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To be socially accepted widely, the emerging circular bioeconomy
needs to rely increasingly on residual bio-based feedstock and
waste, hence reducing its dependency on crops which are in
competition with agriculture/food markets. Food waste represents
a valuable option as it allows for the production of a wide range of
bio-based products ranging from biofuels to bioplastics. First suc-
cessful experiences have shown that the involvement of stake-
holderswith different behaviours, values and backgrounds is a key
enabler of the process. In particular, it acts as a key precondition for
an increase in the social acceptability of the facilities by informing
citizens and civil society organizations and, at the same time, it
improves the feedstosck availability by increasing coordination
between actors dealing with waste management.
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1 Waste Framework Directive. Available at https://ec.europa.eu/environment/waste/

framework/list.htm (accessed 12/12/2019).
Introduction
It can be stated that the circular economy defined ‘as a
regenerative system in which resource input and waste,
emission, and energy leakage are minimised by slowing,
closing, and narrowing material and energy loops’[28];
p.759) has been enriched by the contribution of the
bioeconomy sector, given that a sustainable bioeconomy
represents the renewable ‘segment’ of the circular
economy [24].

Notably, the transition towards a truly sustainable circu-
lar bioeconomy needs a stronger strategic orientation

towards the implementation of alternative renewable
source of biomass, that is, nonefood cropebased
biomass, not directly affecting food prices and land use
change [30]. These alternative bio-based feedstocks can
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include a broad variety of residues, wastes and algae
[5,10,31] and, in this respect, the food supply chain
wastes represent a valuable example [13]. Remarkably,

there is evidence that new technologies developed within
the most modern biorefineries are able to exploit parts of
municipal waste. Specifically, food waste (including waste
cooking oils)1 can be used for producing biofuels, bulk
chemicals and higher-added-value products [41,21,32];
Dahiya et al., 2018; [11, 12,44,60,63], with positive re-
sults in terms of potential profits for companies [3].

Meanwhile, in recent years, there has been growing
recognition of the escalating environmental and socio-
economic damages occurring from food waste genera-

tion [58,2] and, at the same time, the use of wastes as a
resource to be reintroduced into the production process
has become a shared goal by most advanced economies
increasingly engaged in pursuing the waste hierarchy
[47,53]. In particular, whether the amount of waste is
not reduced at source, that is, through prevention ac-
tivities which represent the most preferred action, the
goal is to boost waste reuse, recycling and recovery and
increasingly reduce landfill practice [32,52].

The literature has outlined that the implementation of

food waste utilization as feedstocks in biorefineries
relies, to a great extent, also on a higher involvement of
stakeholders. Indeed, first examples of successful ex-
periences suggest that cooperation and coordination
between key stakeholders, such as public authorities,
practitioners from industry and industry associations,
local administrations and waste management organiza-
tions, as well as consumers and civil society organiza-
tions are essential to ensuring that the industry can take
advantage of wastes generated locally, minimizing any
form of resistance associated with ‘not in my back yard’

and “locally unwanted land use” behaviours.

In view of these considerations, this article aims at
deepening our understanding on the role of stakeholders
in boosting the use of food waste as a feedstock for
creating a circular bio-based economy.
Stakeholder engagement and sustainable
innovations
In its seminal contribution, Freeman [27]; p. 46) defines
stakeholders as ‘any group or individuals who can affect
or is affected by the achievement of the organization’s
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objectives’. Another two important definitions, reflect-
ing views from different perspectives, refer to stake-
holders as ‘individuals, groups, or organizations that can
affect or are affected by an evaluation process and/or its
findings’[7]; p.1) and ‘people or small groups with the
power to respond to, negotiate with, and change the
strategic future of the organization’ [22]; p.117).
Indeed, the former definition brings to the fore the role

of stakeholders in evaluation processes, whilst the latter
focuses attention on the consideration of questions of
power. It is worth noting, however, that different
conceptualisations of stakeholders are in place and there
is not one accepted definition as it remains ‘an essen-
tially contested concept [49].

Stakeholder involvement has been increasingly used in
different fields of research [55]. However, because the
number of stakeholders that may be involved in each
analysis/field under investigation is most often very

high, it has been suggested that they can be grouped, for
convenience, under five broad categories, that is,
governmental authorities, the private sector, academia,
civil society and other stakeholders [9]. Bryson [8] re-
views the techniques that can be used for identifying
and analyzing stakeholders that can be involved and
whose views should be considered with regard to a
specific topic/case of interest. In this respect, stake-
holders can be classified into four main groups (i)
players, that is, stakeholders who have high power and
interest, (ii) subjects, that is, stakeholders who have

high interest but relatively low power, (iii) context
setters, that is, stakeholders who have power but low
level of direct interest and (iv) crowd, that is, stake-
holders who have low interest and power [7].

