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Abstract: Food is wasted throughout the entire food supply chain—from agricultural production to
the household level. This has negative impacts on natural resources and the environment. At the same
time, food waste is undermining the global target of food security. In turn, reducing food waste can
minimise the environmental effects of agriculture on climate, biodiversity, soils, water bodies and
the atmosphere. All of this is reflected in the fact that food waste is subject to various legal acts of
the European Union and that it is also a major subject in the new EU Farm to Fork Strategy from
May 2020. Supported by an analysis of the diffuse empirical data on food waste, the purpose of this
article is to analyse the current EU legislation on food waste and its reduction to answer the following
research questions: How is food waste integrated into European policies? What is the impact of
European legislation on food waste? Is European legislation sufficient to trigger not only food waste
reduction but also comprehensive changes in the agricultural and food sector to support global climate
and environmental targets as set in the Paris Agreement and the Convention on Biological Diversity?
Which instruments are the most suitable to do so? Methodologically, a qualitative governance analysis
is applied. It is found that relevant legal acts for governing food waste include circular economy and
waste law, the Common Agricultural Policy and the Common Fisheries Policy as well as food law,
while international environmental targets serve as an overarching measure for governance analysis.
The legal analysis shows that existing legislation lacks steering effect to significantly reduce food
waste. To overcome current governance problems, the article introduces economic policy instruments.
It is concluded that quantity control focusing on overarching parameters such as fossil fuels or
animal-derived products has not only the potential to reduce food waste by increasing food prices but
can also address the multiple interlinked environmental challenges of the agricultural and food sector.
Keywords: food waste; food security; food supply chain; resource conservation; circular economy;
Common Agricultural Policy; agricultural law; environmental law; economic instruments

1. Introduction
Feeding a growing world population is a global challenge. The reduction of food waste is
considered to be one measure to meet this challenge. In fact, it has been estimated that halving food
waste could meet the demand for food of the growing population [1] (p. 477). At the same time,
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wasting food and thus using resources inefficiently further exaggerates the environmental problems
(e.g., land use changes, greenhouse gas emissions, biodiversity loss) that are related to agricultural
production [2–4].
In addition, the issue of food waste furthermore highlights the distributive issues of
a non-sustainable global food and agriculture system. For example, it is estimated that 33 million
people in the EU cannot afford a quality meal every second day making food assistance indispensable
for a large part of population in the Member States. Simultaneously, a relevant amount of food is
wasted and overweight and obesity are rising [4] (p. 4) [5,6].
The EU is committed to the (legally non-binding) UN Sustainable Development Goal 12.3,
which aims at halving per capita food waste at retail and consumer levels by 2030 [7] (p. 22).
More recently, the European Commission furthermore considers food waste as key to achieving
sustainability within the framework of the new Farm to Fork Strategy published in May 2020 [4]
(p. 14). The strategy points out that reducing food waste is in line with policies targeting food safety,
the recovery of nutrients and raw materials, biodiversity conservation, sustainable waste management
and the promotion of renewable energy [4] (p. 14). This is why the Commission intends to investigate
food waste and explore ways of preventing food waste in all sectors [4] (p. 15).
The purpose of this article is to assess the integration of food waste in European policies as
well the impact of the European legislation on food waste prevention. In addition to that, the article
proposes optimised governance options to reduce food waste effectively. Yet, the complexity of the food
waste issue impedes a good and clear understanding of the underlying problem. Therefore, the article
builds on an analysis of the empirical material on food waste, which includes the resources wastage and
greenhouse gas emissions caused by food waste (Section 3.1), the plethora of definitions of food waste
(Section 3.2), the quantification of food waste on global and European level (Section 3.3), the localisation
of food waste in the food supply chain (Section 3.4) as well as the causes and drivers of food waste and
their implications for governance solutions (Sections 4 and 5). Taking this empirical data as a basis,
the legal acts of the EU relevant for food waste are analysed by applying a qualitative governance
analysis. While international environmental targets on climate protection and biodiversity conservation
serve as a framework (Section 4.1), circular economy and waste law (Section 4.2), the Common
Agricultural Policy and the Common Fisheries Policy (Section 4.3) as well as the law of food safety and
packaging, norms and date labelling (Section 4.4) are identified as relevant legal areas and therefore
evaluated with regard to their impact on the reduction of food waste. Furthermore, legal aspects of
dumpster diving, food disposal and foodsharing (Section 4.5) as well as of food donations (Section 4.6)
are assessed. The last section discusses the effects of existing law as well as its shortcomings measured
against the aim of a significant reduction of food waste as implied by global environmental targets.
At the end, economic governance instruments are proposed to overcome the deficits of existing law
and to tackle the problems of food waste and agricultural environmental challenges comprehensively.
2. Materials and Methods
Methodically, the article reviews the relevant literature on food waste on an international,
European and national level in a first step. In addition to the international scientific literature
on environmental damages caused by food waste, data from studies published by e.g., the Food
and Agricultural Organisation of the United Nations (FAO) and further UN Organisations such as
the Intergovernmental Panel on Climate Change (IPCC), the European Commission and the European
Court of Auditors are analysed and compared regarding their information on the quantities, locations
and causes of food waste. These insights are necessary to gain a clear understanding of food waste
(What is food waste? How much food is wasted? Where and why food is wasted?) to then identify
the most effective starting points for governance instruments and to develop effective governance
instruments to minimise food waste.
In a second step, based on the analysis of empirical data, relevant legal acts for governing food
waste are identified supported by relevant literature on sustainability governance in the agricultural
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and food sector and in particular on food waste (e.g., the publication on food waste of the European
Court of Auditors [8] and the FUSIONS report [9]) and by using the EUR-Lex database [10] which
collects and publishes all official documents of European Institutions. Then, the legislation’s ability to
reduce food waste effectively—either directly or indirectly—is assessed. To this end, a multi-method
governance analysis (or steering analysis) is applied. The analysis evaluates the impact of real or
proposed governance instruments towards a given normative objective by taking findings of research
on human behaviour and typical governance problems into account [11–16].
As regards policy objectives, this paper assesses existing and possible future instruments
not only under the auspices of food waste specific targets of European legislation but also of
the international binding targets of the Paris Agreement [17] and the Convention on Biological
Diversity [18]. Both objectives imply comprehensive changes in the agricultural and food sector
(see in detail Section 4.1) including a significant reduction food waste. The research questions for
the governance analysis were: How is food waste integrated into European policies? What is the impact
of European legislation on food waste? Is European legislation sufficient to trigger not only food waste
reduction but also comprehensive changes in the agricultural and food sector to support global climate
and environmental targets as set in the Paris Agreement and the Convention on Biological Diversity?
Which instruments are the most suitable to do so?
