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FOREWORD

N. Colonna and C. Rinaldi

ENEA - Italian National Agency for New Technologies, Energy and Sustainable Economic Development

Innovation is the keyword for interpreting the
challenges that environmental goals pose to the
agrifood sector. The international objectives, in
relation to the Paris Agreement of 2015 and the
commitments of the UN agenda for 2030, as well
as the European ones which are made explicit in
the Green Deal and specifically for the agrifood
sector in the From Farm to Fork strategy, require
an overall reflection on the entire agrifood system
to start an effective environmental transition.

Rethinking ways and forms of producing and con-
suming is the invitation and the objective of the UN
Sustainable Development Goals 12 and we should
also achieve the expected goals in a short time, by
spreading solutions and technologies with a speed
never seen before. All this requires a decisive ac-
celeration in the innovation processes so that
these objectives are, at least in part, achieved. The
term “innovate”, in a broad sense, means chang-
ing the way we act and produce, but also distribute
and consume, and to do it effectively we must go
beyond the technological approach towards inno-
vation to adopt a point of view in which knowledge
and its spreading become central.

The technology is the hardware but the software,
i.e. the skills upstream and downstream of the
technology, and the orgware, i.e. the organization
that guides and helps to spread the knowledge,
are important and essential.

Only the combination of hardware, software and
orgware enables an organization to meet its sys-
tem and strategic goals.

Due to its heterogeneity, the length of the supply
chains and the set of actors involved, the agrifood
sector requires an important effort to be able to
follow the path of sustainability.

A central role is played by entrepreneurs’ aware-
ness of the problems and of the opportunities. On
the first aspect it is necessary for companies to
measure their actions to be aware of what they
do and how they do it in quantitative terms. On
the second, they must know the opportunities,
i.e. the set of technologies and methods that can
allow them to reduce their environmental and so-
cial impacts and at the same time to remain com-
petitive on the market.

In this sense, the method of calculating and eval-
uating the environmental footprint of a product
considering the entire life cycle, promoted by the
European Union (Product Environmental Foot-
print, PEF) can represent a way of fostering con-
tinuous improvement and efficiency of the com-
pany itself and towards consumers

The PEFMED PLUS project fits into this groove
and continued the activities of the previous PE-
FMED project whose ultimate objective was
to help and stimulate the companies and their
supply chains to become aware, measure their
impacts and deal with the use of resources and
the efficiency of their processes to then evaluate
which organizational changes or technological
innovations could help them to improve their per-
formance.

This volume, which has involved various playersin
the PEFMED PLUS project, wants to testify some
experiences and propose shared reflections on
the theme of environmental assessments in the
agrifood sector in the belief that it is necessary to
spread and disseminate what has been done to
contribute effectively to the environmental tran-
sition of the entire production system.



THE GREEN GROWTH
COMMUNITY

G. Zarlenga and V. Oliviero

CUEIM, Consorzio Universitario di Economia industriale e Manageriale

Green Growth and Circular Economy in the Eu-
ro-Mediterranean region are the main objectives
of the Interreg MED Green Growth Commu-
nity, to be developed through the adoption and
promotion of sustainability and cooperation syn-
ergies between Quadruple Helix stakeholders
(public authorities, academia, civil society, indus-
try & business).

The Community, labelled by the Union for the
Mediterranean for its support to the transition
to a green and circular economy and to deliver
concrete benefits to the citizens of the Mediter-
ranean region, involved 165 partners from 13
Mediterranean countries, gathering 17 The-
matic Projects clustered around 4 Focus Areas
- food systems, eco-innovation, smart cities and
waste management - tackling the key priorities of
the EU Green Deal and the EU Circular Econo-
my Action Plan.

The Green Growth Capitalisation Platform
concretely allow the knowledge sharing of its 17
Thematic Projects results and materials and the
networking and developing of new partnerships
and synergies between institutions and stake-
holders, supporting them in communication and
capitalisation efforts through its network.

The Food Systems Focus Area collects all
the thematic projects focusing on the goal of a
healthier and more sustainable EU food system,
as a cornerstone of the European Green Deal and
of the Green Growth Community, with the aim to
create sustainable food environments improving
lifestyles by boosting the efficient use of resourc-
es and building efficient food chains for consum-
ers, producers, climate and environment.

In this frame, PEFMED and PEFMED PLUS
projects represented a flagship of the Green
Growth Community in the Food System Area,
working in collaboration with agrifood federa-
tions and regional policymakers to effectively
contribute to lower the environmental and
socio-economic impacts to improve agrifood
companies’ capacity to respond to consum-
ers’ needs and to expand the market for green
products.

More in detail, they strongly contributed to the
common goals of the Green Growth Community
towards the EU Green Deal and its Farm to Fork
Strategy by:

* helping agrifood companies and national agri-
food associations to take stock of their envi-
ronmental footprint throughout their supply
chains.

» clearing the way for the introduction of more
eco-innovative and sustainable practices within
the target sectors.

» developing a holistic approach to greening the
agrifood system, by integrating in its method
even socio-economic criteria (SE-KPIs).

Furthermore, the implementation of PEFMED

PLUS project, despite its different approaches and

activities, contributed to enhance the former PE-

FMED project’'s main results in the short and me-

dium-long period. In general, it affected the overall

Community results on three main aspects:

* the enhancement of the role of the countries in-
volved in the previous project, allowing partners
belonging from these countries to play a funda-
mental role as driver towards the implementa-
tions of effective tools and best practices in new
countries, involving new partners.

» the shift towards the Adriatic regions, as the



best new beneficiaries of their activities.

« the data improvement after the project’s imple-
mentation: the capitalization of such relevant
project, offered to the project and to the Green
Growth Community the opportunity to focus on
some aspects, allowing better expectations for
the period in the long period.

On one hand, the capitalization of PEFMED con-
tributed to increase the impact of the Green
Growth Community project as a whole on the
Mediterranean region, paving the way for further
perspectives in the pursuing of the green growth

goals and to test the added value of its tools and
results. Mostly, it contributed to widen the num-
ber of regions, stakeholders and institutions in-
volved, showing once again the high relevance of
the Green Growth Community and replicability of
its best practices in all the Mediterranean area.

Last but not least, PEFMED PLUS project, as active
project within the Green Growth Community, con-
tributed to identify a series of environmental, so-
cial and especially economic indicators and goals
specific for the Adriatic basin to be used in order
to build a clearer vision about their possible impact
and further development in the future in this area.

Reinforcement of Mediterranean olive oil sector compet-
itiveness through development and application of innovative production and quality control
methodologies related to olive oil health protecting properties.

Clusters of Innovative Zero-km Agro-food Marketplaces for Growth. Testing and
validating an advanced e-commerce solution to support small producers in MED territories char-

acterized by agro-food excellences.

European Med-clusters Boosting Remunerative Agro-Wine Circular Econo-
my. Development of a model and implementation of a toolkit for the establishment of transna-

tionalcircular economy meta-clusters.

Metropolitan Agriculture for Developing an innovative, sustainable and Responsi-
ble Economy. Gathering key metropolitan and peri-urban agriculture stakeholders to encourage
transnational cooperation in the MED area.

Uptake of the Product Environmental Footprint across the
MED agro-food regional productive systems to enhance innovation and market value.Fos-
tering targeted systemic interventions to green the agrofood supply chain.

Green Growth through the capitalization of innovative Greenhous-
es. Promoting, disseminating & transferring innovative approaches for the establishment of effi-

cient greenhouses in the MED area.




CHAPTER

GREEN INNOVATION:

OPPORTUNITIES AND NEEDS
FOR THE COMPETITIVENESS
AND SUSTAINABILITY

OF AGRI-FOOD COMPANIES

N. Colonna

ENEA - Italian National Agency for New Technologies, Energy and Sustainable Economic Development

Keywords: supply chain, competitivity,
innovation

Green innovation: opportunities and needs
for the competitiveness and sustainability

of agrifood companies.

Our goal is to explore the imperative for greener
innovation within the agrifood supply chain, by
emphasizing the opportunities it may presents
for enhancing the competitiveness and sustain-
ability of producers operating in this sector. As
global concerns about climate change, resource
depletion and environmental degradation intensi-
fy more and more, also agrifood companies face
increasing pressure to adopt sustainable practic-
es. Therefore, the concept of green innovation,
by encompassing technological advancements,
sustainable farming practices and eco-friendly
supply chains, emerges as a crucial strategy for
companies in order to thrive in an environmental-
ly conscious market and to actively participate in
the decarbonisation goals [1].

During the last years the sector was strongly af-
fected by challenges like the Covid-19 pandem-
ia and the energy crisis with a large increase of
costs with an effect on the reduction of economic
margins and the need for agrifood companies to
save energy or to produce energy for self-con-
sumption to recover or, at least, to keep their
competitivity on the market.

Moreover the climate change scenarios suggests
that reducing GHG emissions from the global
food system will likely be essential to meeting the
1.5°C or 2°C target and this could require exten-
sive and unprecedented changes to the global
food system [2].

As described above, the agrifood industry seems
to be at a crossroads, by coping with the need
for enhanced competitiveness and sustainability
at the same time. In this light, green innovation
serves as a catalyst to address these dual chal-
lenges, by offering a myriad of opportunities for
agrifood companies to prosper in an evolving
business landscape. This article will delve into the
various aspects of green innovation and its po-
tential to revolutionize the agrifood sector start-
ing from a Mediterranean perspective.

In the Mediterranean basin the agrifood industry
is one of the largest and most important produc-
tive sectors but it is mostly composed by SMEs,
mainly small and microenterprises, with lack of
resources and qualified personnel for investing in
the greening of the supply chain innovation. Fur-
thermore, SMEs typically consider potential in-
vestments to improve their overall efficiency as a
loss in a low-price approach or as a major change
in their product market characteristics already
assimilated by target consumers [3].

But in the medium-term perspective, sustainabil-
ity will become a must-have prerequisite for com-
panies in the sector and any ongoing optional re-
quirements or fulfilments today will presumably
be mandatory in the next decade.

Sectoral policies and consumer requests con-
verge towards certified and transparent sus-
tainability goals capable of responding to the
ambitious objectives for 2030 and 2050 set by
EU Green Deal and to the evolution of consum-
er sensitivity in purchasing products with a lower
environmental impact [4].
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This mix of factors will push the sector to inno-
vate in order to “survive” and recover economic
margins and this need meets the ongoing tech-
nological and digital evolution which makes avail-

Moreover, technical solutions deal mainly with
energy, water, productions inputs, soil manage-
ment, packaging and wastes.

In the following scheme (Figure 2) some areas of

Figure 1. Agrifood supply chain stages where innovation can play a major role

RESIDUES

FOOD - |
BRODUETION PROCESSING PACKAGING —
NUTRIENT TRANSPORL DISTRIBUTION
FOOD CHAIN CYCLE
RECOVERY . LOGISTIC
T WASTE RETAIL _ pacuacie
STREAM CONSUMPTION HORECA

LOSSES

PHASES OF THE AGRIFOOD CHAIN AND INNOVATIONS NODES

able new solutions capable of reducing costs by
increasing efficiency and modifying production
processes.Nowadays it is not so much the fact of
producing innovation that matters but it is above
all important to focus on the rapid diffusion of in-
novation. To involve and make aware the compa-
nies operating in the agrifood sector is a strategic
element of innovation policies. But reaching and
informing the myriad of small and medium-sized
enterprises in the sector in Europe is not easy
and, at this regard, many efforts have been made
by the European community to spread out inno-
vation through research and transnational coop-
eration Programmes.

Since the different agrifood productive branch-
es are so heterogeneous and complex, it is not
simple to describe and to list all the available op-
portunities which can introduce innovation along
the different supply chain phases. While there is
room to innovate along all phases of the supply
chain but certainly in some of them it is more
urgent or easier to do so taking into account the
current regulatory and technological framework.
In the following figure the phases of the supply
chain where innovations are most expected or
possible have been summarised.

A number of opportunities for agrifood compa-
nies and agriculture farms include vertical inno-
vation as well transversal actions to overcome
obstacles and to promote innovation uptake such
as training, education and digitalization.

innovation and different solutions that could be
applied have been highlighted, even if this does
not represent an exhaustive list of solutions but it
is certainly a group which is looked at most care-
fully by the agrifood supply chain operators as they
were identified as solutions that already found ma-
ture, affordable and replicable applications.

Figure 2. Potential innovative solutions along the supply chain

« Precision farming techniques
« loT-enabled smart agriculture
« Conservation agriculture

« Combined machineries

PRIMARY « Organic farming methods and agroecology
PRODUCTION « Water efficient irrigation systems
« Innovative soil improvers
« Renewable energy farm integration
« Energy-efficient processing facilities
« Digitalization controls and big data
FOOD « Renewable energy sources for operations
PROCESSING - Biogas and CHP from agrifood waste and residues

« Residues recovery for new byproducts

« Biodegradable packaging

+ New materials

« Activated and smart packaging

* Methods for shelf life increase

« Reusable packaging

« Efficient energy storage technologies

In research laboratories many other solutions are
being studied and some of them are very close to
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the demonstration level, but they still require time
to prove full reliability and cost-effectiveness,
while many others are commercial and affordable
but still need time to be implemented and diffused
within the European agrifood system.