In the management literature, the involvement of
stakeholders in innovation processes is described as a
well-established practice. In this regard, it has been
reported by Kazadi et al. [36] that firms engage a
multitude of stakeholders (e.g. policy makers, aca-
demics and consumers) to enrich and boost their
innovation processes and increase consumer accep-

tance, though outlining, at the same time, the poten-
tial risks associated with the practice of involving
different actors with diverse and potentially opposing
interests and objectives. Notably, it has been argued
that stakeholders’ involvement, and its interlinked
challenge related to the exhibition of different values
and potentially opposing views to the innovation itself,
becomes even more important when responsible and
sustainable innovation is pursued [42,59,6]. In partic-
ular, it has been outlined that to ensure the legitimacy
and increased social acceptability of new concepts

intertwined with sustainability, such as the bio-
economy, the perceptions and involvement of a broad
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variety of stakeholders should be considered
[18,48,57]. More precisely, different perspectives
coming from different categories of stakeholder with
different characteristics and conflicting
interests strongly contribute to highlight the range of
critical issues that deserve to be considered. The
relevance of this approach has been outlined by
Leipold and Petit-Boix [40] that stressed the presence

of several obstacles and debated issues surrounding the
circular bioeconomy. For example, whether it is better
to recycle organic materials (thereby reintroducing
materials into the productive cycle) or to biodegrade
them into the land (biogeochemical cycles), remains a
debated issue. Furthermore, when it comes to studies
specifically relating to biorefineries using food wastes
as a feedstock, the relevance of engaging stakeholders
was stressed as a major contributing factor towards
ensuring a successful implementation of the process
[26,38,56].

In reiterating that biorefineries using food waste as a
feedstock are still at an early stage of development,
Cristóbal et al. [17] emphasized that one of the main
elements to be considered, especially with reference to
the biorefinery economic viability, is the available
quantity and quality of food waste streams and related
transportation costs. This makes the location of the fa-
cilities and the integration into the local context key
factors [62]. In this respect, the involvement of affected
stakeholders can drastically improve social acceptance

with positive effects on facilities installation times and
costs, addressing the not in my back yard and locally
unwanted land use syndromes [38]. It should be noted,
in fact, that when considering waste biorefineries, odour
issues, potential risks to health and to decreased prop-
erty values of the local community’s homes are critical
elements that should be considered [50,38]. Moreover,
stakeholder involvement would also facilitate synergies
and coordination among all actors specifically dealing
with waste management, that is, waste processors, waste
generators and public authorities [33], enabling an
increased availability of this resource.

The Porto Marghera biorefinery located in Italy, where
alongside first-generation feedstocks (i.e. palm oil) also
secondary feedstocks such as used cooking oils gener-
ated by households and commercial activities are
increasingly used to obtain high-quality biofuels, pro-
vides an interesting case in point [43,19]. Stakeholders,
especially at the local level, have been frequently
informed and involved in the industrial project. Indeed,
according to data presented by the owner of the plant,
that is, the ENI (the Italian largest multinational oil and

gas company), the gainful employment of used cooking
oils has been achieved through actions aimed at
www.sciencedirect.com
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Figure 1
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The revised legislative framework on waste and the development of circular bio-based products. Source: Own elaboration.
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increasing social acceptance and coordination among
diverse stakeholders. These actions included awareness
campaigns targeted at students, citizens and civil soci-

ety organizations and collaborations established with
national consortium dealing with vegetable and animal
oils and fats and local actors dealing with waste
management.2
4 i) Directive (EU) 2018/849 of the European Parliament and of the Council of 30

May 2018 amending Directives 2000/53/EC on end-of-life vehicles, 2006/66/EC on

batteries and accumulators and waste batteries and accumulators, and 2012/19/EU on

waste electrical and electronic equipment; ii) Directive (EU) 2018/850 of the Euro-

pean Parliament and of the Council of 30 May 2018 amending Directive 1999/31/EC on

the landfill of waste; iii) Directive (EU) 2018/851 of the European Parliament and of

the Council of 30 May 2018 amending Directive 2008/98/EC on waste; iv) Directive

(EU) 2018/852 of the European Parliament and of the Council of 30 May 2018

amending Directive 94/62/EC on packaging and packaging waste. See https://www.

consilium.europa.eu/register/en/content/out?typ=SET&amp;

i=ADV&&RESULTSET=1&&DOC_

TITLE=waste&þdirective&&CONTENTS=&&DOC_ID=&&DOS_

INTERINST=&&DOC_SUBJECT=&&DOC_SUBTYPE=&&DOC_

DATE=&&document_date_from_date=&&document_date_from_date_

submit=&&document_date_to_date=&&document_date_to_date_
EU policy measures and regulations
Most of the literature reviewed in the above paragraphs
suggests that to boost a further development of a cir-
cular bioeconomy and reduce failure risks, actions
related to regulation and to stakeholders’ involvement
should be implemented. These actions are closely
intertwined as goals will not be achieved without an
adequate social involvement [57]. From a European
perspective, over the last years, significant progress has
been made in regulation related to waste management,3

especially thanks to the proactive role played by the

European Commission.

