  This  work  proposes  a  bioeconomy  maturity
assessment, with the main objective of supporting the agrifood actors to understand their
position and to point the direction towards a circular bioeconomy in a clear and intuitive
way. The maturity assessment for the Bioeconomy was structured in two main developments,
a set of variables and a methodology to extract quantitative and visual outcomes. To identify
the variables, seven pillars for bioeconomy were defined with the main contributions focused
on the indicators defined by FAO in the “Indicators to monitor and evaluate the sustainability
of bioeconomy” and guidelines expressed by the European Commission in the “Updated
Bioeconomy Strategy 2018”. From the defined seven pillars, namely: Bioeconomy; Circular
economy; Environmental; Social; Economic; Governance; and Digitalization, 17 sub-themes
were  identified  from which  variables  were  materialized  in  the  form of  a  group  of  17
questions.  The  methodology  for  the  assessment  started  with  the  attribution  of  5
predetermined answers to each question with the allocation of a value from 0 and 1 (0, 0.25,
0.5, 0.75, 1). According to the given answers, an equitative weighting procedure was applied
among the seven pillars to find the aggregated global numeric value between 0 and 1,
resulting in the bioeconomy matury index. The assessment’s final output compiles numeric
and visual results in the form of a radar and a bar chart, for an easier understanding of the
results and to support the monitoring and improvement of the process towards a bio-circular
food system. The presented methodology is currently being digitalized and it is expected to
be tested and validated within industrial project partners. Preliminary results show the high
applicability of the developed methodology for the establishment of a baseline scenario for
the companies bioeconomy maturity.
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Abstract

The  development  of  a  sustainable  society,  with  the  so-called  “zero-impact”  on  the
environment, requires the adoption of specific conducts. Among them, any kind of waste
should be minimized, in particular when food is concerned. Indeed, according to FAO’s
reports, between 720 and 811 million people in the world faced hunger in 2020 (FAO, 2021).
In addition, malnutrition and food insecurity remain a widespread problem, far from being
solved. For this reason, from the packaging point of view, the development of solutions able
to preserve and prolong the shelf-life of food can guarantee a reduction in food waste. To
lower the environmental impact, the use of flexible packaging should be preferred to rigid
one, in order to minimize the consumption of sources during production and transport of
material  that  in  the  short  term will  become  waste.  Another  challenge  in  the  field  of
packaging is the eco-design of new plastic materials which can be obtained from renewable
sources and characterized by properties comparable to those of the traditional fossil-based
plastics. It must be considered that, to date, the starting bio-based monomers are grown in
land which covers only the 0.015 percent of the global agricultural areas, confirming that
there is no competition between the renewable feedstock for food and the production of
bioplastics (Plastics Europe, 2020). In the aforementioned scenario, the present work aims to
propose new bio-based cycloaliphatic copolymers of trans-1,4-cyclohexanedicarboxylic acid
and containing different amount of camphoric acid (from 0 to 15 mol %), a cheap and bio-
based  building  block.  This  chemical  modification  was  carried  out  by  2-step  melt-
polycondensation, without the use of any solvents. The copolymers were then processed in
the form of films by compression moulding. A deep molecular (NMR spectroscopy and GPC
analysis), thermal (DSC and TGA analyses), diffractometric (wide angle X-ray scattering)
characterization was carried out. Mechanical (through tensile tests), and barrier properties
to O2 and CO2 (permeability measurements) were also analysed. Last, all the results obtained
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were related to the amount of camphoric moiety introduced and a different microstructure in
the  copolymers  was  evidenced:  indeed,  in  these  samples  a  different  crystalline  form
developed (the so-called β-PBCE). This latter was the kinetically favoured and less packed
form, as proven by the lower equilibrium melting temperature determined for the first time
by Baur’s equation.

Keywords: cyclohexanedicarboxylic acid, copolymerization, flexible packaging, barrier properties,
mechanical properties,
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Abstract

Although plastic packaging is often considered one of the main responsible of environmental
impact, in case of food some valuable effects must be considered. Indeed, packages can
protect food, extending its shelf life and reducing food waste, which is one of the main
plagues  of  the  modern  era  (Brennan  et  al.,  2021).  Another  current  concern  is  the
accumulation of  wastes in  the environment,  which is  pushing governments and society
towards  an  efficient  management  of  plastic  and  to  the  transition  towards  the  circular
economy. However, recycling is not always a cost-effective or a feasible alternative, due to
the lack of proper recycling policies (in developing countries) and, in case of food packaging,
due  to  organic  matter  contamination.  Thus,  biodegradable  plastics  represent  the  only
alternative to landfill. In this scenario, 2,5-furandicarboxylic acid (FDCA) is an interesting
monomer to realize flexible mono-material packaging, with excellent mechanical and barrier
properties. Indeed, it has been demonstrated that flexible packaging is very effective in
protecting food with the minimum amount of material and waste, helping to reduce food
waste by offering optimum protection (Flexible Packaging Europe, 2021). In the present
work the effect of chemical structure, chemical composition and molecular architecture on
the  design  of  sustainable  materials  for  food  packaging  was  investigated.  To  this  aim,
copolymers  and  a  physical  blend  based  on  poly(octylene  2,5-furanoate)  (POF)  and
poly(triethylene 2,5-furanoate) (PTEF), were successfully prepared. The homopolymers were
obtained by 2-step melt polycondensation, starting from the dimethyl ester of FDCA and 1,8-
octanediol  and  triethylene  glycol,  respectively,  while  copolymers  with  fix  equimolar
composition and different molecular architecture (block or random) were obtained through
reactive blending by changing mixing time. In addition, a random copolymer containing 20
mol% of  TEF co-units  was  synthesized by  polycondensation,  and a  physical  blend was
prepared by mixing equimolar amounts of  POF and PTEF. All  the materials  were then
compression-moulded to obtain free-standing films, and a preliminary molecular (1H-NMR
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and GPC) and thermal characterization (DSC and TGA) was carried out. As to the functional
properties, mechanical and barrier performances to dry and humid O2 and CO2 food grade
were also checked. As to the main results obtained, it is worth mention the good mechanical
properties and low GTR values, which means low permeability to gases. These features are
of particular importance for the design of materials that will be used for packaging purposes.
Lab scale composting experiments were also carried out with promising results.

