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Abstract The presentations addressed the topic of food waste management in a
circular economy from various angles. Understanding the amount of food waste
generated and setting measures to prevent it should be the starting point. Any not
prevented food waste should be valorised aiming at a positive triple bottom line
(social, economic and environmental). The huge environmental and economic
potential of co-digestion of dairy manure and food wastes by linking waste producers
with costumers for derived products was demonstrated for the US. Further the link
between bio-waste, compost and soil quality is highlighted which contributes to
food security and the wider bio-economy. Looking forward research into the appli-
cation of selected agri-food wastes to produce alternative sources of protein could
result in more sustainable source of proteins able to compete with industrial chicken
production. Overall, the presentations and discussions showed the multi-facetted
nature of food waste management emphasising that a range of measures by many
stakeholders are required to move towards a circular economy society.

1 Introduction

The Sustainable Development Goal 12.3, focuses on the food waste sector and sets
the target to halve the per capita global food waste at the retail and consumer level by
2030 and to reduce food losses along production and supply chains, including
post-harvest losses. The European circular economy package [1] explicitly aligns to
this target and made food waste one of its priority areas. In the same document, the
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EU focuses on boosting the market for secondary raw materials, which currently
only account for a small proportion of materials used in the EU. With these ambi-
tious targets, the need for science based guidance is eminent. Any approach tackling
food waste needs to align to sustainable development, making environmental, social
and economic sense. The aim of this session is to explore the role of waste man-
agement (sector) as industry and society move towards a circular economy model.

Four oral presentations by speakers from four countries addressed the session
topic from different angles. Two presentations, by Sergiy Smetana and Francesco
Razza have full papers accompanying them that are also part of this book.

2 Food Waste Generation in Europe

The management of food waste starts with understanding how much food waste is
currently produced and what share of it can be prevented. Silvia Scherhaufer pre-
sented in this context outcomes of the EU FP7 funded project FUSIONS (http://
www.eu-fusions.org/) where this was evaluated on a European level.

Food waste and other side flows from the food supply chain include food and
other, non-edible parts occur at every step of the supply chain. In total 88 Mio
tonnes of food waste is generated in Europe per year, the majority (about 53%)
occurring during food preparation and consumption at home. Based on these fig-
ures, 31 Mio tonnes of food wastes would need to be reduced each year in order to
meet the United Nations’ Sustainable Development goal by 2030.

Silvia Scherhaufer then further expanded the procedure developed to estimate
the impacts of the food supply chain and impacts which can be related to food waste
including food waste management [2]. For example, in order to provide 1 kg of
apples to consumers, 1.28 kg need to be produced (Fig. 1). Along the supply chain,
those 0.28 kg of edible and inedible parts of apples are removed for various rea-
sons. Environmental impacts related to these 0.28 kg of food waste occur dur-
ing production, processing, retail and distribution, consumer activities (e.g.
cooking, storing) as well as food disposal (e.g. composting, waste incineration).

Fig. 1 Stakeholder interactions upstream and downstream of digesters [2]

128 N. Unger and F. Razza

http://www.eu-fusions.org/
http://www.eu-fusions.org/


The later in the supply chain food is wasted the more environmental impacts are
associated with this food waste. Food waste reduction by prevention would
therefore avoid those impacts.

Concluding the presentation, she emphasised that taking measures to reduce
food waste at the consumer level is key, also for industry. Governments have an
important role to play in providing transparency on legal options for food redis-
tribution. By preventing food waste at the consumer level, around 26 Mio tonnes of
food can be saved from being wasted (assuming that 57% of food waste is
avoidable). This would result in a reduction potential of 69 Mio tonnes CO2 eq.
(corresponding to the level of Finland’s total greenhouse gas emissions).

3 Business Opportunity Through Co-digestion of Dairy
Manure in the US

Methane emissions from food waste landfill and dairy manure anaerobic lagoons
are causing significant greenhouse gas emissions (GHG). This case study, presented
by Ying Wang, shows how the introduction of a sustainable dairy anaerobic
digester system can have co-benefits across the supply chain by turning waste into
useful products through industry symbiosis. In this case study, Magic dirt, a
trademark for digester-derived nutrient fibre, grew its business from 25 stores in 1
state to 2800 stores in 41 states from 2014 to 2017.

The success of the business model, including complex stakeholder interactions
(Fig. 2), depends on multiple factors: (1) Dairy association set up sector GHG
reduction targets that incentivises big food companies to “insetting” carbon emis-
sions along their own supply chain; (2) third party investors who construct and
operate anaerobic digesters take financial risks away from dairy farmers; (3) secured
substrate supply agreements with manure providers and food waste producers, such
as commercial, retail and processing sites, and also “off-take agreements” that
secure future contracts of selling produced energy to utility companies, nutrient

Fig. 2 Stakeholder interactions upstream and downstream of digesters
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fibres to retailers such as Walmart, as well as produced nitrogen and phosphorus to
offset commercial fertilisers. Carbon reductions can be also sold as offsetting
credits. In this business model, dairy farms and food companies achieved GHG
reduction targets and investors profit by converting waste into product, which meet
green supplier criteria. Target incentives, collaboration along supply chain, and a
business model that balances business risk and opportunities largely contributed to
the success. The AgSTAR project of the U.S. EPA [3] analysed the possibility of
installing anaerobic digesters with energy generation and nutrient capture in con-
fined animal feeding operations with 500+ cows in the US, suggesting 2647
digesters to be installed nationwide. By implementing the proposed business model
to dairy operations and 3rd party digester companies, it could potentially generate
12 Mio MWh of electricity, and also 42 Mio metric tons of CO2 offsetting credits
annually, mainly driven by reducing methane emissions from landfilling food waste
and manure lagoons, and also avoiding grid electricity production.

