The circular
bioeconomy in the
Danish food cluster
From waste to resource and new
business opportunities

Foreword
What can Denmark do and what can
the food cluster do?
The circular bioeconomy is currently one of the most
important keys to a more sustainable society, which
we, with the many challenges we face today, need
now more than ever.
The global population is growing and is expected to
reach 10 billion by 2050. This will inevitably lead to
increasing demand for food and increased consumption, placing the world’s resources under immense
pressure. Sustainable and circular solutions are
required, where each and every biological building
block is used as many times as possible.
We share a collective responsibility for recycling and
consuming in a more responsible way. For example,
we can avoid food waste, recycle plastic bags, sort
our waste, buy green energy and adopt a circular
approach to the way we produce.
But what can Denmark do to create a sustainable
society and how can the food cluster contribute?

We need to have optimal production conditions in
Denmark and a domestic market where we can
develop the circular solutions. This will lead to sustainable growth that will help solve global environmental
and climate challenges, and it will also provide an
opportunity to strengthen exports, creating further
growth, welfare and Danish jobs.
Broad national cooperation across a range of Danish
business sectors is needed involving companies and
farmers – but also politicians, the authorities, organisations, researchers and consumers - to create the right
frameworks and solutions.
We are ready with solutions and proposals for development opportunities which need to be explored
– let’s join forces and start implementing them.

“It’s in our DNA to do business and
at the same time find the best and
most resourceefficient
solutions”

Anne Lawaetz Arhnung
CEO, Danish Agriculture & Food Council

The Danish food cluster is already in a unique position
of strength, and this is clearly something we can build
on. It’s in our DNA to do business and at the same
time find the best and most resourceefficient solutions.
However, we must continue to innovate and develop
our sector, since there is still huge untapped potential in the circular bioeconomy that can help move
consumers and the Danish production sector in a far
more resource-efficient and sustainable direction
– and we want to be a part of this journey.
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The circular bioeconomy in
the Danish food cluster
In the food cluster, the circular bioeconomy focuses on high levels of resource efficiency, recycling
and the use of renewable biological raw materials
for food, animal feed, materials and energy.
We need to develop more high-value products
from the resources, for example ingredients or
medicine.
Increased global pressure on resources calls for
more efficient resource utilisation and recycling.
The world’s resources are under increasing pressure.
A growing global population – especially a growing
middle class with increasing levels of consumption –
is having a significant impact on global resources.
At the same time, the extraction and consumption of
resources and the disposal of waste are putting pressure on the world’s environment and climate. This is
particularly true of the extraction and consumption of
fossil raw materials. Although biological raw materials
can replace fossil raw materials to a large extent, we
are faced with the global challenge of ensuring that
sufficient food and sustainable biomass are produced
to meet the global demand for materials and energy.
Many resources have already become scarce, and in
the future wealth and welfare will be linked to our
ability to ensure optimal resource utilisation and recycling of non-renewable resources. Resource scarcity
will become a major part of the security agenda.
Sustainable consumption and production can be
supported effectively by switching to a more biobased circular economy, since this will increase focus
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on resource utilisation and products made from
renewable biological raw materials that have a high
degree of recycling potential.
Efficient resource utilisation and recycling are
important elements of the global agricultural and
food production system, also in terms of protecting
our land and water.
In the agricultural and food production sector, efficient
resource utilisation includes, among other things,
making optimum use of technologies and systems
that increase yields in arable farming and forestry.
It also includes ensuring efficient feed utilisation,
fertilization and minimising loss and the creation of
waste throughout the production chain from field to
the consumer.
Furthermore, it is a question of upgrading by-products
from the production processes to obtain high-value
products and energy. For example, when whey
– a by-product from the cheese-making process –
is converted into high-value milk powder.
For years, the food cluster has been recycling nutrients
from slurry, as well as nothing from pigs or cows goes
to waste – everything is converted into food products,
bioenergy and high-value proteins.
Finally, efficient resource utilisation involves creating
as high a degree of recycling as possible for example
by reintroducing nutrients from the consumers and
the towns back into the biological cycle – in a clean
and safe manner.

Denmark and the Danish food cluster are well
ahead when it comes to recycling and resource
utilisation – we must continue to move forward!
From a global perspective, Denmark is well ahead
when it comes to recycling and resource utilisation.
We are known, among other things, for having one
of the most efficient food sectors in the world, where
food safety, traceability, the environment, and also
innovation and collaboration across value chains are
paramount. It is therefore natural to promote the
Danish food cluster as a pioneer in the circular bioeconomy.