Keywords: Furandicarboxylic acid, copolymers, blending, composting studies, barrier properties,
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Abstract

Food waste is widespread in several countries and it is a source of concern for the health of
the Planet. Specifically,  household food waste is one of the main causes that feeds the
phenomenon in high-income industrialized countries. In Italy, some studies were carried out
on food waste topics such as e.g. the food waste in the outdoor markets (Alfiero et al., 2020),
the public initiative to reduce the food waste (Varese and Bonadonna, 2019), the younger
generations’ awareness as to food waste dynamics (Principato et al., 2015). Moreover, some
authors recently investigated the influence of COVID-19 on food waste management and
feasible  changes  on  food  habits  (e.g.  Amicarelli  et  al.,  2021).  Finally,  some  studies
highlighted main characteristics and several concerns about the household food waste and
the related consumers’ behaviour (e.g. Gaiani et al. 2018). In this context, the present study
aims  to  investigate  the  habits  and  behaviour  of  a  sample  of  Italian  consumers  in  the
purchase, management and consumption of food. The respondents were contacted through
social networks with the dissemination of an online questionnaire. The results reveal that the
respondents  have  a  certain  sensitivity  on  the  main  issues  of  the  phenomenon  and  a
widespread interest in wanting to be more informed about the main solutions in order to
improve  their  behaviour  and  therefore  reduce  the  extent  of  individual  food  waste.
Furthermore, a multivariate analysis was implemented and some groups of respondents with
specific and common characteristics were identified. The evidence that emerged provides a
series of useful suggestions for private and public stakeholders to define new actions to be
taken and new information tools intended to reduce the household food waste in Italy.
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Abstract

It is widely accepted that food waste is a global problem which concerns the whole supply
chain although, in western developed countries, food waste is particularly relevant in the
final stages of the supply chain. It has been highlighted that households waste even more
than the food industry and food distribution jointly. In recent years, scholars have therefore
multiplied their efforts to understand the psychological factors which affect consumers’ food
waste. Many studies explored the antecedents of food waste in the framework of theory of
planned behaviour (TPB), showing the importance of the three TPB’s major factors—attitude
(ATT), subjective norms (SN), and perceived behavioural control (PBC). Scholars also made
efforts to add explaining variables to the original TPB, with mixed results. A lack of research
has been devoted to the role of emotions in forming individuals’ intention to reduce food
waste. In the current study, we analyzed two classes of emotions possibly relevant in relation
to food waste, namely social emotions and “empty fridge anxiety”. Importantly, the Waste
Framework Directive  adopted in  the European Union indicates  prevention as  the most
efficient option,  whereas re-use is  intended as a second-best.  Hence, the current study
focuses  on  two behaviours  which  implement  these  solutions  and  may  be  predicted  by
intention to reduce food waste: (1) reducing servings and (2) using leftovers. We sought to
assess whether an extended TPB model could predict intention to reduce food waste and
these two specific behaviours as well, therefore we administered an online questionnaire to a
sample  of  400  Italians  during  September,  2020.  Results  show  that,  compared  to  the
traditional TPB model, the extended version including emotions has more predictive power.
In addition,  social  emotions help explain leftovers utilization,  whereas the empty fridge
anxiety is inversely correlated to the reduction of servings. The results obtained, which
assign an important role to emotions in predicting the two studied behaviours, offer new
possibilities for differentiation in cluster analysis and tailoring of communication strategies.

Keywords: Servings, leftovers, social emotions, extended TPB.
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Abstract

Modern societies are characterized by intense urbanization. More than half of the global
population already lives in cities (Madre et al., 2014). The increasing population density
exacerbates problems such as waste-disposal, demands of urban environments and limited
capacity of ecological management of food waste. The Cretan Diet, which is at the core of
the Mediterranean diet (Guasch-Ferré and Willett, 2021), is widely known to be ideal for
health preservation (Becerra-Tomás et al., 2020), longevity and reduction of food loss and
waste  by  promoting  the  reuse  of  surplus  food  resources  as  potential  ingredients  for
complementary  meals  (pies,  omelets,  salads,  lentilrice  etc.)  or  new  gustatory
suggestions.  The  present  study  is  part  of  the  program “Network  for  the  Support  and
Protection of the Cretan Diet”, designed by Ploigos Educational Company and funded by the
Region  of  Crete.  The  program had  three  main  pillars:  the  Cretan  Diet,  environmental
protection and limiting food waste. It was executed as a pilot project, by 15 teachers and 187
students, on 1st Grade of Primary School, in 4 different schools (Chania, Adele, Gazi, Sitia).
The Cretan Diet program consisted of three phases: a) teacher training regarding the value
of the Cretan Diet, environment protection and food waste (2 hours) b) parental training (2
hours) and c)  implementation of  the Lesson Plans (16 X 3 hours per week) within the
classroom.  Evaluation  was  carried  out  with  questionnaires  distributed  to  teachers  and
parents. The program seemed to be accepted well by all stakeholders, that is teachers,
students as well as parents and guardians. The educational material produced, could become
a “tool” for further methodological research and receive national accreditation.in the field of
nutrition and environmental education (natural and social). Additionally, it could help lessen
the pedagogical gap in the Greek school system regarding the approach to healthy eating
patterns. The way forward would be for the program to be included in the national school
curriculum and to be scaled up to the higher grades of primary school, as well as to other
types of educational programs for young children and adolescents.

Keywords: Cretan diet, Mediterranean diet, Pilot training, food reuse, Primary school, First grade
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Abstract

