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Healthy foods produced in circular food systems

Hannah van Zanten, WUR/ Farming Systems Ecology group, hannah.vanzanten@wur.nl,

Jeroen Groot, WUR/Farming Systems Ecology group, jeroen.groot@wur.nl

Inge Brouwer, WUR/AFD, Human Nutrition & Health, inge.brouwer@wur.nl

Thom Huppertz, WUR/Food Quality and Design, Dairy Science &
Technology, Thom.huppertz@wur.nl

Today’s global food system is responsible for about a quarter of all human-induced
greenhouse gases, one third of global terrestrial acidification, the majority of global
eutrophication, and covers 40% of the world’s ice and desert-free land. Simultaneously,
people still lack sufficient food, consume low-quality diets, or eat too much food (triple
burden of malnutrition). Consequently, these unhealthy diets result in serious health
risks such as diet-related obesity and diet-related non-communicable diseases including
coronary heart disease, stroke, and diabetes. Humanity, therefore, now faces the grand
challenge making healthy diets accessible to all people while safeguarding the planet’s
health.

An increasing body of literature suggests that a transition towards circularity in the food
system might be an important solution to reduce the environmental impact. However, to
what extent can a circular food system secure nutritious healthy foods for a growing
population? Or, in other words, can dietary recommendations be met in circular food
systems while respecting our planetary boundaries?

Within the current literature numerous healthy and environmentally friendly dietary
guidelines have been proposed. Such dietary guidelines aim to reduce environmental
impacts (e.g., GHG emissions, deforestation, soil degradation, eutrophication and
biodiversity loss) while simultaneously reducing the risk of non-communicable diseases
(e.g., cardiovascular disease, colorectal cancer and type-2 diabetes). One prominent
example of a healthy and environmentally sustainable dietary guidelines is the one of the
EAT-LANCET commission. Within the proposed dietary guidelines circular agriculture is
however not considered. In a circular food system arable land should be primarily used to
produce nutritious healthy foods from plant biomass that fulfil the majority of the
nutritional requirements of humans. During the production and consumption of foods
from plant sources several by-products are produced, such as crop residues, co-products
from industrial food processing and food waste. Such residual streams should be recycled
in the food system in order to maintain or improve the soil and fertilize crops, or to feed
animals. The availability of those residual streams depend on the plant-based-foods that
are consumed and on the way how the raw materials are processed into foods.

The question we, therefore, aim to address in this session is how can we secure healthy
nutritious diets while at the same time stimulate a transition towards more circular food
systems that reduce the environmental impact. We aim to answers questions like: ‘which
crops should be grow and which animals should we keep to provide healthy nutritious
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diets produced in circular food systems?’, ‘what are the consequences of circular
agricultural practices on ecosystems?’ and ‘what is the impact of food processing on food
quality and how does this affect circularity (e.g. refine versus whole grains)?’. With this
session we aim to develop a better understanding of how circular food systems can
contribute to improving human and planetary health.

152

Nature-based solutions for circular food systems under
climate change

Marjolein Sterk, WUR/WER, marjolein.sterk@wur.nl,

Wilfred Appelman, WUR/WFBR, wilfred.appelman@wur.nl,

Annemarie Groot, WUR/WER, annemarie.groot@wur.nl

Food systems are currently not delivering what is expected or needed to ensure their
desired outcomes in terms of food security, an affordable, safe and healthy diet for all
people, ecological sustainability and resilience. Climate change will add further stresses
on food systems at multiple scales that need to respond to future trends of increasing
population, changes in diet and urbanisation.

At the same time, actors in the food systems are also asked to reduce greenhouse gas
emissions and to shift towards circularity in production, processing and consumption.
Circular food systems better optimize the use of scarce resources and reduce food losses.
Circularity in food systems focusses on efficient use of land and closing the water,
nutrient and carbon cycles to minimize resource loss and environmental degradation.
Nature-based solutions that are inspired by (inspired NBS) or make use of natural
processes (intrinsic NBS) are considered to have potentials for increasing circularity in
food systems operating under climate change conditions. For instance it is expected that
reuse of treated waste water combined with NBS innovations makes food production less
dependent on conventional water resources and offers opportunities to make both nature
and food production more climate resilient.