However, the effects of policy instruments can frequently not be assessed by simply observing
them, especially since the observation of impacts of optimised policy instruments that have not yet or
only under different conditions existed in reality is not possible. A suitable method to assess such new
instruments is the qualitative governance analysis.
By building on behavioural scientific findings from various disciplines such as sociology,
economics, psychology, ethnology, etc., the potential reaction of addressees of governance instruments
can be anticipated. Experiments, surveys, participant observation, socio-biological analyses and
other methods show that motivational factors, which determine human behaviour, are in particular
self-interest, structural problems such as path dependencies and problems of collective goods,
values, conceptions of normality, emotional constraints such as convenience, denial, routines, group
thinking, scapegoating and the tendency to make excuses [16,19,20]. Based on these insights into
the behavioural motivation of consumers, producers, entrepreneurs, politicians, etc. and on empirical
findings, typical governance problems in the field of sustainability can be identified. These include
rebound effects, spatial and sectoral shifting effects, lack of rigour, problems of depicting and
enforcement. The problems diminish the effectiveness of governance instruments. They are to
be avoided when developing future instruments aiming at given environmental targets such as food
waste reduction [11,12,16].
Rebound effects refer to the fact that the improvement of e.g., the resource efficiency of single
products or processes do not prevent an increase of the overall use of these products or processes.
Thus, the overall ecological benefit is compensated or compromised (e.g., less food waste per restaurant
is allowed but more restaurants are producing food waste). Shifting effects occur when the policy
measure in one region or sector results in undesired developments in another region or sector, so that
the resource use, the emission or the environmental issue is shifted instead of solved (e.g., less food
waste occurs at production level in one country but food imports increase). The lack of rigour describes
the gap between a foreseeable effect of a chosen instrument and the given environmental targets
(e.g., the aim is to halve food waste but the instruments chosen are voluntary for all addressees).
Problems of depicting refer to the fact that sustainability challenges such as food waste production
at various steps of the food supply chain are frequently hard to measure, to calculate and to monitor,
which also makes it more difficult to address these issues accurately by governance instruments
(e.g., the instrument aims at limiting food waste at the household level by a certain amount but
a baseline value of food waste in every single household is missing; see Section 3.2). Enforcement
problems exist especially in the food and agricultural sector due to a large number of norm addressees,
products and processes that all have to be monitored. This is why a policy instrument may not be
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implemented in practice effectively and violations may not be sanctioned. In addition to that, high
complexity of the subject to be regulated impedes the enforcement of a rule (e.g., again the measurement
of food waste of households) [11,12,16].
Based on these insights, the qualitative governance analysis applied in this article not only assesses
the integration and impact of food waste measures in existing EU policies regarding food waste
reduction but also assesses the effectiveness of existing and newly proposed governance instruments
against their ability to respond to motivational factors of human behaviour and to avoid typical
governance problems—measured against the respective environmental targets.
3. Results of the Empirical Analysis as Basis for the Legal Analysis
3.1. Food Waste, Resource Wastage and Greenhouse Gas Emissions
By wasting food not only the food itself, but all resources and sink capacities, which have been
utilised for the production, processing and transportation of food are also wasted. Thus, in addition
to concerns over food security [1,21,22] (p. 90) [23] (p. 1), food waste has direct implications for
the multiple interlinked environmental impacts which are associated with the use of fertile soils, fresh
water, fertilisers, energy and the release of greenhouse gases for producing food [24,25] (pp. 49–55) [26]
(p. 98) [27] (p. 253) [4] (pp. 4, 14, 15) [16]. At the same time, an increasing demand for agricultural land
to feed a growing population puts further pressure on natural resources [28] (p. 924) [29] (p. 12342).
Land use changes such as the conversion of forests into agricultural land have a negative impact
on biodiversity [2] (p. 12) [30] (p. 1) and ultimately increase the greenhouse gas emissions of food
waste [31] (p. 41). Animal-derived products and meat in particular have been associated with
substantial resource wastage. While livestock production as a whole requires large quantities of
agricultural land [22] (p. 94), studies frequently point towards the resource-intensive production
(e.g., fertilisers, freshwater and land) of meat products. Thus, even though meat products only account
for a small share of the wasted food, it is the resource-intensity of these products that gives them
a prominent role in the context of food waste [32] (p. 1) [24] (p. 52) [26] (pp. 107–109) [33] (p. 282).
Approximately one third of the freshwater resources and one quarter of the fertilisers used to
produce food in the EU are wasted [1] (p. 483). Non-sustainable use of fertilisers is directly linked to
multiple negative environmental impacts. The accumulation of nutrients in agricultural soils is a major
factor that causes nutrient losses in the environment and eutrophication of water bodies with negative
effects on biodiversity [34] (p. 3–9) [15] (pp. 1, 2) [35] (p. 3). In addition, the application of fertilisers
(and plant protection products) can contaminate soils with organic pollutants and heavy metals such
as cadmium from fertilisers containing phosphate rock [36] (p. 11) [15] (p. 8). Additionally, phosphate
rock is a scarce resource, which has led the European Commission to add phosphate rock to the list of
critical raw materials in 2014 [37]. Finally, the production of synthetic nitrogen fertilisers is extremely
energy intensive and storing and applying nitrogen fertilisers causes the emission of greenhouse gas
intensive nitrous oxide [11] (pp. 4–6) [38] (pp. 8–13).
In addition to nitrous oxide, the agricultural sector in general is a major source of greenhouse
gases. The IPCC estimates that more than one quarter of the anthropogenic greenhouse gas emissions
are caused by agriculture, forestry and other land use [3] (p. 10). The FAO, building on its study from
2011, estimates that 4.4 Gt of CO2 equivalents were related to food waste (including land use change
associated with the food wastage) in 2011 which accounts for 8 percent of the total global greenhouse
gas emissions. If food waste were a country, it would be the third largest emitter in the world after China
and the USA [39] (p. 1). In Europe, the emissions related to food waste account for 3 percent of the total
greenhouse gas emissions. Globally, the major contributors to the carbon footprint of food waste are
cereals (34 percent) and animal-derived products (33 percent), while the greenhouse gas emissions
per kilogram of product are extremely high for meat products [24] (pp. 16–18) [40] (pp. 721, 724).
In the USA, for example, beef alone contributes 16 percent of the greenhouse gas emissions of food
waste, while it accounts for only 2 percent of food waste by weight [41] (p. 431). At last, despite the fact
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that landfilled food waste generates the greenhouse gas intensive methane [42] (p. 383) [43] (p. 421) [21],
it has been estimated that approximately 45 percent of wasted food is landfilled [44] (p. 115) [26]
(pp. 103–104). Both, a reduction of animal-derived food products [45] (p. 29) [32] (p. 1, 13, 14) [11]
(pp. 7, 8) and the reduction of food waste are therefore considered to be meaningful strategies
in combating climate change [46] (p. 41) [28] (p. 924) [40] (p. 721) [23] (pp. 1, 5) [47] (p. 519) [22]
(pp. 97–100).