4 The Role of Composting in a Circular Economy

A decline in soil organic matter (SOM) can be observed in Europe. It is one of the
most important indicators for soil quality which hugely affects the agricultural sector
and bio-economy. The sustainable management of SOM is an explicit requirement
of several international standards and programmes e.g. the EC 16752 Bio-based
product sustainability criteria. Food waste and garden waste are common feedstocks
for the production of compost. The waste material is collected and biologically
treated. The produced compost contains nutrients and humic substances which
directly contribute to increase the SOM pool in the soil. Applying compost to
agricultural land contributes to improved soil quality and thus bio-economy.
Compost use also affects the GHG balance of crops since 58% of SOM is carbon.

Francesco Razza reported on a case study where compost is applied in a cardoon
cropping system in North-East Sardinia. The crop system consists of a rotation of
6 years of cardoon, 1 year of durum wheat and 1 year of field bean, analysed over a
time frame of 22 years. One ‘compost’ scenario, where compost is applied during
the 1st and the 4th year of cardoon is compared to a ‘no compost’ scenario, where the
only organic matter contribution was from above-ground biomass left in the soil after
harvest. The trials showed clearly higher levels in SOM increasing steadily over the
time frame of 22 years (carbon stock changes are generally calculated over a time
frame of 20 years). A GHG balance of the above crop system also showed benefits
for the application of compost: CO2 uptakes linked to the increase of SOM in soil
have the same order of magnitude as the overall cardoon “Cradle to gate” GHG
emissions. Consequently, taking into account SOM dynamics compost scenario
shows a reduction of its carbon footprint of 70% compared to ‘no compost’ scenario.

Putting this research into the bigger European context shows that only about 1/3
of municipal bio-waste is collected and recycled into high quality compost and
digestate while demand for compost clearly outstrips availability. A better
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acknowledgement of the link between bio-waste management, compost quality and
the sustainable biomass production required for food security and the wider
bio-economy is crucial.

5 Agri-food Waste Streams Utilisation for Food
Substitutes Development

Food production and consumption systems are changing. This reflects not only on
the nutritional need, but also on the popularity of diets such as vegan or flexitarian.
Substitution of highly nutritional foods with analogs is gaining momentum. The
research presented by Sergiy Smetana focused on the valorisation of agri-food
waste streams for food substitutes design. A LCA approach (cradle to plate) was
used to assess the environmental impact of different meat substitutes. It showed that
depending on the impact or indicator (greenhouse gases, energy, land use or water
use) different substitutes show advantages and disadvantages. The comparison was
done per weight unit but it needs to be pointed out that different meat substitutes do
not have the same nutritional profile. Further his research analysed the potential of
waste-to-food application and Technology Readiness Level (TRL) for various
biomass sources (e.g. insects, microalgae) in comparison against conventional
animal derived products (e.g. chicken, whey concentrate) [4, 5].

Overall it was concluded that, traditional food substitution produced with
alternative biomass sources is a necessity to design a more sustainable transition to
the new food system. For those considerations of TRL, nutritional profile and
environmental impact are important to better understand their potential application
in the future. State-of-the-art production of meat analogs based on milk, myco-
proteins, insects and microalgae biomass are currently not competitive in terms of
environmental impact to the benchmark meat (chicken in this case). However, there
is a high positive potential of agri-food waste and side streams (molasses, distilled
grains, grain brans) application for insect and single cell protein products as food
substitutes. The application of agri-food waste streams is complicated but possible
for the cultured media production. Application of selected agri-food wastes to
produce alternative sources of protein could result in more sustainable source of
proteins able to compete with industrial chicken production.

6 Discussion and Conclusions

The presentations addressed the topic of food waste management in a circular
economy from various angles. Prevention of food waste will be key to meet the UN’s
Sustainable development goals. Any food waste not prevented should be valorised in
a manner such that there is a clear business case, aligning food waste supply with
demand for the valorised products, as presented for the US by use of co-digestion.
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The role food waste can play to help mitigate agricultural soil quality losses is maybe
not yet widely enough discussed but it is a key to ensure future food supply and input
into the bio-economy. Lastly, using food waste as input into food substitute pro-
duction is a promising technology for the future allowing to reduce pressures on the
environment caused by food production. Overall, the presentations and discussions
showed the multi-facetted nature of food waste management highlighting that a
range of measures by many stakeholders are required to move towards a circular
economy society. All of these will require changes in society, in the way we produce
and consume food and how we best utilise generated side flows.
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