Aim:

This scientific session aims to share knowledge and build an international network on the
potentials and limitations of nature-based interventions and pathways to ensure food
security, to deliver a safe and healthy diet, to produce equal and equitable benefits, and
to sustainability maintain the environment, while using minimal natural resources.

Themes:
Topics that can be addressed include:

- Potentials and limitations of NbS to close water, nutrient and carbon cycles

Theme 1: overview session 1/page 3


mailto:marjolein.sterk@wur.nl
mailto:wilfred.appelman@wur.nl
mailto:annemarie.groot@wur.nl

- Potentials and limitations of NbS to minimize resources losses / reduce waste and
environmental degradation

- Governance of NbS that aim to increase the climate resilience of food systems

- Lock-inns and enablers of a nature-based driven transition towards circular food
systems under climate change

1S3

The contribution of biodiversity to productivity in circular
agriculture

Rob Alkemade, WUR/ESG, Environmental Systems Analysis, rob.alkemade@wur.nl

Lenny van Bussel, WUR/ESG, Environmental Systems Analysis, Lenny.vanbussel@wur.nl

Raimon Ripoll-Bosch, WUR/ASG, Animal Production Systems, raimon.ripollbosch@wur.nl

Widespread “linear” agricultural systems are increasingly dependent on artificial inputs
and ignore the essential contribution of biodiversity and natural processes to food
production. Biodiversity in this context is generally considered a nuisance, for example
biodiversity may compete with primary crops and livestock, reduce quality of the crop,
and is considered a burden or at least redundant. While these “linear” systems tend to
have higher yields at the short term, they are also associated with major global
challenges such as pollution and biodiversity loss. Circular agriculture has recently
emerged as a concept to reshape agriculture and is gaining ground. Circular agriculture
does not aim to maximize singular yields, but to optimize the system as a whole. That
includes preventing wastes, re-utilization of waste streams for food production or using
these streams efficiently. Diversity can play a central role in circular agriculture if we
consider its contribution to soil quality, nutrient cycling and nutrient- and water use
efficiency. Moreover, (associated) biodiversity can enhance productivity, for example
through pollination or natural pest control. In fact, in natural ecosystems, productivity
and robustness are often higher when biodiversity increases, because nutrients and
water are used more efficiently and nutrients are being more recycled within a
(bio)diverse systems. Practices aiming for diversity of crops and welcoming on-farm
biodiversity, might mimic these biodiverse systems. The concept of circular agriculture is
just emerging. Hence, there is not much knowledge about the role of biodiversity in
circular agricultural systems, for example whether circular agriculture actually benefits
biodiversity; how(bio)diversity can contribute to circularity; what could be the role of
circular agriculture in avoiding further biodiversity loss? Increasing our knowledge on
these questions gives scope for circular agricultural systems that benefit from and
contribute to biodiversity
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Session topic

We ask for contributions that show recent research on the link between biodiversity and
food production or that shed light on how biodiversity can contribute to circular
agricultural systems. Research may include theoretical, observational, experimental and
model studies.

These contributions address questions like:

- How to use diversity to maintain or improve productivity within circular
agricultural systems? For example: what is the impact of diversity within crops or
breeds, crop diversity, on-farm wild biodiversity, or landscape diversity on
production and circularity

- How can biodiversity contribute to circular food production?

- What can agriculture learn from circular natural processes, that are key for
maintaining biodiversity?

- To what extent can circular agriculture help restore biodiversity?

154

Conversion of agri-food residues into foods/feed by
(marine) microorganisms: opportunities and challenges
Lolke Sijtsma, WUR/WFBR, lolke.sijtsma@wur.nl, Jeroen Hugenholtz, WUR/WFBR,

jeroen.hugenholtz@wur.nl, Martijn Bekker, WUR/WFBR, martijn.bekker@wur.nl, Mattijs
Julsing, WUR/WFBR, mattijs.julsing@wur.nl

Currently, about 35% - 50% of the world agri-food production is not consumed and
wasted in the form of organic residual streams. In nature, this organic food waste is
ultimately recycled to usable small molecules/nutrients/elements by combined activity a
broad range of microorganisms. In this session we will focus on this microbial potential to
avoid this massive loss of valuable food by delaying or avoiding the spoilage of the food
materials and/or by converting the food waste into valuable and usable components for
human consumption.