Sustainability is not just a concept. It is a whole philosophy which responds to core social
and political issues of the current world. Sustainability, as a philosophical term, highlights
the necessity of balancing people’s bottomless desires for a high standard of life with the
real needs and the possibilities of a finite planet. In today’s world, the respect on the health
of our planet and on the life of the next generations, is missing. Therefore, an ethical issue is
arising as almost one billion people in the world are malnourished, at the same time that
millions of others die from the diseases of modern civilization (e.g. obesity). Regarding this
ethical issue, the education for sustainability has a core role. Teachers have as main role to
educate their students towards a healthy nutrition in a healthy world. Two of the main goals
of Sustainability are a) the saving of energy and resources and b) the connection with the
local environment. These goals could be achieved if young people are educated in the field of
rational  food  management  and  on  the  value  of  place  attachment.  Both  of  these  two
educational goals are met through the model of Cretan nutrition which is based on the main
principles of Sustainability: reuse, recycle and retaste food. During the current school year
(2021 – 2022), we implemented a preliminary research project in four urban and semiurban
schools in Crete in order to assess the knowledge and the attitudes of the students regarding
the model of Cretan nutrition. In addition, we investigated the attitudes of their parents and
their  teachers  as  well.  The first  results  of  our  study showed that  before our  research
intervention, the teachers had limited knowledge regarding the Cretan nutrition as a model
of  healthy  and  sustainable  model  of  nutrition.  Therefore,  they  never  implemented
educational projects regarding this topic. After the intervention, the teachers changed their
perceptions and attitudes regarding Cretan nutrition, incorporating learning objectives in
their lessons regarding re-use and recycle food. One more finding of our study is that the
teachers concluded to the declaration that they need much more training in this educational
field and more accessible scientific recourses, so as to be able to implement efficiently such
educational projects.

Keywords: Education for Sustainability, Saving of Energy and Recourses, food reuse, food recycle.
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Abstract

According to various studies and estimates, nearly one-third of all food produced intended
for human consumption is lost or wasted. This observed inefficiency of the global food
system poses significant threats to the environment, societies and the global economies.
Following the United Nations Sustainable  Development Goals,  the European Union has
adopted policies and strategies to limit food wastage, with the aim to halve per capita food
waste by 2050. This requires a variety of approaches, including changes in behaviours.
Values and attitudes correlate with food wastage. Several psychological theories have been
proposed to explain the relation of knowledge, values, attitudes, motives, norms and other
parameters with environmental and wasting behaviours. Other theories look into the impact
of  social  factors  to  such  behaviours  as  well.  In  the  effort  towards  the  EU’s  goal  to
significantly limit food waste and in light of the aforementioned theories, it is important to
both monitor food waste generation, as well as to identify social practices and behaviours
that  contribute  to  it.  This  study  aims  to  document  the  composition  of  the  food  waste
generated in the main dining facility of a higher education institution in Athens, Greece at
the dining facility (at the consumer level), as well as the students’ attitudes towards food
waste. Through a waste measurement campaign, the quantity of food waste generated at the
dining facility, as well as its composition, were documented in late January through the
middle of February 2020, collecting 111 samples in a total of 9 days. The method used to
measure the food waste was direct  weighting,  and the aim was to fully  capture every
consumer-derived food waste. The measurement campaign was complemented by a survey of
students’  values,  attitudes  and  perceived  behaviours  related  with  food  purchasing  and
wasting, based on a self-administered structured questionnaire containing 35 questions. 117
questionnaires were collected. The results of this study will be presented and the relation of
demographic  characteristics,  like  gender,  on  the  one  hand,  and  guilt,  perceptions  and
attitudes relating to food purchasing and handling of food leftovers on the other, with food
waste generation will be investigated.

Keywords: Food waste, avoidable and unavoidable food waste, student attitudes, higher education,
Greece
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Abstract

The waste management issue is the biggest problem that the island of Corfu has ever faced.
The Municipality of Central Corfu and the Diapontia Islands (MCCDI) is a new municipal
authority which is formed in 2019. In order to solve this major problem, the MCCDI tried and
succeeded  in  becoming  part  of  the  100  Intelligent  Cities  Challenge  (ICC)  which  is  a
European Commission’s initiative that supports 136 cities in using cutting-edge technologies
to lead to smart, green, and socially responsible recovery. Corfu’s ICC team and the Mayor
were  committed  from  the  very  first  moment  to  providing  sustainable  and  permanent
solutions to the waste management problem and embraced the vision to transform the
MCCDI into one of the most smart, green, and sustainable islands in Europe. In the following
paper will be presented, all the efforts that have already been made or will be made in order
to adopt and implement all the necessary principles of the circular economy that will ensure
the sustainable management of resources based on the 3Rs and will allow better decision-
making on the waste management of  the Municipal  Solid Waste in the Municipality  of
Central Corfu and the Diapontia Islands (MCCDI). 

Keywords: 100 Intelligent Cities Challenge (ICC), European Commission, Municipality of Central
Corfu and the Diapontia Islands (MCCDI), waste management, Municipal Solid Waste (MSW),
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Abstract

Waste audit  has been identified in  previous literature as  the most  reliable  method for
measuring household food waste, compared to diaries or questionnaires (Giordano et al.
2019; 2018). It relies on researchers weighing, quantifying and analysing the composition of
the food waste produced by a household over a certain period of time, such as one week.
Specific methods in waste audits, however, differ, for example on what types of household
organic waste is collected (e.g., including all food waste or only avoidable food waste) and
how (e.g.,  households collecting their  waste vs.  utilising municipal  waste collection)  or
whether the households will be notified of the collection period before the audit or not. In
our paper, we will outline the methods taken to conduct food waste audits in three European
countries  (Austria,  Finland,  and  Greece).  The  participating  households  collected  their
avoidable food waste for a period of one week at two occasions (about six weeks apart). In
between the waste audits, at least one household member used a mobile app related to food
management at home. In this paper, the researchers involved in conducting the waste audits
reflect on their experiences and the lessons learnt along the way. Our study gives important
implications to those conducting food waste audits - what should be taken into account when
deciding on the specific method? What kinds of implications does the chosen method have
for interpretation of the results?
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F4F: Food for Feed
Today, 33% of croplands are used for livestock feed production.
Food waste has been a traditional source of animal feed for
household animals but had to be banned from the livestock
breading industry due to sanitary concerns. The wide disparity
in government policies among countries regarding recycling of
food waste into animal feed has severely limited the ability to
reuse  the  valuable  nutrients  and  reduce  the  negative
environmental impacts of food waste. This session deals with
solving these issues with state of the art approaches.

