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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

BACKGROUND

In recent years, the European Union and its Member
States have increasingly put the circular economy
(CE) at the forefront of environmental action. The 8th
Environmental Action Programme, the Circular Economy
Action Plan, and the European Green Deal are already
working towards enhanced circular economies and their
links with climate change mitigation efforts. However,
there is still relatively little known about how much the
circular economy can do to reduce emissions in specific
sectors.

Pursuing a more circular agrifood sector provides us
with a variety of opportunities for reaching climate
targets. This study shows (based on Exiobase data) that
the consumption of agrifood products in Europe alone
results in an average greenhouse gas (GHG) emissions
of roughly 0.75 tonnes of CO,e per person each year. By
2050, in order to remain below 1.5 °C temperature rise,
the total per capita greenhouse gas emissions need to
be brought down to 1.5 tonnes CO,e (IPCC, 2018), so the
consumption of agrifood products is a considerable part
of that total budget. Without making significant agrifood
emission cuts, that goal will be challenging to reach.

The main purpose of this report is to explore the
possibilities to reduce agrifood greenhouse gas
emissions by exploring circular economy (CE) solutions.
During the research for this report, around 80 CE actions
were evaluated. Over a dozen of those actions have
a higher potential in terms of feasibility and impact,
compared to a 2016 baseline, and were selected to
study further. These actions were assessed in terms of
physical and technological feasible emissions reduction
potential - both for actions on their own (ignoring overlap,
e.g., between waste reduction and using waste) and in
combined storylines that take interconnections between
the actions into account.

Defining what a circular action is for the
agrifood sector

The term circularity is well known in terms of
technological materials and cycles, e.g. metals and
electronics. However, there is still some work to do in
defining what the term circular economy means for
biological cycles and sectors like agrifood, as these
rely on natural environments. In this report, we use
a broad definition of the circular economy to decide
which actions can be considered within the scope of our
analysis. We therefore present actions in three “layers”,
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ranging from the narrowest definition of circularity to the
widest definition. These are described briefly here:

Layer 1

Most narrow definition of the circular economy -
Actions focused on closing material and product
cycles

Layer 2

Circular economy in a limited system - Actions
to reduce consumption in order to be in line with
regeneration rates (includes re-evaluating the
balance between livestock and crop production)

Layer 3

Molecular circularity in production systems -
Actions that address molecular circularity of
carbon, nitrogen, and phosphorus cycles

Results of the greenhouse gas reduction
assessment for selected circular
economy actions

Europe’s agrifood sector has the potential to serve as
a net carbon sink through actions designed to reduce
or return more carbon to land and vegetation than
is emitted. This study shows that between 360,000
and 2.1 million kT CO,e emissions could be avoided
or sequestered. However, reaching these numbers
requires a major shift in not only people’'s diets, but
also production-systems and the way we try to avoid
and handle waste. This effectively means changing the
face of the agricultural system, as well as the types of
products that are available to consumers. There are
serious challenges regarding the technical, social, and
economic implications and feasibility of such changes.
For example, substantially reducing the production and
consumption of animal products or greatly reducing
food waste will be major undertakings.

If we look at actions that can potentially reduce
greenhouse gas emissions, the total avoided CO,e will
be around 300,000 kT, two-thirds of the current agrifood
system’s emissions. Actions that sequester carbon in
soil and vegetation show high potential (around 900,000
kT), nearly twice the annual emissions of the agrifood



system. However, these actions also come with the
highest uncertainty. The outcomes depend on how
and where they are applied. Actions designed to return
carbon to soil and vegetation are also limited in time

Layer 1: Preventing food waste and use food waste as resource 12,640

Improved
food labeling

Preventing food loss
from aesthetics

Insect-§ 5
based feed| A% 6,070 Prevention from food waste Industrial | Agroforestry

preservation CCUin
309 S Tae 767,476

Food waste 'meam - houses
as feed | IREELCUENUT 23,169

127,901

Silvopast-
oralism

62,354

Meat replacement
162,467

Optimizing livestock grazing patterns
52,891

Layer 2: Circular economy in a limited system 343,260

Figure 1

Understanding the possible uncertainties
of mitigating climate change with CE
actions

Looking at the most conservative outcome from our
calculations, the total net greenhouse gas emissions
reduction potential amounts to 356,000 ktonnes annually
(66% of the entire sector's annual emissions). The
higher, more optimistic result, results in a potential of 2.1

EXECUTIVE SUMMARY

as there is a maximum amount of carbon that can be
stored this way. After just a few decades the maximum
potential of these actions would be reached.

TOTAL SAVINGS 1,208,900

LEGEND:

Units: ktonnes of CO,e

] Prevents carbon emissions
[ sequesters carbon

Layer 3: Molecular circularity in production systems 853,000

Total impact reduction of all actions, broken down by layer and action.

million ktonnes of CO,e (more than half of all European
emissions, not just the agrifood sector). These numbers
mean that even with the most conservative estimations,
that, if universally adopted, circular economy actions
can potentially lead to a neutral or even net-negative
emissions agrifood sector in Europe. It should be noted
however, that around 74% of the net emissions savings
are due to carbon sequestering, rather than carbon
mitigating actions.

CIRCULAR AGRIFOOD REPORT
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LAYER 1: PREVENTING FOOD WASTE
AND USE FOOD WASTE AS RESOURCE

Figure 2

Considerations on feasibility and co-
benefits

Therearemany questions aboutwhetherthese CEactions
would be accepted by the public as food and landscapes
are very personal topics. The European Green Deal,
Farm to Fork Strategy, and forthcoming Action Plans for
example should therefore not only integrate production
and consumption interventions, but also situate these
actions in a broader social and cultural narrative in
order to achieve transformation. This research is mainly
focused on reducing greenhouse gases and not so much
the social impact of the implementation of such actions.
Social implications come with a completely different set
of challenges.
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LAYER 2: CIRCULAR ECONOMY

LAYER 3: MOLECULAR CIRCULARITY

IN A LIMITED SYSTEM IN PRODUCTION SYSTEMS

Sensitivity of total impact reduction across the CE actions of each storyline.

Further application of the approach

This study demonstrates more broadly the value of a
previously defined methodology (originally designed
by le Den et al., 2020 and applied to the building
sector). At the same time, it works to identify further
potential adaptations described in the “Reflection on
the Methodology” supplementary report. This report
highlights the importance of including elements such as
time and space in the assessment of CE actions. It also
identifies the need for more stakeholder engagement
and review of the assessment during the process. The
methodology reflections, as well as the results of this
study, will be shared with experts on climate mitigation
and circular economy in the EU and EEA member
countries. The methodology outlined in this report can
be applied to national contexts as well. It is also relevant
to consider application of this generic methodology to a
third sector, besides the building and agrifood sectors,
but plans for that have not yet been set up.









PURPOSE

Globally, the agriculture and food (agrifood) value chain
is responsible for between 25-30% of global greenhouse
gas emissions (IPCC, 2014; Bajzelj et al, 2013). After
the energy and transport sectors, it is Europe’s largest
contributor to climate change (European Union, 2018).
The agrifood sector is unique in a sense because it has
the potential to store large amounts of carbon in soil and
vegetation, to the extent that environmental impact from
other sectors can be compensated for (Kay et al., 2019.
However, currently, the opposite trend is visible: land-use
change and agricultural production practices, driven by
unsustainable production and consumption patterns
and waste, result in carbon being released. Since the
start of the industrial revolution, an estimated 214 Pg of
carbon has been emitted from land-use change and the
depletion of soil organic carbon, compared to the 270 Pg
from the combustion of fossil fuels (Zomer et al., 2017).
The agricultural system also results in significant N20
emissions and methane from mineral fertilisers and
compost.

In order to meet the Paris Climate Agreement targets
and keep the rise of global temperature below 1.5
°C, a major transformation needs to take place in all
sectors including the agrifood sector (Clark et al.,
2020). A more circular economy is seen as a means to
reduce greenhouse gas emissions. Achieving a circular
economy does not correspond directly to the reduction
of emissions, however, and circular economy ambitions
are covered separately in policy. This report aims to
reconcile ideas about circularity and climate change
mitigation by exploring the two concepts simultaneously.
The main purpose of the report is therefore to evaluate
the potential of circular economy actions in the agrifoods
sector to achieve Europe’s net-zero emissions target.

The circular economy (CE) is defined by the Ellen
MacArthur Foundationas “aneconomythatis “restorative
or regenerative by design and aims to keep products,
components, and materials at their highest utility and
value at all times, distinguishing between technical and
biological cycles.” The European Environment Agency
(EEA) defines the circular economy as “a circular
economy seeks to increase the proportion of renewable
or recyclable resources and reduce the consumption of
raw materials and energy in the economy, while, at the
same time, protecting the environment through cutting
emissions and minimising material losses” (EEA, 2018).

In recent years, the European Union as well as individual
Member States have increasingly put the circular
economy at the forefront of environmental action. The

8th Environmental Action Programme, the Circular

Economy Action Plan, and the European Green Deal
are already focussing on the integration of circular

economy and climate mitigation efforts. However, there
is still relatively little known about how much the circular
economy can assist in climate mitigation within specific
sectors.

INTRODUCTION

Focusing on high-emission sectors such as agrifood
provides an opportunity to dig deeper into the specific
ways circular economy processes can influence climate
mitigation efforts. This is necessary on multiple levels.
On a European level, it will enable clearer connections
and coordination between the Circular Economy Action
Plan, the European Green Deal, the Climate Law, and
the Farm to Fork Strategy. Strategies considered in
this study could help achieve multiple policy goals
simultaneously. At the same time, sector level insights
can help Member States in setting up more coherent,
targeted, and effective strategies for climate change
mitigation throughout the agrifood value chain.

Establishing a circular agrifood sector provides us with
a variety of opportunities to reach our climate targets. By
2050, in order to remain below 1.5 °C global temperature
rise, the total per capita greenhouse gas emissions
need to be cut down to 1.5 tonnes CO,e (IPCC, 2018).
This study shows (based on Exiobase data) that the
consumption of agrifood products in Europe alone
results in an average greenhouse gas (GHG) emission of
roughly 0.75 tonnes CO,e per person per year, which is a
considerable part of the total emissions budget. Without
making significant cuts to agrifood emissions, this
goal will be challenging to reach. However, the primary
purpose of the circular economy is to conserve and
preserve materials and creating a more circular economy
does not always reduce greenhouse gas emissions. It is
in fact not common to measure the success of circular
economy strategies this way.

The main purpose of this report is to explore the potential
to reduce greenhouse gas emissions in the agrifoods
sector using circular economy actions. This is done in
two parts:

A snapshot of the baseline situation

What were the main sources of GHG emissions
associated with agrifood sector in 2016 (the most
recent year data was available for)? How do materials
and embedded impacts flow between segments of
the agrifood sector and between Europe and other
regions?

Circular Economy actions that can prevent climate
change

Around 80 CE actions were analysed, and more than
a dozen with a high potential in terms of feasibility
and impact were selected to evaluate further. These
actions were deemed to have a higher potential based
on physical and technological feasible emissions
reduction potential, Actions were evaluated
individually and in combination (e.g. taking into
account the interactions between actions).

CIRCULAR AGRIFOOD REPORT
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INTRODUCTION

CONTEXT OF THE EUROPEAN
AGRIFOOD SYSTEM

Europe benefits from an agrifood system that produces
world-renowned gastronomies and food cultures, but
those come with a hefty price. First of all, the agrifood
system is causing significant damage to ecosystems
and biodiversity in Europe (Crenna, Sinkko & Sala, 2019;
European Environment Agency, 2020b), which in the
long run will reduce the ability to produce food. For
example, recent insect monitoring schemes and long-
term European studies reveal a drastic decline in insect
numbers, distributions, or collective weight (biomass)
(Almond, Grooten, & Petersen, 2020). Without insect
pollination, agricultural production in Europe would be
reduced by 25-32%. It is therefore surprising that due
to incentives supporting destructive practices it is the
agrifood sector that is one of the main contributors to
insect declines (Zulian, Maes, & Paracchini, 2013).

Secondly, the European agrifood sector remains highly
wasteful. The Food Loss Index shows that European
losses from post-harvest to distribution are among
the highest in the world. During this stage over 15% of
food was wasted in 2016 (Almond, Grooten, & Petersen,
2020). Inefficiencies such as these are obvious areas
to begin with when considering the road ahead for the
European agrifood sector.

Waste is, in a high-impact and resource-intensive sector,
an important issue to solve. Europe has earned its place
as a world leader in technologies, trade, and value-
added products in the agrifood sector, however, there is
still a significant gap between the current situation and
Europe’s ambitions of creating a circular and carbon-
neutral economy. While Europeans account for less than
10% of the global population, their food consumption is
responsible for 45% of global pesticide use (De, Bose,
Kumar, Mozumdar, 2014). Also, roughly one third of the
land needed to feed the European population is located
outside the EU, therefore pushing some of the associated
environmental impacts onto other regions (Steen-Olsen
et al., 2012). Europe should consider the role it plays in
damaging the environment globally.

Even beyond the impacts embedded in imported
products, there is also the economic might of Europe
to consider in global food production systems and
markets. Organisations in the European food system
control a large share of global food markets and the
region exports significant amounts of agricultural inputs,
knowledge, and technologies. While this report focuses
mainly on how the circular economy can potentially
affect domestic greenhouse gas emissions, changes
in consumption behaviors, practices, and technologies
applied within the European agrifood sector could have
a global impact indirectly.
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Even beyond the impacts embedded in imported
products, there is also the economic might of Europe
to consider in global food production systems and
markets. Organisations in the European food system
control a large share of global food markets and the
region exports significant amounts of agricultural inputs,
knowledge, and technologies. While this report focuses
mainly on how the circular economy can potentially
affect domestic greenhouse gas emissions, changes
in consumption behaviors, practices, and technologies
applied within the European agrifood sector could have
a global impact indirectly.

APPROACH

Part of the mission of the European Environment Agency
(EEA) is to support policymaking with targeted and
actionable knowledge. The EU and its Member States are
formulating policies to dramatically reduce greenhouse
gas emissions and achieve greater sustainability.
Identification of the most impactful measures to
increase the circularity of the agrifood system while
simultaneously reducing the sector’s contributions to
climate change is an important contribution to these
efforts.

In order to do this, the EEA therefore initiated a project

to:
Create a comprehensive quantitative baseline
understanding of the agrifood system in the EU-27
which can be used to identify the most high-impact
CE actions (following the approach developed by the
EEA together with Rambgll Management Consulting
A/S). See Table 1 for an overview of this methodology.

Select and evaluate a number of CE actions that
can potentially result in a significant reduction of
greenhouse gas emissions without undesirable trade-
offs.

Evaluate the uncertainty associated with the
approach, data, and assumptions used to draw key
conclusions on how reliable the outcomes of the
work are.

Collaborate with Eionet’s National Reference Centres
and transfer knowledge.

To achieve these goals, the approach developed by the
EEA and Rambgll Management Consulting A/S, which
was previously applied to the construction sector of
Europe (The Decarbonisation Benefits of Sectoral Circular
Economy Actions), was applied. Some adjustments
were made to this approach, due to recommendations
that came out of that study, as well as adjustments
that seemed to make more sense when applied to the
agrifood system in particular. For more details on the
methodology, please refer to the supplementary report
“Reflection on the Methodology”.


https://ramboll.com/media/environ/decarbonisation-benefits-of-sectoral-circular-economy-actions
https://ramboll.com/media/environ/decarbonisation-benefits-of-sectoral-circular-economy-actions

Table 1: Greenhouse gas reduction potential of
CE actions in agrifood sector, approach, step by

step

DESCRIPTION
STEP OF ACTIVITIES

Step 1: Scoping .

Step 2: Baseline
assessment

Step 3: Identification of .
CE actions

Step 4: Quantification of -
CE actions’ impacts on
greenhouse gas emissions

Step 5: Developing a .
storyline to calculate

the impact of combined
actions

Step 6: Linking of results ~ *
to the existing reporting
categories (UNFCCC CRF

and ETS)

Scoping of the sector, materials
and products

Interviews with agrifood experts
to check assumptions on
scoping and focus

Evaluating the main sources of
emissions using multi-regional
input-output (MRIO) data

Baseline material flow analysis

Long list of CE actions and rapid
assessment of their impact and
feasibility

Shortlist of most promising CE
action

Assessment of greenhouse

gas reduction of shortlisted CE
actions (based on LCA and other
data)

Interviews to collect data and
verify assumption

Evaluation of a combined
storyline of the shortlisted
actions in terms of combined
impact

Allocation of emissions to
UNFCCC categories and to ETS
or non-ETS sectors

Reflections on each step of the methodology and the
results for the agrifoods sector are presented in the

following chapters.