3.2. Defining and Quantifying Food Waste
In order to develop effective strategies and governance instruments to minimise food waste,
a clear understanding of the underlying problem is needed. However, despite the growing number
of studies on food waste, significant issues with the existing data (and the lack of thereof) remain.
In addition, uncertainty is caused by e.g., the plethora of definitions. Thus, in the following section
an overview of these two interconnected issues is provided. Some studies distinguish between food
wastage produced in the early steps of the food supply chain, called food losses, and food wastage
that is produced at the end of the food supply chain, called food waste [1] (p. 477) [40] (p. 723) [48]
(p. 3065) [22,49–51] (p. 110). Yet, it has been pointed out that the steps of the food supply chain cannot
be universally applied to different food products [52]. Thus, in contrast, other studies refer to ‘food
waste’ and ‘food losses’ synonymously as ‘food waste’ [23,25,44,53], which is the approach adopted
in this article.
The Food Use for Social Innovation by Optimising Waste Prevention Strategies (FUSIONS) project
funded by the European Commission defines food waste as ‘the fractions of »food and inedible parts of
food removed from the food supply chain« to be recovered or disposed (including—composted, crops
ploughed in/not harvested, anaerobic digestion, bioenergy production, co-generation, incineration,
disposal to sewer, landfill or discarded to sea)’ [25] (p. 23). There is disagreement in various studies
whether edible and inedible parts (e.g., egg shells and coffee grounds) should be considered [25]
(p. 6) [5,26,44,54] or not [49,51], and if the intended uses of the food are considered [25,49,54,55].
Some studies furthermore distinguish between avoidable, possible avoidable and unavoidable
food waste originating from edible food parts [44,56] or consider overconsumption [57,58] in their
analysis [23] (p. 1).
Directly linked to the lack of a consistent definition is the challenge to quantify food waste [59]
(p. 1148). The FAO has investigated the extent of food waste and finds that globally, approximately one
third of the food which is produced for human consumption is wasted [22,49]. Per capita food waste
in Europe is estimated at 280–300 kg/year [49] (pp. 4, 5) [60] (p. 683). In contrast, in 2010, a study
that was commissioned by the European Commission estimates that annually 89 Mt food is wasted
(EU) which corresponds to ‘only’ 179 kg/year/capita [44] (based on EUROSTAT and national studies).
Similar amounts (173 kg/year/capita)—accounting for 20 percent of total food produced—have been
estimated by a study of the FUSIONS project [26] (p. 98) (based on [5]) [4] (p. 4). The diverging results
are rooted in different data bases, baseline years, methods applied [61] (pp. 6618, 6622–6623) and
the inclusion of Russia and food waste of agricultural production in the FAO study. It has furthermore
been acknowledged that EUROSTAT data [44] is subject to large uncertainties because there is no
standardised method for Member States to collect the data which is then provided in EUROSTAT [60]
(pp. 683, 685).
In addition, data are frequently outdated and concentrated on specific regions and steps of the food
supply chain (i.e., household level) [5] (p. 13) [61] (p. 6618) [60] (pp. 683–685). However, because food
supply chains are highly complex as they can oftentimes span across the globe and involve numerous
actors and processes, measuring food waste has become highly costly [55] (p. 3). In turn, researchers
define boundaries within the food supply chain (e.g., primary production, processing, transportation).
The resulting variety of food supply chain concepts (see for a four-step food supply chain [44], for a
five-step food supply chain [1] (p. 477) [26] (p. 98) and for a seven-step food supply chain [62] (p. 37);
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see also [50] (p. 604))—alongside the variety of definitions and different methods applied—impedes
the comparison of results (see FAO [24,49] and EU-Studies [5,44] above) [61] (p. 6618).
3.3. Localising Food Waste
To identify the most effective starting points for governance instruments, localising food wastage
is necessary. Whereas in North America and Europe, food waste primarily occurs at the end of the food
supply chain (retail and consumption stage), in ‘developing countries’ food waste occurs at the early
stages of the food supply chain (production, harvest and processing) [21,49] (p. 5) [24] (pp. 13, 14) [1]
(pp. 477, 482) [40] (pp. 721, 726). Globally, the highest potential for improvements is seen in agricultural
production (−47 percent) and the consumption stage (−86 percent). The largest potential for reduction
in the overall food supply are North America and Europe (−63 percent). However, there may be less
incentives to reduce food waste in those regions as there is little need for extra food supply [63] because
demand is widely met.
The results of Monier et al. [44] show that in the EU, households produce the largest share
(42 percent) of food waste, followed by manufacturing (39 percent), food service/catering (14 percent)
and retail/wholesale (5 percent) [44,54] (pp. 479, 483–485). Yet, agricultural food waste is outside
the scope of this study [44] (p. 13) which likely distorts the results as e.g., the FAO finds that agricultural
waste in Europe (not EU)—depending on the commodity group—accounts for up to 20 percent of food
wasted along the supply chain [24] (p. 43).
In the EU, fresh fruit and vegetables account for the highest amount of food waste followed by
cereals, meat products (incl. fish) and dairy products. The reasons for the large amount of wasted fresh
fruit and vegetables include a relatively short shelf-life, higher production and consumption quantities
and comparatively low prices which can lead to overpurchasing [54] (p. 479) [32] (p. 1). Furthermore,
although the consumption stage accounts for the largest share of all food wasted, waste generation of
some food products occurs at other stages of the food supply chain. For example, large shares of meat
products are wasted during manufacturing while fresh fruit and vegetables are predominantly wasted
at the household level [54] (pp. 497, 483–485) [64] (pp. 21, 22) [31] (pp. 42, 43).
3.4. Causes and Drivers of Food Waste and Implications for Governance Solutions
At last, the development of effective governance instruments to combat food waste requires
knowledge on the causes and drivers for food waste as well as human behaviour itself [16]
(pp. 68–104) [65] (p. 27) (see Section 2). Studies have investigated the drivers and causes
of food waste at different steps of the food supply chain [62,66] with spatial and/or sectoral
foci [31,64,67–69]. Differences between industrialised and non-industrialised countries have been
identified. Yet, because food supply chains can cross national, regional and continental borders,
food waste in non-industrialised countries has relevance for industrialised countries. The identified
drivers that impact food waste occurrence in industrialised countries are an ageing population and
growth in single-person households, while urbanisation shifts in dietary and increasing global trade
impact food waste occurrence in non-industrialised countries [48] (pp. 3065–3067) [68] (p. 648) [40]
(pp. 671, 728) [22] (pp. 13–16). Due to a lack of data, the FAO assumes that food waste increases
with increasing regional average food consumption level, GDP per capita and urbanisation level.
Yet, the FAO itself acknowledges that this linear relationship is uncertain [24] (p. 37).