When taking into account the priorities of the food
industry, as safety and quality, and the size of Eu-
ropean companies, it is clear that these solutions
encounter various obstacles in their adoption and
diffusion. There are multiple projects and initia-
tives that have identified and analysed both the
barriers and the directions necessary to encour-
age the adoption of innovations [5] (Figure 3).
Any future green action requires investments,
collaboration and training and no innovation will
be effective if these three elements will be not in-
cluded and balanced in an improvement path.

Figure 3. Actions to be taken by agrifood companies to adopt
innovative technologies and solutions

INVESTMENT

« Invest in research and development
« Strengthen or open an R&D division
« Participate in agri-tech startups

COOPERATION

» Collaboration with research institutions

« Stronger relationships along the agrifood chain

« Participating as partner in agrifood research projects
» Membership of industrial or farmers’ associations

TRAINING

« Invest in training and education for all workers

+ Develop a continuing professional training programme

« Selecting new skills to manage the green revolution

« Organizing training and innovation awareness programme for agrifood
chain stakeholders

The list of actions can be expanded and declined
differently for the specific subjects involved in
the supply chain, but it is needed that each enter-
prise or product “greening” process is accompa-
nied by a study and analysis of its specific needs
to achieve a certain goal.

Closing remarks

Green innovation stands as a transformative
force for agrifood companies, by offering a path-
way to increased competitiveness and sustaina-
bility. Embracing technological advancements,
adopting sustainable farming practices, and
building eco-friendly supply chains are key steps

for companies seeking long-term success in a so-
ciety where environmental concerns are central.
Addressing the needs for research and develop-
ment, education, policy support, and consumer
awareness will facilitate the widespread adoption
of green innovation in the agrifood industry, by
ensuring a more resilient and sustainable future.

The environmental crisis calls all the stakehold-
ers together to build a more resilient system
capable of adapting to socio-economic and en-
vironmental changes. This is, precisely, the chal-
lenge of adapting to climate change that is the
most complex for the food system because it
risks undermining the production bases on which
the system is based and opens up the prospect of
food security as a theme to be re-appropriated in
the future. Any innovation which is able to reduce
the use of resources is potentially a useful ad-
aptation measure for the future providing at the
same time mitigation opportunities. “Sustain-
able intensification” is one of the new paradigm
to deal with the food systems challenges in the
near future [6]. The concept is open and it does
not privilege any particular vision of agrifood pro-
duction but emphasizes ends rather than means
and does not pre-determine technologies. So all
solutions listed above are eligible to provide their
services to reach the EU goals.

But it is not enough if we do not put more efforts
on research. Agrifood research with a systemic
perspective is crucial not only to deal with the
abovementioned challenges but also to contrib-
ute towards sustainable development and we
must pursue it having in mind a rural perspective.
There is no healthy, high quality and cheap food
production without having in mind a rural per-
spective and making farmers protagonist of the
agrifood system and to reach a goal so complex
we need both interdisciplinary collaborations,
local actor engagement and a participatory ap-
proach to innovation [7].

There is no doubt that Agrifood Systems Re-
search has much to offer to answer the challeng-
es faced by food security and safety in the cur-
rent complex and uncertain times, but no one can
reach results by putting efforts only on techno-
logical solutions without analysing and involving
farmers (as landowners) and all the other stake-
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holders part of the agrifood supply chain.

Many efforts have been made in projects and ini-
tiatives financed and promoted at European com-
munity level, but others need to be implemented.
In national communities, promoting a multi-actor
dialogue along the agrifood supply chains seems
to be a complex but necessary path and projects
such as PEFMED and PEFMED PLUS have specif-
ically contributed to promoting it.

The topic of product sustainability certifications
requires joint efforts amongst the different play-
ersinthe agrifood supply chainin order to achieve
this goal by sharing the disclosure and the use of
already existing green solutions. At this aim, the
Product Environmental Footprint (PEF) method is

apart of the European political agenda, and itis an
important instrument for implementing circular
economy actions and reach environmental goals.
Furthermore, consumers have changed their be-
haviour by asking for clearer and more scientif-
ically based information about the sustainability
of products and the producers as well as better
transparency.

All these considerations establish the founda-
tions for an effective “push” for process and
product innovation in order to support not only
businesses to be more competitive and sustain-
able but the overall agrifood system to improve
its resilience.
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The EU food and drink manufacturing industry is
made up of 290,000 businesses employing 4.5
million people. It generates €222 billion in value
added every year and is the largest manufactur-
ing industry in terms of jobs created. As an in-
dustry comprised of 99% SMEs our enterprises
are intimately linked with their local communities
[see Table 1].

Table 1. EU Food and Drink industry figures

EU FOOD AND DRINK INDUSTRY FIGURES

Value added

1.9%

of EU gross value added

Turnover

€1,093 billion

A leading manufacturing sector

Employment

4.5 million people
Leading employer in the EU

Number of companies

289,000

Sales within the Single Market

88%

of food and drink turnover

40.5%

External trade

€145 billion

Exports

€78 billion

Imports

Source: elaborated from Food Drink Europe Data & Trends 2021

The food and drink industries of the European
Union would like to underline their unwavering
support for the swift implementation of the Eu-
ropean Green Deal and the Farm to Fork Strategy

of food and drink turnover

€67 billion

Trade balance

agenda in the current volatile times. While many
food and drink companies are confronted with
unseen challenges today resulting from an amal-
gamation of external shocks, such as the pan-
demic, war, inflation, labour shortages and more,
immediate crisis and emergency measures are
justified to uphold the production capacity and
economic viability of the agri-food sector.

At the same time, the need to accelerate public
and private action, investment and collaboration

Consumption

21.5%

of household expenditure on food and drinks

R&D expenditure

€1.9 billion

Small and med,um-sized companies

58.4%

of food and drink employment

#1

exporter of food and drinks

has never been so great to ensure that citizens in
Europe and the rest of the world continue being
able to rely on guaranteed access to food - to-
day, but especially with a view to the future.

11
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Securing a high level of global food security for
future generations requires food systems to
transform, uniting the concepts of food security,
productivity and sustainability.

The concept of sustainability includes not only en-
vironmental aspects, but also economic and so-
cial ones. Without attention to these aspects, any
action to reduce the impact on the ecosystems
would be short-term. The challenge is to rebuild
the foundations on which growth and develop-
ment are based from a global perspective, includ-
ing the environment, society and the economy.

The food industry is committed to environmental

sustainability through four main key areas for ac-

tion, all consistent with the principles of the Cir-
cular Economy underlying the new EU framework
rules on environmental and industrial policies:

« Efficient use of basic inputs (primarily water
and energy, through process efficiency and op-
timization);

» Greater use of agricultural raw materials in all
their components, which are intended for hu-
man consumption, feed industry and other val-
uable supply chains, such as cosmetics, phar-
maceuticals, chemicals, bio-energy, to fully ex-
ploit resources and minimize waste production
according to the circular economy principles;

» Eco-design packaging and proper management
of post-use packaging;

» Food waste prevention.

The EU food industry is committed to constantly
and significantly reducing water use in its pro-
duction processes, to improve efficiency and
ensure compliance with stringent EU hygiene re-
quirements.

The food sector accounts for 1-1.8% of water use
in the EU, with continuous process innovation
leading to a progressive reduction in the quanti-
ties used and company case histories showing a
reduction of 40% and in some cases more than
60%.

Water consumption by European industry has
decreased by an average of around 30-40%
since the 1990s. Over the same period of time,
important Italian food companies had excellent
experiences in reducing water consumption up

12

to 60%-70% (per ton of product) and 40-50%
in absolute value (consumption efficiency is
however compared to an increase in production
volumes). This is important and even more rele-
vant if we take into account the fact that due to
its manufacturing, food and wine, social and mar-
ket traditions, the Italian food industry —unlike in
other countries, for example the North European
ones, where food companies are very special-
ized in single productions —produces many and
varied food products in its plants. This inevitably
requires the use of greater quantities of water for
the necessary washing of the plants in the transi-
tion from one production to another.

The food industry, the leading one in EU, has a
relatively low energy impact compared to other
industrial sectors. This sector’s electric energy
consumption accounts for 8% of industrial elec-
tricity use in OECD countries and 1.5% of global
energy consumption in Europe, while European
food and drink manufacturing accounts for ap-
proximately 1.5% of total EU GHG emissions

The use of agricultural resources — the main in-
put of industrial food processes — and all their
valuable components (including by-products and
residues), in compliance with health and envi-
ronmental protection regulations, creates a real
virtuous circle. Making greater use of agricultural
raw material means multiplying the value of its
production inputs (water, air, soil, energy), re-
ducing the supply of alternative resources, min-
imizing waste and implementing the notion of
Circular Economy which is the basis of the reg-
ulatory policies on environment and sustainable
production that the European Union is rewriting.
In addition, the fish processing sector has long
been committed to promoting sustainable fish-
ing practices to ensure a balance between when
and how renewable natural resources are made
available and the need for raw materials.

As for quantities, the food industry by-products
account for 2- 3% of the total volume of “dry”
produce and 7-10% of “wet” products, determin-
ing a significant direct and indirect commercial
value. By-products can be used for different pur-
poses, mainly as ingredients for food and feed
production within the food-chain about 90 mil-
lion tons are used in feed production in the EU
every year. When food or feed production is not
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possible, they are mainly used in the cosmetics
and pharmaceutical industry, chemical indus-
tries and, subordinately, in fertilizer and bioener-
gy production.

On the same theme, it is essential to maintain full
compliance with the EU regulatory framework,
avoiding rushing ahead and unilateral national
legislations that fragment the Internal Market
and undermine the competitiveness of our busi-
nesses.

The food industry alone uses 2/3 of the packag-
ing produced and devotes considerable resourc-
es to preventing and reducing the environmen-
tal impact of packaging. Packaging plays a key
role: it helps to ensure the quality and safety of
food, protects the product integrity during trans-
port, distribution and consumption, and conveys
brand values as well as essential nutritional and
service information for the consumer. In addition,
packaging has a direct positive effect on the en-
vironment: it improves the shelf-life of food prod-

Figure 1. Sustainability in EU F&B industry

ucts, both at the distribution and final consumer
level, reducing food waste and ensuring signifi-
cant savings in upstream resources.

The food industry is committed to reducing the
materials used for packaging without compro-
mising the consumer requirements or the integ-
rity, quality and safety of the products. Some
results: in the last ten years, plastics have de-
creased by 30/40%, aluminum by 30%, glass up
to 60%. As for cardboard, 73% of the material is
now renewable and recycled (see figure 1 below).

The sustainable use of resources, the reduction
of waste and the full exploitation and use of all
the components of agricultural raw materials
and related processing by-products constitute
the historical tradition of Italian food proces-
sing and are therefore already deeply rooted in
the DNA of the food industry. As a central link
in the supply chain, we are naturally inclined to
maximize the use of the agricultural raw mate-

Delivering more sustainable food systems

The EU food and drink
industry emits

o

© The EU food and drink industry emits
85Mt CO,e per year (2015). Most of
these emissions are associated with
energy use. From the electricity grid,
62% of energy use is consumed as heat
and 38% as power.

It represents

% of the emissions of
“ the food supply chain

O In the EU, an estimated 20% of total food
produced each year is lost or wasted.
Households generate more than half
of total food waste in the EU (47 million
tonnes).

© In 2019, aimost 8.5% of the EU's
agricultural area was farmed organically,
2.5 percentage points more than in
2015. Austria leads with 25% of its
agricultural area farmed organically,
followed by Estonia and Sweden.

FOOD WASTE IN THE EU

of food

© Inthe EU, 41% of plastic packaging
waste was recycled in 2018, 10
percentage points more than in 2008.
In eight Member States, more than half
of the plastic packaging waste was
recycled.

Source: European Commission

Including tabacco industry

Source: Decarbonisation road map for the European food
and drink manufacturing sector, Ricardo, July 2021

AREA UNDER ORGANIC FARMING BY MEMBER STATE
(2019, % of utilised agricultural area)

ATEESECZIT LV AIDK S SKELESEUPT LTDEFRHRBEHUCY LUNL PL ROBG E MT

RECYCLING RATE OF PLASTIC PACKAGING WASTE BY MEMBER
STATE (2018, %)

20% 88 rrlil.lion tonnes

E te 3
€143 billion

LT BGCZ CY NL SK ES SE SI DE IT ROBE EU EL EEHR LV PL PT LU ATDK A IE HU FRMT

Source: Eurostat

Source: FoodDrinkEurope Data & Trends 2021
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rials that we process. Even the fact that we con-
sider food that for various reasons was not sold
or consumed, but still suitable for human con-
sumption the so-called food surplus confirms
the virtuous example of the Food Industry.