INTRODUCTION 11
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SCOPING

The scope of this assessment has been mainly based
on what is relevant from a policy perspective and for
circular economy actions. The geographic scope of
the assessment on the potential of circular economy
actions is the EU-27. Trade flows into and out of the
EU-27 (as well as their embodied impacts) are also
quantified in the baseline assessment. This report
focuses on greenhouse gas emissions (in CO,e) as
the only indicator of environmental impact, though
other environmental impacts are considered briefly in
a qualitative assessment in terms of co-benefits and
(negative) side effects.

There were several iterations to determine the scope of
sectors, products, and steps in the agrifood value chain
that would be taken into the assessment of greenhouse
gas emissions and material flows. The scoping process
included discussions with the EEA, other key experts and
stakeholders, and an internal scoping session with our
agrifood team to map out the value chain and discuss
which elements should be included in the scope. After
careful consideration the scope included the following
(illustrated in Figure 1):

BASELINE ASSESSMENT FOR 2016
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“‘-1::.,9".-"' Production of food products
Food and feed crop production (production, imports,

and exports)

Animal husbandry and animal products (production,
imports, and exports)

Food additives (production, imports, and exports)
- including ingredients such as salt and chemical
products used in food manufacturing

Production of supplementary, non-food
products

Packaging (production, imports, and exports) related
to the agrifood sector

Agrochemicals and fertilisers (production, imports,
and exports)

}" Food value chain emissions and waste

Food processing
Point of sale (e.qg. retail, wholesale)
Restaurants

Households (only considering food waste, not the
impact of food preparation at home)

ol
E Waste treatment

Food and other organic waste treatment (related to
the agrifood sector)

Human and animal waste (e.g. manure, faeces)

CIRCULAR AGRIFOOD REPORT



BASELINE ASSESSMENT FOR 2016

Agrochemicals & Agrochemicals &
fertilisers imports fertilisers

Agrochemicals

& fertilisers
production ﬂ .
Animal Plant biomass
M husbandry production
Roughage
Food
Feed imports processing and
packaging
! Food additives Point of sale
Food imports production (retail,

restaurants, etc)

0e0

-]

Food
consumption

w | w

Agrifood Domestic agrifood .
packaging packaging Agr!food
imports production packaging waste

- Full agrifood sector scope in term of this assessment, inside as well as outside of the EU.
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Agrochemicals &
fertilisers exports

Manure
treatment

Non-food
products

Feed exports

A

Untreated Food
Waste

A ““

Food waste H Food exports

Food waste
treatment

Human
Human excretion

excretion treatment

L

Agrifood
packaging
exports

00 900000 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000,,_
o

The scope does not include:

e Fisheries, aquaculture, and related seafood sectors (part of the reason for exclusion is the political
separation between land-based and marine food systems)

® Biomass production for non-food and non-feed uses (e.g. fuel, textiles, ingredients for personal care
products, bioplastics, etc). These types of products are also covered under other policy frameworks, plust
the focus of this report is agricultural products used in food.

® Other agricultural inputs other than fertilisers and agrochemicals (such as agri-plastics, machinery)

M N N RN RN N NN NN TR]

e%0 000000000000 000000000000

@ Other capital goods in other parts of the agrifood chain, such as processing equipment.

200 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 00°
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BASELINE ASSESSMENT

After the scoping part of the research, a baseline
assessment was done for 2016. This assessment
includes an Environmentally-Extended Multi-Regional
Input-Output (EE-MRIO) analysis and a Material Flow
Analysis (MFA). Together, these two analyses provide
a high-level overview of priority areas in the agrifood
sector - where to focus effort for the greatest impact,
based on the areas in which most of the losses or
impacts are currently occurring.

The values from the EE-MRIO assessment were used
as a starting point in calculating the savings associated
with actions. Mass flows from the MFA were used
as intermediate values to calculate the potential
greenhouse gas emissions savings (for example to
evaluate the potential associated with preventing food
waste in a certain point of the value chain). On a few
occasions, the two analyses (outlined below) were
combined to arrive at factors for emissions per mass,
which were used in further assessment of actions.

For the baseline assessment, the year 2016 was chosen
because this was the most recent year input-output data
is available for.

A brief description of the two previously mentioned
analyses:

Environmentally-Extended Multi-Region Input-Output
(EE-MRIO) analysis is a method that uses trade data
and translates monetary value into a wide range
of environmental impact categories. This type of
assessment allows looking at environmental impacts
related to sectors and products from a production-
based perspective as well as a consumption-based
perspective. The EE-MRIO analysis provides the baseline
for greenhouse gas emissions in different parts of the
agrifood sector.

inputs

materials

Figure 4

METABOLIC

Exiobase 3.7 was used for the MRIO assessment

Exiobase includes greenhouse gas emissions (CO,,
CH, N,O, etc) as a weighted aggregate in tonnes CO,e
per year

More recent date was used for sector-to-sector (2016,
vs 2011 for product-to-product flows)

The data was processed using Python programming
and Pymrio Python library

Subselection and data aggregation was done for the
scope of this report

Material Flow Analysis (MFA), is a method used to
show inputs, outputs, and throughput within or between
regions and sectors. MFA provides a high-level view of
the size of different material flows, giving insight into
the level of significance of different parts of a sector and
the material flows between them. In the MFA, flows into
and out of different parts of the agrifood sector within
Europe are quantified (e.g. livestock production, crop
production, food processing). Trade flows into and out
of Europe are also shown.
The sources used to quantify material flows include
Easy Comext trade data, Prodcom European
production data, Eurostat waste data, and data
from FAOstat on agricultural production and trade,
supplemented where necessary with other sources.

The data was processed to fit the scope and where
necessary aggregated or reclassified to align with the
categories in the MRIO assessment.

Mass balances were calculated and compared with
other assessments and reference data to check for
imbalances, which is crucial when combining different
data sets that might be inconsistent.

For more information on the baseline assessment,
please refer to the supplementary report “Reflection on
the Methodology”.

&d

emissions

waste
water

outputs

High-level overview of a Material Flow Analysis (MFA).



AGRIFOOD GREENHOUSE GAS
EMISSIONS IN THE EU (EE-MRIO)

The image below shows the domestic emissions of
the EU-27 agrifood sector, reflecting the domestic,
production-based emissions in the EU in 2016. The
image includes the direct impact each part of the sector
has on the environment, regardless of whether that
impact comes from products consumed in the EU-27.
The image does not include emissions embedded in
imported food, feed, fertilisers and pesticides.

P PIGS FARMING

CULTIVATION OF OIL SEEDS

b

\$
I\

COMPOSTING

ap
o
PN

POULTRY FARMING

€

P ({A
¢

CULTIVATION OF CEREALS

DAIRY FARMING

OTHER MEAT PRODUCTION

OTHER FOOD WASTE TREATMENT

CATTLE FARMING

FOOD PROCESSING (OTHER)

I W BN

Figure 5

CULTIVATION OF VEGETABLES, FRUIT, NUTS

FOOD PROCESSING (ANIMAL PRODUCTS) I
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In total, the agrifood sectors collectively produced
492,000 ktonnes of CO,e in 2016. There are some clear
outliers - cattle farming and dairy farming account for the
largest share of domestic emissions: 44% of the total.
Other areas of high emissions include the cultivation
of cereals (due to high land and energy use) and waste
management (food waste resulting in direct emissions
during decomposition for example).

20,400

25,300

16,800

44,700

109,700

14,000
I 27,000

Production-based
Impacts (kt CO,e)

Production-based / domestic emissions by selected agrifood sectors in 2016 (calculated by using Exiobase data).
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AGROCHEMICALS &
FERTILISERS (22.700 kt)

Mineral or chemical fertilizers (22.300)
Pesticides, herbicides, & other (260)
Animal or vegetable fertilizers (120)

““a

FOOD & FEED (114.800 kt)

0il cake (22.300)

Cereals (24.300

Fruit & nuts (12.300

Animal or vegetable fats & oils (11.800
Sugars & cocoa preparations (7.300

IMPORTS }
)
Beverages, spirits & vinegar (6.300)
)
)
)
)

(141.400 kt)

Prepared vegetables, fruit, nuts (6.000
Vegetables, roots & tubers (3.900
Food waste (1.200

Other (19.400

(3.900 kt)

LEGEND
---- Under 1.500 kt

© Cereals

@ Oil cake

© Fruit & nuts

@ Animal or vegetable fats & oils
@ Sugars & cocoa preparations
@ Beverages, spirits & vinegar
@ Prepared vegetables, fruit & nuts
@ Vegetables, roots & tubers

@ Food waste

@ Dairy products, eggs, other

@ Meat & edible meat offal

@ Other

@ Packaging * Non-food products not included in the design.

EUROPEAN AGRIFOOD MATERIAL
FLOWS

i 1

1
AGRIFOOD PACKAGING

AGROCHEMICALS &
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the import flows coming into Europe from the rest of
the world and the right side shows the export flows.
Inside the borders of the image, from the top down, the

The results of the material flow analysis of European
agrifood sector flows are shown in the following figure.
The left side (outside the border of the graph) shows
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domestic flows of materials for different sectors such
as agricultural inputs to biomass are shown as they flow
through different parts of the value chain.
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Dairy products, eggs, other (5.600)
Fruit & nuts (5.400)

Sugars & cocoa preparations (5.300)
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Food waste (2.300)

Other (36.000)

PACKAGING (7.800 kt)

COLLECTED & TREATED (59.000 kt)

FOOD WASTE Recycling (54.000)
(97-300 kt) Energy recovery (3.700)
- Landfill (890)
- Other disposal (410)
NOT COLLECTED & UNTREATED (38.400 kt)
=
LIQUID HUMAN WASTE TREATMENT (13.200 kt)
s e
SOLID HUMAN WASTE TREATMENT (7.300 kt)
s HUMAN EXCRETION Incineration (2.700)
(20.500 kt) Agricultural use (2.600)
= D
' andin

S AGRIFO0D PACKAGING
WASTE (42.800 kt)

Figure 6

Material Flow Analysis for the Agrifood System of the EU-27 in 2016 (all references used in compiling this

MFA are described in the “Reflection on the Methodology” report).
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é;:} Key imports

Nearly half of the agrochemicals and fertilizers used
in the EU-27 are imported and Europe is a net importer
of these agricultural inputs. The largest share of these
agrochemicals and fertilizers come from European
countries outside of the EU-27 and Asia. The vast
majority of livestock feed consumed in Europe is
produced inside Europe, however there is some import
and export as well. Overall, the EU-27 is a net importer of
livestock feed (around 18,352 ktonnes of feed).

E Livestock production and fertilisers

Europe’s domestic livestock production is largely made
up of meat, dairy and eggs production. The majority of
commercial fertilisers used in agriculture are mineral or
chemical fertilisers (~41,000 ktonnes vs <7,000 ktonnes
from animal or vegetable sources). Around half of the
total mass of manure is left on pastures or directly
applied to arable land directly as fertiliser.

Around half of livestock feed comes from forage, while
the other half comes from primary crops and processed
feed products. From food processing, approximately
18,000 ktonnes of processed animal products are made
up predominantly from dairy and eggs, as well as certain
animal fats which are later recycled back as livestock
feed.

Biomass consumption: In total, livestock in the EU-27
consume around 450,000 ktonnes of biomass, compared
to less than 250.000 ktonnes consumed by people.
Because of the higher amount of biomass consumed
by livestock and because of the high-fibre nature of the
biomass, human waste production pales in comparison
to the overall mass of manure from livestock. Livestock
manure is, in terms of mass, by far the most significant
flow of materials in the EU agrifood system. There is
a lot to be gained in terms of circularity from closing
manure/nutrient cycles.

#& Food trade

The EU-27 has a net export of food, exporting nearly
45.000 ktonnes more food than is imported, dominated
by the export of cereals. Despite having a net export of
food, Europe is a large net importer of fruits, vegetables,
and nuts while at the same time being a large net
exporter of grains and beverages.



II Packaging

The MFA is missing packaging entering the EU-27 on
products processed and packaged outside of Europe
as there is no data on these flows. The EU-27 is a large
packaging producer itself, producing the majority of
packaging used within Europe, and exporting more
packaging than is imported. By mass, paper makes up
the biggest amount of domestic agrifood packaging
production (45%), followed by glass (30%), plastic (19%),
and metal (6%). This distribution makes sense when
considering the weight of different materials, and the
fact that paper is commonly used as secondary and
tertiary packaging in the food supply chain.

A Food additives

Food additives also play an important role in the agrifood
system. Salt represents two thirds of that total mass
of food additives. One third of food additives are other
inorganic chemicals such as sodium, potassium, and
calcium products.

i Other food product uses

A large amount of food ingredients are used in non-food
and non-feed products - around 53.000 ktonnes. This
product group includes items such as pet food, soaps
and cosmetics, products for medical use, and crops
for biofuels. The majority of products used for non-
food purposes are wheat, maize, oils such as rapeseed,
mustard, and palm oil, and milk products. Non-food
and non-feed products are excluded from the scope
of this MFA, but this type of use essentially results in
an imbalance between the amount of mass going into
processing versus what comes out as food.

‘ Human waste

Just over a third of solid human waste from wastewater
returns to the agricultural system - the majority however
is incinerated.

). Food waste

National statistics may underestimate food waste, so
we used a different approach to estimate food waste.
Besides inconsistencies in data collection approaches
across regions, there is a lot of uncertainty in waste data

BASELINE ASSESSMENT FOR 2016

as it is challenging to have representative sampling in
data collection (European Commission, 2020). For the
purpose of this report, the estimated food waste at
different parts of the value chain was calculated using
coefficients provided in a study from Caldeira et al.
(2019). This study uses the following definition of food
waste: “food and inedible parts of food removed from
the food supply chain to be recovered or disposed” and
excludes food waste that is directly used as animal
feed. How food waste is treated is estimated using
proportions to different treatment methods provided in
Eurostat data. Nearly 100.000 ktonnes of food waste is
estimated to be generated along the value chain. Almost
half of any food waste consists of vegetables and fruits
(46%), followed by cereals (12%) and smaller amounts
of other food categories (Caldeira et al., 2019).

More than 90% of food is wasted at the farm level
(~30%), during storage and food processing (~37%),
and in households (~25%). A big part of farm-level food
waste is left on fields or processed at the farm. Food
waste generated during food processing is largely used
either as animal feed, compost, or is put to good use in
other ways. Around 61% of processing food waste is
collected separately for treatment and used, however,
around 10,000 ktonnes of collected food waste still ends
up in the landfill.

The biggest problem area is the food wasted in
households. Not only does household food waste form
a massive part of the total food waste, but most of this
waste is either not separately collected or not processed
in any sort of valuable way. While estimates of how
much waste this causes exist, it is difficult to quantify
the amount exactly as different countries have different
ways of reporting biowaste (EEA, 2020).

CIRCULAR AGRIFOOD REPORT



Text box: The role of trade — domestic and footprint emissions

Agrifood greenhouse gas emissions can be analysed from two different perspectives: either from a domestic
(regional production-based) point of view, or from a footprint (consumption-based) point of view.

Y. 3
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. PRODUCTION-BASED IMPACTS . CONSUMPTION-BASED IMPACTS

Figure 7 Production- versus consumption-based impacts. The impacts in green are domestic production-based
impacts produced within a certain region. Some of the impact of this production however is exported to
other regions. There is an import of “embedded impact” as well, which is added to the consumption-based
impacts.

This report uses the perspective of domestic emissions, which is in line with the accounting principles of the
UNFCCGC, i.e., it accounts for all emissions generated by the agrifood sectors within the EU-27, regardless of
where the food is consumed. This perspective was chosen as the purpose of the report is to show the potential
of circular economy actions to reduce domestic greenhouse gas emissions as a contribution to meet the EU’s
(territorial-based) net zero emission target.