Food stabilisation/food storage:

The importance of microorganisms in extending shelf-life of (fresh) food and feed has
been known for millennia and is currently widely used to produce safe (fermented) food
and feed products around the world. The most successful cultures, now used for
production of, for example, pickles, sauerkraut and silage, are currently also
tested/customized for stabilizing a wide range of agri-food primary crops and side
streams (in particular relevant during peak production), including tropical produce. The
use of these processes will provide the local producer/farmer with higher harvest/income,
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will provide more food for areas with malnutrition, will lead to large reductions of food
waste and will make the food industry more sustainable.

Re-use of Food waste/residual streams:

Even when optimal food stabilisation/storage is achieved, some food waste and residual
streams from primary harvest will remain. Using nature as example/inspiration, microbial
activity offers the possibility to re-use this natural source of carbohydrates and protein
into valuable components for both the food, feed and chemical industry. In this “"Microbial
Conversion” session, examples will be presented in which agri-food biomass is converted
into nutritious and good-tasting meat- and dairy-replacers, into flavour ingredients, into
palm/vegetable oil-free mayonnaise and other spreads. Also examples will be given
where non-food grade residual streams are converted, through fermentation, into
bioplastics, into surfactants/antimicrobials for use in Home & Personal Care-products and
even into biofuels.

In summary, this scientific session (or workshop) will

1) present and discuss fermentation as natural storage process;
2) present and discuss examples of re-use of food waste in food/feed products;
3) discuss which actions we can perform to solve bottlenecks in order to contribute

to SDG 2 (end hunger and malnutrition and ensure access to safe, nutritious and
sufficient food), SDG 3 (Establish Good Health and Well-Being) and SDG9
(Industry, Innovation and Infrastructure).

155

Models and tools for estimating circularity of alternative
food and agricultural systems

James W Jones, University of Florida, jimj@ufl.edu, Brahm Verma, University of Georgia,
verma@uga.edu, Bruno Basso, Michigan State University, basso@msu.edu

The purpose of this session is to explore models and other data analytic tools for
estimating tradeoffs and outcomes of alternative options for transforming food and
agricultural systems (FAS) into circular systems. The session will be organized to attract
both modelers and non-modelers while clearly having a focus on models.

Food and agricultural systems are complex, varying considerably over space and time
depending on physical, cultural, economic, political, and environmental conditions. Our
existing mostly linear FAS lose considerable quantities of natural resources, degrade the
environment, and discard large amounts of products as wastes. Having system
performance dependent on multiple decision makers contribute to these outcomes.
Continued incremental changes to existing FAS will not lead to systems that can meet
future global demands for more food and changing diets, demands for reducing
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environmental degradation and losses of natural resources, and the critical need to
address the climate change crisis.

Transforming FAS into more circular economies has the potential to simultaneously meet
increasing food demands, regenerate natural systems, reduce GHG emissions and
degradation of water resources, and increase resource use efficiency.

Systems modeling and analytical methods are powerful tools to understand and compare
performance and tradeoffs (productivity, economic and environmental benefits, and
resource use efficiencies) of envisioned alternative circular FAS. These tools will be
necessary for monitoring and evaluating system performance to enable consumer
confidence and ensure accountability of outcomes to justify payments for environmental
services.

Although there are existing models, data protocols, and analysis tools for some
components, most are not designed to study holistic food and agricultural systems, that
is, the entire value chain from production through consumption and loss of resources in
wastes and discarded products.

Presentations in this session may review existing models, data, and analysis tools or
describe new progress in developing and deploying integrated tools for advancing
circularity in food and agricultural systems. Examples may include dynamic biophysical,
industrial ecology, economic, and behavioral models; life cycle analyses; and
performance measures for assessing food systems.