The Food Industry is also committed to preven-

ting waste before it even occurs, in the phase

of domestic consumption which accounts for

45% of food waste , through a series of actions

aimed to encourage consumers to more con-

scious consumption patterns:

» Food portions proportionate to new lifestyles
and consumption habits;

» Advanced packaging able to preserve food
safety and quality for longer;

« Shelf-life extension;

» Products with high added service that mini-
mize domestic handling and wastage;

* Increasingly accurate information for the cor-
rect preparation and preservation of food.

In addition to this, hundreds of food compa-

Figure 2. Food Future

nies donate food to Food Banks, non-profit and
third sector organizations supporting the most
impoverished in various ways.

As the largest food and drink producer in the
world, Europe’s food value chain has a major
responsibility to contribute to global food pro-
duction, and thereby food security, in the most
sustainable way. The European food and drink
industry is determined to be at the forefront of
the sustainability transition, which is a conditio
sine qua non for the wellbeing, prosperity and
longevity of our economies, our societies and
our planet.

Principles of food sustainability information

The European food and drink industry is com-
mitted to provide transparent information to
consumers on the sustainability of food and
drink products. Food information is a key tool
to allow consumers to make informed choices
that fit their individual diets and lifestyles. The

Achieving the United Nations Sustainable Development Goals

A

increase in yields

© Population and income growth will continue
to drive food demand. Meeting the additional
demand will depend on the availability and
productivity of resources.

Source: FAD

© Addressing hunger, malnutrition in all its
forms and food production are key to
meeting the goals of the 2030 Agenda for
Sustainable Development. The UN Food

CHANGE IN FOREST AREA

MEETING GLOBAL DEMAND FOR FOOD BY 2050"

+16.5 million

hectares of arable land (+158

(1990-2015, CHANGE IN THOUSANDS OF KM?)

GLOBAL FOOD AND NUTRITION SECURITY CHALLENGE,
INCLUDING THE EFFECT OF THE COVID-19 PANDEMIC (2020)

adequate

food 39%
of the world's

adult population
is overweight

Source: The State of Food Security and Nutrition in the World 2021
[SOF1 2021). FAC: WHO

NATIONAL CONTRIBUTIONS TO THE PARIS CLIMATE
AGREEMENT: TOP 5 PRIORITY AREAS IDENTIFIED
FOR ADAPTING TO CLIMATE CHANGE, 2020

g(y);tfn;"srnssir;n:gﬁ:ii;ijfhseiztsg?:ceLVPS Europe & Central Asia (% of countries that included adaptation information)
by transforming global food systems. .133 i A Erdvodaiirad
© Food production and nutritional security nutritional security
were the highest priority areas for adaptation ' 64  North Amerioa Tarraatrial ardd
identified in the national contributions wetland ecosystems
of countries within the Paris Climate ' 45  SouthAsia
Agreement context. Freshwater resources
' 33 Middle East & North Africa

© Forests cover a third of the world's land but
are in serious danger from deforestation
and forest degradation. Since 1990, the
world's forests shrank by 1.3 million square
kilometres, an area larger than South Africa.

Under business as usual scenario, base year, 2012 =100

Source: the Worid Bank

Latin America & Canbbean

Human health

Su-Saharan Africa

Key economic
sectors and services

Source: United Nations

Source: FoodDrinkEurope Data & Trends 2021
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EU food and drink industry therefore welco-
mes the opportunity that the future legislative
framework on sustainable food systems offers
towards developing a science based EU com-
mon framework for sustainable food labelling.
The European food and drink industry is com-
mitted to improve transparency and provide
clear, factual and relevant information about
the sustainability of food and drink products.
The sector herewith would like to offer its te-
chnical knowledge and consumer insights to
find common, harmonised solutions to further
enhance food sustainability information to
consumers.
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In the last years, both companies and consumers
have increased their awareness on the environ-
mental impacts caused by consumption and pro-
duction models, especially in the agri-food sector.
For these reasons, several different standards
and technical guidelines have been developed at
international level for assessing the potential envi-
ronmental impacts of products and services, such
as the PAS 2050, the Greenhouse Gas Protocol
and the BPX 30-323-0 [1]. Furthermore, eco-la-
bels, i.e. product labels which provide information
about the overall environmental performance of
products (e.g. Environmental Product Declaration
according to ISO 14025 or European Ecolabel ac-
cordingto1SO 14024) have been used increasingly
by companies to communicate their commitment
towards sustainable development topics and to
obtain competitive advantages in the market.

Some methods include only the impacts on cli-
mate change, such as the PAS 2050 and the
Greenhouse Gas Protocol, which are focused
only on the Carbon Footprint calculation, whereas
other account for a limited group of environmen-
tal indicators, and therefore they do not compre-
hensively assess all the environmental aspects
connected to products life cycle. Moreover, the
results obtained by the application of those meth-
ods are not fully consistent or comparable [1; 2; 3],
since all these methods are not harmonised and
apply different methodological choices. One of
the objectives of the “Roadmap to a Resource Ef-
ficient Europe™ was to “Establish a common meth-
odological approach to enable member states
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and the private sector to evaluate and communi-
cate the environmental performance of products,
services and companies based on a comprehen-
sive assessment of environmental impacts over
the life-cycle” [4]. Therefore in 2013 the Euro-
pean Commission adopted the Communication
“Building a Single Market for Green Products [5]
and published the “Recommendation on the use
of common methods to measure and communi-
cate the life cycle environmental performance of
products and organisations” [6], both aimed at
developing a common European framework for
the assessment of products and organisations
environmental performances throughout their
entire life cycle as well as their communication to
consumers, with the general purpose to facilitate
and promote the development of environmental-
ly-friendly products in the internal market and to
promote competitiveness among companies [5].
The Recommendation established two harmo-
nised methods for measuring environmental per-
formance along the life cycle, the Product Envi-
ronmental Footprint (PEF) and the Organisation
Environmental Footprint Organization (OEF), both
based on the standardised ISO LCA method. The
PEF initiative therefore arises from the need to
harmonize the methods for the environmental as-
sessments of products and organisations as well
as the related environmental labels, which have
proliferated over the last years, leading to ineffec-
tive communication towards consumers and other
companies, a scarce comparability among similar
products, an increased difficulty in their use and a
subsequent costs increase for companies.

The main purpose of the PEF method is to pro-
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vide a common harmonised method which aims
to increase the robustness, consistency, compa-
rability and reproducibility of life cycle results [1].
Furthermore, the PEF considers several different
impact indicators related to environmental, health
and resource use impacts of the product’s life cy-
cle, thus reducing any possible burden shifting [5].

Figure 1. Main phases of a PEF study

N Define the goal and scope
of the Product Environmental

Footprint study

N Compile the Life Cycle
Inventory (LCI)

Ef Verification
—> Conduct Life Cycle Impact
Assessment (LCIA)
—> EF reporting

Source: personal elaboration from Partl et al., 2021 [7].

In order to increase methodological harmoniza-
tion and comparability among different studies
of the same product category, the PEF method
provides also general guidance on how to devel-
op specific methodological requirements for sev-
eral product categories (Product Environmental
Footprint Category Rules - PEFCRs), which have
been developed during a pilot phase which last-
ed from 2015 to 2018 and which involved several
product groups, with a great participation of agri-
food product categories (olive oil, dairy prod-
ucts, feed, beer, pasta, etc.). Moreover, a PEFCR
guidance [8] has been developed during the pilot
phase of the PEF method, which describes the
procedure to be followed for developing the PE-
FCRs of a specific product category. PEF pilots
involved several kinds of stakeholders who were
grouped in Technical Secretariats for each pilot,
consisting of technical experts such as compa-
nies and industry association (representing over
51% of the total European market for each prod-
uct category), non-governmental organisations,
research centres and universities. The Technical
Secretariats were supported by a Steering Com-

mittee with representatives from member coun-
tries and the European Commission as well as by
a Technical Advisory Board for providing techni-
cal support to specific methodological issues [9].
At the moment, the final PEFCRs are available for
several product categories, with most of them rep-
resenting the agri-food sector (i.e. beer, dairy, feed,

Figure 2. PEFCRs available

Finalised PEFCRs
in April 2018

* Rechargeable batteries

Finalised PEFCRs
in November 2018
* Hot & cold water

- Decorative paints pipe systems

o |T equipmerF:t ’ ;i‘gtl;irdgzr(:rssehold
UrsEEE) + Uninterruptable

* Leather power supply

* Thermal insulation « Photovoltaic electricity
(housing) generation

* Beer * Intermediate paper

« Dairy products | . E/Ir:tillﬂs:theets

« Feed for food prod. animals « Toshirt

« Pet food

« Pasta

*» Wine

« Packed water
Source: personal elaboration from Partl et al., 2021[7]

packed water, pasta, wine). Figure 2 and 3 show the
PEFCR available and those in development.
IN DEVELOPMENT:

Figure 3. PEFCRs in development

Apparel (including accessories
dresses hosiery underwear, leqgin-
gs/ tights baselayer, jacket jersey
pants shirts skirt socks sweater
and cardiaans swimwear t-shirt
boots cleats court dress shoes/
heel other athletj¢ sboes sandals
and sneakers)

Sustainable Apparel Coalition
pef@apparelcoalition.org

CoOperatie Royal FloraHolland
Cut flowers and potted plants UA.
alberthaasnoot@royalfloraholland.com

Flexible packaging (low, medium

) o e Amcor Group GmbH
andlh|gh functpnahty isabellei ennv@amcocro m
flexible packaging)

EMEA Synthetic Turf Council
Synthetic turf (ESTC)

stefan@estcin fo

Marine fish (wild caught marine
fish and marine fish from
marine open net pen aquaculture)

Norwegian Seafood Federation
(NSF)
henrik.stenwig@sjomatnorge.no

Source: personal elaboration from Partl et al., 2021 [7]
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In addition to the development of the PEFCRs,
the pilot phase has defined, for each product
category, the most relevant impact categories
as well as environmental benchmarks which will
be potentially compared with the results of a PEF
study performed by a company on their product.
Moreover, the PEF pilot has worked together with
the main developers of LCA databases to devel-
op PEF compliant LCA datasets to be used in the
PEF studies, with the aim to increase the compa-
rability of PEF results. Table 1 shows an example
of benchmark (characterised results) for 1000
ml of liquid milk.

In the transition phase, which has started in May
2018 and will end in 2022, new PEFCRs will be
developed (i.e. apparel and footwear, cut flowers

opment of the PEFCRs for several food and drink
product groups, should therefore facilitate the
calculation and evaluation of the environmental
impacts of agri-food products, by defining com-
mon methodological rules to be applied by the
practitioner, together with a detailed support in
any methodological problem which can occur
during the PEF study. This should result in better
accuracy, reliability and reproducibility of PEF re-
sults and therefore should contribute to the tran-
sition towards circular economy models.

In December 2021, the European Commission
adopted a revised Recommendation on the use
of Environmental Footprint methods [11] which
revises the previous 2013 Recommendation and

Table 1. Benchmark values (characterised results) for 1000 ml of liquid milk

Impact category Unit Life cycle excl. Use stage Use stage
Cli mate change 153E+00 8.29E-02
Climate change - biogenic kg CO2eq 7.36E-01 1.67E-03
Climate change - land use and land transformation [.92E-01 9.45E-05
Ozone depletion kg CFC-11 4.69E-09 3.26E-10
Particulate matter disease incidence disease incidence 1.03E-07 2-SOE-09
lonising radiation, kBq u23s eq kBq u23s eq 5.63E-02 3.23E-02
Photochemical ozone formation, human health kg NMVOC kg NMVOC 3.37E-03 |.38E-04
Acidification mal H+eq H+eq 1.25E-02 2.51E-04
Eutrophication, terrestrial mol Neq mol Neq 5.34E-02 5.22E-04
Eutrophication, freshwater kg P kg P 1.04E-04 |.04E-05
Eutrophication, marine kg N kg N 3.75E-03 7.71E-05
Land use Dimensionless (pi) Dimensionless (pi) 1.51E+02 7.51E-01
Water use m3 worldeq m3 worldeq 3.11E-01 7.10E-02
Resource use, minerals and metals kg Sb kg Sb 1.24E-06 I.OSE-07
Resource use, fossils MJ MJ 6.79E+00 1.36E+00

Source: Personal elaboration from European Dairy Association, 2016 [10].

and potted plants, flexible packaging, synthetic
turf, marine fish), and both the applicability of the
method and the use of the PEF as an environmen-
tal label will be tested, which will include also the
possible use of benchmarks for comparing differ-
ent products available on the market.

The application of the harmonised PEF method
in the agri-food sector, coupled with the devel-
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incorporates the methodological results of the pi-
lot phase. During the pilot phase, the method was
tested with more than 300 companies and 2000
contributing stakeholders in different sectors.
This was very important for strengthening meth-
odological approaches, and produced a signifi-
cant amount of knowledge from different experts
and sectors involved. The fundamental principles
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of PEF method is still Life Cycle Assessment, but
the Recommendation introduces some method-
ological changes, mainly on modelling require-
ments, data and data quality requirements and
life cycle impact assessment. It also includes the
development of category and sector rules, and
therefore provides a solid basis for policy devel-
opment and implementation.