It is precisely this objective that must be supported
and developed.
The food cluster is ready and can offer solutions, but
we need a national commitment and strategy for the
circular bioeconomy that involve the food sector as a
key player.

However, this requires us to act and focus strongly on
converting the sector but also the whole society to a
more sustainable and circular bioeconomy.
There are a host of challenges and also huge opportunities for completely new areas of business that
can generate growth and revenue for farmers and
companies. These will also support the food cluster
maintain its position of strength as one of the sectors
that creates the most jobs and revenue for Denmark.
The UN, the EU and the Danish government have all
made the circular economy a top priority. In 2017,
the government’s Advisory Board for Circular Economy delivered a large number of recommendations,
and the Danish National Bioeconomy Panel was
relaunched. The objective is to focus on the further
development of new, sustainable value chains in the
Danish bioeconomy that will benefit the economy,
jobs, the environment and climate.
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The food cluster focuses on eight
priority areas to promote the
circular bioeconomy
1

More sustainable biomass

2

Recycling of nutrients

3

Efficient utilisation of water resources

4

No waste – from waste to resource

5

Ban on food waste

6

From waste to asset

7

Need for more knowledge and circular experience

8

Regulatory alignment, holistic thinking and collaboration
across the value chain

6

Important political actions!
The UN’s sustainable development goals and
Denmark’s action plan
In 2015, the UN adopted 17 global sustainable
development goals that focus, among other things,
on resources. In Denmark’s national action plan for
following up on the UN’s sustainable development
goals, it is highlighted:
To promote the circular bioeconomy, including
better (re-)use of resources and prevention of
waste.
The government’s Advisory Board for Circular
Economy
In October 2016, the Minister for Industry, Business and Financial Affairs and the Minister for
Environment and Food set up the Advisory Board
for Circular Economy. A number of recommendations were put forward, the most important of
which, for the bioeconomy, are:
• To improve framework conditions for
biorefining.
• To establish new value chains for agricultural
crops with maximum use of photosynthesis.
• To optimise the use of all animal products.
• To promote research, development, testing,
demonstration and market development for
circular solutions and technologies, including
new bio-based products.

The National Bioeconomy Panel
The National Bioeconomy Panel was set up in
2013 under the auspices of the Ministry of Environment and the Ministry for Industry, Business
and Financial Affairs. The panel, which is composed of companies, researchers, NGOs and key
organisations, has published a number of recommendations and fact sheets on the bioeconomy
and biomass. In 2017, the panel was relaunched
with a reduced number of panel members and
with a stronger focus on industry. The National
Bioeconomy Panel will put forward specific recommendations on how Denmark can harness
the huge potential of biomass production.
The EU’s Circular Economy Action Plan
In 2015, the European Commission presented an
action plan aimed at promoting the circular
economy with five key priority areas:
1.
2.
3.
4.
5.

Plastic
Food waste
Critical raw materials (e.g. phosphorus)
Construction and demolition
Biomass and bio-based products

The bioeconomy is central in this strategy, with
three out of the five key priority areas (nos. 2, 3,
and 5) directly involving the agricultural and food
production sector.

The circular bioeconomy
in the Danish food cluster

7

Processing/factories

Society/consumers

In this part of the circular cycle, raw materials are converted into food products,
animal feed, pharmaceuticals, etc. Processes take place between the factories,
where, for example, slaughterhouse by-products are converted into biogas.
Other raw materials (biomass) from crop production are converted into energy,
electricity, beer, bioplastics and many other things.

This part of the circular cycle concerns society and consumers. In other words,
processes involving sorting of household waste (organic waste), food waste and
biofertilisers, which are converted into, for example, biogas. In the future cycle,
the nutrients and biomass will be reintroduced into the biological system and
the primary production sector.