With regard to the different steps along the food supply chain, process losses, technical
disturbances and quality management occur as major causes for food waste besides
packaging/labelling mistakes. In addition, an increasing demand for fresh products as well as
the corresponding selective processes to ensure freshness of food products which partly result from
food safety standards contribute to food waste along the food supply chain [70] (pp. 49, 50) [68]
(p. 648) [62] (pp. 37, 57).
Studies which investigate causes and drivers of food waste at the household level repeatedly refer
to the interdependency of multiple factors that lead to the wastage of food. In addition to the global
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drivers discussed before and besides specific behaviours such as failure to compile and comply
with a shopping list, the composition of households (number of members, income, demography),
organisational aspects, routines and concepts of normality impact food waste occurrence [71] (p. 43) [72]
(p. 978) [73] (p. 429) [25] (pp. 57–70) [74] (p. 6). Furthermore, confusion related to expiration labels
(the date of minimum durability and the ‘use by’ date) play a role (see Section 4.4) [64,69] (p. 118).
In turn, on the one hand convenience, self-interest (time constraints) and scapegoating get in the way
of avoiding food wastage [75] (pp. 15, 18–20) [76] (pp. 4,5), while on the other hand the motivation to
save money and to feel less guilty (rather than concerns for the environment [71] (pp. 43, 47–49) [75]
(pp. 15, 20) [76] (p. 3) [72] (p. 978)) encourage people to reduce food waste [71] (pp. 43, 47–49) [72]
(p. 978).
These observations—which include all actors along the food supply chain, i.e., farmer to
consumer—confirm the fundamental conditions of social change and human motivation as discussed
in Section 2: knowledge and norms are important factors, but even more so self-interest calculation,
path dependencies and conceptions of normality as well as emotions [16]. Thus, as is the case with other
sustainability challenges, simply expanding knowledge on food waste issues will not be an effective
governance approach. Furthermore, targeting single industries, actors or problems alone will not
be effective either. Instead, in order to achieve legally binding environmental objectives, the most
promising governance approach is an instrument that controls quantities [16,77].
4. Results of the Legal Analysis: Food Waste Governance in the EU
4.1. Relevant Environmental Targets
The following section assesses to what extent current EU law addresses the aforementioned issues
that are related to food waste. Two legally binding international agreements provide the general
framework for environmental policy—they set the objectives that policy instruments have to achieve.
Article 2 paragraph 1 Paris Agreement, which builds on the United Nations Framework on Climate
Change (UNFCCC) [78], aims to hold the increase of global temperature to well below 2 ◦ C, pursuing
efforts to limit the temperature increase to 1.5 ◦ C above pre-industrial levels. The Aichi Targets
of the Convention on Biological Diversity aims to halt biodiversity loss. Both agreements require
significantly reduced animal farming [11] and zero fossil fuels in all sectors worldwide in about
two decades [79], which also implies major changes in agriculture [16,77,80,81]. Last but not least,
the EU Nitrates Directive [82] and the EU Water Framework Directive [83] point in the same direction,
especially with regard to avoiding nutrient hotspots due to regional high livestock densities [15].
At the same time, mechanisms which can compensate for residual emissions of a post-fossil agriculture
with strongly reduced livestock numbers, e.g., afforestation and rewetting of peatlands, have to
be enhanced. However, wasting food puts additional pressure on those mechanism because of
the associated high use of land and resources and its greenhouse gas intensity.
In addition to the Paris Agreement and the Convention on Biological Diversity, the Sustainable
Development Goals (SDGs) of the UN [84] (pp. 9–11) [7] (pp. 15, 16), which were adopted in 2015
as part of the Agenda 2030, touch upon sustainable agriculture and food waste. This includes
SDG 2 ‘end hunger’, SDG 12 ‘responsible consumption and production’ and SDG 15 ‘life on land’.
More specifically, SDG 12.3 requires halving per capita global food waste at the retail and consumer
levels by 2030 and reduce food losses along production and supply chains, including post-harvest
losses [7] (p. 22) [81,85,86] (pp. 12, 13). In response to the SDGs and as part of the ‘Zero Hunger
Challenge’ of the UN [87], SAVE FOOD, which is a global initiative to reduce food waste [88] and
the FAO Platform on the Measurement and Reduction of Food Loss and Waste [89] were launched.
Thus, despite being vague in some details and not-legally binding, the SDGs can set an overall direction
and put food waste (back) on to the political agenda.
Furthermore, already in 2011, the European Commission identified the food sector as key sector
in its Roadmap to a Resource Efficient Europe [90]. The reduction of food waste and sustainable use of
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resources is also a targeted area of the EU action plan for the Circular Economy [91,92]. Within this
context, in 2016, the EU Platform on Food Losses and Food Waste [93] was established. The platform
brings together EU institutions and private actors and provides support in defining measures to
prevent food waste, sharing best practice and evaluating progress [93–95]. More recently, as mentioned
above, the European Commission addresses food waste as part of the Farm to Fork Strategy [4] and
in its Communication of The European Green Deal [96].
4.2. Amending Directive to the Waste Framework Directive
Having discussed the relevant overarching targets, this section analyses the provisions of circular
economy law of the EU regarding its integration of food waste. On 30 May 2018, the EU adopted
Directive (EU) 2018/851 [97], which amends the Waste Framework Directive 2008/98/EG [98]. The new
directive entered into force on 4 July 2018 and has to be transposed into national legislation by
5 July 2020. According to Article 9(1)(g) Directive (EU) 2018/851, Member States shall take measures
to reduce the generation of food waste in primary production, in processing and manufacturing,
in retail and other distribution of food, in restaurants and food services as well as in households
as a contribution to SDG 12.3. While the proposal for a directive amending the Waste Framework
Directive in 2014 included an objective to reduce food waste by 30 percent by 2025, the adopted
amending directive does not include a quantified target for the reduction of food waste.
The amending directive also introduces a new Article 3(4a) which provides a definition of food
waste (on definition issues see Section 3.2). Food waste means all food as defined in Article 2 of
Regulation (EC) No 178/2002 [99] that has become waste. Furthermore, Member States shall monitor
and assess the implementation of their food waste prevention measures by measuring the levels of
food waste (Article 9 No. 5 Directive (EU) 2018/581).
In order to enhance the consistency and quality of food waste data, different initiatives, projects
and instruments have been developed globally and in the EU. In 2016, a multi-stakeholder group (incl.
UNEP and FUSIONS) published the Food Loss and Waste Accounting and Reporting Standard [100].