Finally, the European Commission is now working
on an “Initiative on substantiating green claims”
(foreseen in 2022) which will require companies

to substantiate claims they make about the en-
vironmental footprint of their products/services
by using standard methods for quantifying them,
such as the PEF method. The aim is to make the
claims reliable, comparable and verifiable across
the EU, thus reducing ‘greenwashing’. This should
help companies and investors to make more sus-
tainable decisions and increase consumer confi-
dence in green labels and information and should
reinforce the use of PEF for the communication
of products environmental performance.
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Introduction

Over 200 companies, mainly SMEs, from nine
Mediterranean regions involved in initiatives aim-
ing at reducing the environmental footprint of six
consumer goods: olive oil (in France), wine (in It-
aly), bottled water (in France), feed (in Portugal),
cured meats (in Spain) and cheese (in Slovenia,
ltaly, Greece). But also methods and tools, solu-
tions and over 60 good practices for the sector,
with the aim to support in particular SMEs in
the transition towards eco-innovation and a low
carbon and circular economy. These are the out-
puts of European PEFMED project (Uptake of
the Product Environmental Footprint across the
MED agri-food regional productive systems to
enhance innovation and market value), for the
transition to a production model oriented to-
wards PEF (Product Environmental Footprint), a
common methodology at EU level for assessing
the environmental footprint of products in their
life cycle and promoting a sustainable and com-
petitive production [1].

PEFMED project, running from November 2016 till
July 2019, was financed by the Interreg Mediterra-
nean Programme (budget of 2.4 M euro) to pro-
mote eco-innovation in the food and drink industry
in the Euro-Mediterranean area, by coupling envi-
ronmental and socio-economic aspects.

The project starting point was the Recommen-
dation published in 2013 by the European Com-
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mission on the use of the Product Environmental
Footprint (PEF) method (2013/179/ EU), with
the aim of supporting the development of envi-
ronmentally- friendly products to be sold on the
European market and promoting competitive-
ness among companies.

PEF is a harmonized life cycle-based method to
assess the potential environmental impacts of
products throughout their whole supply chain
[Figure 1]. Its main purpose is to increase the ro-
bustness, consistency, comparability, and repro-
ducibility of the measurement of the life cycle en-
vironmental performance of products. It is based
on the existing standards and methodologies,
such as the ISO-standards for Life Cycle Assess-
ment and considers 16 potential impacts of the
products’ life cycle on the environment, human
health, and resource use [2,3].

Within this context, PEFMED aimed to:

1. Promote systemic eco-innovation interven-
tions and the use of environmentally friendly
technologies, especially in Small and Medi-
um Enterprises (SMEs), with the purpose to
increase the sustainability of Mediterranean
agri-food supply chains, providing tools, meth-
ods, and case studies.

2. Guide a mind change from the traditional pro-
duction model towards a PEF-oriented ap-
proach, by means of training, transfer and dis-
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Figure 1. Life cycle stages of agri-food products

INPUT

Cultivation/
Breeding

Processing and
packaging

Distribution

Source: P. Sposato, ENEA, 2016

semination actions, based on the results of the
project pilot phase.

3. Support the objectives of the Smart Special-
ization Strategies (S3) of the Mediterranean
regions involved in the project regarding the
agri-food sector, also by means of an active in-
volvement of S3 managers of the pilot regions,
who participated in the development of national
roadmaps to promote the application of the PEF
method to the Mediterranean agri-food sector.

PEFMED was coordinated by ENEA (Italian Na-
tional Agency for New Technologies, Energy
and Sustainable Economic Development) and
involved the major agri-industrial federations of
ltaly (Federalimentare), Greece (SEVT), France
(ANIA), Portugal (FIPA), Slovenia (GZS) and
Spain (FIAB) and technological experts on agri-
food sector (CRITT, France) and on socio-eco-
nomic issues in companies (DNV GL, Spain). In
addition, the Italy the Ministry of the Environment
participated as Associated partner.

The PEFMED Method

The PEFMED method is based on the application
of the European Product Environmental Footprint
(PEF) method combined with a set of territori-
al-based socio-economic indicators and aims to
evaluate the environmental and socio- econom-

Food storage
and preparation

Land, energy, water, natural resources, fertilizers, chemicals, pesticides,
packaging materials, auxiliary materials, ..

Waste
management

Consumption Dish Washing

ic performance of products throughout their life
cycle, i.e. from the extraction of raw materials,
through processing, distribution, use, and end-
of-life, and along their supply chains [Figure 2,3].
The PEFMED method supports the identification
of both environmental and socio-economic hot-
spots and potential improvement options, within
a systemic eco-innovation perspective. The final
objective of the PEFMED method is the definition
of a Sustainable Business Plan, aimed at reduc-
ing the environmental and socio-economic im-
pacts of both the analyzed product and its supply
chain, as well as to enhance any potential positive
aspectsintegrated inthe company strategy [4.,5].

Figure 2. PEFMED Method

Companies
provided the
necessary
resources for the
collection of the
required data

LCA/CSR Experts
applied SE-KPls
and PEF in
collaboration with
the companies

53 Managers
provided an
overview of the
available economic
tools for the
implementation of
eco-innovation

A Sustainable
Action Plan is
developed to
implement
improvement
solutions
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After assessing the environmental and socio-eco-
nomic performances of the products, the most
effective technological and management solu-
tions were identified by a team of researchers,
entrepreneurs and experts to improve the envi-
ronmental and socio-economic footprint along
the supply chain [6]. Thanks to the support of the
territorial clusters and regional referents of the
Smart Specialization Strategies (S3), the solu-
tions were analyzed in relation to the available
economic policy tools. This led to the develop-
ment of the “sustainable business plan”, includ-
ing eco-innovation and marketing strategies that
the company can implement.

Figure 3. PEFMED method target groups

Transformers

Wﬁ

L)

Producers

4

Source: P. Sposato, ENEA, 2016

Different tools have been developed during the pro-
ject to support the use of the PEFMED method, in
particular by SMEs. Three tools have been created
to facilitate the realization of PEF studies for olive
oil, wine and packed waters, in compliance with
the relevant PEF Category Rules. In order to deal
with socio-economic aspects, an Excel-based tool
with social and economic key performance indica-
tors (SE-KPIs tool) has been developed to assess
the performance of companies and identify areas
of possible improvement, considering aspects re-
lated to human rights, working conditions, health
and safety, cultural heritage, governance and so-
cio-economic impacts on the territory. The tool
was tailored according to SMEs characteristics and
needs and, after the first application with external
expert support, companies can apply it accord-
ing to their own needs in order to pursue contin-
uous improvement. The chosen SE-KPIs follow a
life cycle approach and include the whole product
supply chain. The 14 KPIs are both qualitative and
quantitative and study in 36 questions how a com-
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pany implements policies, actions and controls in
relation to 4 stakeholders, i.e. workers, local com-
munity, consumers and value chain (suppliers and
partners), and several “subcategories”, e.g. Health
& Safety, Training, Working conditions. The final
output of the assessment is both a numerical result
representing the level of maturity of the company in
relation to each KPI (i.e. absence, basic, continuous
improvement, proactive) and a graphic rendition of
the results, where companies can see at a glance
what to improve.

Moreover a “Protocol” for the development of a
sustainable business has been provided and over
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60 environmental good practices were collected
(info sheets), that can be easily transferred and
adapted to other agri-food products and in oth-
er MED regions. The infosheets sheets describe
technological and management good practices
to be used by companies willing to improve their
environmental and socio-economic profile as a
source of information and inspiration.

These methods, tools, good practices, techni-
cal and policy documents (feedback on the pilot
studies on nine agri-food product chains and six
national roadmaps) and much more are avail-
able on the dedicated website: pefmed-wiki.eu
[1] (which has been further improved and imple-
mented during PEFMED PLUS project) and they
are described chapter 5 of this publication.

Testing and transferring of PEFMED method
The PEFMED method was tested in nine agri-food
product chains and clusters located in different
Mediterranean regions [Figure 47]:
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Figure 4 . Mediterranean regions involved in the 9 pilot studies

W Wine M Olive oil M Dairy M Meat M Feed M Bottled water

o o~

» Cheese in Lombardy (ltaly), Thessaly (Greece)
and Western Slovenia (Slovenia)

» Cured meat in Catalonia (Spain)

* Olive oil in Andalusia (Spain) and in Provence-
Alpes-Cote d'Azur (France)

» Wine in Apulia (ltaly)

» Feed in Alentejo (Portugal)

« Bottled water in Auvergne-Rhéne-Alpes
(France).

Companies of different sizes participated in this
pilot phase: in particular, both SMEs and large
companies were involved for the cheese and ol-
ive oil production chains, whereas either SMEs or
large companies were involved for other produc-
tive sectors. Results of the pilot phase for each
product chain analyzed are described in the Pro-
ject final publication: main environmental and so-
cio-economic hot spots and improvement solu-
tions identified [1, 6].

PEFMED transferred its outputs, method and
tools to nine new industrial product chains locat-
ed in different MED areas, through training activ-
ities and dissemination events called “PEFDAYS”
and “Changeovers workshops” with the partici-
pation of companies, Smart Specialization Strat-
egy managers, cluster managers, industrial asso-
ciations, consultants and other stakeholders.

Conclusion
The method and tools used in the project have

proven to be effective for companies and sup-
ply chains and could be used to adequately meet
the needs of consumers, especially if associated
with a certification scheme, (such as the ltalian
national label “Made Green in Italy” [7]), or if it
would become mandatory and more regulated
by EU member states.

The food companies had the chance to be famil-
iar with a new EU methodology and to get bene-
fit of the real application of it. It was explored the
chance to give in products new marketing capaci-
ty, by exploiting their environmental performance.
The companies evaluated the strengths and weak-
nesses of their product system and highlighted
possible future improvements and needs.

The results yielded three main recommenda-
tions to encourage a wider application of the PEF
method in the EU by:

* Increasing the availability of final PEF Category
Rules and of specific datasets for the Mediter-
ranean region

« Supporting measures for the application of
PEF: i.e. “consultancy vouchers”, training for
consultants and companies involved in agrifood
supply chains and local helpdesks

* Developing simplified tools for applying PEF to
SMEs.

From the point of view of S3 managers, PEF
methodology should be more integrated in re-
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gional policies concerned with sustainability and
financial incentives should be provided to SMEs.
PEF application could be conducted at a larger
scale with a strong policy support, both nation-
al and regional. Moreover, transnational coop-
eration and exchange of experiences has been a
good opportunity for increasing knowledge and
networking.With the support of regional policy

makers and political choices which enable the
increase of PEF scientific robustness and signif-
icance, the transfer of the PEFMED approach,
particularly through the agri-food Federations
could lower the sector’'s environmental and so-
cio-economic impacts, improve the companies’
response to consumers’ needs and support the
implementation of circular economy actions.
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The EU strategy for food sustainability
aims to protect the environment and
provide healthy food for all, protecting
farmers livelihoods

The food system, from production to waste con-
sumption, has a significant impact on the envi-
ronment, health and food safety. With the « Farm
to Fork » strategy presented on May 2020 the
20th, the Commission aims to deliver a sustaina-
ble food system at EU level taht safeguards food
safety and protects people and the natural world.
Although EU agriculture is the only major agricul-
tural sector in the world to have reduced its green-
house gas emissions (by 20% since 1990), it is
still responsible for around 10% of greenhouse (of
which 70% is due to animals) [Figure 1].

Emissions de gaz a effet de serre Emissions de gaz a effet de serre
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Along with manufacturing, processing, packag-
ing and transport, the food sector is one of the
main drivers of cliante change.

Knowing that 20% of the food produced in the
Union is waste, we must change the way we pro-
duce, buy and consume food in order to reduce
our environmental footprint and contribute to
mitigating climate change, while protecting live-

lihoods of all economic actors in the food chain,

generating fairer economic returns and opening

up new opportunities for businesses.

4 tools have been designed during the project,

to help companies to assess their environmental

footprint and socio-economic footprint:

» 3 agrifood tools on packed water, olive oil and
wine sector [1].

1 socio-economic tool [1].

Description and advantages of these tools

These 3 Agri-food PEF tools enable the calculation
of PEF for olive oil, packed water and wine prod-
uct. It can be extended to other product catego-
ries and is easily applicable, even by SMEs. It pre-
sents a global vision of the environmental impacts
generated by product’s life cycle and of the pro-
cesses responsible for those impacts [Figure 2].

Figure 2: Pefmed project tool description sheet

PRODUCT
ENVIRONMENTAL
FOOTPRINT TOOL

Agri-food PEF tool

6. PEF - Benchmark

perien Cops Crna.