The RETASTE Food for Feed session is part of the “Food for
Feed:  An  Innovative  Process  for  Transforming  Hotels’  Food
Waste into Animal Feed”, LIFE+ Project Workshop. The LIFE-
F4F project evaluates an innovative low-emission solar drying
technology  that  allows  the  safe  transformation  of  source-
separated food waste into animal feed at pilot plant scale. The
project is taking place in Crete, Greece, in the tourist areas of
Heraklion. The session describes experiences from within the
Food4Feed Project but also success stories from Italy and the
private sector.
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Abstract

The growing population and the increasing global demand for proteins impose the urgent
need to  find  alternative  and sustainable  nutritional  sources  to  feed  the  world.  Insects
represent a promising solution to face the nutritional requirements while reducing food
waste and their negative economic, environmental and social impacts. The Black Soldier Fly
(BSF) Hermetia illucens  during the larval  stages can efficiently  bioconvert  a variety of
organic substrates into valuable larval biomass with a great nutritional potential in animal
feed. In this study, we describe a new BSF-based food waste valorization biotechnology
developed  in  the  pilot  plant  Progetto  Hermetia  (Italy)  devoted  to  insect  breeding  and
reproduction,  larval  bioconversion  and processing  of  products  and by-products.  All  the
outputs of the process, mainly larval and residual biomass, can be used as valuable biomass
for insect meal and biocompost production thus making this biotechnology as a zero-waste
and sustainable process for “modernizing” biomass use. Results showed that the BSF can
efficiently  bioconvert  food  waste  producing  BSF  larvae  characterized  by  relevant
biochemical profiles including essential amino acids, fatty acids and minerals that meet the
nutritional properties of animal feed for aquaculture. Thereafter, the effects of Hi-diets on
the growth performance of  the model organism zebrafish (Danio rerio)  by total  dietary
replacement of fishmeal with defatted BSF meals were investigated. The cellular response of
fish to Hi-diets was evaluated by quantitative expression analysis (qPCR) of genes involved in
several metabolic pathways. Hi-diets showed beneficial effects on fish growth performance
as assessed by biometric indices (final total and standard length, final body weight, weight
gain, daily growth rate, specific growth rate). These positive effects can be imputable to the
activation of myogenic regulatory factors (MRFs), as assessed by gene expression analysis,
suggesting  that  the  nutrient  supply  could  positively  influence  the  process  of  skeletal
myogenesis.  Moreover,  the expression of  genes related to stress and immune response
indicated that diets containing defatted Hi-meals do not impair the wellness of fish. Since
zebrafish share similar cellular and physiological pathways with aquaculture species, results
from this study could provide useful information about the possible effects of BSF inclusion
as feed ingredient in conventional aquafeed. Taken together, the findings from this study
showed that Hi-meals can totally replace fishmeal with a positive impact on adult zebrafish

mailto:kririolo@unime.it
mailto:carloslanes@unipampa.edu.br
mailto:fabiopedron@unipampa.edu.br
mailto:soliva@unime.it
mailto:domenicosavastano@hotmail.it
mailto:agiannetto@unime.it


127

growth thus suggesting that this new insect-based biotechnology has a great potential in the
waste valorization process to obtain high value nutritional resources in a circular economy
context.

Keywords: Food waste valorization, bioconversion, novel protein source, Hermetia illucens meal,
acquafeed
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Life F4F: A Techno-economic Evaluation Based on the Projects
Results

T. Manios1, F. Galliou1, G. Daskalakis2, I. Grammatikakis3, I. Rombogiannakis3 and I.
Vlachakis3
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2TM Solutions LTD, A. Tsakalof 3, 71409, Heraklion, Crete, Greece
3Unitech Hellas S.A., Dimakopoulou 5, 71304, Heraklion, Crete, Greece

Abstract

Through  the  realization  of  the  Life  project  “Food  4  Feed”  and  the  RIS3Crete  project
“BEATLE”,  the  efficiency  of  a  boosted  and  slightly  altered  solar  drying  process  was
evaluated through the operation of pilot units. The raw materials used were mainly food
waste from catering units (hotels, restaurants) and poultry slaughterhouse by-products in
the Food4Feed project, and fruit and vegetable waste from supermarkets in the BEATLE
project. The nutritional value of the produced feed component and its safety use in poultry,
pigs’,  cats’,  and  dogs’  diets  was  investigated  in  various  experimental  trials  and  the
respective results were published. According to these findings the produced feed component
proved of high quality, safe and as a result, of a significant economic value. In addition, the
proposed treatment method is of a low carbon footprint and proved of a low treatment cost,
with the collection cost to be estimated more than 50% of the treatment cost. The feed
component produced from catering waste according to legislation is allowed to be used only
in dogs, and cats in shelters, fur animals, and zoo animals. Through a spin off company and a
secured  funding  from  the  Ministry  of  Development  and  Investment,  of  the  Action
"Environmental  Infrastructure:  Strengthening  Waste  Management  Facilities"  in  the
framework of the Operational Program "Competitiveness, Entrepreneurship and Innovation,
an effort is made to develop a full scale unit in Heraklion, the largest city of Crete. This unit
is aiming to treat a bit more than 8,000 t y-1 of food waste and poultry slaughterhouse by-
products,  through  two  separated  production  lines.  Fruit  and  vegetable  waste  from
supermarkets and packaging plant could also be utilized as raw material in the production
line.  However,  the kind of  raw materials  and the quantities  that  will  be used,  will  be
determined on the relevant gate feed that can be imposed. For the development of a full-
scale  unit,  the  actual  required  capital  cost  has  been accurately  estimated,  taking  into
consideration the collection, the pretreatment, and the post treatment cost, based on the
experiences occurred from the operation of the pilot units developed within the two projects
mentioned above. Moreover, a thorough investigation concerning the various technologies
that are needed to be composed for the operation of the production lines has also been
completed and all these data have been utilized for the techno-economical evaluation of this
full-scale unit. According to that, only for the development of the full-scale unit 2.8 million
Euros will  be required, without including the cost for the respective land. The average

mailto:tmanios@hmu.gr
mailto:fgalliou@hmu.gr
mailto:info@tmsolutions.gr
mailto:giannisgram@unitech-hellas.gr
mailto:giannisgram@unitech-hellas.gr
mailto:giannisgram@unitech-hellas.gr
mailto:giannisgram@unitech-hellas.gr


129

production cost has been estimated at about 177 €/t, with the treatment cost of both raw
materials to be estimated at 44 €/t. In order this unit to be viable and the investment return
period to be less than five years, the minimum gate fee of 25 € t-1 for catering waste and 15 €
t-1 for slaughterhouse by-products is required, with a respective end value of the produced
feed components to be 175 € t-1 and 425 € t-1. Overall, the techno-economic analysis showed
that, with the implementation of the new Greek Law 4819/2021, about the Integrated Waste
Management Framework, implementing new landfill taxation and the “pay as you throw”
system,  this  investment  could  not  only  be  a  viable  system but  could  easily  become a
profitable business.