Bell et al [4] associated potential increased investments
to ensure a better use of biowaste, including food waste,
to the 2015 proposed changes to the European waste
legislation that included the requirement to separate
the collection of biowaste [23]. [25] It is worth
mentioning that the revision of the European waste
legislation took a long time and has involved a great
variety of actors, reflecting the view that review
2 See https://www.eni.com/en_IT/media/2019/02/deal-between-eni-and-renoils-to-

boost-collection-of-used-food-oil-and-oil-used-for-frying.
3 In particular in the increased share of recycling rates.
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processes, in general, need to be shaped also through the
involvement of different stakeholders [54]. Indeed,
with the support of diverse stakeholders, four directives

on waste were recently adopted by the European
Parliament.4 The 2018 revised legislative framework on
waste includes a number of points, depicted in Figure 1,
deserving particular attention in the context of bio-
based products made from food waste.

Along with the harmonization of several definitions
interlinked with food waste, it has been established that
a methodology to uniform the measurement of food
waste among European countries should be developed
[20] (Directive (EU) 2018/851). Indeed, an efficient

monitoring is the basis for prevention activities but also
of reuse and recycling activities [16]. The common EU
submit=&&MEET_DATE=&&meeting_date_from_date=&&meeting_date_from_

date_submit=&&meeting_date_to_date=&&meeting_date_to_date_

submit=&&DOC_

LANCD=EN&&ROWSPP=25&&NRROWS=500&&ORDERBY=DOC_

DATE&þDESC.
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Figure 2
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Main obstacles hampering food waste industrial use in biorefineries.
Source: Own elaboration.
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methodology, entered into force in October 2019, en-
ables to determine the amount relating to different
stages of the food supply chain and whenever possible
the composition of the food waste [15]. Another

important point of the revised EU waste legislation, as
mentioned previously, is that separate collection obli-
gations are extended to biowaste by the end of 2023, to
facilitate high-quality recycling and spur the market for
secondary raw materials (Directive (EU) 2018/851).
Finally, it has been recommended that Member States
shall enact a frequent dialogue between relevant
stakeholders involved in the implementation of
extended producer responsibility schemes, including
producers and distributors, private or public waste op-
erators, local authorities, civil society organizations and,

where applicable, social economy actors, reuse and
repair networks and preparing for reuse operators
(Directive (EU) 2018/851).

Yet, this positive general trend masks great differences
across Member States due to different domestic waste
management systems and technological developments
[46,45]. In this respect, regulatory uncertainty and
fragmentation of laws specifically concerning food
waste, occurring especially at national and local levels,
has been emphasized [39].
Conclusions
Despite the approach and targets set by the EU repre-
sent a pivotal step, with important implications for the
Current Opinion in Green and Sustainable Chemistry 2020, 23:55–60
industrial use in biorefineries of food waste, the true
impact is related to how and when Members States will
transpose the changes under their national legal order.
Moreover, a number of challenges related to regulation
and policies still remain. First of all, the higher prices of
bio-based products are a consequence of fossil fuel
subsidies [14,51] and of the exclusion of negative ex-
ternalities in conventional fossil counterparts [34]. The

perception from consumers of higher prices contributes
to the crystallization of sociocultural barriers. Interest-
ingly, Kirchherr et al. [37] stressed that despite the
academic literature mostly highlighted the relevance of
technological obstacles in hampering the circular econ-
omy implementation, by conducting a large-Nstudy
involving European policy makers and businesses they
found that cultural barriers are perceived as the most
pressing (particularly, ‘lacking consumer interest and
awareness’ and ‘hesitant company culture’). Moreover,
the authors argued that cultural barriers are driven by

several market barriers such as low price of virgin ma-
terials due to existing subsidies and, even though policy
interventions are recommended, it was stressed that
there is no absolute certainty that improved regulation
can lead to a complete overcoming of cultural barriers.
The insights provided by this article are all the more
important considering the aforementioned additional
specific sociocultural barriers jeopardizing food waste
employment as a feedstock.

Accordingly, despite there are still a number of obsta-

cles, represented in Figure 2, contributing to the slow-
down in the utilization of food waste as a feedstock, the
sociocultural barriers appear to play a key role compared
with all the others.

Following from this, the categories of stakeholders
directly affecting sociocultural perceptions, mainly
represented by public authorities and civil society or-
ganizations, should therefore be actively involved in the
implementation of awareness raising activities
addressed to local communities and consumers. This
approach also includes the development of educational

and teaching activities related to sustainability issues in
schools and universities [35,1]. Finally, consultation
processes should be undertaken to maximise input
from producer associations and civil society organiza-
tions for improving regulation to address existing
market barriers.
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