Critt
-

+31556360044 @ FEFMED

Contac: Laurwen Bewy

433490315501
Careact; Caveiie Marin

Source: Pefmed Project Leaflet, ENEA

25



INNOVATIONS IN THE AGRIFOOD SECTOR TO REDUCE FOOD PRODUCTS ENVIRONMENTAL FOOTPRINT

Since datasets and impacts indicators are includ-
ed in Agri-food PEF tool, it helps to reduce the
need for external experts support.

It can be combined with the SE-KPIs tool devel-
oped within PEFMED to evaluate also socio-eco-
nomic impacts during the product’s life cycle.

Methodology

The 3 tools have a similar content, and follow the
same methodology :

1. Qualitative assessment — Questionnaire

It is a first qualitative assessment of the environ-
mental practices of the company.

2. Qualitative assessment — Results

This step provides the results of the qualitative
assessment of the environmental practices. It
identifies the hotspots to be improved.

3. PEF — System boundaries

A flowchart describes the entire life cycle of the
product. The user can choose the type of data
(specific or generic), to use in the analysis.

4. PEF — Data collection

The user fills in all the requested data.

5. PEF - Results

Results of the Product Environmental Footprint
are calculated, in compliance with both choices
done in “PEF — System boundaries” sheet and
data provided in “PEF — Data collection” sheet.

6. PEF benchmark

The environmental impacts calculated with this
tool are compared with the European benchmarks.

The benefits for companies

The Agri-food PEFMED tools allow companies to
obtain a comprehensive overview of their prod-
uct’'s environmental impacts. It helps them to
avoid environmental burdens shifting when de-
cisions have to be made. Indeed this analysis
helps to identify if a reduction of the impact in
one stage will cause an increase of the impact in
other stages, or in the same stage but on other
impact categories. It helps to map inventory in-
put and output flows (materials, energy, water,
emissions, waste) of the production system / the
organization. It covers all the main environmental
impacts through the use of impact indicators.
The results can contribute to the definition of an
improvement action plan for the analyzed prod-
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uct. For example, for the products studied during

the project:

« advices about packaging and material used,

* ideas of improvement on processes and on
transports organization [Figure 3].

Figure 3: Sustainability aspects for measuring and evaluating
the performance of manufacturing processes

Source: National Institute Of Standards And Technology (Nist)

The limits of the method

The existing assessment tools, simplified or not,
are quite difficult to use directly by companies.
Their is a big work to do to gather all the input
data, that are often not very precise. That mean a
hard work to collect the information from the raw
material and packaging suppliers, from the data
company process (consumption energy, water,
waste...), and from upstream and downstream
transport data. All these information are often
hypotheses, for a lack of specific data.

That means that companies need an external ex-
pertise to help them to gather the right data, to cal-
culate the footprint by different software (simplified
or not), and to interpret the results of the footprint.

Example of the Montenegrin PLANTAZE
company, helped during Pemfed Plus
project

The study has been performed by Yvan Deloche,
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environmental expert from CRITT Agrofood
PACA, on 16 and 17 of may 2022, with the collab-
oration of Plantaze team, enable to deliver first
interesting results using the wine tool to assess
the enviromental impacts of a bottel of wine [2].

After having introduced the PEF methodology,
and the wine tool used, the expert started to col-
lect some data, that have been entered in the wine
tool to calculate the environmental impacts of a
bottle of wine (on all the steps of the product life
cycle). This testing also conducted to identify and
correct few bugs that were remaining in the tool.
Some recommandations have been done to
the company, to continue the testing phase
of the study:

Some more data need to be collected for a better
analysis of Plantaze results.

The main missing data are the following:

» Some distance from providers for some of
the inputs
Those data could be easily found by the company.

« Water consumption for irrigation of the
vineyards and for the winery

As the company use its own well to provide wa-

ter for its winery process or for watering, at the

moment no data are available. We recommend

installing water counters in a pilot plant to meas-

ure the water consumption.

* Wastewater from winery
Installing of water counters for incoming on win-
ery should help to evaluate the amount of waste-
water produced by wineries.

* Fuel consumption for grape production

If there is a specific diesel dedicated to the grape
production, an average ratio should be calculated
at the company level.

After completing those data, next step is to
make a benchmark of Plantaze results with oth-
er companies or PEFCR European data. It is rec-
ommended to do this benchmark, separately for
each production stage. It is particularly recom-
mended to do this comparison separately for the
grape production stage.

Other recommandations have been done to
reduce the impacts of the company :

* Vine yards fertilization

According to the LCA analysis, and with the ac-
tual data, fertilization has an important environ-
mental impact. Any modification that lead to are-
duction of fertilization will a have effective results
in Plantaze environmental footprint.

» Wastewater treatment of wineries

At the moment, there is no water treatment: a bio
Laguna is under study to enable water reuse for
vineyards irrigation.

It could also be interesting to study the poten-
tial of anaerobic digestion, in this purpose some
investigation need to be done on wastewater :
pollutant load, volume, to evaluate the amount
of biogas that could be produced thanks to this
technology.

» Packaging

Weight reducing can be studied. For the local mar-
ket (30% of Plantaze sales), it would be interesting
to implement of system of bottle reusing, this re-
quire the investment in a bottle washing unit.

* Energy consumption in wineries
Some energy diagnosis could be performed in
the wineries.

In parallel other tools produced during the
PEFMED project can help companies to know the
new environmental technologies. For example
60 infosheets have been produced on different
subjects as energy, water, waste, packaging, so-
cio-economic, resource efficiency, eco-labeling,
and other new environmental technologies or
methodologies [1].

What are these infosheets:

» Technically-oriented, two pages sheets made
with the aim of easy spreading information
about sustainable practices and technologies in
the agro-food industry.

* Description of solutions (from technological or
management to analytic tools) effective to be
used by companies for improving the environ-
mental footprint of agro-food value chains.

* Both innovative solutions and technologies/
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tools/good practices developed for some time,
but still not much adopted by SMEs in the agri-
food sector.
They were adressed to agri-food SME(s) (generic
target - e.g. Agro-Food Industry) or both generic
and specific Agro-food sector and other stake-
holders of agri-food sector (industrial associa-
tions, technological centers...).

They were selected for PEFMED PLUS project for
the transfer potential, that is to say for the high
potential to widely spread information about sus-
tainable practices in the agro-food industry, and
for the “ready to be used”, without any direct
economic cost. Another point is the possibility to
extend the number of models available to other

sectors and to organize them in a database.
Advantages/challenges: Possibility to be con-
stantly updated with new/innovative best prac-
tices, technologies and solutions.

Conclusion

To encourage companies to reduce their environ-
mental impacts to be more sustainable in their
practices, it is clear that we need to help them to
understand the challenges they have to include
into their strategy, the methods and tools they can
use, and the stakeholders they can contact to be
more efficient. It's important to follow and train
them into the implementation of the environmen-
tal impact reduction methodology, and into the
way they can include it in their daily practices.

Bibliography

[1] Del Fiore Antonella, The PEFMED tools. PEFMED PLUS - Activity 3.2 Online training, 26 January
2022 PEFMED PLUS Repository https://pefmedplus.eu/repository-training/

[2] Deloche Yvan, Report of Plantaze testing study in Montenegro, May 2022.

28



CHAPTER

A SURVEY ABOUT ECO LABELS
IN BOSNIA AND ERZEGOVINA,
MONTENEGRO AND CROAZIA

H. Brekalo and J.Primorac

SUM APTF - University of Mostar, Faculty of Agriculture and Food Technology

Keywords: eco-label, environment, survey

The three countries that are the subject of this
paper are at different levels of implementation of
environmental protection and the use of ecolog-
ical labels. Bosnia and Herzegovina and Monte-
negro are just preparing for EU accession, while
Croatia entered the EU in 2013. The impact of
agricultural and food sector production on the
environment is not too high in all three countries,
mainly because extensive production prevails,
but it will be necessary to introduce impact con-
trol measures in these countries as well. This is
likely to be achieved mostly through the adoption
of eco-labels, such as the P.E.F. label.

The State of the Environment Report of Bosnia
and Herzegovina 2012 is the first report of this
kind in the country of BiH and it presents one of
the founding documents on environmental pro-
tection in BiH. It stated that GHG emissions orig-
inating from the agricultural sector had a slight
growth trend in the period 2005 - 2010, but are
still far from the emission levels in 1990. Since
BIH agriculture is characterized by small and
fragmented estates, inadequate equipment on
estates and poor use of agricultural inputs, it is
estimated that the current impacts of this sector
on the environment are not significant in compar-
ison to certain other sectors [1].

Report on the State of the Environment of Monte-
negro is one of the basic documents in the field of
environment and is adapting annually. It is stated
that the agriculture is not the main polluter but
the further actions are needed in order to prevent
the potential negative effects. Still, increase of ag-
riculture production and food processing, more

intensified agricultural production and diversifi-
cation and development of economic activities in
rural areas can lead to additional pressures and
negative impact on nature and environment [2].
Due to its natural and climatic features water
resources and unpolluted land, the Republic of
Croatia has great potential in the development
of agriculture and therefore agriculture is rec-
ognized as a strategic branch of the economy of
the Republic of Croatia [3]. The Rural Develop-
ment Program of the Republic of Croatia for the
period 2014-2020, among other things, defines
sustainable integration agriculture and environ-
ment, which is implemented through a set of
agri-environmental measures. In 2016, Croatia
had 543,414 ha of agricultural land under agri-en-
vironmental measures, whichis a share of 35% in
relation to the used agricultural land. The share
of areas under organic agricultural production in
relation to the area of used agricultural land has
increased from 2.6% in 2013 to as much as 6.1%
in 2016. In accordance with these increases, the
number of farms engaged in organic agricultural
productionincreased from 1,609 in 2013 t0 3,673
in 2016 [4].

“Eco-labels” is the short form for ecological la-
bels. They contain information regarding po-
tential impacts on the environment of the pro-
duction, consumption and waste phases of the
products/services consumed [5]. Republic of
Croatia, thanks to its membership in the EU, is
much more advanced in all aspects of environ-
mental protection. European eco-labels are also
in force in Croatia, and it has developed its own
label called “Environmentally Friendly”. Unlike
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BiH, which also has its own national eco-label of
the same name, in Croatia it is regularly awarded
to interested producers and it is legally equated
with the European eco-label (EU flower). Bosnia
and Herzegovina, at least a part of it (FBiH Enti-
ty), has adopted the legal basis and introduced
the label “Environmental Friend”, but so far it is
not implemented and there is no information on
the holders of this label.

Montenegro adopted the Law on Environment
which contains general provisions on the environ-
mental management scheme and environmental
labelling to encourage environmental improve-
ments by private sector; however, there are no
national systems of eco-labelling or environmen-
tal management in place.

The survey

On the eve of the launch of the new P.E.F. eco-la-
belin the EU, we were interested in what opinions
about eco-labelling are in the countries that are
part of the PEFMED PLUS project: Bosnia and
Herzegovina, Montenegro and Croatia.

The survey was created for small sample of 15-
20 respondents per country. Bosnia and Her-
zegovina had 17 questionnaires answered, and
the Republic of Croatia and Montenegro had 16
each. When sending the questionnaires, efforts
were made to send them to as diverse SMEs in
agri-food sectors as possible, in order to obtain a
better sample of answers. A total of 19 questions
were asked and six most important are shown in
this paper.

Below we will give an overview of the questions
and answers of the respondents for each coun-
try separately. Responses were converted into
percentages, for better visibility and comparison
between countries.

Figure 1. In your opinion, what does Eco-label mean?

Croatia Montenegro

BiH
19% 19% 19% 12%
37%
: ’ 44% ’ ‘ '
44% 37% 44%

m Healthy food and beverages label Green energy label

= Ecological products and services label ~ m Organic food label

u Other m | don’t know
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This statement is posed in this way, although the
issuance of eco-labels from these three coun-
tries is in different stages. In Croatia, there is an
eco-label issued by the state, and in BiH it is not
issued at the state level but by one of the entities
(FBIH), while Montenegro has not yet issued its
eco-label. In Croatia, the majority of respond-
ents stated that they knew about the issuance
of the eco-label, while in BiH 65% had not heard
of the state eco-label, although the respondents
were from the region belonging to the FBiH. This
highlights the poor media coverage of the eco-la-
bel issued in BiH and it seems that it was legally
adopted, but never came to life. In Montenegro,
most of the answers are in line with the lack of the
eco-label issued by this country. A small percent-
age who said they were aware that their country
had issued an eco-label had probably heard of
some of the international eco-labels, which Mon-
tenegro had adopted.

Figure 3. | can easily find information about Eco-labels from
different media (TV, Newspaper, and Internet) in my country!

BiH Croatia Montenegro
12% 6% 6%

25% 19%
18% "
4

37% '
31%

v 9 @

17%

38% 19%
m Strongly agree Somewhat agree ® Neither agree nor disagree

= Somewhat disagree m Strongly disagree

The answers to this question are fairly uniform
among states. Respondents mostly opt for more
neutral answers such as “Neither agree nor disa-
gree” or “somewhat agree”, or “somewhat disa-
gree". Croatia has perhaps the largest number of
Internet articles related to eco-labels and the fact
that there is no language barrier between these
three countries means that people can easily get
information through various media that not nec-
essarily originate from their country.