However, the EU increasingly recognises that emissions embedded in trade need attention, not only domestic
impacts. This is indicated by the discussion of a carbon border adjustment mechanism and the recent proposal
for an EU regulation (European commission, 2021) to curb EU-driven deforestation and forest degradation outside
of the EU (especially related to the import of palm oil, beef, soy, coffee, cocoa, and wood). These regulations aim
to reduce both biodiversity loss and GHG emissions related to imports of these commodities into the EU.

The analysis of footprint emissions (consumption perspective), assesses the GHG emissions caused by the
total amount of food consumed within the EU-27, including emissions embedded in imports, and deducting the
emissions embedded in food exports. The footprint or consumption perspective is a valuable complementary
analytical approach, given that the EU is both importing and exporting large amounts of food, feed, fertilisers etc.,
and because changes in the agrifoods sector in Europe can also contribute to the reduction of emissions outside
of Europe.

JRC’s publication Consumer and Consumption Footprint: assessing the environmental impacts of consumption
in the EU (Sala, 2019) and the EEA and FOEN's report Is Europe living within the limits of our planet? (EEA & FOEN,
2020) both focus on the contribution of consumption to global impacts, each highlighting the increasing importance
of food in consumption-based footprints. For example, the JRC study found that GHG emissions caused by food
consumption of an average EU citizen increased between 2070 and 2015. The role of consumption and trade is an
important area for additional research in the future.

The following figure below shows the GHG emissions from both a domestic emissions perspective and from
a footprint perspective of EU-27 agrifood sectors, as well as the share of emissions that are either embedded
in imported or exported products and raw materials. The consumption-based emissions are shown in green,




with the top (lighter, hatched) part of the bar showing how much of those embedded emissions are imported
from outside of Europe. The domestic emissions are shown in pink, with the portion that is ultimately exported
displayed in the top part of the bar.
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Figure 8 Domestic- vs footprint-based emissions with the share of impact from imports and exports across
selected agrifood sectors in 2016 (calculated using Exiobase).

Some interesting points related to trade:
The total emissions of the agrifood sectors from the consumption-based footprint perspective (553,000
ktonnes) are higher than from the domestic emissions perspective (492,000 ktonnes).

The reason why the consumption-based emissions for food processing sectors are so high is that this is also
where imported processed food products are captured. Unfortunately, more details about this consumption
category are unavailable.

Most domestic emissions are caused by the production of animal products. A large part of domestic impacts
due to cattle farming and dairy are embedded in meat and dairy products that are eventually exported, although
the majority is still consumed within Europe. Consumption-based impacts for these animal production is due
mainly to livestock feed inputs for the sector. Using a production-based approach, feed largely falls under crop
production categories instead.

Within the waste treatment categories, the domestic impacts are, as expected, higher than the consumption-
based impacts, although the total impact of both is quite small.

The production-based emissions of fertilizers and packaging are extremely low in comparison to the other
categories. However, when considering the emissions from fertilizer use (rather than production), those
impacts would show up under the production-based impacts of crop production sectors.

Systemic changes to the European food system as analysed in this report will have impacts on the global
food system. However, we only consider how actions affect national greenhouse gas emissions accounting.
It is assumed that emissions reductions related to CE actions described in the following chapter take place on
domestic impacts, although we recognize that both a domestic and a consumption-based footprint approach
are necessary. For example, if Europe were to halt the production of livestock (which is a major contributor to
domestic emissions), without addressing consumption, those impacts would just be transferred to other regions.
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POTENTIAL CE ACTIONS

Defining circular economy actions for the
agrifood sector

The definition of the circular economy is well defined
for technological materials and cycles, for example
for metals and electronics. However, the definition of
the circular economy in terms of biological cycles and
nature-dependent sectors like agrifood, is less clear.
In this report, we use a broad definition of the circular
economy to decide which actions to consider for the
scope of this analysis, being aware that this approach
might stretch beyond some existing definitions of the
circular economy. As in this report a broad definition
is used, the actions will be presented in three “layers”,
ranging from the most narrow definition of circularity to
the broadest.

Layer 1:

Most limited definition of the circular
economy

When imagining circular economy actions in the
agrifood sector, the first things that come to mind
are actions that result in extending the lifespan
of products and closing material and product
cycles - specifically material flows such as
(waste) biomass, human and animal waste, and
packaging materials, as well as reducing food
waste.

Layer 2:

Circular economy in a limited system

There are some characteristics of biological
systems that necessitate a broader definition of
the circular economy. For one, since biological
systems include renewable resources, they are
frequently viewed as unlimited. Resources like
soil and water are technically renewable, but on
timescales that necessitate they be treated as
non-renewable. Even plant matter, such as wood,
can easily be extracted at rates far faster than
regeneration rates. For these reasons, a slightly
broader definition of the circular economy for
agrifood systems should consider the limits of
the system. Actions to reduce consumption to
be in line with regeneration rates would fall under
this second definition. A large part of this includes

CIRCULAR ECONOMY ACTIONS ASSESSMENT

re-evaluating the level of animal-based products
possible to sustainably produce in line with this
principle. Livestock and crop production systems
need to be brought in balance - neither one can be
fully circular without the other.

Layer 3:

Molecular circularity in production
systems

Another key characteristic of biological systems is
that they are built on a different set of molecules
compared to technological cycles. Instead of
metals and minerals, the key building blocks are
carbon, nitrogen, and phosphorus, so molecular
circularity of these building blocks is also
needed in a definition of the circular economy for
agrifood. One of the most pressing environmental
problems from a circularity standpoint is closing
nutrient cycles and fixing imbalances in regional
nutrient systems for elements like nitrogen
and phosphorus. The European Commission
acknowledges this pressing need in the Circular
Economy Action Plan, which names Food, Water,
and Nutrients as one of seven crucial supply
chains requiring “urgent, comprehensive and
coordinated actions,” in particular with regard to
ensuring the sustainable recovery and application
of nutrients (European Commission, 2020).

Less attention is paid to carbon circularity, although
carbon storage and removals are a part of the Circular
Economy Action Plan. The intersection of climate
change and the circular economy is an interesting topic
for the agrifood sector, as the most relevant component
of the agrifood system is carbon. Our economic system
results in global land conversion and deforestation.
The amount of carbon removed from land systems
is far greater than the amount added to it, which has
historically been a major driver of climate change. Due to
linear production processes that depend on the imports
of fodder and fertilisers, regional nutrient and carbon
balances have become increasingly distorted. However,
there is the opportunity to reverse these trends and use
agricultural systems to their full potential as a place
to store carbon. If done well, regenerative agricultural
practices that restore carbon and nutrient cycles also
come with additional benefits for long-term economic
value (through soil quality preservation) as well as for
biodiversity.

CIRCULAR AGRIFOOD REPORT
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The definition of the circular economy for agrifood used
for this report results in a broad set of sustainability
actions. However, not every action that could be
considered “sustainable” is included in the definition of
circularity used here. The following types of actions are
excluded:

Efficiency measures for utilities (e.g., energy and
water), for example more efficient tractors, ships, or
manufacturing equipment

The use of renewable energy in agrifood sectors more
broadly, beyond that from agri-food waste products

Actions to reduce downstream impacts of agrifood
systems like agricultural runoff, the impacts of
pesticides on biodiversity, etc

Identifying and evaluating actions

A list of nearly 80 circular economy actions was
compiled to evaluate in a light assessment (described
below). This assessment led to a short list of actions for
amore detailed assessment. The long list of actions was
drafted by reviewing hundreds of circular economy case
studies involving agriculture and food. This began with
the database compiled in the Circular Economy Mapping
Week and case studies were grouped into similar
actions. Additional actions were added to the list from
other circular economy strategies and additional ideas
from the researchers and those who were interviewed.

The following information was collected for each circular
economy action:

Description: A definition of the action

Assumptions: Any details on assumptions made in
the light assessment

Quantifiability: Possibility to quantify the potential
impact of the action on the environment with
any certainty. To quantify the potential impact, it
is important to establish if real data exists, how
reliable estimates are, or if data that is available is
representative enough to apply across Europe.

Applicability: An indication of whether it is possible
to apply the action across Europe, or if there are key
barriers preventing implementation of the action
across an entire sector or region.
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Each of the actions on the long list were ranked, based
on the average score between impact and feasibility:

21l 'mpact

Each action was ranked based on the potential
greenhouse gas emissions reduction. When possible
(e.g. when the actions link directly to sectors we have
information on emissions for), the ranking was done
by using the outcomes of the baseline assessment
of emissions. For actions that did not link well to the
baseline assessment, additional references were sought
to place the actions in categories for impact potential.

00 ©00000000000000000000000000000000000000000000000000,

The following ranking was used:

@ 5: Very high potential - greater than 10% of the
total sector emissions

® 4: High potential - 5-10% of the total sector
emissions

3: Medium potential - 1-5% sector emissions
reduction potential

® 2: Low potential - 0.5-1% of the total sector
emissions

® 1: Very low potential - less than 0.5% of the total
sector emissions
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.’T‘. Feasibility

A scale of 1-5 was adopted to represent the feasibility of
an action (1 = nearly impossible, 5 = no feasibility issues)
across given dimensions. The average feasibility across
all dimensions was then used for the total ranking. The
feasibility assessment is a qualitative assessment,
based on the research team’s expertise, quick research,
and information from initial interviews. Some feasibility
aspects (e.g. social and political feasibility) are
challenging to assess, but the purpose was to ensure
that actions in the assessment could be filtered out if
they would be infeasible.
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The five dimensions included in the light
assessment were:

#ea Social feasibility, e.g. cultural or psychological

barriers that would hinder implementation

Economic feasibility e.g. costs of
implementation, economic incentive
frameworks such as subsidies

&0

@ Practical feasibility, e.g. logist or spatial
restrictions, or barriers due to the number of
people needed to implement the action

Political feasibility, e.g. legal or political
restrictions based on (political) appeal of the
action

2

#‘;‘; Technical feasibility, e.g. lack of suitable
technologies or knowledge

0®® ©00000000000000000000000000000000000000000000000
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One more nuance was added to the assessment - an
evaluation of environmental trade-offs and co-benefits
beyond climate change. These were evaluated for water
use, land use, biodiversity, nutrient cycles, and other
emissions (e.g. pesticides, plastics and air pollutants).
These trade-offs or co-benefits were used to get a
second, “adjusted” average score. Both the original as
well as the adjusted ranking position of each action were
considered in translating the long list to a short list.

The full list of CE actions used to conduct the rapid
assessment is provided in Appendix I. The following
figure shows the results of the rapid assessment for the
long list of actions in terms of potential effectiveness
(impact) and feasibility.

CIRCULAR AGRIFOOD REPORT
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Low feasibility

CE Actions

1 Agroforestry

2 Algae-based feed

3 Algae-based food

4 Alternative pesticides

5 Animal byproduct composting

6 Aquaponics

7 Biogas for heating greenhouses
8 Biogas production from manure
9 Cellulosic waste packaging

10 Coffee grounds based substrate
11 Compostable packaging

12 Conservation tillage

13 Crop genetic optimization

21 Fertilizers from processed manure

22 Fertilizers from urine

23 First gen bioplastics

24 Food loss prevention: on farm

25 Food manufacturing efficiency

26 Food preservation

27 Food waste composting

28 Food waste prevention: food processing
29 Food waste prevention: home

30 Food waste prevention: restaurants/catering
31 Food waste prevention: retail

32 Green and gray water utilization

33 Green waste composting

14 Crop rotation 34 Hydroponics
15 Dairy alternatives 35 Improved food labeling
16 Edible packaging 36 Industrial CCU in greenhouses

37 Insect-based feed

38 Insect-based protein

39 Integrated pest management strategies
40 Lab-grown protein/precision fermentation

17 Equipment sharing

18 Farming automation

19 Fertilizers from faeces

20 Fertilizers from food waste

Figure 9
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41 Livestock CCU

42 Livestock genetic optimization

43 Local food

44 Low-impact diets

45 Low-impact freight

46 Low-impact irrigation

47 Manual weeding

48 Manure composting

49 Manure-based substrate

50 Meat replacement

51 Methane capture from waste treatment
52 More efficient cold chain

53 Optimizing livestock grazing patterns
54 Organic production

55 Organics recycling into non-agrifood products
56 Packaging downcycling

57 Packaging prevention

58 Packaging recycling

59 Plant-based diets

60 Polyculture

CE Actions Feasibility and Impacts (scores and notes are provided in Appendix I).

High feasibility

61 Precision agriculture

62 Precision feeding of livestock

63 Recyclable packaging

64 Reduced cold chain

65 Reduced dairy consumption

66 Reduced ruminant meat consumption
67 Renewable greenhouse heating

68 Reusable packaging

69 Seasonal diets

70 Silvopastoralism

71 Sustainable procurement

72 Urban agriculture

73 Vertical farming

74 Waste heat for heating greenhouses
75 Waste ingredients / byproduct utilization
76 Waste-based feed

77 Yield growth



From the rapid assessment of the long list of actions,
the highest average score for impact and feasibility was
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established for the original score as well as the adjusted
score. Both sets of ranked actions are shown in the table
below.

Table 2: Top 10 ranked circular economy actions, with and without co-benefits and trade-offs - full

list and ranking values are provided in Appendix I.

RANKING WITHOUT CO-BENEFITS

AND TRADE-OFFS

RANKING WITH CO-BENEFITS
AND TRADE-OFFS

1 - Dairy alternatives
\ ol
2 Silvopastoralism
vhi
3 Optimising livestock grazing patterns
4 — Reduced dairy consumption
\ o
5 Food preservation
6 Food waste prevention: home
7 Reduced ruminant meat consumption
&
8 Agroforestry
"
K74

Actions that made it into one or both of the top 10 lists,
as well as some additional high-ranking actions from the
long list that were connected with the other actions were
put on the short list. Several actions were excluded from
the detailed assessment as the calculations would have
been nearly identical (e.g., reduced dairy consumption
and plant-based dairy alternatives) or the actions were
deemed too hard to define (e.g. sustainable procurement,
low-impact diets).

Dairy alternatives

Reduced dairy consumption

Food waste prevention: home

Reduced ruminant meat consumption

Sustainable procurement

Precision feeding of livestock

Silvopastoralism

Meat replacement

Selected actions for detailed assessment

After the rapid assessment, 17 actions were included
in a more detailed assessment. The final short list is
shown below, including a description of each action and
the assumptions used in the calculation of each action’s
“maximum potential”. Note that some of the actions
were taken off the list, merged, or changed to account
for interactions when the actions were combined into a
storyline.

CIRCULAR AGRIFOOD REPORT
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Table 3: Final short list of CE actions taken into the detailed assessment

DESCRIPTION AND ASSUMPTIONS FOR
LAYER CE ACTION MAXIMUM INDIVIDUAL ACTIONS

Layer 1:

Most limited
definition of the
circular economy

Layer 2:

Circular economy
in a limited
system

Layer 3:

Molecular
circularity in
production
systems

AV Y
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Food waste prevention:
restaurants/catering

Food loss prevention: on
farm

Food waste prevention:
home

Food waste prevention:
manufacturing

Food waste prevention:
retail

Improved food labelling

Prevention from food
preservation

Preventing food loss from
aesthetics

Food waste as feed

Insect-based feed

Dairy alternatives

Meat replacement

Precision feeding of
livestock

Optimising livestock
grazing patterns

Agroforestry

All food waste from restaurants/catering is prevented in Europe (1,076 kT).
All food waste from farms (also called food loss) is prevented in Europe (27,856 kT).
All food waste from households is prevented in Europe (28,817 kT).

All food waste from food processing / manufacturing is prevented in Europe (35,993
KT).

All food waste from retail stores is prevented in Europe (3,879 kT).

All food waste in Europe from restaurants and households caused by date labelling
is prevented (3,443 kT). Impacts due to food waste treatment and production are
eliminated.

Best practices are applied to food in order to extend the shelf life of products.
This can be done by improving packaging, and thereby preventing food waste in
European households. Impacts due to food waste treatment and production of
the prevented household food waste are eliminated (22,865 kT). The impacts of
additional packaging is added.

Wasted food at farm level due to aesthetics requirements from buyers is entirely
prevented in Europe (7,097 kT). Therefore, impacts due to food waste treatment and
production are eliminated.

All food waste from food processing, retail, and food services in the EU is used to
serve as pig feed, preventing the embedded emissions of pig feed production.