Primary production/Field, Forest & Sea
In this part of the circular cycle, we see the interaction between the field and
the livestock production. In primary production, there is a strong tradition for
efficient resource utilisation. Some raw materials are produced and sent for
further processing, while other raw materials are utilised within the biological
cycle on the farm.
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1

More sustainable biomass

Recycling of nutrients

The Danish Agriculture &
Food Council’s recommendations:

The Danish Agriculture &
Food Council’s recommendations:

• A plan of execution should be drawn up to realise
key elements of the potential of the “10 million tonne
plan”. Denmark can take advantage of its international leading position regarding increased production of
grass and utilisation of straw.
• Under the auspices of the Innovation Fund, priority should be given to investing DKK 50m in supporting the creation of partnerships aimed at developing
business models for the utilisation of biomass produced in Denmark for food, animal feed, materials etc.
and also for the production of biogas.
• Danish politicians should work to ensure that the
agricultural sector is compensated for the climate
change impact of an increased production and use
of biomass. Currently, the sector is not compensated
for, for example, the use of straw for energy in power
stations.

Facts:
“The 10 million tonne plan”
More biomass is required to boost the circular bioeconomy. In the report “The 10 million tonne plan”,
researchers from Danish universities and DONG (now
called Ørsted) have shown that we can increase the
production of biomass in Denmark by 10 million
tonnes annually. The increased production of biomass
can even take place without having an adverse impact on the environment, since it can be combined
with active nature improvement initiatives.
What is biomass?
The term “biomass” refers to many things. It is
primarily everything derived from plants that are
harvested in the fields or cut down in the forests.
However, it also refers to seaweed and mussels from
the sea, residual products such as livestock manure
from farms, by-products from the food industry or
sludge from urban sewage treatment plants. What all
biomass products have in common is that they come
from things that grow. Biomass contains important
plant nutrients that can ultimately be fed back into
the soil and used to produce new biomass.

“there is huge potential in
establishing new value chains
for agricultural crops that
make better use of
photosynthesis”
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• Focus should be placed on safe recycling. Increased recycling requires increased focus on maximum permissible limits for undesirable substances
such as microplastics and other physical and chemical
impurities.
• A ban on broadcast spreading of slurry in the EU
should be implemented in order to achieve optimal
utilisation of nutrients in the manure. Broadcast
spreading has been banned in Denmark since 2003.
• CE labelling of biological fertilisers should be implemented so that they can be used as a commodity
on the EU single market.
• Barriers in the Nitrate Directive should be
removed so that biological fertilisers can be used as
raw material for commercial fertilisers.
• Unintended barriers in legislation on the supply of
biomass for biogas, etc. should be removed.

Facts:
Denmark will work to ensure a ban on broadcast
spreading of slurry across the EU
When slurry is applied via broadcast spreading, most
of the nitrogen is released into the air as ammonia.
In Denmark, slurry is applied using trailing hoses or
ground injection to make optimal use of the nutrients.
However, Denmark remains one of the few countries
in the EU to have imposed a ban on broadcast
spreading of slurry. Ammonia, which is emitted from
the slurry, is a cross-border issue, and therefore it is
essential that an international effort is made and
that the responsibility is shared equally among the
member states.
Phosphorus – a finite resource
Phosphorus is included in the EU’s list of critical raw
materials, since it is a finite resource and not many
natural deposits are known to exist. In Denmark,
we are already good at utilising phosphorus in sludge
from sewage treatment plants and in livestock
manure. However, we can be even better at doing
this, for example by upgrading biogas.

• Increased focus should be placed on developing
opportunities in aquatic biomass.
• Technologies for improved distribution of phosphorus from livestock manure, sludge, etc. – including
the upgrading of biogas – should be developed.

The circular bioeconomy
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3

Efficient utilisation of
water resources
The Danish Agriculture &
Food Council’s recommendations:
• Water must be recycled. Efforts must be made to
ensure that EU standards for water recycling are implemented in food businesses, so that different types
of water quality can be used in the food production
industry without unnecessary administrative barriers
– and with food safety a top priority.
• Focus should be placed on water efficiency in the
agricultural sector. Furthermore, the development
of new crops that can be grown using less water, for
example through enhanced plant breeding efforts,
should be supported.

Facts:
Danish partnership for Resource and water
efficient Industrial food Production (DRIP)
Large quantities of clean water are used in the food
production industry to ensure good hygiene. Danish
food businesses have reduced their water consumption significantly through efficiency improvements
and recycling of process water in different parts of the
production processes. However, there is a potential for
further recycling of water resources. The Innovation
Fund has supported a large partnership including,
among others, the Danish Agriculture & Food Council,
food businesses, technology suppliers, universities and
GTS institutes.