Respondents from all three countries are quite
affirmative about the credibility of the eco-label.
This could mean that they believe that the mech-
anisms that control the issuance of the eco-label
are appropriate. A smaller number of respond-
ents somewhat disagree with this statement,
with highest percentage in BiH (29%), and none



INNOVATIONS IN THE AGRIFOOD SECTOR TO REDUCE FOOD PRODUCTS ENVIRONMENTAL FOOTPRINT

of the respondents strongly oppose it.

Figure 4. | believe that Eco-label is very credible!

BiH Croatia

12% 19% 13% 6%

29% 30% ‘ ’ "
. 19% ‘
249
12% ' 7% ‘
3

29% 50%
u Neither agree nor disagree

Montenegro

m Strongly agree Somewhat agree

m Somewhat disagree m Strongly disagree

Figure 5. The use of Eco-label on products can benefit
companies in agri-food sector!

BiH Croatia Montenegro
18% 13% 31
<4
53% 50%
29% 37% 69

m Strongly agree Somewhat agree ® Neither agree nor disagree

m Somewhat disagree = Strongly disagree

As in the previous statement, the majority of re-
spondents in all three countries agree with this
one as well. Once again, Bosnia and Herzegovina
has some respondents who somewhat disagree
with the statement that the use of eco-labels
would benefit companies in the agri-food sector.

Figure 6. In the European Union Market in the near future a
new environmental labelling “P.E.F.” will be officially launched
also on the food products by quantifying their environmental
“weight” and inform consumers about that. Did you know this
“news” and the acronym of P.E.F.?

BiH Croatia

6% 6%
1% ' 3% ’ 44% '
53% 62% 50%

u Yes, | already know this issue

Montenegro

= Yes, | heard something but | have no idea on how it does work

® No, | do not know at all this issue

More than 50% of respondents in all three states
said they had heard something about the PEF la-
bel but did not know much about it. Most of the

other respondents had not even heard of this
news. As stated in a previous response comment,
eco-labels, and in particular the P.E.F. label,
should have stronger publicity in these countries.
Regarding the level of intensity of production,
agriculture cannot be considered a significant
polluter of the environment in the BiH, Monte-
negro and Croatia. The area of these countries
is not subject to large-scale air, water and land
pollution. Besides a few industrial complexes, lo-
cated in bigger city areas, there are still areas un-
touched by civilization, which indicates that the
large part of the region is ecologically clean.

Conclusion

Although three countries are at different stages
of adopting eco-labelling and aligning their leg-
islation with European ones, according to the
survey, the fact that the manufacturing sector in
all three countries is very affirmative in terms of
eco-labelling of their products is very encourag-
ing. Most of them believe that the eco-label would
add value to their products and customers would
recognize them as such, which would influence
their choice of purchase.

Unlike the government, the manufacturing sector
is market-oriented and wants to transform ac-
cording to customer preferences. It is therefore
not surprising that most of them want to know
more about eco-labelling, and also about P.E.F.
labels, in order to be as prepared as possible for
the eventual adjustment of their production. Gen-
erally speaking, the current impacts of agri-food
sector on the environment are not significant in
comparison to certain other sector and there
is no a large perception from the public of how
much important is food consumption and pro-
duction in terms of CO, emission at global level.
Increasing awareness will help to move the food
chain to take care of environment and adopt new
production methods and standards.

Croatia, as a full member of the EU, has much
more developed mechanisms for applying envi-
ronmental laws. It is expected that both Bosnia
and Herzegovina, as well as Montenegro, will
solve the environmental issue much better in the
future, on their way to EU membership
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In recent years there was an increasing interest
with respect to the effective environmental sus-
tainability of the agri-food systems considering the
different stages of the agri-food supply chain, and
their impact categories on the climate change and
the environment, such as GHG and CO, emissions,
depletion of energy and resources, deforestation
and the consequences they have on the chain itself
with the aim of reducing them.

Recent studies proved that 34% of all global anthro-
pogenic greenhouse gas emissions are correlated
to agri-food systems and 70% of them derive from
agriculture and land use [1]. InFigure 1 are report-
ed the data of Global CO, and Total Greenhouse
Gas Emissions related to the year 2021. Therefore,
the sustainability of the agri-food supply chain
currently represents one of the most ambitious
challenges for the European Agri-food System
since a better model of Sustainable Growth must
also preserve the future and well-being of future
generations. At this regard, the concept of Green
Economy as “one economy that results in im-
proved human well-being and social equity, while
significantly reducing environmental and ecolog-
ical risks. It is low carbon, resource efficient, and
socially inclusive” (UNEP, 2011) [2] was adopted
since it can play a fundamental role, through eco-
nomic and regulatory policies aimed to spread
more sustainable consumption and lifestyles and

eco-efficient products and technologies, comply-
ing with the principles of the Eco-innovation [3].

Figure 1. Trends in global CO, and total greenhouse gas
emissions, 2021

Global greenhouse gas emissions, per type of gas and source, including LULUCF

gigatonnes CO, eq
- Land Use, Land-Use Change
and Forestry (LULUCF)
I Forest and peat fires.
(N,0andCH)
o)

o Total emissions. excuding
LULUCF
B F-gases-Teral
I N0 - Energy indirect/waste
I 1,0~ Industrial processes
W N,0-Agricuture
CH, - Wasteand other
B v, - Agriculture
» R CH -Energy
i €0, - Other (non-energy)
wge 1995 2000 2005 2o 2005 aoao MM CO,-international ranspert
I O, -Energy
Source: CO,, CHN,0 excl. land-use change: EDGAR vs.0 FT2019; incl. savannah fires FAQ; F-gas: EDGAR vq.2 FT2019
GHG from land-use change: €O, fn ughton & CH, and N,0 from GFEDg.1s 2020
Note: €O, eq with GWPs from IPCC ARg

Source: Jos G.J. Olivier, Trends in global CO, and total greenhouse
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But what is meant by Eco-innovation?

In 2007 the European Commission released the
guidelines “Competitiveness and Innovation
Framework Programme” where eco-innovation
has been defined as “any form of innovation aim-
ing at significant and demonstrable progress
towards the goal of sustainable development,
through reducing impact on the environment or
achieving a more efficient and responsible use of
natural resources, including energy ™.

1 This definition is found in the Guideline Document for the Competitiveness and Innovation FP of the EC www.ec.europa.eu/environment/etap/files/

guidelines_for_cip_eco_innovation.pdf
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Concerning the environmental aspects, the
eco-innovation was defined by “as innovations
that consist of new or modified processes, prac-
tices, systems and products which benefit the
environment and so contribute to environmen-
tal sustainability” Bl. Thus, any eco-innovation is
conceived as a mean to reach the goals of sus-
tainable use of resources and reduction of envi-
ronmental impacts related to human activities.

Eco-innovation policies

In the last years, the compliance with the princi-
ples of Eco-innovation (El)and their implementa-
tion were strongly promoted by the European Un-
ion. An important policy reference document is
represented by the “Eco-Innovation Action Plan
(EcoAP) published in 2011 by the European Com-
mission (EC) with the aim to foster the adoption
of eco-innovation concept by the markets and
updated in 2015 by the 7t Environmental Action
Plan (7EAP - TAP)?

Since its adoption, the EcCoAP plan aimed at sup-
porting innovative SMEs and the related policies
have been consolidated by the European Union
Green Action Plan for SMEs (2014) [5], with the
objective to promote resource efficiency too.
This Plan therefore has strengthened others eco-
tools such as the Eco-Management and Audit
System (EMAS), the European Ecological Quality
Label (EU Ecolabel), the Environmental Technol-
ogy Verification Program (ETV), as well as the
Product Environmental Footprint (PEF) standard
to evaluate the environmental performances of a
product throughout its life cycle.

For this reason, recently agri-food companies
have increased their actions and strategies con-
nected to the sustainability, moving from end-of-
pipe’ solutions to integrated strategies based on
life cycle assessment (LCA) [6] of products and
joining environmental management systems,
with the final aim to achieve more circular pro-
duction systems.

In this context eco-innovation represented an
option to introduce more radical and systemic im-

provements regarding the environmental perfor-
mances of the agri-food supply chain. The Eco-in-
novation is closely linked also to Circularity [7]
notion because the development of circular solu-
tions is possible thanks to the adoption of innova-
tive technologies and sustainable processes [8].

Agro-industrial supply chains

and Eco-innovations

Eco-innovations are therefore crucial for the tran-
sition of agro-industrial supply to a more circu-
lar model based on sustainable food production
and processing [9] [10].

In the agri-food sector the supply chain are a se-
guence of interconnected phases and actors that
determine different environmental impacts along
the life cycle of the product. Significant differ-
ences can also occur between different supply
chains as well as between specific phases of the
same supply chain [Figure 2].

Figure 2. Scheme of Agro-industrial Supply chain
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The sustainability of the agri-food chains cannot
be achieved without the contribution of all in-
volved actors. Each of them plays a crucial role
in the common goals of sustainable production
and consumption. At this regard, the assessment
of environmental impacts must concern all the
phases of the agri-food chains according to the
life cycle (LC) of the products, from agricultural

2 DECISION No 1386/2013/EU OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 20 November 2013 on a General Union Environment Action
Programme to 2020 ‘Living well, within the limits of our planet’. http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32013D1386

3 Anapproach to pollution control which concentrates upon effluent treatment or filtration prior to discharge into the environment, as opposed to making
changes in the process giving rise to the wastes. (Source: European Environment Agency)
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phase, to processing, packaging, distribution and
consumption, up to the management of the re-
sulting waste.

To overcome the most critical environmental
aspects and to improve environmental sustaina-
bility of agro-industrial supply chains a series of
Green or sustainable Management or Techno-
logical actions need to be implemented.

Green or sustainable practices and technolo-
gies [11],[12] are considered as drivers of eco-in-
novation. The result of their application is the
reduction of environmental and ecological risks,
so they have a strategic role to improve the over-
all environmental performances of products and
processing. In most cases, objectives of satisfac-
tory environmental sustainability in the short and
medium term, are achieved through the correct
implementation of the best environmental prac-
tices in specific phases of the supply chain [13].
For example, best environmental practices ap-
plication such as the lightening of secondary and
tertiary packaging and the use of packaging with
a higher content of recycled material represent
the most suitable strategy for reducing the envi-
ronmental impact of packaging.

Horizontal or specific Green Technologies can
be adopted to significantly reduce the environ-
mental impacts associated with the consumption
of resources (energy, water)

Regarding energy consumption, it represents
one of the most critical aspects for several
agro-industrial supply chains, such as dairy sec-
tor, which can have a high average impact on pro-
duction costs. At this aim, different cross-cutting
technologies, of low, medium or greater com-
plexity, can be successfully implemented in order
to improve energy efficiency. Some examples of
the most common, effective and easily to carry
out systems are shown in the following table:

Table 1. Some systems for energy efficiency

» Heat loss recovery and reduction systems
* Photovoltaic Solar Panels

» Solar-Thermal Collectors

* LED lighting systems

Concerning water resource, innovative technol-
ogies such as membrane processes (microfiltra-

tion, ultrafiltration and nanofiltration), for the ex-
traction of useful compounds allow to manage
wastes and wastewaters with a view to circular
economy and industrial symbiosis and the crea-
tion of added value.

It is the application of the concept of “Biorefin-
ery”: the use of waste/wastewater from the main
production chain as secondary raw materials for
obtaining co-products for food and non-food ap-
plications (food supplements, animal feed, ferti-
lizers, cosmetics, pharmaceuticals, bioplastics
and biofuels, and nutraceuticals). In this way,
there is a double result: obtaining new products
and reducing waste.

Below [Figure 3] is showed a picture of an ENEA
plant with membrane technologies, for the recov-
ery of biologically active principles, fractions and
metabolites starting from agro-industry (such as
wine, dairy products, tomato, oil industry) and
bio-industry wastewaters.

Figure 3. Selective fractionation of agro-industry and
bio-industry wastewaters by ENEA membrane technologies

Source: ENEA Division Biotechnologies and Agroindustry website
(https.//bioagro.sostenibilita.enea.it/)

Conclusions

Structural measures to promote eco-innovation
include increased spending on research and de-
velopment and investment in education; compa-
nies that have the capacity must encourage inno-
vation by investing in their human resources and
in research and development activities.