Insect-based feed can be produced from food waste, replacing feed as much as
possible, considering nutritional limitations. Insects can eat food waste from crop
production, animal husbandry, manufacturing, point-of-sale, and food service. The
impacts of feed production are reduced by the amount that is replaced by insect-
based feed.

All dairy produced in Europe is replaced with plant-based alternatives. Impacts from
dairy cows and dairy processing are thereby eliminated, but there are also impacts
added from the production of the dairy alternatives.

All meat produced in Europe is replaced with plant-based alternatives. The impacts
from meat production are thereby eliminated, however there are new impacts from
crop production to produce the alternatives.

All livestock in Europe are fed using precision feeding - which entails careful control
of the amount and type of feed that cattle consume. This results in less direct
emissions from livestock from enteric fermentation and manure and less embedded
feed impacts.

Optimising cattle grazing patterns consists of cautious use of grazing pattern
rotations to optimize biomass output of the land and carbon storage from manure
into soils This action takes into account the increased long-term storage of carbon
in European soil.

All arable land in Europe is converted to agroforestry. This is a combined
system of growing crops as well as trees together in a single land-use system.
In agroforestry, the trees typically provide forestry co-products in addition to
the crops. There is some debate on whether agroforestry reduces yields.This is
highly dependent on the combination of the types of trees and crops. Overall,
total biomass yields will increase, but yields for a single product in the same
area of land could decrease. This tradeoff has significant implications for how
production systems are arranged, because many farmers currently focus on
one product. Agroforestry systems have the ability to store far more carbon in
soil and vegetation in the long term than crop production alone (which tends to
result in loss of soil carbon).
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Silvopastoralism Silvopastoralism is a diverse pasture system that combines pasture with
vegetation such as shrubs and trees. It is in essence a subcategory of
agroforestry for pasture systems. Like agroforestry, silvopastoralism stores far
more carbon in Europe’s soil and vegetation in the long term. For the calculation
of the individual action’s potential, all of Europe’s pasture lands are considered
to have adopted silvopastoralism.

Industrial Carbon Capture  Greenhouse CO, inputs and heat are typically provided by combined heat and

and Utilization (CCU) in power systems (CHP) which use natural gas. In this action, it is assumed that

greenhouses all existing greenhouses in the EU use CO, inputs from industry emissions and
electrical heat, rather than using natural gas.

For a full list of references and assumptions, please
refer to Appendix II.

THE POTENTIAL IMPACT OF
INDIVIDUAL CE ACTIONS

fter compiling the short list, the expected changes that
come with each action were listed, and the total potential
impact for each action was calculated based on these
changes. For example:

a 1]

WASTE-BASED FEED SILVOPASTORALISM

Maximum impact Maximum impact

assumption: assumption:

+ All feed that can be « All pasture used for
replaced with food waste grazing livestock will use
is replaced silvopastoralism

Mechanisms: Mechanisms:

+ Embedded emissions + Less direct emissions per
for the feed replaced is unit of livestock
subtracted

+ Better carbon storage per
+ Emissions associated area of pastureland

with the impacts of food

waste treatment are

subtracted

For each of the actions, it is assumed that the actions
are taking place within Europe, even where they
affect elements like livestock feed that are traded
internationally. The impact of each action was calculated
using either a top-down approach (from a share of the
total impact) or a bottom-up approach (e.g. Life Cycle
Assessment (LCA) impacts per unit of a material flow
or land area). Where multiple data sources or ranges
of values were available for the same parameter, the
median value of the information available was used.
The ranges of parameter values were also used in a
sensitivity analysis.

For further information, please refer to Appendix II:
Assumptions and References for Shortlisted Actions.

CIRCULAR AGRIFOOD REPORT
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More context on the agroforestry calculations

Agroforestry (including silvopastoralism) is a challenging action to define assumptions for because there is
such a large range in the amount of carbon sequestered per hectare of land. These values depend on spatial
considerations (e.g. climate, soil) as well as characteristics of the type of agroforestry applied and the rate of
wood harvest (if any).

The value used for carbon sequestered per hectare was the median value of a range provided by Kay et al.
(2019). The median value may be too high for the spatial context of Europe and other possible assumptions
for this value were explored. However, the value from Kay et al. (2019) only includes carbon sequestered in
biomass and excludes soil organic carbon, which is a significant part of the carbon sequestered. For this
reason, the median value was used here despite some questions around the validity for the European context.

An additional consideration is that these values are average values of carbon sequestered across a certain
time period (typically 20-40 years). It therefore needs to be considered that in a certain year, the potential
sequestration might be significantly higher or lower than the average value. It will take several years to reach
the average annual sequestration potential, in the middle years more carbon will be sequestered than the
average. Eventually, the maximum potential of this action will be reached and little additional carbon will be
sequestered annually. Given the vast cumulative size of carbon removals from land and soil (Zomer et al.,
2017), it will be many decades before this potential is fully realized. However, it is important to note that this
is different from actions that reduce emissions of greenhouse gases, as these actions could continue net
reductions in perpetuity.

Finally, there is an additional challenge in determining whether agroforestry when applied to crop production
systems could result in reduced yield and therefore result in shifting production elsewhere. There is no clear
answer on whether yields are decreased in general (it depends on the system), However, there may be a critical
tradeoff to consider between the carbon sequestration potential and food and biomass harvests of different
systems. Harvesting a lot of biomass means that less carbon will be stored in vegetation.

The following figure shows the total maximum does not yet take into account that some of these
greenhouse gas emissions reduction for each of the actions are interdependent (e.g., food waste prevention
shortlisted CE actions. This initial assessment of actions and use).
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agrifood emissions in 2076.

Collectively, the actions show the potential to reduce
or sequester more emissions annually than the total
agrifood currently emits. Actions that prevent food waste
along the supply chain are estimated to collectively
prevent nearly 17% of the total sector emissions.

Replacing animal-based products (meat and dairy) have
the second biggest impact reduction potential - up to
64% of the production-based greenhouse gas emissions
if plant-based alternatives would replace all animal
products currently produced in Europe. While significant,
the opportunity is far lower than the carbon-sequestering
actions.

Meat replacement
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Visualization of the potential reduction impact size for each action individually, compared to the total

The big outlier is agroforestry. The median emissions
sequestration potential for agroforestry is nearly double
the greenhouse gas emissions of the agrifood sector
as a whole. While converting all arable land in Europe
to agroforestry systems is infeasible for a number of
reasons, it does highlight that exploring the agrifood
systems as a carbon sink is promising. Other actions,
such as silvopastoralism, or optimising grazing patterns
(which have the effect of storing more carbon in
pasture systems), also show enormous potential. These
can collectively sequester up to 75% of EU agrifood
production emissions. This echoes some of the findings
in the World Resources Institute’s report on Sustainable
Food Futures in terms of the opportunities these types
of actions can provide (Searchinger et al., 2019).
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Considering impacts along the lifecycle of food products

The actions were grouped into lifecycle stages: Design - Production - Use - End of Life. Translating terms to
agrifood, “Design” is considered to include dietary choices and product design, to include actions such as food
preservation and dairy alternatives. “Production” includes actions that involve the production of food. “Use”
includes actions that result in food waste, and “End of life” includes actions that use food waste.
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Figure 11 Emissions reductions from CE Agrifood actions, by lifecycle stage (references used for calculations
provided in Appendix I).

When CE actions are placed into different stages of the life cycle, it is clear that the Production stage far
outweighs the other stages. The reason for this is, again, the enormous potential of the agrifood system as
a carbon sink through sequestration. The second highest stage is “Design”. Design includes the composition
of our food products, how they are processed, packaged, etc. Such factors play a big role in the type of land
systems that are developed as well as the amount of produced waste.

A large share of all food, and therefore the embedded impacts of food production, are wasted. In addition to
the impacts from producing food that is never consumed, food waste treatment results in additional impacts.
Overall, food waste accounts for around 10-15% of EU’s agrifood emissions. Preventing waste should therefore
be included in any decarbonisation plan for the sector, even if it is overshadowed by the potential of dietary or
production systems changes.

Substituting food waste for other products (e.g. animal feed) at the End of life stage can also prevent significant
upstream impacts. In fact, collected and processed in the right way, food waste is essentially the same as a
post-industrial waste (comparable to fabric cuttings in an apparel factory) rather than a post-consumer waste
(like a used pair of shoes), even when the waste is generated by households. If it can be collected in a timely
manner without contamination, it could still serve an important purpose in the agrifood system.
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THE POTENTIAL IMPACT OF AN
INTEGRATED CE STORYLINE

The outcomes described on the previous pages show
the potential of individual actions, but simply adding the
outcomes together to calculate the total impact potential
is not possible. Some actions affect others or use the
same resources (e.g., food waste or land). That is why
an integrated CE storyline was developed. The potential
maximum impact was calculated taking into account
the limitations mentioned in the previous sentences.
Only the technical and physical feasibility are considered

The actions included in the storyline are:
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in the calculations (not the economic, social, or political
implications). The storyline has been organized based
on three different definitions of the circular economy,
the so-called “layers” introduced in the previous chapter.
The three storyline layers are:

Layer 1:

Most limited definition of the circular economy - only
the circularity of products and the waste treatment of
those products form part of this strict definition of the
circular economy. It therefore only covers the prevention
and treatment of packaging and food waste.

CE ACTION DESCRIPTION AND ASSUMPTIONS FOR STORYLINE

Food waste as feed

15,9% of processed food waste from manufacturing, retail & food services

that is left over after food waste prevention actions replaces pig feed,
‘?’ preventing the embedded emissions of feed production for pork. The

percentage of 15.9% is based on what part of the waste is considered

feasible to be used as a direct feed source (Luyckx et al., 2019).

Insect-based feed

Insect-based feed produced using food waste (from crop production, animal

husbandry, manufacturing, point-of-sale, food services) replaces as much
g feed for pigs and poultry as possible, after accounting for food waste
prevented or used directly as feed.

Improved food labelling

Any food wasted in Europe from restaurants and households because of

expiry date labelling is prevented (3,443 kT). Impacts due to production and

‘Q

Prevention from food preservation

treatment of the wasted food are eliminated.

Best practices are applied to food to extend the shelf life of products by

improving packaging, ultimately preventing food waste in Europe. Impacts
due to production and treatment of the wasted food are eliminated (for
22,865 kT of food waste). Impacts from additional packaging are accounted

for.
Preventing food loss from aesthetics

e

A=

It is important to note that the combined storyline

assumes that food waste that can be prevented (through
food labelling, better preservation, and eliminating

It is assumed that all food lost at the farm level due to aesthetics
requirements from consumers will entirely be prevented in Europe (7,097 kT).
= Impacts due to production and treatment of the wasted food are eliminated.

aesthetic requirements) happens first. The remaining
food waste is then assumed to be cascaded directly into
feed or the production of insects.

CIRCULAR AGRIFOOD REPORT
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Layer 2:

Circular economy in a limited system - As a truly circular
system can only be created if it can be supported with
the limited resources available, consumption patterns
and other pathways to reduce resource consumption
are included. In this layer the focus lies on livestock
systems, which can put a particularly high pressure on
resources when produced on a large scale. To calculate

The actions included in the storyline are:

the potential of livestock actions, a “circular carrying
capacity” for livestock was defined, which includes
livestock that can be produced on marginal land or waste
and waste-based products (e.g. insects). This amounts
to about 14% of the current production of animal
productions. This means the production of animal
products is reduced by 86% in the calculations. Beyond
the circular carrying capacity, it is assumed that animal
products are replaced with plant-based alternatives.

CE ACTION DESCRIPTION AND ASSUMPTIONS FOR STORYLINE

Dairy alternatives

All dairy produced inside Europe beyond the circular carrying capacity is

i replaced with plant-based alternatives. Impacts from dairy cows and dairy

\ ol processing are eliminated for the dairy production that is reduced. There
are some negative impacts associated with the production of plant-based
alternatives that are added.

Meat replacement

All meat produced in Europe beyond the circular carrying capacity is

replaced with plant-based alternatives. Impacts from meat production

&

are eliminated for the meat production that is reduced, but there are new

impacts from crop production used for the production of plant-based
alternatives.

Optimizing livestock grazing patterns

Optimising cattle grazing patterns can result in less direct emissions

from livestock and better carbon storage in the soil. This action takes into

h o)

account the increased long-term storage of carbon in the soil in Europe. This

storyline assumes that grazing pattern optimization occurs on all remaining
(marginal) land currently used for grazing.

Livestock are one of the largest drivers of climate
change. The consumption of animal products will
need to be drastically reduced to meet existing climate
targets. However, livestock also plays an important
role in a circular food system. Livestock can graze on
land unsuitable for other uses and they can make use
of food waste and other products from waste, such as
insects. Hence why the “circular carrying capacity” for
livestock has been defined as the amount of livestock
that can be produced sustainably from grazing on
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marginal land, or consuming food waste and insects.
This calculation was done by calculating the food waste
left over after the prevention measures are put in place
and what is possible to use directly as feed or use to
produce insects. For this storyline, it was also assumed
that livestock grazing patterns are optimized and
silvopastoralism is implemented (which is included in
the third layer). Precision feeding is excluded from the
combined storyline calculations as it is assumed that no
primary crops are used in livestock feeding.



Layer 3:

Molecular circularity in production systems - the last
layer includes not only the circular production systems

The actions included in the storyline are:

CIRCULAR ECONOMY ACTIONS ASSESSMENT 37

but also molecules in circular cycles - from water, to
nutrients and carbon in soils. The actions that ended up
in the short list however were ones focused on carbon
sequestration in land systems.

CE ACTION DESCRIPTION AND ASSUMPTIONS FOR STORYLINE

Agroforestry

"

Arable land that is technically suitable for agroforestry in Europe (according
to Aertsens et al. 2013: 90 Mha, compared to 96 Mha estimated by EURAF)
is converted to agroforestry. Agroforestry is a combined system of growing

K7

both crops and trees together and stores far more carbon in the soil and
vegetation in the long term than crop production alone. Crop production
alone tends to actually release carbon from the soil. It is estimated that
each hectare of land converted to agroforestry can sequester 2.3 tonnes of
carbon per year (Kay et al., 2019).

Silvopastoralism

All marginal land (assumed to be used for livestock grazing in this storyline)

will apply silvopastoralism. The amount of marginal land within Europe is

vir

11.35 Mha (Strapasson et al, 2020). Silvopastoralism is a diverse pasture

system that combines pasture with shrubs and trees. Like agroforestry,
silvopastoralism stores far more carbon in Europe’s soil and vegetation in
the longer term than current land systems. It is assumed that each hectare
of land converted to silvopastoralism can sequester 1.5 tonnes of carbon
per year (Kay et al., 2019).

Industrial Carbon Capture and Utilization (CCU) in
greenhouses

Greenhouse CO, inputs and heat are typically provided by combined
heat and power systems (CHP) which use natural gas. In this action, it

is assumed that all existing greenhouses in the EU use CO, inputs from
@ industry emissions and electrical heat, rather than using natural gas.

Agroforestry and silvopastoralism in the combined
storyline are subjected to stricter limitations.
Silvopastoralism is assumed to be applied only to
marginal land (which also defines the limit of sustainable/
circular livestock production). Instead of assuming that
agroforestry is applied to all arable land, it is assumed
that 90 Mha of land would be converted to agroforestry.
This is the amount estimated by Aertsens et al. (2013) to
be suitable for this land system.

Looking at the outcomes of the storyline (see figure below),
it becomes clear that the third layer (molecular circularity)
has the highest potential for climate change mitigation,
followed by the second storyline (circular economy in a
limited system). All actions offer a significant opportunity
in terms of working towards climate goals, but significant
gains require actions beyond the most limited definition
of the circular economy.