Keywords: animal feed production, solar drying, food waste, slaughterhouse by-products, production
cost, gate-fee
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POL: Policy Perspective
Food waste is now mentioned in all major international policy frameworks: it is part of the
Sustainable Development Goals and the new Farm to Fork Strategy within the European
Green Deal. As food waste policies become more widely accepted, there is increased interest
in policy tools to further the growth of  waste diversion.  Not all  regions adopting such
policies have the same characteristics and therefore, the degree of success differs. Our
speakers today are among the innovators and early adopters of  food waste policy.  But
innovators and early adopters often make mistakes, so identifying the strategies used to
expand early adoption and avoid pitfalls is crucial.
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What can politics do about fruit and vegetable losses from the
field to the retailers’ warehouse? Supply chain actors'

perspectives on food loss policy options.

Ronja Herzberg and Felicitas Schneider

Thuenen Institute of Market Analysis, Braunschweig, 38116, Germany

Abstract

The occurrence of  food loss  and waste  burdens  our  food system with  an  unnecessary
consumption  of  natural  resources  such  as  soil,  land  and  water  as  well  as  with  the
preventable emergence of further climate-relevant emissions. These negative externalities
provide a clear rationale for public sector intervention. The German National Strategy for
Food  Waste  Reduction  relies  heavily  on  cooperative  and  information-based  policy
approaches. Theories in the context of environmental and economic policy however, offer a
broader portfolio, including economic and regulatory instruments as well as instrument-
mixes. Opportunities with respect to political intervention might therefore not yet be fully
exhausted  to  tackle  food  loss  and  waste  in  Germany.  However,  which  further  policy
instruments may assist in effectively addressing the manifold drivers of food loss and waste
at the producer-retailer interface? We approach this question at the example of fresh fruit
and vegetables: a highly perishable and therefore loss-prone category of food products. The
content analysis of 22 semi-structured expert interviews with growers, representatives of
producer organisations and food retailers across Germany reveal the perspective of relevant
supply chain actors themselves. Additionally, results of a questionnaire among fruit and
vegetable producers add quantitative insights into present and potential policy options for
action. In the eyes of the stakeholders, not only direct policy intervention measures but also
the political  support of already existing private sector activities are urgently needed to
succeed in reducing food losses and waste in the upstream supply chain.  Direct policy
instruments from three overarching thematic categories were brought in: (I) communicative
and cooperative  approaches;  (II)  subsidisation and food prices  and (III)  regulation and
adjustment of legal framework conditions. With regards to the political support of private
sector activities, three further fields of action can be identified: (I) mechanisation, innovation
and  process  optimisation,  (II)  communicative  and  cooperative  approaches,  and  (III)
(re)processing,  alternative  marketing  and  donation.  The  study  reveals  that  additional
leverage points for political action and support might still  be unrecognised, not only in
Germany but also in other countries. This political action must be embedded in a more
holistic way in the sustainability transformation of the food system.

Keywords: policy instruments, public sector intervention, food loss reduction, primary production
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Assessing two modes of food waste reduction governance in
Europe

Julia Szulecka
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Abstract

Food waste is a pressing problem that undermines sustainability of the global food system
making its reduction an important policy objective. Following the adoption of global food
waste reduction targets,  the actual  regulatory efforts to unlock reduction occur on the
national level.  National approaches vary, but there appears to be a discernible division
between countries which adopt anti-food waste legislation, and those that rely on voluntary
sectoral agreements, with the former solution becoming more widespread. However, this
simple image of food waste reduction governance as either top-down ‘hard’ laws or bottom-
up ‘soft’ voluntary measures is misleading and obscures the variety of approaches, steering
modes, actors’ constellations and most importantly – sustainability goals. This paper unpacks
this variety by studying four exemplary cases of food waste reduction regulation: France and
Italy, usually perceived as the champions of the ‘top-down’ approach, as well as the UK and
Norway, boasting a ‘bottom-up’ outlook. In a structured comparative analysis, drawing on
governance theories, we first show how different these cases are in terms of steering modes
and  actors’  involvement.  Then,  following  a  close  reading  of  the  food  waste  reduction
regulation,  we assess the sustainability goals behind each national  approach, using the
Waste Hierarchy Pyramid as a benchmark. 

Keywords: food waste governance, food waste laws, voluntary agreements
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W2E: Waste to Energy
Industrial development and increased energy demand have led to high consumption of fossil
fuels with the consequences we all know today: environmental pollution and climate change.
Circular bioeconomy is a promising approach to offset CO2 emissions. Α large amount of
agro-industrial and municipal residues are treated as waste today, but they can serve used
as a renewable, and eco-friendly source of thermal and electrical energy, through biological
or thermochemical conversion processes.

The RETASTE Waste to Energy session contributions discuss successful examples of food
waste to energy conversion from Greece, Bulgaria, Spain, Brazil
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Unraveling the challenges of biodiesel production from waste
cooking oil
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Abstract

In 2021, almost 200 countries at the United Nations Climate Change Conference (COP26)
recognized the emergency of reducing carbon emissions. A large number of countries are
beginning a transition towards a more sustainable world. India, China, EU, Brazil and the
United States have formalized their pledges to reach net zero or carbon neutrality between
2030 and 2070 (UNDP, 2022). The increase of biofuels in the energy matrix is one of many
strategies to reach this goal (MMA, 2021). In 2020, the use of biodiesel avoided the emission
of 18.1 megatons of carbon dioxide gas in Brazil (EPE, 2021). Biodiesel feedstocks cost is
approximately  80%  of  the  total  costs,  and  it  represents  a  major  challenge  to  the
competitiveness of biodiesel (Yaqoob et al., 2021). In this sense, biodiesel production costs 
could be reduced by 30-40% by using residual raw materials such as waste cooking oil
(WCO) (Hajjari  et  al.,  2017).  Currently,  waste  cooking oil  is  a  food waste  that  causes
pollution through irregular disposal, mainly in water bodies. Furthermore, several hazards
are associated with irregular reuse of WCO for food preparation (Zhao et al., 2021). In the
current study, a systematic review was conducted following a defined protocol to analyze
and  discuss  the  technological  and  non-technological  barriers  to  the  use  of  WCO as  a
potential feedstock for biodiesel production. The results of this research show important
challenges that  need to  be overcome.  Concerning technological  barriers,  variables  that
influence the yield of the conversion process, such as catalyst, alcohol content, reaction time
and temperature have a great impact on the decision about the raw material to be used for
biodiesel production. Over 70% of the papers highlight the search for improvements in
processing  technologies  or  catalysts  for  improved  conversion  yield.  In  terms  of  non-
technological barriers, most of the results pointed towards the importance of government
subsidies, incentives and specific regulations in order to promote the use of WCO in the
biodiesel industry. Challenges in the collection, transportation and storage stages were also
identified  as  important  barriers  in  the  supply  chain  of  WCO.  One option  cited  by  the
literature is centralising WCO collection that could use the urban collection service. The
absence of a structured supply chain, and risks associated with leaks and spills show that the
use of WCO for biodiesel production needs a systemic approach. This research suggest that
WCO is a promising feedstock and investments in research and development and in a more
robust  supply chain could contribute to a  major input  of  waste feedstocks into biofuel
production.