Water is
becoming a
scarce resource
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4

No waste
– from waste to resource

Ban on food waste

The Danish Agriculture &
Food Council’s recommendations:

The Danish Agriculture &
Food Council’s recommendations:

• Demands should be placed on municipalities to
ensure 100% source separation of organic waste, so
that it can be used for energy production and so that
the nutrients can be recycled.
• Plastic bags should be phased out. By 2030 all
plastic shopping bags should be phased out from the
retail market. Increased focus should be placed on
recycling of plastic materials and on the production of
recyclable bioplastics.
• Organic by-products should be converted into
energy, fertilisers or other products.
• More practice-related administration. Rules should
be simplified to avoid any loss in the value chain due
to unnecessary and/or unclear rules that cause products and materials that could otherwise be recycled to
end up in the waste bin.

Prevention

Facts:
Waste hierarchy
The waste hierarchy is a central part of the EU waste
regulation. It states how the best overall environmental outcome can be achieved when handling and
treating waste.
The waste hierarchy is as follows (in order of priority):
1.
2.
3.
4.

Prevention – no waste is best!
Re-use – e.g. when deposit bottles are used again.
Recycling – e.g. remelting of glass for new bottles.
Other recovery – e.g. waste incineration with heat
recovery.

• Food waste should be avoided by developing
tools for consumers that, for example, focus on the
fact that food labelled with “best before” or “use by”
dates does not necessarily need to be thrown out,
even though the date has expired.
• It should be mandatory for restaurants to offer
customers a doggy bag so that any leftovers can be
taken home.

5. Disposal – e.g. disposal in landfill.

• Food waste should be made measurable. A common EU method for measuring food waste should be
developed.

Plastic waste – a global environmental problem
Plastic waste is a global environmental problem, particularly when it comes to the marine environment.
The collection and recycling of plastic should therefore be increased, and the use of fossil-based plastics
should be minimised. A number of African countries,
including Rwanda and Kenya, have already imposed
a ban and various degrees of restrictions on both
plastics and plastic bags.

• Clear, consistent definitions of food waste should
be established across the EU, and Danish involvement
in the European food waste platform should be ensured.

Facts:
EU food waste platform
As part of the EU action plan for the circular economy,
a so-called food waste platform has been set up. The
members of the platform are the member states and
other stakeholders, such as EFTA countries, EU organisations, NGOs, etc. The platform acts as a forum for
exchanging experience and knowledge on methods
for mitigating food waste. A definition of food waste
will be established, and methods for measuring food
waste will be developed.

Annual food waste in Denmark, measured in tonnes per year, 2012
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Source: Environmental Protection Agency and Ministry of Environment and Food of Denmark.
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From waste to asset

Need for more knowledge and
circular experience

The Danish Agriculture &
Food Council’s recommendations:

The Danish Agriculture &
Food Council’s recommendations:

• Priority should be given to research into processes
and technologies for cascading of biological by-products for the creation of high-value products, for example medical products, dietary supplements or animal
feed.

Facts:
Cascading creates added value
In Denmark, practically all biological by-products from
the food industry are recycled, although this often
takes place relatively far down the value chain. With
cascading, the recycling process takes place in several
steps, so that the most valuable substances in the
biomass can be recovered for, for example, medical
components and other high-value products.

• Knowledge on the circular bioeconomy should
be integrated in relevant educations in agriculture
and food manufacturing, natural sciences and social
sciences, design, etc.
•

“the most valuable substances
in the biomass can be
recovered for, for example,
medical components and
other high-value products”

Research into the circular bioeconomy should 		
focus on:
- Cultivation systems that optimise biomass pro-		
duction, maximum utilisation of nutrients 		
and carbon stocks in the soil
- Plant breeding and the development of
new crops
- Biorefining
- Protein supply: recovery of high-value proteins 		
from, for example, perennial crops and
side streams
- Animal side streams
- Digitisation and traceability. Making use of
significant opportunities provided by digital tools
and big data for, among other things, optimising 		
resource efficiency in the field and supporting 		
precision farming.
- New materials: biomaterials and packaging
for food
- Interaction between the circular bioeconomy 		
and reductions in greenhouse gas emissions

Facts:
Case study from the Ellen MacArthur Foundation
The Ellen MacArthur Foundation, an international
think tank, has conducted a case study to investigate
the potential of the circular bioeconomy in a Danish
context. It concluded that developing the circular bioeconomy could increase the Danish GDP in 2035 by
up to 1.4%, create more than 11,000 jobs, strengthen
Danish exports and significantly reduce the consumption of materials in a number of sectors. It is assessed
that investment in the circular bioeconomy could
create a net value of DKK 3.4 – 5.7bn per year in 2035
for the food manufacturing industry alone.