CIRCULAR AGRIFOOD REPORT
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Compared to outcomes of the individual CE actions, the
impact reduction potential of dairy and meat alternatives
in the combined storyline are nearly the same. This is
because the amount of cattle that can be produced
from food waste and marginal land using a silvopastoral
system (the “circular carrying capacity”) is far less than
current production (14%). As the amount of food waste

Layer 1: Preventing food waste and use food waste as resource 12,640

Improved
food labeling

Preventing food loss
from aesthetics

baselzsfg‘;: 2,946 Prevention from food waste Industrial | Agroforestry

309 preservation CCUin 767,476
18,407 gresny

Food waste | gugm " houses
as feed IRGLEUELENT 23,169

Silvopast-
oralism

62,354

Meat replacement
162,467

Optimizing livestock grazing patterns
52,891

Layer 2: Circular economy in a limited system 343,260

Figure 12

The potential of the agrifood sector as a net carbon sink
looks extremely promising. The total emission reduction
potential for this storyline is around one third of the
total annual European greenhouse gas emissions, while
the agrifood sector is only contributing around 10% the
annual greenhouse gas emissions of Europe. However,
it should be noted that these are merely estimations.
For the purpose of this report, the median values of data
sources were used in the calculations. Considering the
range of potential values used in the calculations present
a slightly more conservative view on the potential of
these CE actions.
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is minimised, the impact reduction potential from using
that food waste as feed or for insect cultivation is also
reduced. The agroforestry and silvopastoralism potential
decreases because of the stricter definition for what
type of land these systems are applied to. The potential
for silvopastoralism decreases even further due to the
assumption that is only applied to marginal land.

TOTAL SAVINGS 1,208,900

LEGEND:

Units: ktonnes of CO,e

1 Prevents carbon emissions
[C] Sequesters carbon

Layer 3: Molecular circularity in production systems 853,000

Total impact reduction of all actions, broken down by layer and action.

The lowest, most conservative numbers show a potential
of the combined storyline of 356,000 ktonnes of CO,e
annually (66% of the entire sector’s annual emissions).
Applying the higher numbers the total impact reduction
potential is 2.1 million ktonnes of CO,e (more than half
of all European emissions, not just those of agrifood
sectors). The conclusion is that even with the most
conservative estimations, if universally adopted, these
circular economy actions can lead to a neutral or even
net-negative emissions agrifood sector in Europe.
It should be noted however, that around 74% of the
net emissions savings are possible through carbon
sequestering, rather than carbon mitigating actions.



All CE actions show emissions savings across their
sensitivity ranges (see figure below), except for insect-
based feed. Reports on insect-based feed present only
marginal greenhouse gas emission savings, even with
optimal production conditions. The highest potential
savings from insect-based feed (close to 4,000 ktonnes)
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are only possible when renewable energy sources
are used during the production of insects (Smetana
et al, 2019). Insect-based feed production can even
result in an increase of greenhouse gas emissions if
implemented using fossil energy sources and other
inefficient processes.
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Figure 13
provided in Appendix I).

A critical assumption of this work is that the actions
could be adopted to the extent that is technically
and physically feasible. However, there are also
many legitimate non-technological challenges to
implementation that go beyond any technological limits.
Silvopastoralism would be difficult to implement in the
Netherlands, for example, where open grassy fields and
unobstructed horizons are a key part of the cultural
identity. There has been resistance from farmers and
communities to diversifying these open landscapes
with trees. It will be difficult to change the minds of an
entire population to accept silvopastoralism. Even if this
system was adopted, some people might argue that it
is not worth losing important cultural and historic value
over.

LAYER 2: CIRCULAR ECONOMY

LAYER 3: MOLECULAR CIRCULARITY

IN A LIMITED SYSTEM IN PRODUCTION SYSTEMS

Ranges of total impact reduction across the CE actions for each storyline (references used for calculations

Similar challenges can arise trying to replace meat and
dairy with plant-based alternatives. The replacement
could very well result in nearly halving the agrifood
footprint, but dietary choices are also very personal and
culturally significant.

This study does not take cultural, political, and economic
considerations into account for the achievability
of CE actions. However, to facilitate (the level of)
implementation of the CE actions, this report has been
complemented with an interactive dashboard. Users of
the dashboard can remove certain actions or reduce their
ambition levels if desired, to explore the final outcomes
in different circumstances. The dashboard has been built
using a system dynamics model, meaning that changing
the ambition level of one action will change the outcome
for all actions connected to the change.

CIRCULAR AGRIFOOD REPORT
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ALLOCATION OF IMPACTS TO
SECTORS

In the final step, the median greenhouse gas (GHG)
emission savings of the individual circular economy
actions in the storylines are allocated to UNFCCC
(United Nations Framework Convention on Climate
Change) Common Reporting Format (CRF) categories
as well as to the ETS (European Trading system), non-
ETS or LULUCF (land use, land-use change, and forestry)
frameworks. This allocation provides a bit more insight
into the policy relevance of the results of this study.
Allocating actions can help EU Member States to identify
how CE actions can help them reach targets set in the
Climate Action Regulation (Regulation (EU) 2018/842),
for example, and how the actions impact land use, land
use change and forestry (LULUCF) regulated under
Regulation (EU) 2018/841.

Implementing actions in the agrifood sector such
as preventing food waste or lowering the impacts
from meat production involves changes across many
UNFCCC sectors, making this a challenging step. The
process of allocating impacts to the UNFCCC sector
categories does however provide more insights into
where trade-offs may occur. For example, an action
can reduce emissions in one UNFCCC category while
increasing emissions in another category (e.g. additional
packaging being used to prevent food waste).

Emission changes related to electricity, heat generation
and industrial processes can be applied to the ETS non-
ETS allocation framework. Where sufficient information
regarding the emissions is available, emission
reductions and increases were allocated to the ETS
vs. non-ETS sectors, based on the Annex | of the ETS
Directive (amended Directive 2003/87/EC).

Allocation of food waste reducing actions

The “Energy” categories in the UNFCCC framework
include “Energy: Manufacturing Industries and
Construction” (1.A.2) and subcategory “Food Processing,
Beverages and Tobacco” (1.A.2.e). Changes in these
categories are all associated with the actions related to
food waste reduction. Less food waste means less food
throughout the value chain, and therefore less emissions
from processing food. However, to increase the shelf life
of food, the emissions from manufacturing packaging
rises. Emission category 1.A.2 (without the subcategory)
therefore shows a net emission increase of 0.4 Mt CO,e
while the emissions of the category “Food processing
(1.A.2.e) decrease by 3.4 Mt COe.

In waste (category 5), the reduction of food waste
directly reduces the emissions from waste processing
by 6.8 Mt CO_e. The highest emission reduction (77%)
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takes place in “Biological Treatment of Solid Waste”
(5.B), which is the category where the majority of the
separately collected organic waste and 13% of the food
waste from mixed municipal wastes is processed.

Allocation of actions that affect agriculture,
forestry, and land-use categories

The carbon-sequestering actions with the largest
emission changes are allocated to the Agriculture,
Forestry and Other Land Use (AFOLU) categories
(UNFCCC category 3 and 4). Within AFOLU, the main
change in net emissions comes from increased forest
land (4.A.2) (62% of the total AFOLU reductions). While
agroforestry was allocated to increased forest land, it
could have also been allocated to cropland. The choice of
category depends on whether the land is predominantly
considered forest or cropland following implementation
of agroforestry.

Next, is the category “grassland remaining grassland”
(4.C.1) where optimised livestock grazing patterns
ensures the emission reduction. After this category, the
majority of changes in emissions are due to actions that
are impossible to allocate to detailed categories. For
example, the impacts of food waste take place across
all of the categories. For this reason, the reduction is
allocated to the more general category of Agriculture and
LULUCF (3/4). An increase in net emissions (roughly 146
Mt CO,e) happens in the “land converted to cropland”
category (4.B.2) because dairy and meat alternatives
require the production of crops.

Actions that affect industrial emissions

Outside of the AFOLU categories, several CE actions
result in big changes in “Energy” (UNFCCC category 1),
“Waste” (UNFCCC category 5), and “Process Emissions”
(UNFCCC category 2). The largest single emission
reduction of 18.4 Mt CO,e is in the category “Energy:
Agriculture/Forestry/Fishing” (1.A.4.c). This comes
from industrial Carbon Capture and Utilization (CCU) in
greenhouses which substitutes the onsite combustion
of natural gas to provide CO, for the greenhouses.
Some actions have negative side effects in the form
of increased emissions for a particular category. For
example, emissions increase in the “Public electricity
and heat generation” category (1.A.1.a), due to
electricity consumption of the industrial insect-based
feed production.

Using industrial CCU in greenhouses reduces 4.7 Mt
CO,e from other manufacturing processes as it entails
capturing CO,e from industrial processes such as
ammonia production or refinery processes, steel or
cement production.
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Figure 14  Allocation of greenhouse gas emission changes in UNFCCC emission categories for AFOLU (right) as well
as Energy, Process Emissions and Waste (left). Please note that this is curr ently split into two graphs as
the scale is considerably different for AFOLU (emission category 3 and 4) and Energy, Process Emissions
and Waste (emission categories 1, 2 and 5).

Emission impact in the ETS, non-ETS and instead (Regulation (EU) 2018/842) (referred to as “Non-
LULUCF policy areas ETS” in the next graph). CO, emissions and removals
from land, land-use change, and forestry (LULUCF) are
covered in the LULUCF Regulation (Regulation (EU)
2018/841). The emission impact from decreased or
increased energy needs and the reduction of process

Many of the CE actions lead to emission reductions in
LULUCF and agriculture. Neither of these sectors are
part of the ETS, but non-CO, agricultural emissions
are currently covered by the Effort Sharing Regulation

CIRCULAR AGRIFOOD REPORT



CIRCULAR ECONOMY ACTIONS ASSESSMENT

emissions from industrial facilities fall under the ETS if
the facilities meet the Annex 1 criteria. Most importantly,
combustion activities are only included in the ETS
categories if the total rated thermal input exceeds 20
MW. This means that the ETS does not cover small-scale
onsite gas combustion for heat generation or for the
generation of CO, in greenhouses, so these emissions
are also excluded from ETS.

Therefore, only 0.2% of the net emission reduction of
the actions can be included in the ETS. 70% of the total
potential emissions reductions are LULUCF emissions
and 11% in non-ETS emissions. The remaining 19%
emission reduction is realised in non-ETS/LULUCF, as
no allocation to agriculture and/or LULUCF is possible
(see also description of limitations in the supplementary
report (Reflection on the Methodology).
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Figure 15 GHG emission changes in the policy areas: ETS, non-ETS and LULUCF (calculations based on UNFCCC

emission categories, Annex | of the ETS Directive, Climate Action Regulation and LULUCF Regulation).
References used for the calculations are provided in Appendix Il.
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REFLECTION ON THE SHORTCOMINGS OF THE APPROACH & SCOPE

The supplementary report “Reflection on the
Methodology” outlines shortcomings related to the
approach and scope of this report in more detail.
For clarification purposes, some reflections on key
assumptions and shortcomings will be briefly mentioned
here:

Co-benefits and risks are included in a qualitative
assessment of the long list of potential circular
economy actions, but these were not included in
the detailed assessment. It is crucial to include
additional impact considerations besides carbon to
avoid burden shifting. In particular, biodiversity can
be greatly affected by many of these actions. There
are also social and ethical considerations that could
be taken into account.

A really important by-product of circular economy
actions is the effect on nutrient flows, but these flows
do not form part of this study. For example, changes
to production systems or the consumption of animal
products will have far-reaching implications for
nutrient flows by affecting manure and food waste.
Ideally, nutrient flow implications would be calculated
alongside greenhouse gas emissions.

This assessment focuses exclusively on actions
related to the design of products, the application of
technologies, and production practices. However,
in order to achieve these “physical” changes, there
are a number of enabling conditions that need to
be put in place. This can include policies, education,
research, etc. These types of enabling conditions
were excluded from the scope of actions included in
this report, but can be interesting to explore in terms
of their contribution to the final outcomes.

The method applied in this study excludes any
analysis of costs (e.g., CO,e cost abatement) related
to the actions. Besides the costs of technologies or
applying different practices, many actions may have
macro-economic consequences in terms of how
Europe is positioned in the global agrifood sector.

Space and time are important factors to consider
in an assessment about potential changes in
land systems. This assessment excludes both of
these factors for simplification purposes, but it is
recognised that these factors could be included in a
follow-up assessment, because:

Europe’s agricultural land is very heterogeneous,
with extreme differences between types of soil and
climates between different parts of the continent.
A much more detailed model including spatial
heterogeneity can add additional value to an
assessment on the potential of circular economy
actions.

Time is a very critical factor in climate science.
Different greenhouse gasses result in climate
forcing for different lengths of time and some
actions (for example carbon storage in soils)
only have short term positive effects. This report
only outlines the potential impact of actions at
their peak potential in a single year. However, it is
possible to build a much more robust model that
estimates how the positive effects of CE actions
evolve over time.

There are other critical elements of time that are
excluded in the baseline assessment. Again, only
the impact of the CE actions for 2016 are included
in the report, but populations and consumption
patterns continue to change over time. The
reduction potential of CE actions related to
changing factors will thus continue to evolve.

CIRCULAR AGRIFOOD REPORT



IR
ot




Europe’s agrifood sector has the potential to serve as
a net carbon sink through actions designed to reduce
or return more carbon to land and vegetation than
is emitted. This study shows that between 360,000
and 2.1 million kT CO,e emissions could be avoided
or sequestered. However, reaching these numbers
requires a major shift in not only people’s diets, but
also production-systems and the way we try to avoid
and handle waste. This effectively means changing the
face of the agricultural system, as well as the types of
products that are available to consumers. There are
serious challenges regarding the technical, social, and
economic implications and feasibility of such changes.
For example, substantially reducing the production and
consumption of animal products or greatly reducing
food waste will be major undertakings.

If we look at actions that can potentially reduce
greenhouse gas emissions, the total avoided CO,e will
be around 300,000 kT, two-thirds of the current agrifood
system'’s emissions. Actions that sequester carbon in
soil and vegetation show high potential (around 900,000
kT), nearly twice the annual emissions of the agrifood
system. However, these actions also come with the
highest uncertainty. The outcomes depend on how
and where they are applied. Actions designed to return
carbon to soil and vegetation are also limited in time
as there is a maximum amount of carbon that can be
stored this way. After just a few decades the maximum
potential of these actions would be reached.

Policymakers should start by aligning economic
incentives, land-use planning, and other policies in
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order to change patterns of behaviour at each stage
of the current agrifood value chain. Looking at the
end of life, it seems that a coherent approach to food
waste reduction throughout Europe may be possible.
Meanwhile, much more progress could be made in
the Design and Production categories. The degree
of regional specialisation across countries poses a
significant challenge to European-level policies (e.g.
the Farm to Fork Strategy). Regional specialties in food
production means that interventions in land use and
production systems may be best deployed by Member
States, with guidance and support from the EU.

As mentioned, there are many social and cultural
challenges attached to implementing certain CE actions,
because food choices and a country’s landscapes are
socially and culturally determined. At the end of the
day, policy is guided by social models and paradigms.
The European Green Deal, Farm to Fork Strategy, and
forthcoming Action Plans must therefore not only
integrate production and consumption interventions
into a cohesive strategy, but must also situate these
actions in a broader social and cultural narrative if they
hope to achieve real transformation. If the goal were
extended further to include other environmental issues
(e.g., nutrient pollution, biodiversity, etc), it is likely
that similar actions would be identified and we would
find ourselves facing the same barriers. To meet key
societal goals requires figuring out how to change our
policies, economy, and most importantly the paradigms
informing how our food system is structured.
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NEXT STEPS

This study has used a relatively simplistic approach to
evaluate the potential reductions gains of CE actions
to guide policy makers towards areas for further

exploration. Steps that need to be taken to turn this
report into action are:

First: figuring out which enabling conditions need to be put in place before physical interventions can
be implemented. That means changing incentive structures, land-use planning, policies, consumer
behaviour, etc. Additionally, an integrated approach to implementing a circular economy is necessary.
As an example, both consumption and production patterns need to change simultaneously. If livestock
production is reduced, without reducing consumption, then impacts will simply be shifted to another
region while negatively impacting the European economy.

The EEA is currently working on several projects that work to help identify new climate mitigation and
circular economy policies and measures. This study is an important input for identifying where to focus
some of these efforts.

Second: recognizing that additional insights are needed to strengthen the findings of this study. There
are major differences in terms of specialisation per region. Some countries are highly specialised in
livestock production and a few countries have significant greenhouse horticulture, for example. This
study has an EU-wide setup, but evaluating regional differences will be necessary to work further towards
implementation.

Besides regional differentiation, there are other points of improvement that can be incorporated in follow-
up research. This includes better capturing the context of time and space, especially when considering
actions like agroforestry, which can differ drastically over time and space. Any additional research should
also include evaluation of co-benefits and tradeoffs related to circular economy actions. In particular, the
intersection of climate mitigation, resource use, and biodiversity is critical, and this is another area the
EEA is working on in parallel.