The use of innovative technologies, which require
considerable investments, still represents a chal-
lenge (in financial terms and human resources) to
many SMEs and micro-enterprises which repre-
sent almost all the agri-food companies in the EU.
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What are the main critical issues to tion by research institutions
overcome? * policies and regulatory instruments not fitting
* high fragmented context, with a high number to the SMEs characteristics

of SMEs strongly linked to tradition leads to low

capacity for experimentation and innovation. Only by overcoming these hurdles, it will be pos-
e poor structural relationships between research  sible to make eco-innovations economically sus-
institutions and SMEs tainable and truly accessible to all business reali-

 low capacity of coordinated transfer of innova- ties, “tailored to measure” for each of them.
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The dispersion and accumulation of plastic ma-
terials in the environment is a global problem,
by now sadly known to all. The presence of plas-
tic microparticles has been ascertained in the
most diverse ecosystems and in every corner of
the planet, from Mount Everest to the Mariana
Trench to the Arctic. Recently discovered is the
introduction of microplastics into food chains,
with consequences on animal health as well as on
human health. Therefore, of crucial importance
for the fight against pollution becomes the appli-
cation of the principles of the circular economy
to plastics, with an ever-decreasing number of
wastes produced and, at the same time, an ev-
er-increasing number of plastic waste recovered
and subtracted to landfills or the environment.

Just over 60 percent of total plastic waste in Eu-
rope [1], is represented by packaging, defined,
according to current Packaging and Packaging
Waste Directive (PPWD — Directive 94/62/EC) as
“products made of any materials of any nature to
be used for the containment, protection, handling,
delivery and presentation of goods, from raw ma-
terials to processed goods, from the producer to
the user or the consumer”. The most critical en-
vironmental impact of packaging is still related to
waste prevention. A this aim, a lot of investments
on the research of innovative solutions were ad-
dressed to eco-design not and to communicate the
system of values that revolve around it [2]. There
are numerous projects for the management and
valorization of waste in a circular key with a central

role dedicated to the end of life with a view to zero
waste at the end of the process [Figure 1] [3].

Figure 1. The role of the circular economy in waste
management[4]

Source: CONAI Green Economy Report 2019

Also from the regulatory point of view several re-
quirements were introduced and recommended
such as increasingly stringent standards aimed at
identifying information to be conveyed in relation
to the product and the packaging itself, as well as
establishing functionality and safety parameters
and, secondly, environmental requirements, in
order to promote additional criteria related to the
potential impacts of the system, aimed primarily
at the eco-design phase also by enabling a holis-
tic vision of the phenomenon, it can act as a glue
between all producers and consumers by creat-
ing a responsible balance between the various
players in the supply chain.

An Action Plan was presented by the European
Commission whose main objective was to en-
courage growth through the reduction of the Car-
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bon Footprint and the introduction of models that
will support the reuse of raw materials. And it is
precisely following this direction that, in the con-
text of the EU strategy on plastics, the Commis-
sion is going to define a reference framework for
biobased, biodegradable and compostable plas-
tics using part of the European Green Deal and
the action plan for circular economy (CEAP).

In 2021, world production of plastics increased
by 4% more than in previous years and after the
post-Covid-19 pandemic period, reaching just
over 390 million tons per year [Figure 2], demon-
strating the strong and continuous demand for
plastics. European Union's share, in the 2021,
reached 57.2 million tons ([Figure 3], slightly
more than the previous year and with an increase
in bio-based/bio-attributed plastics [5].

Figure 2. World plastics production evolution
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Figure 3. European plastics production evolution
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To this end, the European Commission produced
in November 2022 after public consultation a
communication in which it defines the EU policy
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framework on biobased, biodegradable and com-
postable plastics [6].

According to the latest market data compiled by
European Bioplastics in collaboration with the
nova-Institute, global bioplastics production ca-
pacities are expected to increase from around
2.2 million tonnes in 2022 to around 6.3 million
tonnes in 2027 [7] [Figure 41].

Figure 4. Global production capacities of bioplastics
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Source: European Bioplastics, nova-Institute (2022)

Currently, biodegradable plastics overall, includ-
ing PLA, PHA, starch blends and others, account
for more than 51% (over 1.1 million tons) of global
bioplastics production capacities. The produc-
tion of biodegradable plastics is expected to in-
crease to more than 3.5 million in 2027 thanks
to a strong development of polymers, such as
polylactic acids (PLA) and PHAs (polyhydroxyal-
kanoates).

In the frame of the above-mentioned regulatory
framework the is still the risk to confuse some
terms that apparently seem to indicate the
same thing. As stated by the CEN document EN
17228:2019 [8], the terms “biopolymers” and
“bioplastics” are commonly used to identify poly-
mers and plastics that are bio-based, biodegrada-
ble or have both properties. However, while these
definitions are quite widespread and used by the
industry, itis recognized that they are susceptible
to misunderstanding and therefore inadequate
for standardization purposes. When associated
with plastics, the prefix “bio” can be perceived by
consumers as an indication of biodegradability or
full natural origin. This is a cause for concern as it
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can lead to misleading information and confusion
throughout the supply chain and especially for
end consumers. Therefore, the CEN document
EN17228:2019 recommends that, when referring
to the origin of the raw material, the terms pol-
ymer/plastic/bio-based plastic product should
be used instead of biopolymers/bioplastics/
bioplastic products. The European standard EN
16575:2014 [9] (Bio-based products - Vocabu-
lary) specifies that the term “biobased” means
“derived from biomass” and that bio-based prod-
ucts (e.g. bottles, solvents, chemical intermedi-
ates, composite materials, etc.) are products de-
rived wholly or in part from biomass. It is essential
to characterize the amount of biomass contained
in the product, for example, by its content of bio-
logical origin or the carbon content of biological
origin. There are certifications on the bio-based
content that refer to the European standard EN
16785-1 [10], Bio-based products - Bio-based
content - Part 1. Determination of the bio-based
content by radiocarbon analysis and elemental
analysis which specifies a method for determin-
ing bio-based content in products, based on radi-
ocarbon analysis and elemental analysis. [Figure
5] This European Standard is applicable to any
solid, liquid and gaseous product containing the
element of carbon, provided that a statement is
available indicating the composition and origin of
the product. This method is not necessary for the
determination of the bio-based content in natural
products entirely derived from biomass.

Figure 5. BIO-BASED CONTENT - ecolabel [11]

hiobased

Source: InnProBio, Forum for Bio-Based Innovation in Public Pro-
curement

While the EN 16760:2015 [12] standard — Bio-
based products — Life Cycle Assessment, pro-
vides the specific indications and requirements
necessary to carry out an LCA study on products
derived from renewable sources and evaluate the

impact on the life cycle of bio-based products
with particular attention to how to manage the
specificities of the bio-based part of the product,
based on the ISO 14040 and ISO 14044 stand-
ards.

Packaging and sustainability

At this regard, and in connection with the oth-

er initiatives carried out by the European Com-

mission, the Plastic Strategy, envisaged in the

Community Action Plan, although not binding,

is functional to indicate the political direction for

future actions on the matter. In particular, the

Commission’s willingness to ensure that by 2030

all plastic packaging placed on the EU market is

reusable or recyclable according to cost-effec-

tive criteria [13].

For this reason, the European Commission, on

30t November 2022, has decided to review the

former Directive 94/62/EC27 to strengthen the

mandatory requirements that packaging must

meet in order to be placed on the EU market. By

this revision, the Commission aims to:

» Have fully recyclable and sustainable packaging;

* Reduce packaging waste (also due to excessive
packaging);

* Promote a “sustainable” eco-design that meets
recyclability and reuse requirements;

* Fix ambitious targets on recycled content of
packaging;

» Simplify the composition of the packaging itself.

In Italy, to further strengthen these concepts, on
14 January 2022 Legislative Decree 8 Novem-
ber 2021, n. 196 [14], transposing Directive (EU)
2019/904 (so-called SUP Directive), on the re-
duction of the impact of certain plastic products
on the environment, by prohibiting the placing on
the market of disposable plastic products listed
in Part B of the Annex (including plastic cutlery,
plates and straws) and oxo-degradable plastic
products and also specifying that products made
of biodegradable and compostable material, cer-
tified compliant with UNI EN 13432 or UNI EN
14995, with percentages of renewable raw ma-
terials equal to or greater than 40% and from 1
January 2024 greater than at least 60%.
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In the last decades food waste has generated,
and it's still doing, significant inequity [1], poverty
and important loss for the environment. For these
reasons consumer’'s awareness for responsible
production and consumptionis increasing and it's
important to continue in this way to achieve a long-
term sustainability. On the other side, companies
and sellers are led, by this trend, to reduce food
waste and to increase their responsibility for the
best sake of our planet. Following this perspective,
consumers are increasingly demanding:

* More product choices

 Additional variations

* Faster availability

« Reliability and traceability of the products

People want to know where their food was grown,
harvested, processed, distributed and sold, before
it reaches their tables. Transparency [2] and clear-
ness are the key-words to create a new system of
consumption and the industry is trying, not only to
provide information, but also to create conditions
that allow customers to evaluate such information,
increasing their level of knowledge/understand-
ing. It will permit to consumers to feel involved in
their purchaising [3] activities and informed and
educated about the expectations and features of
services. This approach could create a collabora-
tion from the “bottom” towards service providers
and service performance, giving origin to an in-
teractive and transversal system. In this way con-
sumer education became a process through which

customers can improve their perceived value, al-
low them to obtain information/advice, learn how
to make rational and efficient future choices, and
protect their rights. Furthemore a digital transfor-
mation is taking place in the food industry and the
manufacturing models are changing through the
use of smart technologies, likewise consumer’s
[4] attitude. This networking approach emphasiz-
es the interdependencies of actors, resources and
activities as a key component for a major change in
the industry. These aspects are highlighted also by
the food processing operations that have benefit-
ted from this new kind of net-industry, by improv-
ing traceability, monitoring, control of food quality,
automation and training to predict consumer pref-
erences, reducing loss and waste at the same time.
Onasocial level, there are some elements that can
guide consumers towards sustainable choices:

* Availability of “green” product information
» Knowledge of environmental issues

* “Biospheric altruism”

« Collettivism

Focusing on the last two points, we can say that
their impact on the society should not be underes-
timated, because when someone know, perfectly,
what kind of harmful consequences his actions
can generate on other people, is more inclined to
make sustainable and altruistic choices [5]. The
PCE (Perceived Consumer Effectiveness) play
a decisive role in influencing people behavior on
ecological purchases, but to make these effects
real, the agri-food system must work alongside
with “the bottom”. A solution could be improving
the effectiveness of the ecolabelling (environmen-
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tally friendly product): a system usefull to fill the the behavior

gap between sailers and consumers, giving them  « social norms: This refers to the customary
informations on product’'s quality, recyclability, codes of behavior in a group or people or larger
sustainability and availability. In fact, often occurs cultural context

that consumer attitudes toward enviromental is-  « perceived power: This refers to the perceived
sues might not match perfectly with pro-enviro- presence of factors that may facilitate or im-
mental behaviors. This happens because consum- pede performance of a behavior

ers are often submerged by too many products < perceived behavioral control: This refers to a
available onthe market and this leads to a disparity person’s perception of the ease or difficulty of
between consumers’ purchase attitude (choosing performing the behavior of interest.

the right product/pro-enviromental) and their be-

haviour (purchasing the product that they desire).  Furthermore, the influence of perceived consum-
This frame of mind can be explained with the the-  er effectiveness on green food consumption is
ory of planned behavior [Figure 1]: fulfilling some  different depending on the people: [7]
pre-conditions, make it easier for attitudes to be 1. people who hold a high level of social trust may

correctly translated into behavior, such as actually think if they purchase environmentally friend-
purchasing ethically/sustainable. ly foods, their behavior will create goodwill for
the society [8]
Figure 1. Limitations of the Theory of Planned Behavior
. . . - Perceived
Behavioral Attitude Toward Normative Subjective Control .
Beliefs the Behavior Beliefs Norm Belefs ~~  behavioral
Control
Intention Actual
Behavioral
Control
Behavior |

Source: https://sphweb.bumc.bu.edu/otlt/mphmodules/sb/behavioralchangetheories/BehavioralChange Theories3.html

The TPB (theory of planned behavior) states that 2. people who hold a low level of social trust are

behavioral achievement depends on both moti- usually pessimistic and lack of confidence,
vation (intention) and ability (behavioral control). hence they don't believe in their capacity to
It distinguishes between three types of beliefs: enhance social and environmental issue.

behavioral, normative, and control. A person’s
actual control over the behavior is divided in six ~ Ultimately consumer’s level of PCE affects their
constructs: [6] likelihood [9] of performing ecologically con-
scious consumer behaviors such as the purchase
« attitude: This refers to the degree to which a of eco-friendly products, recycling efforts and
person has a favorable or unfavorable evalua-  participation in environmental groups.
tion of the behavior of interest But how can we increase these characteristics
* behavioral intention: This refers to the motivation-  among consumers? Surely a starting point could
al factors that influence a given behavior where be to strengthen consumer’'s knowledge [10]
the stronger the intention to perform the behav- about environmental protection and impacts
ior, the more likely the behavior will be performed.  of green products on it. In fact, many studies
* subjective norms: This refers to the beliefabout  consider “knowledge” [11] as a precondition for
whether most people approve or disapprove of  green purchase intention: it can be considered as
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an information stockpiled in consumers’ memo-
ry which affects their assessment of information
and preferences, as well as their purchasing be-
havior of green products [Figure 2].