Other topics may include integrated system model analyses for different types of FAS;
studies at different scales of analysis; data requirements for verification of system
performance; data standards; tradeoff analyses at local and broader scales; feed/food
competition; agent-based models that address interactions among decision makers
across FAS value chains; and others. These presentations may address any one or
multiple themes of the conferences. Presentations focusing on technical modeling aspects
should also aim at communicating the context and core messages in a non-technical form
for non-modelers.
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Towards circular marine food production; Sustainable
mariculture

Marnix Poelman, WUR/WMR, (marnix.poelman@wur.nl)

Henrice Jansen, WUR/ASG, (henrice.jansen@wur.nl)

Jaap van der Meer, Wageningen Marine Research, Department of Ecological Science at
Vrije Universiteit Amsterdam, Animal Science group at Wageningen University and
Research (jaap.vandermeer@wur.nl)

Global agricultural production has been increasing steadily during the last two centuries.
Growing awareness of the drawbacks of modern agriculture, such as deteriorating soils,
decreasing biodiversity and nutrient imbalance, has stimulated to look at alternative and
more sustainable approaches, as for example nature-inclusive or circular agriculture.

Circular agriculture not just emphasizes the need for nutrient security by keeping
nutrients as much as possible in the human consumption-agro- ecosystem, but also
advocates a much more efficient production system.

The question is whether the practice of circular agriculture will enable feeding the still
rapidly increasing world population, which is expected to reach the 10 billion around
2050, particularly when the expected negative impacts of climate change on important
issues like fresh water supply and soil quality are considered. Attention has therefore
turned towards the seas and oceans as well. At present only a meager 1.4% of human
food comes from the seas, whereas our planet is for more than 70% covered with water.

High expectations were recently raised about the possibilities to increase marine yields.
The fast growth of marine aquaculture over the last decades is seen as a promising
signal. A blue paper by the High Level Panel for a Sustainable Ocean Economy predicts a
six-fold increase. The Food and Land Use coalition even claimed that the step from
fishing, basically primitive hunting, to other forms of harvesting can increase marine
yields by orders of magnitude. However, these optimistic views have recently been
challenged, and the future role of finfish marine aquaculture in global food production is
seriously questioned. van der Meer (2020) also warns that large-scale low-trophic aqua-
culture of, for example, multi-cellular seaweed may result in serious nutrient shortages,
competition with natural phytoplankton and negative impacts on the marine ecosystem.

In this scientific session and workshop we will explore the transferability of the ideas
developed in circular agriculture towards the seas and oceans: nutrient security, food
above feed, the use of waste streams and the role of an- imals, to ensure high efficiency,
but at low costs for the natural environment and avoiding the same mistakes as have
been made on land. Mariculture, and particularly low-trophic culture, often consists of
open cultures depending on nutrient supply from the environment and we expect that the
associated differences in temporal and spatial scales of the marine environment
compared to for example the scale of a single farm on land, ask for a rather different
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approach of the ideas developed for the situation on land about, for example, nutrient
security and the treatment of waste products. We will pay attention to various forms of
mariculture: seaweed, shellfish, and other invertebrates. In the exploration major
knowledge gaps should be defined and steps should be taken towards a road map for a
research program.

The following topics could be included:

- Nutrient cycles in coastal marine systems

- Nutrient security in future low-trophic mariculture
- Processing for food system inclusion

- Marine by-product utilisation

- Food production and natural value trade-offs

- Land-sea interactions

- Knowledge valorization and business opportunities
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The environmental and economic consequences of
adopting circularity at different spatial scales