The standard aims to facilitate the quantification of food waste in providing a framework, e.g., uniform
terminology, to all kinds of entities (businesses, NGOs, public authorities). Thus, rather than being
a static structure, the standard is a flexible framework, which allows its users to choose the most
appropriate scope for data generation [31,100]. Additionally, the FAO has developed two indices (Food
Loss Index und Food Waste Index), which aim to track progress towards SDG Target 12.3. First results
have been released in December 2019 [22,55]. In the EU, the European Commission initiated two
research projects on food waste [8]: Food Use for Social Innovation by Optimising Waste Prevention
Strategies (FUSIONS) (2012–2016) [101] and Resource Efficient Food and Drink for the Entire Supply
Chain (REFRESH) (2015–2019) [102]. In addition to that, in May 2019, the European Commission
adopted a delegated decision which establishes the scope and method for the measurement of food
waste, voluntary measurements and minimum quality requirements. For example, Member States will
be required to measure the amount of food waste for a given stage in the food supply chain applying
a prescribed method at least once every four years (Article 2(2) Commission Delegated Decision
(EU) 2019/1597) [95]. This policy entered into force in autumn 2019 and has the potential to enhance
the consistency and quality of data that is generated in the EU and is thus considered a welcome step
towards managing food waste issues (see Section 3.2). Data on food waste are expected to be available
by 2022.
Apart from the introduction of the food waste definition and the rules for measuring food waste,
the amending directive builds on the waste hierarchy of Directive 2008/98/EC. Since 2008, Article 4(1)
Directive 2008/98/EC establishes a five-level hierarchy of waste which compromises—in descending
order—the prevention, preparing for re-use, recycling, other recovery and disposal of waste. Thus,
the prevention of (food) waste along the food supply chain obtains the highest priority. However,
current legislative provisions do not establish a link to food waste which has led the European
Court of Auditors to propose a waste hierarchy that is applied to food waste and thus takes into
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consideration the particularities of food. Ranging from most to least preferred, the proposed hierarchy
consists of six levels starting with prevention, followed by donation, use as animal feed, recycling
(e.g., for industrial uses), other recovery (e.g., for energy production) and disposal. The top three actions
can be undertaken before food constitutes waste (based on the Ladder of Moerman, see [8] (p. 10)).
Article 9 Directive (EU) 2018/851 establishes provisions for the prevention of waste. According
to Article 9(1) Member States shall take measures to prevent waste generation. Those measures
shall, amongst others, promote and support sustainable production and consumption models
(Article 9(1)(a)), reduce food waste as already discussed (Article 9(1)(g)) and encourage food donation
and other redistribution for human consumption and thus prioritise human use over animal feed and
the reprocessing into non-food products (Article 9(1)(h)). Annex IVa No. 3 directive (EU) 2018/851
lists fiscal incentives for donation of products and in particular food in accordance with the waste
hierarchy. In addition to that, Member States shall also develop and support information campaigns
to raise awareness about waste prevention and littering (Article 9(1)(m)) (critical on knowledge as
motivational factor see Sections 2 and 3.4).
In addition to measures that address waste prevention, Member States are required to ensure that
by 31 December 2023, biowaste is either separated and recycled at source, or is collected separately and
is not mixed with other types of waste (Article 22 Directive (EU) 2018/851). This lays the foundation
for further use of bio waste, e.g., for the use of compost as fertiliser. Article 11(2) No ii) Directive (EU)
2018/851 defines targets for the preparing for re-use and the recycling of municipal waste, which shall
be increased to a minimum of 55 percent by weight by 2025 and 65 percent by 2035. Member States
shall furthermore establish waste prevention programs (Article 29(1) Directive (EU) 2018/851) as well
as specific food waste prevention programs within their waste prevention programs (Article 29(2a)
Directive (EU) 2018/851). Annex IV of Directive 2008/98/EC provides a list with examples of waste
prevention measures. Yet, these do not include measures that address food waste prevention.
Altogether, the amended Waste Framework Directive and in particular Article 9(1) provides
important starting points for the reduction of food waste and offers the Member States of the EU
the legal framework to take effective measures to reduce food waste. In particular, the introduction of
a food waste definition and the rules for measuring food waste are welcome steps towards tackling
food wastage. Nevertheless, the fact that a legal link between food waste and the waste hierarchy
and especially to the amended waste hierarchy for food products is missing, is regrettable from
a food waste reduction perspective. Moreover, the current absence of a quantified, measurable and
thus sanctionable reduction target for food waste in the amended Waste Framework Directive limits
the steering effect of the legal framework on circular economy and waste. However, the proposal
of the Farm to Fork Strategy (Action 26) to set a baseline for food waste based on the data on food
waste expected from national capitals in 2022 is a first step to introduce legally binding reduction
targets [4,103]. Notwithstanding that, the rather vague obligations of the directive stand in contrast
with the urgent character of the underlying problem (see Section 3.1). Last but not least, the choice of
instruments to be implemented by Member States remains open.
To reach a stronger governance effect of the circular economy and waste law on reducing food
waste, a baseline and a clear, ambitious, measurable and sanctionable reduction target for food waste
could be introduced for all Member States. In addition, a legal anchoring of the waste hierarchy taking
into account the special character of food products and thus including in particular food donations
(see Section 4.6) would be welcome.
4.3. The Common Agricultural Policy and the Common Fisheries Policy
This section discusses the provisions of the subsidy law of the agricultural sector of the EU
as it is the central policy governing agricultural practices in the Member States. According to
Article 39(1)(a) TFEU [104], one objective of the Common Agricultural Policy (CAP) is to increase
agricultural productivity by ensuring the optimum utilisation of the production factors and thus
requires an efficient use of resources. Resource efficiency is also incorporated in Article 11 TFEU which
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stipulates that environmental protection requirements have to be integrated into the Union’s policies
and activities.
As a comprehensive subsidy scheme, the CAP primarily provides direct income support for
famers. These hectare-based payments have been made conditional on compliance with basic
environmental requirements. Income support and market management measures form the first
pillar of the CAP while the second pillar of the CAP focusses on rural development. Food waste has
relevance for both pillars [8] (p. 27–31). Direct income support to farmers keeps consumer prices
for food products at a (very) low level [105] which hinders the appreciation of food products and
thus incentivises food waste (see Section 3.4; on food prices see Section 4.6). In contrast, support of
the second pillar of the CAP can incentivise the reduction of food waste. Beneficial measures include
investments in physical assets such as optimised storage facilities or improved stables to reduce
animal mortality and diseases as well as information and co-operation (Annex IV of Regulation (EU)
No 1305/2013) [106]. Member States are required to build their rural development programs (Pillar II)
in line with six common EU priorities. These priorities include the promotion of resource efficiency
in the agricultural and food sector (Article 5(5) Regulation (EU) No 1305/2013) by increasing efficiency
in water use (Article 5(5)(a)) and in energy use in agriculture and food processing (Article 5(5)(b)) as
well as by facilitating the supply and use of renewable sources of energy, of by-products, wastes and
residues and of other non-food raw materials for the purposes of the bio-economy (Article 5(5)(c)).