Keywords: waste cooking oil, biodiesel, food waste, waste management, circular economy
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Waste lignocellulosic biomass utilized in two-phase anaerobic
digestion process for biohydrogen and biomethane production
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Abstract

Anaerobic digestion technology has been used by humans for centuries. This process is
accomplished  by  a  specific  microbial  consortium  under  diverse  digestion  conditions,
enabling  energy  production.  It  combines  waste  management  practices  with  renewable
energy production. Lignocellulosic biomass is an abundant and renewable source, containing
large amounts of  energy.  It  is  an alternative to fossil  fuels,  allowing the production of
biofuels. Microorganisms are the core of the anaerobic digesters and play an important role
in the succession of hydrolysis, acidogenesis, acetogenesis, and methanogenesis processes
taking part. The diversity of participating microbes can provide new information on digester
performance for waste biomass valorization and biofuels production. In this study anaerobic
systems,  operating under mesophilic  conditions  realized biodegradation of  waste  wheat
straw - a renewable source for biohydrogen and biomethane production. Their management
and optimization aimed at increased production of hydrogen and methane separately but
when  combined  in  a  two-stage  system higher  yields  and  positive  energy  balance  was
achieved.  The  first  phase  included  biohydrogen  production  from  lignocellulosic  waste
followed by a second one - production of biomethane with the participation of different
anaerobic microbial consortia. These mixed cultures were identified by metagenomics. The
relation between substrate degradation and biogas accumulation was followed, together
with determination of the profile of fatty acids as intermediate products obtained during the
conveyed processes. The biohydrogen concentration in the biogas reached 14.43 %, while
methane percent was 69%. Calculations about the cumulative yield of energy carrier during
the two-stage process was much higher than that obtained for the one-stage process.

Keywords: Key words: waste biomass, microbial consortia, anaerobic digestion, energy production
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Solid state anaerobic digestion of agro-industrial by-products
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Abstract

Solid state anaerobic digestion is an appropriate method for treating agro-industrial wastes
and food waste with varying composition. For these types of solid wastes there is a need of
farther experiments to overcome difficulties associated with high total solids and inoculum
to substrate ratios. A batch reactor system with dehydrated inoculum studied for the solid
anaerobic digestion of agro-industrial waste and food waste. The designed batch reactors
have an appropriate stirring system to treat materials with a humidity of approximately 80%.
Consequently,  this  paper  presents  the  results  of  a  research  carried  out  in  laboratory
anaerobic bioreactors with a total volume of 5 L where agro-industrial waste and food waste
were  used  for  the  production  of  biogas  through  solid  state  anaerobic  digestion.  The
materials used in the reactors are different mixtures of food waste, pig manure, two-phase
oil  mill  sludge and primary sludge from municipal sewage. The reactors were operated
under mesophilic conditions (37 oC) with HRT of 60 days. The biogas production rate ranged
from 0.9 Lbiogas/Lreactor/d to 1.1 Lbiogas/Lreactor/d. Regarding volatile solids the reduction ranged
between 26% to 30%. These results showed the great potential of agro-industrial wastes and
food  waste  for  their  conversion  into  renewable  energy  by  using  solid  state  anaerobic
technology.

Keywords: solid anaerobic digestion, agro-industrial by-products
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Abstract

With more than 8 Mt of plastics released into the global environment each year, the majority
of which ends up in the sea, plastics contamination has become – together with global
warming –  the  largest  worldwide environmental  problem.  States  and organizations  are
taking firm actions towards tackling plastic pollution,  with the EU (Single Use Plastics
Directive 2019/904) banding single use plastics by summer 2021. Lactic acid (LA) is an
organic  compound  used  in  food,  pharmaceutical  and  chemical  industry.  LA  can  be
polymerized to form the biodegradable polymer PLA. Bioplastics could act as a replacement
material  for  petroleum based plastics.  Biochemical  methane potential  (BMP) tests were
carried out on food wastes (FW), a PLLA produced from pure commercial lactic acid and a
mixture of food waste and different molecular weight of produced PLLA and commercial
PLLA to examine the anaerobic biodegradability of those materials. Anaerobic tests were
carried out in mesophilic (37 oC) conditions. The aim of this work is to study the anaerobic
degradation  of  produced polylactic  acid  in  anaerobic  digestion.  The produced PLLA of
different molecular weight added to the feed did not have a negative effect on BMP tests, but
seemed to  have  higher  biogas  production.  Moreover,  co-digestion  with  PLLA improved
biogas production by 1.1-1.2 times and as PLLA biodegrades it increases. The best biogas
increment of approximately 20% was achieved for FW & PLLA(2) substrate. Therefore, when
the produced PLLA was used as a combination of substrate with food residues it produced
larger amounts of biogas than samples containing only food residues. This result highlights
the fact that the produced PLLA does not adversely affect the process.