This study demonstrates more broadly the value of the
methodology originally designed by le Den et al., 2020
and applied to the building sector). At the same time, it
works to identify further potential adaptations described
in the “Reflection on the Methodology” supplementary
report. The methodology reflections, as well as the
results of this study, will be shared with experts on

climate mitigation and circular economy in the EU and
EEA member countries. The methodology outlined in
this report can be applied to national contexts as well.
It is also relevant to consider application of this generic
methodology to a third sector, besides the building and
agrifood sectors, but plans for that have not yet been
set up.
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APPENDICES
APPENDIX I: FULL LIST OF CE ACTIONS

Basic information table for long-list of actions

CE ACTION DESCRIPTION ASSUMPTIONS QUANTIFIABILITY APPLICABILITY

Agroforestry Agroforestry is a European Agroforestry Federation High. A lot of research ~ Medium. It would be
collective name for (2020) estimations that Excluding has been done on impossible to apply
land-use systems where  protected areas (NATURA 2000, this already, though this universally and
trees, shrubs, palms, Ramsar) and areas with existing estimated ranges are there are a lot of
bamboos, etc. are grown  agroforestry, an area of 119,890 million  pretty wide barriers to applying
on the same land as ha (arable 95.89 Mha, permanent widely across the EU.
agricultural crops and/or  grassland 24.00 Mha) is the possible
animals. target area for new and regenerated

agroforestry by 2030. Kay et al. (2019)
estimates that between 17 and 448
tonnes of CO,e can be stored per km2

per year.

Algae-based feed Algae-based feed has This article highlights an enormous Low. Quite some Low. Quite some
been explored as aless  potential for minimizing GHG relevant studies have  relevant studies
land-intensive source emissions, both through LUC prevention = been done, but many have been done,
of high-quality animal as well as direct sequestration. are quite experimental  but many are quite
feed. Additionally, waste  In the research, they are taking pilot projects. Results  experimental pilot
CO, or other waste the assumption that up to 25% of are contradictory. projects. Results are
carbon can also be energy-production emissions can contradictory.
utilized directly in algae  be sequestered in algae production. Medium. Would
production systems, However, further research indicates need to be applied in
which makes it possible  high uncertainties, often increased regions with access
to use as a form of emissions compared to a baseline, and to high purity CO,
sequestration. an indication that massive scale up will sources.

be needed to achieve economies of
scale which can also prevent impacts

Algae-based food Algae can also be In this article, it is assumed in one Low. Quite some Low. Would need to
grown as a direct scenario to replace around 15% of relevant studies have be applied in regions
alternative food source  food/feed consumption, which is quite  been done, but many with access to high
for human consumption.  an extreme example. In the end, the are quite experimental  purity CO, sources.

A potential benefit impact potential is clearly very high pilot projects. Results  Additionally, there are
in addition to saving however, and it is just the many aspects  are contradictory. major socio-cultural
land and sequestering of feasibility that keeps the potential barriers to adopting
carbon is that algae low. algae-based food

can be used to produce
renewable fuel and food
as coproducts.

Alternative Some companies Pesticides only account for a very Medium. There is High. If the

pesticides produce lower-impact small fraction of emissions and are LCA data on some alternative options
pesticides from natural  mostly interesting for their biodiversity  pesticides, but likely are proven to
organic sources that are  implications. They would also have very little on novel work well and at a
supposed toresultina  animpact indirectly (e.g. effects on "low-impact"” types. comparable price,
lower production impact  pollinators, soil quality, etc, could then there would be
as well as less impact also have an impact on emissions), no reason to avoid
on the environment. but these systemic effects would be adoption.

difficult to quantify).
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CE ACTION

Animal byproduct
composting

Aquaponics

DESCRIPTION

One treatment option
for animal byproducts
(for example from meat
or dairy processing)

is composting and

use of the compost in
gardening or agriculture

Aquaponics is the

co production of fish
and crops in a closed
greenhouse system.
Nutrients from fish in
the water are used to
fertilize the plants, while
the plants clean the
water, reducing filtration
demands

Biogas for heating The conventional best

greenhouses

practice in greenhouses
is to use natural gas for
heating, power, and CO,
inputs. However, if the
gas inputs were from
organic sources (e.g.
manure, food waste)

in the form of biogas,
this could prevent some
additional emissions.

ASSUMPTIONS

"Composting is only acknowledged

as an emission reduction project if
the “baseline scenario” in a specific
country causes significant greenhouse
gas emissions (UNFCCC/CCNUCC,
2008)." This essentially only applies
to landfill, so the emissions reduction
potential of Europe would be relatively
low. Additionally, the volume/mass of
animal byproducts in the total organic
waste stream is very small compared
to, say, food waste in general.

While there are some GHG emissions
savings from using a landless system
and from minimizing fertilizer demands,
these systems typically have a higher
impact due to both the embodied
impacts of the equipment and the
energy required for operating this
equipment (e.g. heating, cooling, light,
pump operation).

In Europe, there was around 400k
hectares of greenhouse horticulture

in 2017 (concentrated mostly in a

few countries). In 2012, the total GHG
emissions of around 200,000 hectares
of EU greenhouses was around 9.2

Mt, which only comes out to around

2% of the total impact. In certain
countries, like the NL, it is an important
decarbonization strategy, but this

isn't the case EU wide. Of course, if
greenhouses were expanded as well
(e.g. as a potential sink for carbon,

in vertical systems to minimize land
intensity), then this could become more
significant in the future.

APPENDICES

QUANTIFIABILITY APPLICABILITY

High. Impacts are
fairly well studied

for different types of
organic wastes and
their treatment options

Medium. Well studied,
but every system is
different.

High. Plenty of studies
available on biogas and
greenhouse systems,
especially in the NL

High. Compost use
is ubiquitous and this
action is not difficult
to apply in any
context

Medium-high. This
could be applied
most places, but it
does require a fairly
high capital input.

Low. Most regions
do not have
considerable
emissions
associated with
greenhouses (though
for some countries

it can be quite
significant)
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CE ACTION

Biogas production Biogas can be made
through digestion of
organic material, such

from manure

Cellulosic waste
packaging

Coffee grounds
based substrate

Compostable
packaging

Conservation
tillage

Crop genetic
optimization
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DESCRIPTION

Organic wastes such as
crop residues or food
processing wastes can
also be used to produce

packaging (either

bioplastics or other
materials like pressed

bagasse).

Coffee grounds can be
used to grow products
like mushrooms, instead

of soil

Compostable packaging
is mainly pursued as an
alternative in order to
prevent the impacts of
plastics that end up in

the environment.

Increases soil's capacity

to hold carbon by
preventing erosion

Crop varieties with

higher yields or lower

input demands can

decrease the overall

GHG footprint

ASSUMPTIONS

The "realistic biogas potential from
manure in the EU" was estimated at 16
billion m3, compared to the EU's 470

as manure or food waste  billion m3 of natural gas consumption.
Additionally, natural gas has a higher
energy value than biogas (meaning you
can't substitute these 1-1). 1 m3 natural
gas has an emission of around 1.9 kg
CO0,eq, with biogas saving around 80%
of this carbon footprint. This comes out
to roughly 24 Mt CO,eq

Packaging only accounts for a small
share of agrifood-related emissions.
Even if bioplastics or other alternative
packaging materials were able to
significantly reduce the impacts
compared to the current system, this
would still be only a small share. The
size of that impact in a complete
adoption scenario is dependent on the
impact accounting approach. If the
process of converting cellulosic waste
into packaging is nearly negligible,
and the impact accounting approach
assigns no impact to that waste
material, then it could save nearly the
full amount of packaging impact if
universally adopted.

Very minimal - it is a convenient
substrate, but not particularly low
impact compared to alternatives

Less than 1% of EU agrifood related
emissions are due to packaging
end-of-life treatment (e.g. recycling,
incineration). Even of this amount, likely
a large share is due to logistics, instead
of the processing. If anything, separate
collection of compostable packaging
might increase emissions.

"There’s limited scientific understanding
of what keeps soil carbon sequestered,
and, as a result, uncertainty about
whether regenerative practices actually
sequester additional carbon. For
example, there is an active scientific
debate about whether no-till, the
primary practice relied upon by
proponents of regenerative agriculture
to generate climate benefits, actually
increases soil carbon when properly

measured.”

We're near the ceiling with non-GMO
optimization that can occur in the short-
medium term. GMOs that can increase
yields are possible, but they could come
at the expense of long-term soil heath,

or other tradeoffs

QUANTIFIABILITY APPLICABILITY

High.

Medium-high. Many

LCAs available for
various materials.

High

Medium-high. Data

available from various

studies

Hard to quantify, seen

more as a way of

reducing soil erosion.

Low.

Low to medium. Only
relevant in systems
where manure can be
easily collected

High. Many of these
materials can act as
drop-in solutions

Low - only relevant
for mushrooms

High. Could act as a
drop-in solution

Conservation tillage
can be universally
applied, though there
is some concern
that it can result

in additional need
for pesticides in
different contexts
(e.g. fungicides in
wetter climates)

Low



CE ACTION

Crop rotation

DESCRIPTION

Crop rotation can result
in higher yields, less
fertilizer or pesticide
consumption, and less
NOx emissions

Much like natural fruit
and vegetable peels
protect produce quality,
edible packaging has
been suggested as an
approach to prevent
packaging waste.
Instead, products
would be packaged in
packaging that can be
eaten at the end of life.

Edible packaging

Equipment
sharing

Some farm equipment
is infrequently used
and could potentially be
shared among farmers
to prevent unnecessary
consumption

Farming
automation

Farming automation
entails using machinery
instead of human labor
for a large share of the
farming work

Fertilizers from
faeces

Instead of mining and
industrial production

of fertilizers using the
energy-intensive Haber-
Bosch process, high-
quality fertilizers can be
produced from manure

ASSUMPTIONS

"Comparing the corn phase of a corn-
soybean rotation to continuous corn
showed an average yield benefit of
more than 20 percent and a cumulative
reduction in nitrous oxide emissions of
approximately 35 percent."

If these types of benefits are applied to
all crop production, there would be an
enormous decrease of CO,e emissions.
However, these types of rotations are
well known and widely applied, so we
would need to also take into account
where this provides an additional
benefit over the current system.

Presumably this could prevent all
downstream packaging emissions,
though upstream production emissions
would likely be the same or even higher
for edible packaging. The potential
applications of edible packaging in the
short to medium term are low, so this
should be considered a niche action at
best.

Only accounts for a very tiny share of
the impacts and really is infeasible

to apply on a meaningful scale (too
much effort, very little use case since
equipment is generally needed around
the same time, etc)

Negligible or even negative.

Fertilizers are only accounting for
around 1% of the total emissions

APPENDICES

QUANTIFIABILITY APPLICABILITY

Low.

Low. Only
experimental, design
prototype style
products with no LCAs

Low.

Medium

High

High

Low. Food safety
regulations

and technical
requirements
limit the potential
applications

Low

High

High
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CE ACTION DESCRIPTION
Fertilizers from Instead of mining and
food waste industrial production

of fertilizers using
the energy-intensive
Haber-Bosch process,
high-quality fertilizers
can be produced from
food waste

Fertilizers from
processed manure

Instead of mining and
industrial production

of fertilizers using the
energy-intensive Haber-
Bosch process, high-
quality fertilizers can be
produced from manure

Fertilizers from Instead of mining

urine phosphorus, it can
be recovered in high
volumes from urine

First gen First generation

bioplastics bioplastics are

plastics made from
primary crops, such

as sugarcane, corn, or
other crops grown for
this purpose. In addition
to many environmental
tradeoffs in production,
bioplastics also can
have a questionable
impact downstream.
While some bioplastics
are compostable,

most are only
compostable under
industrial composting
conditions that the
majority never reaches,
while bioplastics also
commonly contaminate
general plastics
recycling.
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ASSUMPTIONS

Fertilizers are only accounting for
around 1% of the total emissions

Fertilizers are only accounting for
around 1% of the total emissions

Fertilizers are only accounting for
around 1% of the total emissions

Packaging only accounts for a small
share of agrifood-related emissions.
Even if bioplastics or other alternative
packaging materials were able to
halve the impacts compared to the
current system, this would still be

only a small share. For bioplastics in
general, the benefits are questionable.
While most LCA studies find carbon
savings, this is largely due to exclusion
of the LUC impacts associated with
additional demands for primary crops.
For first generation bioplastics, we
should consider the carbon savings as
negligible.

QUANTIFIABILITY APPLICABILITY

High

High

High

Medium-high. There
are many studies,
though the accounting
approaches are hotly
debated.

High

High

High

High. Bioplastics

are typically slightly
more expensive, but
can serve as drop-in
solutions for fossil-
fuel based plastics in
many cases.



CE ACTION

Food loss
prevention: on
farm

Food
manufacturing
efficiency

DESCRIPTION

On farm wastage occurs
when farmers dispose
of food that does not
meet buyers’ stringent
aesthetic requirements
or over produce as an
insurance against a poor
harvest that might lead
to under-supplying strict

supply contracts, (Stuart,

2009)

Some of the largest
consumption-based
emissions in Exiobase
come from food
processing. If we

look at the sources of
emissions in the food
processing sector, it
seems they largely
come from refrigerants
and from energy use

in manufacturing. In
particular, refrigerants
have a high impact,
though the type with the
highest impact is being
phased out from 2020
onwards.

ASSUMPTIONS

Around 22.5% of food waste is occuring
at the farm level. As production-based
emissions in the EU related to food
waste treatment come out to around
4.7%, only around 2.4% of emissions
could be prevented directly through
mitigation. However, there are also
impact savings that come from
minimizing the food that needs to

be produced to meet demand. While
there is not a 1-1 ratio of food waste
prevention and a decrease in overall
consumption, we assume the majority
of food waste prevented translates to
less production - up to 30% which is
the share of all food that is wasted.
However, most food waste on the farm
level is from crop production, which
only accounts for around 12-14% of the
total emissions. If loss at the farm level
is prevented entirely, this could add up
to nearly 1% of the total emissions.

This would need to be explored much
further, but we are assuming here that
a 10% reduction could be achieved

in emissions intensity globally. For
consumption-based emissions, this
could mean a 4% reduction.

APPENDICES

QUANTIFIABILITY APPLICABILITY

High. Many studies
available on food
losses and plenty

of data available on
embodied impacts of
food production and
food waste treatment

Medium-low. Could be
pieced together, but
data is very limited.