All these priorities clearly point towards food wastage reduction. Furthermore, Article 53(3)(c)(vii)
Regulation (EU) No 1305/2013 provides that the European Innovation Partnership network shall
facilitate the setting up of cluster initiatives and pilot or demonstration projects which may relate to
the reduction of post-harvest losses and food wastage within the second pillar of the CAP. Still, making
food waste reduction itself a priority for the rural development programs would set a clearer signal for
Member States to develop measures to combat food waste [8] (p. 46–47). Thus far, the CAP does not
integrate the food waste issue adequately and sets no sufficient incentives to reduce food waste.
As the CAP is currently undergoing a reform process (see [107–109] for the proposals for
the European regulations; see [14] for a critical review), the question arises if the proposal for the future
CAP provides more effective instruments to address food waste. The Commission has proposed
that the CAP beyond 2020 will continue to consist of two pillars and the main instrument will,
as presently, continue to be hectare-based payments. This is despite the fact that calls have been
made to subject the CAP to a complete reorientation which provides support only for sustainable
management practices which protect climate, biodiversity and soils, enhance resources efficiently and
avoid wastage along the food supply chain. Interventions of the second pillar, which even presently
struggle with underfunding, are expected to be affected more severely by proposed budget cuts [110]
(p. 8). All this indicates that the future CAP neither will provide a sufficient framework to reduce food
waste nor increase prices for resource intensive and environmental harmful food products and address
the associated environmental issues.
Still, recent reforms of the CAP have had a positive impact on food waste by reducing
overproduction. Fixed product prices and export refunds were replaced by coupled direct
payments during the CAP reform in 1992 and by decoupled direct payments from 2005 onwards.
As a consequence, surpluses and stockpiles of agricultural products including butter, skimmed milk
powder, cereals and beef decreased significantly. Thus, moving from product to producer support
probably contributed to a reduction of food waste [8] (p. 25) [62] (pp. 12, 13). However, the European
Court of Auditors argues that this impact was coincidental rather than a result of targeted policy
action [8] (pp. 7, 31). Furthermore the European Court of Auditors suggests that current coupled
payments could stimulate production for products for which there may be no demand and thus
promote the occurrence of food waste [8] (p. 27). Member States may currently provide coupled
support to those sectors or to those regions where specific types of farming or specific agricultural
sectors that are particularly important for economic, social or environmental reasons undergo certain
difficulties (Article 52(3) Regulation (EU) No 1307/2013) [111]. In addition to that, market intervention
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measures which include market withdrawals, private storage, green or non-harvesting directly and
indirectly contribute to food waste. Food products are removed from the market when prices are weak
and stored until prices increase, or they are returned to the market for sale, donated or disposed of [8]
(pp. 28, 29). Thus, market intervention measures should be reduced from the perspective of food
waste avoidance.
Altogether, neither the present nor the future CAP are effective to reduce food waste. Rather than
following the approach of ’public money for public goods’ by increasing prices for environmental
harmful and resource and greenhouse gas intensive products, subsidies support non-sustainable
agricultural practices [14,77,81,86,112] (p. 308). Thus, besides the reduction of the aforementioned
market intervention measures and the integration of specific measures to reduce food waste into
the new CAP regulations, increased prices for food products in accordance with their environmental
impact would raise the appreciation of food and thus also stimulate the avoidance of food
waste. This also implies an abolishment of environmental harmful subsidies [14,77,81,86,112,113].
Additionally, food waste could be an incorporated indicator in the fitness-check assessment of the CAP
(for a CAP fitness-check see [86]).
In contrast to the CAP, the EU has adopted measures to prevent food wastage within the Common
Fisheries Policy (CFP). Since 2015, Article 15 Regulation (EU) No 1308/2013 [114] establishes that no
edible fish shall be thrown back into the sea [92] (p. 15) [62] (pp. 12, 13). The full landing obligation
entered into force in 2019 and requires that all catches shall be brought and retained on board the fishing
vessels, recorded, landed and counted against the quotas where applicable. The landing obligation
does not apply to, amongst others, species with high survival rates after being thrown back into
the sea. Projects which facilitate the implementation of the landing obligation can be funded through
the European Fisheries Fund (EFF) and the European Maritime and Fisheries Fund (EMFF). This may
include investments in selective fishing gear and equipment for dealing with unwanted catches on
board. Thus, the landing obligation has the potential to reduce food waste if correctly implemented,
i.e., if it leads to increased selectivity and thus less unwanted by-catch. At the same time, the landing
obligation itself does not prevent that all edible fish that cannot be used for human consumption
(e.g., due to minimum size requirements) turns into food waste [8] (pp. 33, 34). Hence, there is still
room for improvement, for example with regard to improved selectivity and the use of non-marketable
fish for further processing, in canteens or as donations (see Section 4.6).
4.4. Food Safety, Packaging, Norms and Date Labelling
Food safety and hygiene provisions for producers, processors and retailers ensure that food
products are safe for consumption. Nevertheless, a critical analysis of these rules can indicate
whether they contribute to food waste by being outdated, too unspecific or by exceeding essential
requirements of food safety. Furthermore, recalls and withdrawals for food safety reasons have to be
targeted and accurate. Traceability of food products provides the foundation for differentiated recalls
and withdrawals.
Regulation (EC) No 178/2002 [99] establishes that a food or feed business can identify at least
the business from which the food has been supplied to ensure that traceability can be assured at
all stages of the food supply chain. Directive 2011/91/EU [115] establishes the legal provisions for
indications or marks which identify the lot to which a foodstuff belongs. The more refined a traceability
system, the less food is wasted during a recall or withdrawal. However, the directive does not establish
rules on the size of the lots and instead leaves this design feature up to the discretion of the Member
States [8] (pp. 36, 37). A more effective governance approach would require Member States to
adopt very small lot sizes based on the date of production and thereby enable highly targeted recalls
or withdrawals.
Another dimension of food safety and hygiene is food packaging. Food packaging can also
increase the shelf-life of food products such as fruit and vegetables and thus reduce food waste [116]
(p. 12). However, this may conflict with environment and resource objectives which call for a reduction
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of packaging waste and especially plastic waste [13,117]. Therefore, other measures to reduce food
waste should be adopted preferably. At the same time, food packaging that is unavoidable to ensure
the safety of food products should be plastic-free, biodegradable and reusable [4].
European legislation furthermore contains specific marketing standards for fruit and vegetables.
In contrast to the provisions above, these standards are required for aesthetic rather than food safety
purposes and thus cause food waste for imperfect shapes or appearances [62] (pp. 1, 12) [118] (p. 116).
In 2011, marketing standards for 26 fruit and vegetable products were abolished. However, it seems
that this move has not contributed to a reduction of food waste because actors along the food supply
chain continue to require—partly even stricter—standards [119] (p. 28) [8] (pp. 48–50) [62] (p. 12).