Figure 2. How to increase consumer’s awareness

PCE:
Social Confidence perceived
trust greentrust consumer
effectiveness

HOW TO INCREASE
CONSUMER'S AWARENESS

Makingthe
enviroment
benefitsof
choosing
sustainable
products
visible

Green
products
knowledge

Green
marketing

Source: ENEA

Figure 3. 15014020 classification of environmental labels

Consequently, the more knowledge consumers
can store, about green products, the more they
understand the environmental protection rel-
evance and green product’'s description, attri-
butes, functions, and utility. This leads to more
confidence in the judgment of green products.
Vice versa from market perspective, enterprises
must change their business model and manage-
ment, implementing green trust and perceived
consumer effectiveness in their market choices.
Furthermore, they need also to enhance the en-
vironmental protection function of green prod-
ucts alongside with a renewal of their brands
in a pro-environment perspective, increasing
consumer’s confidence in them. This will result
in an increment in their green buying intentions
and perhaps even behaviors. To encourage this
change is necessary that companies provide
clear and transparent information on their la-
bels, with specific environmental data [Figure 3],

: e ':.
o Y=

tcolabel

www.ecolabel.eu

www .ecolabel.eu

IS0 14024
Environmental labels and declarations
{Type | environmental labelling)

www.recycte-more.co.uk

IS0 14021
Self-declared environmental claims
(Type Il environmental labelling)

“==EPD

www.envlrondec.com

1SO 14025
Environmental labels and declarations
(Type Il environmental declarations)

Source 1S014020 SO 14020 standard (2000) classifies Environmental labels according to the three groups shown in Figure 3:

(1) Type | labels can be awarded to products which are consistent with environmental criteria released by a third party organisation. An
example is the European Ecolabel whose award criteria are issued on the results of a LCA application under the supervision of the Ecolabel
Committee. As a clearly recognizable guarantee of environmental excellence, the EU Ecolabel can become a key marketing tool addressed
to environmentally conscious consumers.

(2) Type Il labels are constituted by self-declaration of producers, based on environmental performances of their products, for example the
recyclability at end of life.

(3) Type Il labels consist in a quantified declaration of the environmental performance of products throughout their life cycle. The pur-
pose of an Environmental Product Declaration (EPD) is to provide transparent information relevant to the environmental performances
of products and services for comparison purposes. Such environmental performances listed in the EPD can be verified by a third party
organization.
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such as resources saved, and carbon emissions
reduced. The consumer must feel that he or she
is a part of environmental protection process
thanks to their purchaising choices, only in this
way consumers could feel involved and inspired
to make the right decision about environment. In
this context, however, there is a major problem
that is the one concerning the too large number
of green labels on products [Figure 4].

Figure 4. Example of ecolabels

Source: the Committee on Sustanaibility Assessment (COSA)

In fact, there are a wide range of labels, and it
isn't always easy to tell which are trustworthy
and which aren't, especially for consumers, as
the Associate Professor Sukhbir Sandhu from
the University of South Australia says: “Currently
there are so many accreditations, so many certi-
fications floating about, that almost any firm can
make an environmental claim, and for consum-
ers, even if they want to do the right thing, it's not

easy”. The problem is also that many labelling
and certifications are run by companies them-
selves or by independent non-government or-
ganisations and, in some cases, by governments.
In a recent survey by The Guardian' reveals that
many multinational companies of the food distri-
bution system have stormed the world of the la-
bels that certify the eco-sustainability and this is
undermining the very control of the “guaranteed”
supply chains.

These companies have lost interest in this sys-
tem, because it no longer seems to generate too
many benefits, the demand for sustainable prod-
ucts continues to grow and use green labels ap-
proved by third parties with a supervisory func-
tion often blocks production if you do not meet
certain quality and social standards. This effect
is called greenwashing which is the practice of
many companies trying to build a misleading-
ly positive self-image in terms of environmental
impact, in order to divert people attention from
the negative effects on the environment caused
by their activities or products. In many cases this
phenomenon is manifested through the creation,
by companies, of their own labels, logos and oth-
er merchandising with information of sustain-
ability and equity established by the companies
themselves, without there being a third subject
with the authority to regulate and verify the au-
thenticity of their statements, without therefore
defining accurate quality standards. The down-
side of the process is obviously clear, with hun-
dreds of slogans and colorful logos the consumer
thinks to make a choice “green”, butinreality, it's
absolutely not so.

1 https://www.theguardian.com/business/2019/jul/23/fairtrade-ethical-certification-supermarkets-sainsburys
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Abstract

Inthe last few decades we are withessing sustain-
ability issues gaining weight in consumers’ value
systems. Unfortunately, consumers’ favorable
attitudes toward environmental issues are not
reflected, actually, in their purchase behavior.
According to the FAO, agriculture and agricultur-
al industry is responsible for approximately 14%
of global greenhouse gas emissions. To enable
consumers to act understanding the scheme of
green choices and environmental sustainability,
the implementation of eco-labeling schemes is
necessary.

This study reveals Croatian consumers’ prefer-
ences towards carbon footprint labels for olive
oil products as well the effect of carbon footprint
information on WTP behavior, and knowledge
about carbon footprint, the author accompanied
an online survey.

Results of this survey showed that Croatian con-
sumers perceived food production as highly re-
sponsible for tackling climate change. Most of
interviewed participants are generally concerned
and dispose of generic knowledge about climate
change. The study found ageneralinterestamong
Croatians in carbon labels and in climate-friendly
products. The analysis showed that consumers
perceived also the production method as one
of the triggers for the intensification of climate
change.
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Introduction

In the last few decades sustainability matters
have become a priority issue in consumer value
systems. This increase in consumers’ value sys-
tem is reflected to a certain degree in their food
purchase decisions [1]. From one point of view,
these are good news when aiming at increasing
the sustainability of food consumption [2].
Talking about market shares numerous studies
have found that the favorable attitudes of con-
sumers towards environmental issues are not
actually reflected in their purchase behavior [3,
4, 5]. Many studies have found that the phenom-
enon of consumers’ favorable attitudes towards
environmental issues is not reflected, actually,
in their purchase behavior, often referring to the
attitude-behaviour gap. This gap could be due to
budgetary constraints, information overload and
limited knowledge about sustainability issues [4,
6]. Feucht and Zander [2] concluded that there
might be a need to better inform consumers con-
cerning that their limited knowledge seems to be
particularly relevant regarding the sustainability
of food consumption. Another constraint of sus-
tainability in food consumption is supposed to
be the low degree of trust in labeling and other
communication means and limited perceived rel-
evance of own behavior [7].

According to the FAQ, agriculture and agricultural
industry is responsible for approximately 14% of
global greenhouse gas emissions. Following the
forecasts for 2050, the population will grow to
reach 10 billion individuals. Many countries rec-
ognize this and push the importance of promoting
and developing sustainable activities [Figure 1].
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Figure 1: Innovations in the agrifood sector to reduce food products environmental footprint
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Source: Rondoni A. and Grasso S. 2021. Consumers behaviour towards carbon footprint labels on food: A review of the literature
and discussion of industry implications. Journal of Cleaner Production 301. https://doi.org/10.1016/j.jclepro.2021.127031

To enable consumers to act understanding the
scheme of green choices and environmental sus-
tainability, the implementation of eco-labeling
schemes is necessary [2]. This strategy is also
used to foster climate-friendly behavior by the
introduction of Carbon Footprint labeling (CFP)
labeling schemes (also called carbon labels or
CO,-label) on the markets [8]. Examples of car-
bon footprint labels are shown in Table 1. Differ-
ent barriers for the success of these schemes
have been identified in the information level pro-
vided by carbon labels, in fact they are often not
readily comprehended by consumers.

Methods

In this study, to assess consumers’ preferences
towards carbon footprint labels for olive oil prod-
ucts and to evaluate, as well, the effect of car-
bon footprint information on WTP behavior, and
knowledge about carbon footprint, the author
accompanied an online survey. Online question-
naires were conducted with 407 consumers in
the coastal part of Croatia. The chosen part of
Croatia represents the Mediterranean part of the
country where consumers use olive oil on a daily
basis as part of the Mediterranean diet. The data
were analyzed with mixed logit models and with
descriptive statistical methods and SPSS soft-
ware. The questionnaire followed a semi-struc-
tured guideline and was conducted in June 2022.
Participants for this research were recruited on-
line. All questionnaires were self-administered by
the participants. A limitation was set for age (18+)
according to the fact that adults earn money and
make purchase decisions in their households. An-
other restriction to participating, to ensure that

the results are relevant for the market, is that par-
ticipants had to be at least partially responsible
for the food purchase in their household. People
working in the olive oil production sector were ex-
cluded from the study, in order to avoid distorted
results due to their expert knowledge.

In order to test potential designs for carbon foot-
print labels, the author created three hypotheti-
cal claims on labels for the carbon footprint mea-
sures: 1. Claim organically produced (method); 2.
Claim locally produced in your county (transpor-
tation); 3. Claim climate-friendly (climate-friend-
ly). The design of the labels was based on findings
from previous scientific studies [9, 10]. Scales
had been found to be preferred by consumers
since they allow for comparison thanks to the rel-
ative rankings making the labels more meaning-
ful to consumers [11, 12, 13].

The questionnaire comprised 25 questions
(closed and open-ended) and took around 5 to
7 minutes on average to be completed. At the
beginning of the questionnaire, the participants
were asked to rank the importance of 5 product
attributes in their purchase decision, regarding
the Lickert scale.

Results

The demographics sample were included in the
online questionnaire. Sample characteristics
are summarized in Table 1. The average age of
respondents in this survey was 41. The higher
share of interviewed students among our respon-
dents could explain the lower average age. The
percentage of women and men in this survey is
almost equal, with 53% being men. Almost half
of the participants (48.9%) in this survey had a
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University degree, 39.5% finished high school
and 11.6% finished elementary school. The ma-
jority of households (47.1%) had an income
above 1,500€ per month, 32.0% had an income
between 1.000€ and 1.500€, and 20.9% below
1.000€/monthly.

Inour sample, 40.4% of participants were formal-
ly employed, 31.3% were students, 7.8% were re-
tired, 7.3% were self-employed and 13.2% partic-
ipants were farmers who did not produce olives
or olive oil.

Table 1. Sample demographic (N=407)

Categories

Variable

Mean St. Dev.
Age (years) 41.00 11.42
Gender %
0= Male 53.0
1=Female 47.0
Education %
Elementary school 11.6
High school 395
University 48.9
Household income %
(€ /month)
Low income= less than 20.9
1.000€
Mid income= between 32.0
1.000€ and 1.500€
High income= more than 47.1
1.500€ 47.1

The large majority of participants in this re-
search knew about the carbon footprint on food
(74.6%). Participants (65,9%) heard/read about
carbon footprint from media (TV, radio, Internet,
newspaper), 17.9% read in books about carbon
footprint, 9.4% heard/read at the school/univer-
sity and 6.8% participants from other sources
heard/read about carbon footprint.

In order to test potential designs for carbon foot-
print labels, the author created three hypotheti-
cal claims on labels for the carbon footprint mea-
sures: 1. Claim organically produced (method); 2.
Claim locally produced in your county (transpor-
tation); 3. Claim climate-friendly (climate-friend-
ly). Results revealed that Croatian consumers’
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have the highest trust in the claim that carbon
footprint is related to mitigating climate change
(71.5%), then in the claim that carbon footprint
is related to the method of production (organi-
cally produced), 15.0%, and the lowest concern
in carbon footprint among Croatian consumers
(13,5%) was about the distance of transportation
of produced food. A large majority of interviewed
participants (91.4%) are willing to pay higher pric-
es for food products that have a lower carbon foot-
print and are “eco-friendly”. The majority of 58% of
participants are willing to pay 15% higher prices for
those products, 20% are willing to pay 10% higher,
8,7% are willing to pay 5% higher prices while 1,3%
of participants are not willing to pay higher prices
for food products with a lower carbon footprint.

Discussion and conclusions

According to this online survey among Croatian
consumers’ of extra virgin olive oils, consumers
perceived food production as highly responsible
for tackling climate change. Results of this study
showed that most Croatian consumers’ are gener-
ally concerned and dispose of generic knowledge
about climate change. The study found a gener-
al interest among Croatians in carbon labels and
in climate-friendly products. The analysis of the
interviews showed that indeed consumers per-
ceived also the method of production as one of the
responsible ways for the intensification of climate
change. The large majority of participants in this
research knew about the carbon footprint on food
and heard/read about carbon footprint in the high-
est share frommedia (TV, radio, Internet, newspa-
per). Concerning the relatively high share of stu-
dents in this research, the low share of consumers
who heard in the school/university is worrying. A
large majority of Croatian consumers’ are willing
to pay higher prices for food products that have a
lower carbon footprint and are “eco-friendly”.
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