Simon Oosting, WUR/ASG, Simon.oosting@wur.nl

The concept of a bio-based circular society resonates well in society. Spatial scale of
circularity will affect the actual consequences of circular use of biomass and nutrients.
For example, materials and substances (biomass, nitrogen, phosphorus) can be targeted
at regional, country or European Union level. Targeting of materials and substances at
these different scales may affect environmental (e.g. pollution, greenhouse gas emissions
and land and water use) and socio-economic performance (markets, in- and export, food
and nutrition security, economic growth) of the food system. The scale at which we may
adopt circularity is determined by the interaction of various factors. Differences in agro-
ecological and socio-economic circumstances make some areas more suitable for
producing specific types of crops than others. Localized environmental or socio-economic
advantages of certain imported crops may outweigh the emission impact of transport.
The choice of our future crops, their rotations and location depend on their main and by-
products. Hence, not only their food value for humans will be taken into account, but also
their non-food value for soil fertility, feeding of farm animals, production of bio-based
materials and possibly of biofuels and/or bioenergy, and general economic contributions
like employment and value-added creation. For example, soybean oil for human
consumption and for biofuel production originates from soy cultivation and generates
soybean meal (SBM) as a by-product. Compared with other by-products from oil
processing for human consumption, such as sunflower meal, SBM has a high nutritional
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value for animal feeding but may induce extensive global trade flows and deforestation,
given current production locations. Combining all such aspects - e.g. quantity and
nutritional quality of main product and by-product, food versus non-food drivers of the
main product, transportation and environmental impacts and associated economic costs-
ultimately determines the optimal scale at which nutrient loops are to be closed. The
optimal scale of circularity is thus context specific and requires an integrated analysis. In
this session results and insights from studies based on such integrated analysis of spatial
scale effects on potential circular use of biomass and on environmental and economic
impacts of circularity will be presented.

1S58

Water efficiency and water recycling: what are the
options?

Mirjam Hack-ten Broeke, WUR/WER, mirjam.hack@wur.nl

Ruud Bartholomeus, KWR Water Research Institute, ruud.bartholomeus@kwrwater.nl

Fresh water is a crucial resource all over the world. Water is needed for food production,
for human consumption, health and hygiene, for industries and energy production etc.
However, there is a growing mismatch between water supply and demand. How can we
reduce the pressure on (ground)water resources? How can we improve the efficiency of
water use? How can we make sure that fresh water is not unnecessarily drained to rivers
and oceans? How can we improve responsible water reuse and cooperation between
different users like industry and agriculture? In this scientific session we welcome
contributions on technical innovations or scenario studies as well as on behavioral
changes or new collaboration schemes. Interesting themes are also the governance of
water use and economic aspects. Would it help to make water more expensive? It is also
important to regard water quantity and quality: how do we deal with water quality issues
in relation to water reuse? How do measures propagate through the water cycle; what
are the benefits and risks? Can we optimize water management in relation to circularity
of other resources like nutrients and carbon? How can we address weather extremes with
increasing drought, heat as well as flooding due to climate change in the context of
circularity?
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A healthy soil as a basic enabling condition for the
transition towards circular land management and land
use

Kuikman, P.J.t, De Haan?, J., Keesstra, S.D.'3, Visser, S.M.*

! Wageningen Environmental Research, Droevendaalsesteeg 3, 6708RC, Wageningen,
The Netherlands, peter.kuikman@wur.nl; Saskia.keesstra@wur.nl

2 Wageningen Plant Research, Edelhertweg 1, 8219PH Lelystad, The Netherlands,
janjo.dehaan@wur.nl

3 Civil, Survey

4 Corporate Strategy & Accounts, Droevendaalsesteeg 4, 6708 PB Wageningen,
saskia.visser@wur.nl

To complete the transition in agriculture towards a circular bio-economy we see benefits
from taking a holistic approach. We propose to look beyond traditional disciplinary
boundaries such as soil science, agronomy, biology, social science, economy, and beyond
boundaries in land use systems (agriculture, nature and urban areas). In this session we
examine how healthy soils play a decisive role in designing such holistic land
management and land use approaches.

In a circular bio-economy a range of cycles relate to and utilize soils:

- Carbon cycle; biomass and organic matter in re-use and returns
- Nutrient cycle; relying on internal ecosystem sources

- Water cycle; providing and returning clean water

In contributions we invite abstracts that from a systems perspective study the processes
in our soils, e.g. on soil carbon sequestration and/or retention of water or safe returns of
wasted biomass . Besides, we are inviting studies in applied research addressing to what
extent specific soil management strategies are impacting the different cycles as
mentioned above and how they will contribute towards the transition towards a circular
bio-economy. We aim to bring together scientists and practitioners working on different
types of solutions that together enable and enhance a successful transition. In other
words, we seek paradigm shifts in which healthy soils and healthy landscapes are key in
successful climate smart and circular land management and land use.

In this session we invite all stakeholders working with soils to show their work and
experiences when working on the transition towards circular land management. The role
of soils should be highlighted.

Theme 1: overview session 1/page 11


mailto:saskia.visser@wur.nl