In order to reduce food waste, these requirements should be abolished and at the same time incentives
provided to use food products which deviate from (legal) norm range in e.g., restaurants and canteens.
For food safety reasons instead, food products are labelled with dates. However, as discussed
in Section 3.4, food labelling frequently contributes to confusion about the safety of food products.
As a consequence, safe and edible food is thrown away. The European Commission acknowledges
this issues and in particular the wrong interpretation of the ’best before’ date and has included it into
the action plan for the Circular Economy [92] (p. 18) [4] (p. 15). The provisions of food information
to consumers are established in Regulation (EU) No 1169/2011 [120]. According to Article 9(1)(f)
Regulation (EU) No 1169/2011, the date of minimum durability or the ‘use by’ date are mandatory
food information. Article 2(2)(r) Regulation (EU) No 1169/2011 lays down that the date of minimum
durability means the date until which the food retains its specific properties when properly stored.
It shall be replaced by the ‘use by’ date in the case of foods which are highly perishable and are
therefore likely after a short period to constitute an immediate danger to human health. After the ‘use
by’ date, a food shall be deemed to be unsafe according to Article 24(1) Regulation (EU) No 1169/2011.
In contrast, food may still be acceptable for consumption beyond the minimum durability date and can,
according to EU provisions, still be sold after that date. However, national legislation in some Member
States prohibits to sell food products after the minimum durability date und thereby increases food
wastage at the retail level [8] (pp. 37, 38). This is mirrored in the study results regarding reasons of food
waste along the food supply chain (see Section 3.4). It is questionable whether some products require
a minimum durability date at all, and if so, whether this date is not indicated too short. For example,
salt and herbs can be stored for long periods and thus do not require a minimum durability date.
In fact, cooking salt is among the few food products which do not need a minimum durability date
in accordance with Annex X Regulation (EU) No 1169/2011. Unless the minimum durability date is
not abolished, an extension of this list would be desirable from the perspective of food waste reduction.
Furthermore, uniform provisions of date labelling of food products among the Member States could
reduce food waste. The Commission has announced an examination of present provisions of food
labelling in its action plan for the Circular Economy [91] (p. 6) [92] (p. 18).
4.5. Dumpster Diving, Disposal Bans and Foodsharing
This section assesses different measures which have an impact of food waste at the retail and
consumption level. Retailers could sell food products which are close or beyond the minimum
durability date at lower prices or give them away for free [116] (p. 13) [121]. A counterproductive
development affects dumpster diving in Germany, i.e., taking food from the waste containers of
supermarkets or factories. A recent judgment of the German Bayerisches Oberstes Landesgericht [122]
upheld a local court’s verdict that dumpster diving is illegal. Rather than putting food products to be
disposed of in locked waste containers, which will be picked up by waste disposal companies, they
could be made available for charities or private persons and thereby reduce food waste. Furthermore,
measures which prohibit the wastage of food like in France could be adopted. Since 2016, supermarkets
in France are obligated to sign agreements with charities to donate food that would otherwise be thrown
away [8] (p. 22) [123]. Yet, a petition to the German Bundestag calling for a ban on the disposal of food
has so far been unanswered [124,125] and attempts to legalise dumpster diving were unsuccessful
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by now. Until now, it remains to be seen if the German Federal Constitutional Court will deal with
this topic.
Incentives to share non-needed food do nearly not exist at the household level—despite the fact
that this stage accounts for the largest share of all food wasted (see Section 3.4). While there are a few
foodsharing initiatives that support the sharing and passing on of food products at the retail level
and the household level, they operate in niches (e.g., [126–128]). In addition to banning the practice of
throwing away edible food that is no longer intended for sale and instead offering it to individuals
or (charity) organisations, food sharing initiatives and further initiatives from civil society and
enterprises/industry could also be given more support by the state in order to reduce the wastage
of edible food, as these initiatives are suitable to support legal measures (e.g., for Denmark’s civil
society-driven anti-waste framework see [27] (pp. 246–265), for food banks see Section 4.6).
4.6. (Fiscal) Incentives for Food Donations
At last, tax law can have implications for food waste by e.g., providing incentives for food
donations. According to the action plan for the Circular Economy, the Commission will take measures
on the rules concerning food donations to food banks and the use of safe yet unsold food products
as animal feed [91] (p. 6) [92] (p. 17). Yet, currently, there is a number of barriers to food donation
in EU legislation. This includes for example the waste hierarchy of the Waste Framework Directive
which has not been adapted to the specifies of food (see Section 4.2) and unclarities regarding whether
food banks and charities are to be considered as ‘food business operators’ and thus have to comply
with the provisions of food law (Regulation (EC) No 178/2002). Here, a clarification on European
level may be desirable to make food donations more attractive and to reduce food waste. A good
example is the Italy, which implemented a national law on food (and pharmaceutical) products
donation in 2016 [129]. In addition to providing definitions for important terms such as food operators,
donators, food leftover and food waste, expiration date and best before date, the Italian law establishes
incentives for free food leftover to charity organisations, e.g., by supermarkets or farmers. In fact,
the law allows municipalities to establish tax exemptions for food donators. In addition, initiatives
aiming at avoiding food waste are supported financially by a new fund. Additionally, these measures
are supported by e.g., informational measures such as awareness campaigns and educational programs
for schools [9,123].
In addition to that, the provisions of the existing legal framework are not sufficiently exploited.
This includes provisions of the Fund for European Aid to the Most Deprived where Member States have
the possibility to donate food products which have been taken out of the market in the context of CAP
market measures (Regulation (EU) No 1308/2013 and Article 4(1) Regulation (EU) No 223/2014 [130]),
e.g., by funding food banks. Other areas entirely lack legal provisions for food donations. For example,
the CFP does not provide any framework that encourages the donation of non-marketable fish [8]
(p. 41). In order to reduce food waste, existing legal provisions should be further clarified and exploited,
and measures in policy areas which currently do not provide rules on food donations developed.
An obligation to donate food at the retail level as adopted in France would also be conceivable [8] (p. 22).
As mentioned above, using the example of Italy, fiscal incentives for food donations are considered
to be an effective mechanism to encourage food donations and reduce food waste. Yet, there are
unclarities on how the value added tax is to be applied on donated food. While the value added
tax system of the EU (in particular Article 16 Council Directive No 2006/112/EC [131]) does not
constitute a barrier to food donations in general, the national interpretation of some Member States
of this Directive hinders food donations [8] (p. 40) [132]. The Directive establishes that the value
added tax has to be applied on donated food. Member States can choose to set a tax rate close to
zero if the product is close to the minimum durability date or when products are not fit for sale.
However, the term ‘fit for sale’ has not been further specified and can thus be interpreted in different
ways. This legal uncertainty can hinder the donation of food products and should be addressed
soon [8] (p. 41).