Keywords: food waste, polylactic acid, anaerobic digestion, biogas
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Evaluation of biogas digestate as solid fuel
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Abstract

Digestate is a byproduct of biogas production through anaerobic digestion, which, within the
EU, is typically utilized in agriculture due to its content in nutrients, mostly for nitrogen,
phosphorous, and potassium. Although digestate could replace conventional fertilizers, its
application in agriculture is limited by disposal limits for nutrients and metals. Another
application of digestate could be the use of digestate as solid fuel after dewatering. Here,
two different digestates were tested as fuel. Digestate 1S was sourced from the anaerobic
digestion unit of the Municipal Sewage Treatment Plant (MSTP) of Heraklion (population
175,000),  and digestated 2S was obtained from an industrial  biogas plant which treats
agricultural  residues  in  Greece.  Gasifications  tests  were  carried  out  at  three  different
temperatures (830 οC, 870 οC and 950 οC) and three different percentages of oxygen (5%,
10% and 15% w/w) in the feed gas to determine the optimal conditions that maximize the
produced syngas. At the outlet of the fixed bed reactor, the produced gas was cooled, and
the liquid and condensable products were separated from the gas using two silica gel beds.
After the two beds, the gas was collected in bags and analyzed in a gas chromatograph. Net
calorific value for both digestates was between 16.8 MJ/kg and 17.7 MJ/kg, with water
content of 7.9% and 9.4% and ash content was between 13.6% and 33.0%. The optimal
conditions for maximum production of syngas for both digestates was 950 οC and 15% v/v O2
in the feed gas. For optimal conditions, the maximum yield of 1S was 22.5% w/w while 2S
yield 30.5% w/w. An additional advantage of 2S compared to 1S is the lower cost for flue gas
cleaning  due  to  lower  percentage  of  sulfur  in  digestate  2S  (0.44% w/w)  compared  to
digestate 1S (0.85% w/w). In conclusion, digestate 2S showed better results compared to 1S
in  all  experimental  conditions,  nevertheless,  both  solid  fuels  are  suitable  for  syngas
production in combinations with other solid fuels as they both have low yield.
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FWS: Food Waste as Soil Amendment
Though no longer appealing to humans, food waste is a rich nutrient source for microbial
growth. The transformation of food waste to soil amendment goes hand in hand with organic
farming practices and leads to higher biomass and diversity, below and above ground. Such
practices are crucial to the establishment of a diverse and sustainable farming system that
can safely feed our world.

The RETASTE Food Waste as Soil Amendment session discusses significant efforts towards
this direction from around the world, includign Europe, the United States and Japan.
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Valorization of waste produced by the universities by composting
food waste with mice waste and other solid organic waste

Khalid Fares
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Abstract

Universities around the world produce large quantities of waste; a large part of which is
biodegradable and can be recovered by composting. Five types of biodegradable waste were
studied at the Faculty of Sciences of Marrakech: mice waste, green waste, food waste and
paper;  four  windrows were  monitored  for  three  months  using  various  proportions  and
combinations of the various waste; Lime sludge from the sugar beet factory was also tested
to hygienize and remove bad smells. During composting, the intense microbial activity in
windrow 4 resulted in an increase in temperature (about 55 °C). After three months of
composting, the physicochemical parameters of the four final composts were characterized
by a C/N ratio between 10 and 11, humidity percentage close to 40%, slightly alkaline pH of
8 and an organic matter content higher than 30% DM. For all the tested composts, the E4/E6
ratio was below 5 suggesting mature composts. The phytotoxicity was determined by the
effect of the extracts of the four final composts on the germination and the growth of the
seeds of Radish. Germination index exceeding 50% showed the absence of any toxicity.
Microbiological analyses in the windrows containing mice waste revealed the noticeable
effect of composting and sugar lime sludge on compost sanitation, with a total absence from
the start of Salmonella spp., a total abatement (100%) of fecal coliforms, total coliforms and
Pseudomonas aeruginosa and a significant reduction for fecal streptococci to reach values 
well above the recommended standards: 4, 74 102 CFU / g MS for windrow 3 and 4, 65 102

CFU / g MS for windrow 4. The obtained results showed the quality of the composts and
confirmed  the  possibility  of  using  these  composts  as  soil  amendment  as  part  of  the
sustainable waste management in the university establishments.

Keywords: sugar lime sludge, composting, organic waste, physicochemical parameters, quality of
compost.
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Modified Indore method for decentralized food waste
composting in southern Brazil

Paul Richard Momsen Miller1,* and Caio de Teves Inacio2

1Department of Rural Engineering, Federal University of Santa Catarina, Brazil
2EMBRAPA (Brazilian Agricultural Research Corporation), Brazil

Abstract

Composting is  a rural  practice developed by many agrarian cultures,  particularly those
societies with animal waste as a feedstock.  Almost one hundred years ago, researchers half
a world apart studied aspects of thermophilic degradation of fresh organic matter (Howard
and Wad, 1931, Waksman et al., 1938). Howard and Wad described the Indore Method, with
careful control of aeration, moisture, feedstock nitrogen, and microbial inoculation. During
the same time period, Waksman et al. (1938) described the organisms responsible for the
thermophilic phase of the transformation of fresh organic matter into humus. In 1994, the
Federal  University  of  Santa  Catarina  initiated  campus-wide  food  waste  collection  and
composting, adapting the Indore Method to local conditions. Food wastes substituted animal
manures, wood chips were introduced for continuous aeration and odor control, and straw
was used to construct vertical walls for fresh air inflow, and to recover latent heat by
condensation of water vapor in hot air outflow on top. Piles are constructed over months,
with new layers of food waste applied to the thermophilic top layer. This modified Indore
system  was  described  in  Inacio  and  Miller  (2009),  and  named  the  UFSC  method  of
composting. The Federal Government of Brazil passed legislation in 2010 mandating the
diversion of  organic waste from landfills  by municipal  governments.  The UFSC method
proved to be reliable, easy to adopt, requiring very little capital outlay for infrastructure, and
a small footprint per unit of food waste treated. Most importantly, the method proved to be
neighborly,  without  insect  or  odor problems,  and scalable,  from small  manual  to  large
mechanized composting yards. Studies have evaluated different aspects of these composting
operations,  such as  Lazzari  et  al.  (2020),  demonstrating extremely  low levels  of  heavy
metals.
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Abstract