There isn't likely to be
major differences in
applicability across
regions

High. Since there
are relatively few
processors with
influence in this part
of the value chain, it
would be easier to
apply universally.
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CE ACTION DESCRIPTION ASSUMPTIONS QUANTIFIABILITY APPLICABILITY
Food preservation Food preservation (e.g.  There are several factors at play and Low. Lots of Medium. Could be
canning, drying, etc) can  no good reports that accounts for all of  complexities to be broadly applied,
extend the lifespan of these issues: considered but consumer
products considerably, - Food preservation costs more energy preferences would
reducing food waste. in processing likely limit potential
Additionally, consumers - It may also mean more packaging application
want the same foods - However, it can greatly extend the
year round, whether or lifespan of foods and minimize waste.

not they are in season For example, at-home reported food
and food preservation waste in Austrian households was six

can also maintain times higher for fresh foods than for
nutrient content of preserved foods.
products. - Food processing may mean a higher

nutrient delivery than fresh foods which
lose nutritional quality over time

- Many fresh foods (e.g. produce, fish)
may require refrigeration during storage
and transport, while dried or canned
goods do not

- Food preservation can either add or
remove mass or volume (e.g. canning
means adding water, drying results

in removing it), which can affect the
impacts of transportation

- Some preserved foods (e.g. dried
beans) might take more energy to
prepare at home, while others (e.g.
canned beans) would take less energy
than fresh

All taken together, it seems that the
opportunity for positive impacts are
greater than the potential negative
ones. And between the potential for
minimizing consumer food waste by
up to ~80% and replacing long periods
of refrigeration with a single time of
processing energy, it seems like the
impacts would be very positive. In this
situation, as a rough assessment, we
will only consider an extreme food
preservation scenario where all foods
are preserved, minimizing at-home food
waste by 80%
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CE ACTION

Food waste

management
(composting,
biodigestion)

Food waste
prevention: food
processing

Food waste
prevention:
household

APPENDICES

DESCRIPTION ASSUMPTIONS QUANTIFIABILITY APPLICABILITY
Composting food waste  Overall production-based emissions High, but we would Could be easily

can result in much lower  associated with food waste landfill need to look more universally applied,
impacts than landfilling, is around 6-7%, so if this can be comprehensively at though there would
as well as providing minimized through composting, food waste collection  be feasibility issues
benefits by returning then it is a fair amount of savings. and treatment. associated with
nutrients to the soil “When organic waste is land filled, a collection

fermentation or rotting process will
start due to a lack of oxygen. During
fermentation microbes will emit
methane, a greenhouse gas which

is ca 25 times stronger than carbon
dioxide. The new composting scenario,
“avoids” the emission of methane for a
substantial part, but on the other hand
causes more emissions due to the
transport of biomass and fuel use on
the composting facility. The emissions
of N20 due to microbial activities may
also be higher during composting than
during fermentation.” We assume here
for this scenario that all food waste
could be collected and composted,
and that this system can halve the
emissions associated with food waste

landfill.
Manufacturing Around 10.6% of food waste occurs at  Low. Not much data High. The same
processes also require  the food processing level. However, it available on the details  types of actions that
standardised sizes should also be noted that preventing of processing food can be taken in one
and weights, leading this waste doesn't actually lead to waste region would likely be
to trimmings which are  preventing production in the same applicable in another.
often cheaper to dispose =~ way - the majority of food waste from
of than re-use processing ends up as feed or is

used in another extractive industry.
processing ~19% Only a small share of impact could be
of food loss in EU prevented through waste prevention at
with a large range of this level for this reason (though any
uncertainty unutilized waste should obviously be

http://www.eu-fusions.  diverted).
org/phocadownload/

Publications/

Estimates%200f%20
European%20food%20
waste%20levels.pdf

by-products destined
for animal feed and bio-
based products are not
included in this figure

Food waste results Almost 50% of all food waste occurs High. Embodied High, but some
in more food being in the home, which is around 15% of all  impacts of food and barriers due to
produced than is needed production. This contributes to around  the impacts of waste cultural practices
and additional impacts  half of the emissions associated with treatment are well

during waste treatment.  food waste treatment (around 5% known

Minimizing food waste  of overall sector production-related

can have a considerable ~ emissions). If food waste at home was

impact. The majority of  halved, we are in the range of 5-10% of

food waste occurs at overall emissions.

home.

CIRCULAR AGRIFOOD REPORT



APPENDICES

CE ACTION DESCRIPTION ASSUMPTIONS QUANTIFIABILITY APPLICABILITY
Food waste 70% of EU food waste Around 9.8% of food waste occurs at Medium. There are High, but some
prevention: arises in the household,  the level of food services (around 3% some studies on food  barriers due to
restaurants/ food service and retail of overall production). If this could be ~ waste in the food cultural practices
catering sectors, with production  prevented entirely, it could offsetupto  service industry, but

and processing sectors  around 3% of overall agrifood sector this is quite different

contributing the impacts. from there being data

remaining 30% available.

http://www.eu-fusions.
org/phocadownload/
Publications/
Estimates%200f%20
European%20food%20

waste%20levels.pdf

Food waste A reliance on overly Despite the huge focus on food waste ~ Low. Probably quite Actions that can
prevention: retail  cautious “sell by” dates  at the retail level, only around 6.8% difficult both to get work in retail would
also leads to large is wasted at this part of the value information about how  likely be possible to
wastage by retailers chain. If all of this waste could be much food is wasted at ~ apply universally to
(Gustavsson et al., 2011; ~ prevented however, it would make a the retail level, as well  retail in Europe.
Stuart, 2009). small, but significant impact in terms as get insight into what
of preventing excess food demand and  type of food products
70% of EU food waste resulting in additional, unnecessary are wasted.

arises in the household,  production (e.g. up to around 2%).
food service and retail
sectors, with production
and processing sectors
contributing the
remaining 30%
http://www.eu-fusions.
org/phocadownload/
Publications/
Estimates%200f%20
European%20food%20

waste%20levels.pdf

Green and gray Instead of using "blue”  Since water consumption is not Medium High
water utilization  fresh water, agriculture  contributing significantly to the overall

can make use of rain carbon impact, the savings would be

water or greywater for small

irrigation
Green waste Green waste can be Fertilizers are only accounting for High High
composting composted or even around 1% of the total emissions

turned into higher-quality
fertilizers, but the impact
savings potential is

small
Hydroponics Hydroponics is a The potential for land savings is there, ~ Medium. Some data High
closed-system form of  but these systems generally require a available, but not
horticulture where plants  lot of energy to operate. Even if that comprehensive
are grown on a non-soil  energy is renewable, on the short to
substrate medium term that will mean that less

renewable energy is available to meet
other demands. The carbon impact of
this is therefore marginal.
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CE ACTION DESCRIPTION
Improved food Food labeling is known
labeling to be confusing to

consumers, resulting

in food being thrown
away while it is still
edible, nutritious, and
safe. Additionally, it is
not only consumers
that react to these
labels - wholesalers
and retailers also throw
away food based on
labels, even before "best
by" dates have past, to
minimize complaints
from consumers.

Increased dairy
alternatives

Dairy alternatives are
alternatives to products
made from milk (e.g.
milk itself, cheese,
yogurt) from grains,
legumes, seeds, or nuts

Industrial CCU in
greenhouses

Fairly pure or purified
CO0, from energy or
manufacturing can be
used in greenhouse
horticulture to increase
the production
efficiencies of the
crops. This offers

an opportunity for
sequestration directly in
the food system.

Insects like crickets and
larvae can efficiently
convert food waste

into protein with a far
lower impact than meat
production

Insect-based feed

ASSUMPTIONS

Assumptions here depend on
understanding how much food is
thrown away due to labelling vs

other reasons and it is difficult to

find any data on this. Since the total
potential for impact savings from
retail, food service, and home food
waste prevention is so high, | would
think this is very significant. Also, my
own experiences in food rescue work
indicate it is extremely important in
value chain waste (e.g. distributors will
throw away entire shipments of food if
they are within a week or two of their
"best by" dates, since by the time they
make it to shelves it will be cutting it
close).

In this scenario, we assume that

dairy can be replaced entirely with
alternative products. Only the savings
from eliminating dairy are considered.
There would obviously be some impact
from producing the alternatives, though
these would be marginal compared

to the savings and still likely put this
action in the same rank.

This article highlights an enormous
potential for minimizing GHG
emissions, both through LUC prevention
as well as direct sequestration.

In the research, they are taking

the assumption that up to 25% of
energy-production emissions can

be sequestered in algae production.
However, further research indicates
high uncertainties, often increased
emissions compared to a baseline, and
an indication that massive scale up will
be needed to achieve economies of
scale which can also prevent impacts.

Insects can be used as feed for poultry
and pigs, but not for cattle. 7-8% of
the total emissions of agrifood are
due to the production of poultry and
pigs. If we assume that half of this is
due to the feed and that insect-based
feed could halve impacts compared to
other alternatives, then this comes out
to a small, but not negligible savings
of around 1.5-2% of overall agrifood
impacts.

APPENDICES 67

QUANTIFIABILITY APPLICABILITY

Low. No good studies
found quantifying this.

Medium-high. Impacts
of dairy production
are well covered. The
alternatives are varied
with big difference
between them

Low. Quite some
relevant studies have
been done, but many
are quite experimental
pilot projects. Results
are contradictory

Medium-high. There is
some data available
on insect production,
but it is still piecemeal
as itisn't very widely
applied yet

Very high, as long as
labeling requirements
are universally
applied

This alternative
can be applied
universally, though
obviously there are
stronger cultural,
economic, and
political barriers in
different regions.

Medium. Would
need to be applied in
regions with access
to high purity CO,
sources

The main challenges
to applicability are
due to sources of
safe, high-quality
food waste with

no contaminants

to use in the insect
production.

CIRCULAR AGRIFOOD REPORT
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CE ACTION

Insect-based
protein

Integrated pest
management
strategies

Lab-grown
protein/precision
fermentation

Livestock CCU

Livestock genetic
optimization
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DESCRIPTION

ASSUMPTIONS

Insects like crickets and ~ The emissions savings are anywhere

larvae can efficiently
convert food waste
into protein with a far
lower impact than meat
production

Integrated pest
management entails
minimizing pesticide
use (but not eliminating
it) through a holistic
approach to pest
management

Lab-grown meat has
been in the news for
the last decade, but

going beyond only meat,

precision fermentation
in general is claiming
to be a replacement for
arable farming as well
as livestock production.
The claims are that
this would be far more
resource efficient,

except when it comes to

energy

Some experiments
have been done to
capture methane from
livestock either through
very ridiculous bags
attached to cattle, or

in intensive systems

through collection in the

buildings used to house
livestock

The genetic makeup

of cattle determines
how efficiently they can
process feed and also

how much methane they

produce in digestion.
Selecting species
with a lower impact or
selective breeding to
produce livestock with
less impact is a hot

topic currently.

from 50-90% compared to poultry or
beef. We assume for this max benefit
scenario that all meat can be replaced
with insect protein at a 70% average
reduction.

Pesticides are only a small share of the
GHG emissions. We assume that yield
is not significantly affected by this

There is no way to quantify the
impacts of precision fermentation

at the moment, or lab-grown meat,
since this is just now being piloted.
We can assume however, that this

has the potential to eliminate meat
consumption, but at a much higher
energy cost than simply growing
plant-based protein through arable
farming. Since renewable energy is

a limited resource, even if this were
done with renewables, that would
come at the cost of renewables being
used somewhere else. So for now, it is
safer to assume that this action has a
much lower carbon savings potential
compared to "more conventional” meat
replacement.

Enteric fermentation from cattle is the
main source of emissions (accounting
for around 14% of all emissions
globally). Emissions from cattle (dairy
and ruminant meat) account for more
than 40% of EU agrifood emissions. We
assume that at least 30% of this is due
to enteric fermentation alone. If it were
to be captured, then the carbon savings
are potentially very large, though
feasibility is a huge issue.

No actual data available, so assumed
very low

QUANTIFIABILITY APPLICABILITY

Medium-high. There is
some data available
on insect production,
but it is still piecemeal
as itisn't very widely
applied yet

Medium, through
pesticides LCAs for
specific products

Very low. Experimental
technologies, so little
basis for comparison

Medium. Some data
available, but mostly
very experimental

Low. No studies found
quantifying this, though
many pointing to this
as a point of research

Medium. The
feasibility of
widespread adoption
is low, but it could
technically be applied
anywhere that food
waste is available.
The protein isn't as
easy to replace meat
with however.

High. Can be applied
fairly universally,
though feasibility
would be lower in
regions with higher
labor costs.

High - presumably the
meat alternatives at
least could be made
indistinguishable
from meat.

Low. Can only
really be applied
to livestock who
are kept indoors in
intensive systems

Low. Different
regions have their
own varieties of
cattle suited to the
climate, etc
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CE ACTION DESCRIPTION ASSUMPTIONS QUANTIFIABILITY APPLICABILITY
Local food The local food Local food can reduce transportation High High

movement is about impacts (which do account for up to

minimizing "food miles"  5-6% of the total agrifood impacts), but

or the transportation often a small difference in production

distances that food efficiencies can make up for a longer

needs to travel before it  travel distance.
reaches the consumer.

Low-impact diets  In order of impact: Plant-  Plant-based (56% GHGe reduction) High High

based, reduce animal reduce animal protein by half (43%

protein by half, 70% less  GHGe reduction), 70% less beef (35%

beef, mediterranean GHGe reduction), mediterranean (11%

GHGe reduction)

Low-impact As the freight sector Transportation accounts for around High, but also very High
freight decarbonizes, this can 5-6% of the total food impacts, so scenario-dependent

also cut down emissions  a more efficient freight system can

from the food system also reduce impacts allocated to

the agrifood value chain. Shipping is
already far more efficient per tonne-km
than other modes of transportation
(50% emissions reduction compared
to rail, 80% compared to truck, 2%
compared to air). Even though it is
more efficient, it still accounts for a
large share of impacts - and switching
to cleaner fuels like LNG or even

just diesel, already makes a huge
difference. On land, truck routes and
vehicles are as energy efficient as
possible to minimize costs. The next
step for reducing impacts will be to
switch to cleaner fuels or electric.
Even air is working on cleaner fuels
(e.qg. biofuel), but they have much
further to go before a feasible option
can be adopted. The best way to go is
to minimize the amount of air freight
used for food products. All in all, if

we assume big changes in the freight
system can halve the impact of freight
over the coming decades, then it could
reduce overall impacts by 2.5-3%

Low-impact Low-impact irrigation Since water consumption is not Medium High

irrigation could include techniques = contributing significantly to the overall
to minimize water carbon impact, the savings would be
consumption in small
agriculture

Manual weeding  Manual weeding is Very low potential. Pesticides are only ~ High. Low. Labor costs are
labor intensive but can ~ a small share of the carbon impact and too high, especially
provide an alternative to ~ weeds are only one type of pest. for the benefit

pesticide use
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CE ACTION DESCRIPTION ASSUMPTIONS
Manure Instead of mining and Fertilizers are only accounting for
composting industrial production around 1% of the total emissions

of fertilizers using the
energy-intensive Haber-
Bosch process, manure
can be composted and
used to provide nutrients
for production

Manure can be used
directly as a substrate
for growing crops in

Manure-based
substrate

Very minimal - it is a convenient
substrate, but not particularly low
impact compared to alternatives

In this scenario, we are assuming that
meat is replaced entirely. However,

it would probably not be entirely
eliminated (some livestock can be
raised on waste or marginal land that is
otherwise of little value). Additionally,
even if meat were entirely eliminated,
there would be some additional impacts
coming from producing additional
plant-based products.

Meat replacement Increasingly there are
meat replacement
products on the market
made from plant-based
ingredients that taste
like and have similar
nutrient profiles to meat.
It seems that the main
barriers to eliminating
meat consumption are
slowly being addressed.

Methane capture
from waste
treatment

A large share of
emissions arise

from landfilling food
waste that ends up

in municipal waste
streams. If methane
emissions from landfills
were captured, it could
prevent loss of these
emissions and be used
as an energy source.

Nearly 9% of agrifood related emissions
are due to food waste landfill. The
assumption here is that the methane
emissions from landfilling account for
the entire share, while some is likely
due to logistics, etc.

More efficient Refrigerants along the Almost 3% of the agrifood sector's

cold chain entire agrifood value emissions are due to refrigeration.
chain prevent food loss,  If the efficiency of this were to be
but it comes at the doubled, then we could achieve around
cost of emissions from  a 1.5% emissions reduction.
refrigeration

Optimizing It is claimed that careful ~ Hotly debated, but some research

stocking intensity grazing of cattle on

and rotational degraded marginal land

grazing patterns  can be done in a way
that is climate neutral.

indicates that careful grazing pattern
management (which is a labor intensive
process) can make meat cattle
production carbon neutral. If this claim
were true, that means that climate-
neutral cattle could be produced
(insofar as degraded marginal lands
were available to accommodate them).
If we assume ALL cattle is produced

in conventional intensive systems in
Europe and that all could be shifted

to an alternative, low-impact grazing
system feasibly, this could account for
close to 22% of EU emissions. Even

if we assume that half of this or less

is possible, then it would still put the
action in the top impact tier.
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QUANTIFIABILITY APPLICABILITY

High

High

Medium-high. Impacts

of meat production
are well covered. The

alternatives are varied
with big differences

between them, which

would need to be

explored further.

High

Medium.

Medium. Some studies

out there, but | think
a lot of piecemeal
calculations would
have to made to
assess this properly.

High

High

This alternative
can be applied
universally, though
obviously there are
stronger cultural,
economic, and
political barriers in
different regions.

High

High

Medium to low -
would need to be
further explored.

It would only save
emissions where
you could transition
a high-impact
production system to
marginal land



CE ACTION

Organic
production

DESCRIPTION

Organic production
includes crops and
livestocks produced
without fertilizers or
pesticides that are
deemed unnatural and
sometimes with more
eco-friendly production
practices as well.