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5. Discussion: Shortcomings of Existing Law and Recommendations for Improvement—Economic
Instruments as Alternative
Despite repeated political statements and initiatives, there is currently no coherent and ambitious
approach to tackle food waste along the entire food supply chain in the EU [8] (p. 7). It was shown that
the analysed areas of law with relevance for food waste (i.e., circular economy and waste law, the CAP
and CFP, the law of food safety and packaging, norms and date labelling as well as the relevant
law for food disposal, foodsharing and food donations) include some important starting points to
tackle food wastage in the EU. Yet, the analysis also finds that these areas of law lack an adequate
steering effect to significantly reduce food waste as required by international environmental targets.
Before this background, some moderate and pragmatic proposals for improvement have been made
for the specific areas of legislation, which are summarised in Figure 1. They include an ambitious,
measurable and sanctionable reduction target for food waste within the framework of the circular
economy and waste law and the integration of specific measures to reduce food waste into the new
CAP regulations. Furthermore, it was proposed to remove barriers to reduce food waste such as legal
and private norms; to harmonise relevant regulations of Member States such as date labelling as well
as to provide (fiscal) incentives to promote food donations.
All of these proposals are detailed recommendations that foster food waste reduction
in the various areas of agricultural and food law. However, given the extent and urgency of
the environmental problems of the agricultural sector, which are directly related to the wastage
of food (see Sections 1 and 3.1), it is not sufficient to slightly reduce food waste in some sub-areas
of the food supply chain (e.g., food donations at retail or household level). In addition to that,
the global environmental targets require a drastic reduction of food waste in all sectors if they are
to be achieved (see Sections 3.1 and 4.1). However, the regulatory law in particular suffers from
governance problems as described in Section 2: The effect of the detailed law, which focuses on
individual products or processes, is limited by rebound effects, spatial and sectoral shifting effects,
lack of rigour as well as problems of depicting and enforcement. Therefore, the effects of the discussed
optimising regulatory options would be limited. At the same time, informational instruments
such as eco-labels, voluntary measures or nudging measures to incentivise consumers to avoid
food waste can be supportive (see e.g., [133] (pp. 72–74) [134] (pp. 35–42) [135] (pp. 58–59) [9]
(pp. 6, 7)) but are not sufficient to meet the urgent ecological challenges such as climate change and
biodiversity loss (see Sections 1, 3.1 and 4.1). Instead, comprehensive quantity control instruments
are suitable instruments for integrative solutions of manifold environmental problems. In contrast
to command-and-control approaches targeting individual fields such as food packaging or food
donations, these instruments allow to set overarching, strong incentives for more environmental sound
behaviour in line with the Paris Agreement and the Convention on Biological Diversity.
As food waste is an issue that occurs across multiple sectors and levels and is related
to multifactorial motivations (Sections 2 and 3), it could be well addressed through economic
instruments which have already been found to be effective in reducing, amongst others, fossil
fuels and animal-derived products [11,16]. Rather than directly changing behaviour through
command-and-control law, economic instruments such as taxes and cap-and-trade systems change
behaviour indirectly by increasing prices for consumers and simultaneously trigger higher efficiency
in earlier steps of the food supply chain. If economic instruments address easily measurable governance
units such as fossil fuels and livestock products, they do not require detailed information and face
lower depicting and enforcement problems [11,12,16,77]. Established on a broad geographical scale
and across all sectors, they furthermore prevent issues of depicting and spatial and sectoral shifting
effects—all of which arise with command-and-control approaches. Absolute quantity limitations
which can be achieved through a cap-and-trade system furthermore avoid rebound effects [11,16].
At the same time, prices address multiple motivational factors of actors (consumers, farmers, etc.)
including self-interest and conceptions of normality. Prices furthermore stimulate the interest in more
factual knowledge and disturb problematic emotional factors such as convenience and denial [16,19,20]
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(see Sections 2 and 3.4). Economic instruments trigger activities for emission avoidance and
environmental improvement at comparatively low costs and leave the path towards an environmental
target up to the individual (e.g., paying a tax, buying a certificate or undertake measures for
environmental protection) which is why they are regarded as freedom-oriented instruments [16,77].
Waste Governance.JPG

Figure 1. Recommendations for improvement of existing law and economic instruments as alternative
to tackle food waste.

In theory, one approach to address the issue of food waste could also be to directly increase
prices for the waste through a high tax rate. However, given the largest share of food waste occurs
at the household level and because of the fact that food waste occurs at each step along the food
supply chain (see Section 3.3), a regulatory authority will face substantial administrative burdens
in controlling and enforcing such a tax. Instead, a more comprehensive landfill tax, as (re-)introduced
in the Netherlands in 2015, seems to be at least a more promising response. The tax accounts for
17 Euros per ton and landfilling of municipal and recyclable waste has been banned [116] (p. 7).
As a result that this tax does not explicitly target food waste, food waste does not have to be quantified
for the collection of taxes. Yet, it seems unlikely that a land-filling tax can effectively address food
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waste along the entire food supply chain especially because it incentivises recycling rather than
the prevention of food waste.
Higher food prices (in particular for resource intensive and environmental harmful products) can
induce a contribution to the reduction of food waste—especially at the household level [136] (p. 11).
Instead of undertaking punctual changes in the CAP, as they are established in recent proposals for
the future CAP regulations (see Section 4.3), a EU primary energy emission trading system with a cap
aligned with Article 2(1) Paris Agreement in combination with an emission trading system for livestock
products and a livestock-to-land ratio is suitable to address multiple interlinked environmental
issues [11,16,77]. The pricing of fossil fuels increases food prices, especially for ecologically harmful
food, but price increases are also likely for less ecologically harmful products. Therefore, such pricing
have to be accompanied by an increase of the basic social security. The ecological effectiveness of
the system is not affected by this, because cap-and-trade schemes still reach the defined quantity
limit. Additionally, such an approach would probably require a collaboration with further countries
and a complementary border adjustment for imports and exports of countries which do not have
comparable provisions in place. Indeed, border adjustments have recently been put on the agenda of
the European Commission within the framework of the European Green Deal [96].
Increasing prices especially for animal-derived products would not only provide an incentive for
less consumption of such products and different production methods but also avoid food waste of
products with a particularly high environmental and resource footprint. At the same time, fossil fuels
play a key role in almost all areas of life and the economy—including the agricultural sector—and
a strict cap that removes fossil fuels within no more than two decades from the market, would also
lead to higher production costs in the agricultural sector [16,46,79,137,138]. As a consequence, food
prices would rise and thereby stimulate efficiency, consistency and frugality and also avoid food waste.
This would not only contribute to the fulfilment of SDG 12.3 ‘halving per capita global food waste’,
but also to SDG 2 ‘end hunger’ and further social and environmental SDGs.
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