Global food waste production exceeds 1,300 million tons. Approximately 40% of this amount
is accounted for waste produced by the food processing industry. This group of food waste
includes, but is not limited to, wheat bran and spent coffee grounds. World production of
wheat bran reaches 100 million tons per year and spent coffee grounds about 6 million tons
per  year.  This  material  often  remains  unused  and is  landfilled  even  though  the Waste
Framework  Directive lays  down  basic  waste  management  principles  and  establishes
the waste hierarchy where landfilling is the least favourable option of waste treatment and
should be limited to the minimum necessary. Various strategies can be adopted to minimize
landfilling of food waste generated from food processing. Nowadays, the greatest effort is
devoted to food waste recovery for animal feeding, obtaining various chemicals, or for soil
amendments.  The  long-term application  of  food  waste  organic  fertilizer  was  shown to
improve soil quality, stimulate crop yields, and even have a positive influence on the growth
of soil bacteria. However, direct application of food waste to the soil is often not possible,
therefore food waste is treated by composting or by other methods before application to the
soil. In the case of spent coffee grounds, the biggest problem is the residual content of
caffeine and phenolics. It was previously reported that the addition of 2.5% of spent coffee
grounds to the soil has a significant negative effect on plants (Cruz et al., 2015; Ciesielczuk
et al., 2018). Therefore, our study is focused on the detoxification of spent coffee grounds
and its subsequent use as a fertilizer in combination with native wheat bran and thermally
treated wheat bran. In the experiments, the content of phenolic substances and caffeine was
reduced  to  a  minimum  amount  by  oxidation  and  extraction  procedure.  The  prepared
mixtures of biofertilizer and soil (modal brown) were used in a pot experiment where the
effect of fertilizer addition to the soil on lettuce (Lactuca sativa L.) growth was monitored.
Results  obtained  during  the  duration  of  the  experiment  have  shown  that  despite  the
reduction of phenolic substances and caffeine in coffee spent grounds after detoxification
procedure,  the soil  containing treated spent  coffee grounds harmed plant  growth even
though the partial physicochemical parameters of the soil were improved by the addition of
organic fertilizer.
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Abstract

The  efficient  and  integrated  management  of  high  organic  content  waste  produced  in
agricultural  and  livestock  industries  constitutes  a  key  factor  for  sustainability  and
environmental protection. This work investigates the remediation of mixtures of high organic
load wastes (pig waste, cheese dairy and food residues) generated by farming industries in
the Prefecture of Heraklion. A combinational remediation approach was evaluated, and in
specific  a  sequential  treatment  process  comprising  anaerobic  digestion,  followed  by
activated sludge (aerobic-anoxic treatment) and finally natural zeolite adsorption, with the
outflow of each system being used as the feed for the one following. Emphasis was given to
the efficacy of zeolite and specifically two different granule sizes of Clinoptilolite, as a final
treatment step of the agricultural waste mixture, as natural zeolite is considered a safe,
abundant, thermally stable and economical adsorbent material.  Two different adsorption
approaches were evaluated; the magnetic agitation of the waste with the zeolite, as well as
the channeling of the waste through zeolite packed columns. High adsorption capacities
were  achieved in  both  cases.  In  addition,  a  gradual  decrease  in  adsorption  efficiency,
dependent of the granular size of the zeolite, was observed for the zeolite packed columns
with increasing waste volumes treated, suggesting the need for the regeneration of the
packing material to increase its lifetime. As a general conclusion, the proposed sequential
approach constitutes a promising route towards the remediation of complex mixtures of
wastes with high organic contents.

Keywords: Waste treatment, Adsorption processes, Natural zeolite, Integrated waste management,
agroindustrial wastewaters
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Abstract

In-vessel  composting,  which  allows  a  more  efficient  and  hustle-free  process  than
conventional home and community composting, is becoming an essential component of every
bio-waste  management  strategy  (Panagiotakis  et  al.,  2021),  especially  in  the  urban
environment. Because the concepts of circular economy are relatively new to the wider
public, and manual tasks of source-separation and composting require additional effort and a
level of commitment, raising awareness and training the public are also integral to achieve
bio-waste  management  strategy  targets  (Ioannou  et  al.,  2022).  Nevertheless,  the
effectiveness of the various relevant awareness-raising campaigns is difficult to quantify and
often neglected or taken for granted. Here we propose that the effectiveness of such a
campaign and the resulting change in the level of user commitment to source-separation can
be measured in the quality of the produced compost and specifically in its concretion in
impurities. To investigate this hypothesis, we compare two user groups (hereafter denoted
as Blue and Red team) that participate in the urban composting actions of the A2UFood
Project taking place in Heraklion, Greece. Through the Project, each user group has been
granted  exclusive  access  to  a  dedicated  in-vessel  composter  (hereafter  Autonomous
Composting Unit or ACU) installed by the Municipality of Heraklion in urban parks Blue and
Red, respectively.  The ACUs have an effective volume of approximately 3 m3  and their
operation was comparable throughout the course of the assessment. After an initial on-site
training session that included distribution of free compostable bags, plastic kitchen bins, as
well as access to printed and digital training material, both user groups were instructed to
use the ACUs unattended. Approximately 6 months after the initial training, ACU operation
was closely monitored, and semi-composted material was sampled 6 times between February
and April 2022. Each sampling involved 3 replicates (5 L per sample), designed to represent
samples from 1 m3 of semi-composted material. Concentration (dry w/w) of impurities (hard
plastic, soft plastic, glass, metal, and bones) was identified after sieving with 19.5, 10.0, 6.3,
4.0, 2.0, and 1.0 mm sieves. Samples were also tested for pH, EC, TOC, TKN, TOC/TN, Pb,
Cu, and Zn. Between the 3rd and 4th sampling, a second intensive information campaign took
place targeting only the Red team which had underperformed in terms of sample impurities.
Results showed that before the second campaign, ACUs were visited by users at a rate of 7.8
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and 6.5 visits per month, respectively for locations Blue and Red. After the end of the second
campaign that targeted only Red team, respective users doubled their visits to the ACU to a
total of 12.9 month-1, surpassing those of the Blue team who also increased their visits to
10.7 month-1. Regarding, compost quality, before the second campaign, the Red ACU had a
significantly  higher  fraction  of  impurities  than  the  Blue  ACU  in  all  3  samplings.
Nevertheless,  after  the  second  campaign,  impurities  in  the  Red  ACU showed  a  sharp
decrease, with the Red team performing better than Blue team in terms of source-separation
effectiveness. Based on the evidence presented, impurities in compost can be used as an
indicator for awareness-raising campaign effectiveness.
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