• The demand for circular solutions and products
should be stimulated, for example via the companies’
supply and demand chain, demonstration projects
and marketisation of new circular bioeconomy products.
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Regulatory alignment, holistic thinking
and collaboration across the value chain
The Danish Agriculture &
Food Council’s recommendations:
• Key EU legislation should be modernised. The
Animal By-product Regulation and the Waste Directive, as examples, should be modernised, so that they
do not unintentionally hinder the development of
circular solutions.
• It should be easier to implement circular solutions.
A special task force and hotline should be set up, for
example under the auspices of the Ministry for Industry, Business and Financial Affairs’ “Company forum
for simpler rules”.
• A “resource exchange” should be established
that gathers and disseminates knowledge on circular
solutions and potentials and where you can provide
resources that you cannot use (your trash – my cash).
• Prioritise active participation in the development
of EU standards for environmental approvals (BREF),
so that innovative Danish resource solutions for agriculture and food manufacturing are promoted.
• Life cycle-based EU standards for environmental
impact should be used actively in the circular agenda
(Product Environmental Footprint – PEF).
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Facts:
The Animal By-product Regulation and the
Waste Directive
The Animal By-product Regulation regulates the use
of animal by-products to ensure animal and human
health, while the Waste Directive aims to protect the
environment and human health against the adverse
effects of waste and to improve resource utilisation.
The two sets of rules are absolutely key to establishing
what may be recycled and how. In specific areas, the
rules can be unnecessarily complicated and could unintentionally hinder the development of the circular
bioeconomy. Careful consideration should be given to
whether there are areas in which the rules could be
made more flexible.

“In specific areas, the rules can
be unnecessarily complicated
and could unintentionally
hinder the development of
the circular bioeconomy.”

Best Available Technique (BREF)
BREF is included in the European Commission’s Action
Plan for the Circular Economy as a method for promoting best practice in resource consumption, waste
production and management, etc.
Product Environmental Footprint (PEF)
PEF is a future EU standard that will measure a product’s environmental impact – also in food production.
However, it is essential that the data used are valid
and reliable, as otherwise the PEF could be misused
for so-called “greenwashing” (misleading marketing of
a product, so that it appears more environmentally
friendly and sustainable than it actually is).
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The circular bioeconomy in practice
– an example in redesigning the circular
bioeconomy
In 2015, Danish farmers collected 54,000 litres of urine at the
Roskilde Festival with the aim of getting it approved for use as a
fertiliser for malting barley, which would eventually be converted
into “Pisner” – and given back to the festival-goers!
The recycling of nutrients is a fundamental sustainability principle, and in the agricultural sector it is
practised by, among other things, using slurry to fertilise the fields.
There is nothing new in that.
But in 2015, the Danish Agriculture & Food Council
took the lead and focused on the circular bioeconomy
in practice in a completely new way in a project called
“Beercycling”.
The project partly solved a specific problem for the
festival regarding the toilet facilities and also exploited
the potential of recycling urine as a fertiliser. In this
way, urine from festival-goers was converted from
waste to asset, and the nutrients were fed back into
the biological cycle.

The process shed light on some of the dilemmas
facing the circular bioeconomy, for example legislation, purity and approval of circular products. It also
focused on stakeholder relationships:
Who wants circular solutions, and who should pay for
them?
It also highlighted the issue of consumer acceptance:
Do you really want to drink beer made from malting
barley that has been fertilised with human urine?
However, it turned out to be the least of the challenges. People loved the beer when we were finally
able to give it back to them in the summer of
2017!

August 2016:
The malting barley is harvested,
and the protein content and
germination percentage are determined. Eleven tonnes of barley is
then sent for malting.

May 2016:
After storage, the urine is used
to fertilise two hectares of
malting barley.

June 2015:
Happy festival-goers drink beer
at the Roskilde Festival. We
collect 54,000 litres of urine in
large Beercycling urinals.
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March 2017:
The Nørrebro Bryghus brewery starts
brewing approx. 50,000 beers.

May 2017:
The beer is tapped, sampled
and named “Pisner”.

June 2017:
The Pisner is ready, and the bottles are
opened at Roskilde Festival 2017.
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