Organics
recycling into
non-agrifood

Different organic waste
streams can be used to
make non-food products

products (e.g. textiles, building
materials, etc)
Packaging Plastics in particular

are often difficult

to recycle back into
similar products.
Instead, plastics are
often downcycled into
low-quality composite
materials that are

used in things like park

downcycling

benches
Packaging Packaging can be
prevention prevented/minimized

by larger pack sizes,

lightweighting, etc
Packaging Much packaging used in
recycling agrifood products is not

captured for recycling in
current systems

Plant-based diets  Eating plant based: high
impact individual carbon
mitigation step. Lessens
land use change by

eliminating feed crops.

ASSUMPTIONS

While it is not necessarily the case
that there will be a yield gap, this is the
current reality, which means that more
land is necessary to produce the same
amount of product. This makes up for
most, if not all, carbon savings due

to other differences with non-organic
agriculture.

The size of the impact depends on the
material that is replaced and what is
produced. There are hundreds of niche
products (fruit leather, coffee scrubs,
etc) made from organic waste streams.
However, the potential of each of
these is limited both by the availability
of specific waste streams, as well

as by the market for these products.
We should assume therefore that the
potential impact savings is small.

The carbon savings of this action are
minimal

Overall, agrifood related packaging
accounts for around 2.5% of
production-based emissions and 1.7%
of consumption-based emissions. We
assume that packaging could be halved
with no negative tradeoffs (e.g. food
waste) for this extreme scenario.

Packaging only accounts for around
2.5% of production-based impacts or
1.7% of consumption-based impacts in
the agrifood system. A 100% recycling
scenario might save a high amount of
this impact (e.g. 50%) but this would
still be a fairly low total impact even in
an extreme case.

Reduction of 0.9 tonnes of CO,e per
yr, Animal products (meat, eggs, and
dairy) account for around 41% of
production-based emissions of the
agrifood system in the EU, and 22% of
the consumption-based emissions.
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QUANTIFIABILITY APPLICABILITY

Medium.

Very low. Too many
options and impact

High

Low

profiles, most of them

very niche with poor
data

Low. Many different
options available

Medium.

High

High

High

High

High

High
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CE ACTION DESCRIPTION ASSUMPTIONS
Polyculture Polyculture is the It seems like yield boosts are in the
simultaneous production = range of 10-20%, so for this rough
of two or more species  assessment we can assume that crop
of crops or livestock production impacts are decreased by
together in a symbiotic ~ around 15%. This doesn't however take
way which brings into account any additional energy
benefits in terms of use, etc that might be required for
yield, but requires a harvesting, for example.
different system for
harvest, for example.
This is in opposition to
monoculture, where a
production system is
optimized for producing
large amounts of a
single species.
Precision Precision agriculture Pesticides and fertilizers account for
agriculture uses sensing only a small share of the total impact

(e.g. around 1% or less), so even major
savings here would be marginal in the
big picture

technologies (e.g.
satellite, UAV, etc) to
determine where and
when to add fertilizers or
pesticides, reducing the
overall demand to what
is truly required

Precision feeding can reduce enteric
fermentation methane by up to 15-20%

Precision feeding Tailored feed mixes

of livestock can reduce the amount
of emissions from
cattle through enteric
fermentation

Packaging only accounts for around
2.5% of production-based impacts or
1.7% of consumption-based impacts in
the agrifood system. A 100% recycling
scenario might save a high amount of
this impact (e.g. 50%) but this would
still be a fairly low total impact even in
an extreme case.

Recyclable
packaging

Much of the packaging
that is used in food
packaging is not

well recyclable (e.g.
laminates, flexibles),

so shifting to more
recyclable packaging
could give a boost to the
recycling industry

Reduced cold
chain

Almost 3% of the agrifood sector's
emissions are due to refrigeration.

If the demand for cooling along the
supply chain were halved (for example
by other forms of food preservation),
then this impact could be halved.

We assume that there would not be
increased packaging or other negative
tradeoffs as a simplification.

Refrigerants along the
entire agrifood value
chain prevent food loss,
but it comes at the

cost of emissions from
refrigeration
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QUANTIFIABILITY APPLICABILITY
Low - will depend alot  High
on which species are
combined and there

will only be case study

data available, rather

than much empirical

data

Medium-low. Some
studies available, but
difficult to apply on a
grander scale

Feasibility is low due
to costs, but could be
applied anywhere

Medium, quite a High
number of studies

High High
Low. We would need High

to make a lot of
assumptions about
what happens in the
system with less
refrigeration (e.g. is
food dried, or canned
instead?)



CE ACTION

Reduced dairy
consumption

Reduced

ruminant meat
consumption

Renewable
greenhouse
heating

Reusable
packaging

DESCRIPTION

Dairy is considered
by most to be an
important part of our
diet and eliminating
it entirely may not be
feasible. However,

as we recognize the
impact that dairy has,
areasonable action
would be to reduce
consumption of dairy to
some degree.

Ruminant animals

like cattle and sheep
produce a lot of
methane gas due to
their digestion process,
so even where they
can be fed on only
marginal lands, they
still produce a high
amount of greenhouse
gas emissions.
Reducing consumption
of ruminant animals

in particular can have
a large carbon impact
reduction potential

Greenhouse heating
can be produced from
renewable sources (e.g.
geothermal, solar PV,
biogas, etc) instead of
natural gas

Reusable packaging,
like Loop's products, are
being promoted as an
alternative to single-use
packaging, but there are
still a lot of logistical
challenges to work out
and it is unclear if the
benefits are truly there

ASSUMPTIONS

We look at the scenario where

dairy production/consumption is
eliminated as a maximum impact
potential scenario. This is however an
oversimplification - dairy production
likely should not be eliminated entirely
because cattle can convert inedible
plant protein into edible protein for
people. Additionally, even if this
consumption were entirely eliminated,
there would be some additional crop
production to make up for nutrients

lost.

We look at the scenario where ruminant
meat production/consumption is
eliminated as a maximum impact
potential scenario. This is however

an oversimplification - ruminant meat
consumption should not be eliminated
entirely because they can convert
inedible plant protein into edible protein
for people. Additionally, even if this
consumption were entirely eliminated,
there would be some additional crop
production, or production of other
livestock potentially to make up for the

difference.

As mentioned under "Biogas for heating
greenhouses", only a small share of

EU agrifood emissions (around 2%)
result from greenhouses. So even

if the heating/lighting systems are
carbon-neutral, this could only reduce
emissions by up to 2% (though this
could become more significant in

the future if greenhouse agriculture

continues expanding.

Packaging only accounts for around
2.5% of production-based impacts

or 1.7% of consumption-based
impacts in the agrifood system. If all
packaging could be reused, reducing
overall material production and waste
processing load by 75%, then the
impacts would still be fairly small.
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QUANTIFIABILITY APPLICABILITY

High

High

High.

Low. Very little
information available
still.

High

High

Medium-high.

As mentioned,
C0, sources for
greenhouses are
also generally from
burning the natural
gas for heating
and electricity. So
an alternative CO,
source would be
necessary

Low - difficult to
implement
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CE ACTION

Seasonal diets

DESCRIPTION

Seasonal diets have

ASSUMPTIONS

On its own it will not necessarily even

QUANTIFIABILITY APPLICABILITY

Low High

Silvopastoralism

Urban agriculture

been proposed as a way
to minimize impacts
because produce that

is not in season must
be imported from far
away and/or stored for
long periods of time,
which can result in high
impacts

Silvopastoralism is the
use of shrubs and other
types of vegetation

in pastures as a feed
source for livestock
grazing. It can provide
a higher amount of
feed of a higher quality
on the same amount
of land, as well as
storing more carbon

in the vegetation and
soil than conventional
pasture systems. The
varied vegetation also
provides extra benefits
for biodiversity.

Some organizations
are commiting to

reduce food miles in a meaningful way,
so the impact should be considered
negligible

A project in Colombia showed that

8 tonnes more CO, was stored per
hectare. If we assume only half this
amount could be achieved in Europe (4
tonnes extra per hectare), this already
exceeds total EU agrifood emissions if
it could be applied universally to all EU
pastures (173 min ha)

We assume that all procurement
decisions, for example in the public

sustainable procurement  sector, are done using a commitment

- making procurement
decisions based

on specific impact
outcomes (e.g. halving
the CO, footprint of the
food that is purchased).

Urban agriculture is

of reducing emissions by 50%. Could
not quickly find a good indication of
percentage procurement, but overall
public procurement is around 12% of
GDP, so we will assume it also accounts
for 12% of food procurement.

This action will depend largely on the

food production in urban  way it is implemented (e.g. energy

areas, whether that is

in community plots in
neighborgoods, rooftop
greenhouses, or balcony
gardens

intensive greenhouses, or urban fruit
trees). The main emissions savings
come from minimizing transportation
and land use change, which could

be considerable. Some cities have
managed to produce fairly high shares
of their total food consumption. In
Shanghai for example, the majority
of vegetables and eggs are produced
within the city. In cities, it might be
possible to take advantage of waste
heat, waste sources, etc, in efficient
ways.

Medium. In the NL

at least, thereis a

lot of resistance to
anything but open
pasture. There might
be a strong cultural
resistance to change.

Medium. Quantifying
the benefits would be
challenging and based
on case studies rather
than empirical data.

Medium. Easy to
quantify implications
of procurement
decisions per unit of
product, but difficult to
say how large a share
this is of the total food
consumption.

Very high. Can be
applied anywhere.

Low - depends aloton  Medium

the way it is done
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Scoring table for long-list of actions

© © © 0 0 00000 0000000000000 0000000000000 000000000000 0000000000000 0000000000000 000 00

@0 06 0060000000000 00000000000 00
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@ Water use @28 Social ilil Average @ Negative
R T e €5 Economic 2l 'mpact Score modifier ~ °
@ Biodiversity L} Practical 5fs Feasibility #7 2 Modified

effectiveness .
B2 Land use i Political > Total score :
(& Nutrient cycles 2%y Technical @ Positive @ Modified total ~ ;
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IMPACT
CE ACTION GREENHOUSE GAS EMISSIONS TRADEOFFS AND COBENEFITS
Max impact on CO_e UUL 6 Y @ | S
2 ranﬁ( I
Agroforestry 235 milliont CO,eq 5
Algae-based feed Uncertain - assumed low until proven otherwise 1
Algae-based food Very high by scenarios assessed - in the hundreds of millions 5
Alternative pesticides Low 1
Animal byproduct composting Low 1
Aquaponics Low 1

Biogas for heating greenhouses  The total impacts of greenhouses in Europe are less than 2% of 2
the total. Even it were feasible to halve these impacts, it would
still be in the range of a 2.

Biogas production from manure  ~24 Mt CO,eq max > ~4.8% of EU agrifood emissions 4

Cellulosic waste packaging The total impacts of packaging in the agrifood system are 3
around 2.5% of the total. If this were halved or more, this would
put us in the range of a rank of 3

Coffee grounds based substrate ~ Negligible 1
Compostable packaging Negligible to negative 1
Conservation tillage Negligible to negative 1
Crop genetic optimization Minimal 1
Crop rotation Overall, somewhere in the range of 1-3%, assuming no crop 3

rotation is currently applied
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FEASIBILITY SCORE

OVERALL SCORE TRADEOFF AND

FEASIBILITY SCORES (UNWEIGHTED) COBENEFIT MODIFICATIONS

A Y% il T © © B ™Y
3 5 3.2 5 3.2 4.1 0 0 0 5 41
3 2 2.8 1 2.8 1.9 3 0 1.5 2.5 2.65
3 3 2.2 5 2.2 3.6 3 0 1.5 6.5 4.35
5 5 42 1 4.2 2.6 1 0 0.5 1.5 2.85
5 5 4.8 1 4.8 2.9 1 0 0.5 1.5 3.15
3 3 2.8 1 2.8 1.9 4 0 2 3 2.9
4 4 3.8 2 3.8 2.9 0 0 0 2 2.9
3 2 4 3 4 3.2 4 3.2 3.6 0 1 -0.5 3.5 3.35
5 3 4 4 4 4 3 4 3.5 0 0 0 3 3.5
4 2 5 5 472 1 472 2.6 1 0 0.5 1.5 2.85
3 5 4 4 4.2 1 4.2 2.6 0 3 -1.5 -0.5 1.85
4 3 4 4 4 1 4 2.5 1 1 0 1 2.5
2 4 3 3 3 3 1 3 2 2 1 0.5 1.5 2.25
5 4 3 5 4 4.2 3 4.2 3.6 0 0 0 3 3.6
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CE ACTION

Edible packaging

Equipment sharing

Farming automation
Fertilizers from faeces
Fertilizers from food waste
Fertilizers from processed
manure

Fertilizers from urine

First gen bioplastics

Food loss prevention: on farm
Food manufacturing efficiency
Food preservation

Food waste management

(composting, biodigestion)

Food waste prevention: food
processing

Food waste prevention:
household

Food waste prevention:
restaurants/catering

Food waste prevention: retail
Green and gray water utilization
Green waste composting
Hydroponics

Improved food labeling

Increased dairy alternatives

METABOLIC

IMPACT

GREENHOUSE GAS EMISSIONS

Max impact on CO e

Negligible

Negligible

Negligible

Marginal

Marginal

Marginal

Marginal

Negligible

Medium. Up to around 3.4% in a scenario with total
elimination of food losses at the farm level.

4%

15% of food is wasted at home. If this were reduced by 80%,
this would come out to 12% of the total food footprint saved.
Medium - around 3-3.5%

low

High

Low

Medium. If all waste were prevented, ~2% total emissions

reduction possible

Small

Marginal

Negligible

Medium-high. Could be anywhere from 2-4 reasonably.

~17% production-based emissions or ~13% consumption-
based emissions

1

(S;]

o
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FEASIBILITY SCORE
FEBHBINEELES ?Jrfv%éch;LHsT%?)I;E zgggﬁgErTAlngmFmAﬂous
G T A%iIiimMm=p > O O B ™Y

) ) 1 ) ) 18 1 18 14 0 2 1 0 0.9

2 4 2 5 5 3.6 1 3.6 2.3 1 0 0.5 1.5 2.55

2 4 3 3 3 3 1 3 2 0 0 0 1 2
. 1 3 2 1 2 1.8 1 1.8 14 1 0 0.5 15 1.65
. 4 3 2 4 3 3.2 1 3.2 2.1 1 0 0.5 15 2.35
. 4 3 3 4 3 3.4 1 3.4 2.2 1 0 0.5 15 2.45
. 2 3 1 1 2 1.8 1 1.8 1.4 1 0 0.5 15 1.65
. 5 3 4 4 4 4 1 4 2.5 0 5 25 15 125
. 4 4 3 3 3 3.4 3 3.4 3.2 5 0 2.5 5.5 4.45

5 4 4 5 2 4 3 4 35 2 0 1 4 4

2 4 4 4 3 34 5 34 42 0 0 0 5 42
. 2 4 1 5 4 3.2 3 3.2 3.1 1 0 0.5 3.5 3.35
. 4 3 4 3 2 3.2 1 3.2 2.1 5 0 2.5 3.5 3.35
. 2 4 2 5 4 3.4 5 34 42 5 0 25 75 5.45
. 4 5 4 3 3 3.8 2 3.8 2.9 5 0 2.5 45 415
. 5 4 3 5 4 42 3 42 3.6 5 0 2.5 5.5 4.85

3 3 3 2 2 2.6 1 2.6 18 1 0 0.5 15 2.05

4 4 ) 5 4 3.8 1 3.8 24 0 0 0 1 24
. 4 2 2 4 2 2.8 1 2.8 1.9 4 0 2 3 2.9
. 4 3 2 3 4 3.2 3 32 31 5 0 2.5 55 435
. 3 4 4 3 5 3.8 5 3.8 4.4 5 0 2.5 7.5 5.65
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CE ACTION

Industrial CCU in greenhouses
Insect-based feed

Insect-based protein

Integrated pest management
strategies

Lab-grown protein/precision
fermentation

Livestock CCU

Livestock genetic optimization
Local food

Low-impact diets

Low-impact freight
Low-impact irrigation

Manual weeding

Manure composting
Manure-based substrate

Meat replacement

Methane capture from waste
treatment

More efficient cold chain
Optimizing stocking intensity
and rotational grazing patterns
Organic production

Organics recycling into non-

agrifood products

METABOLIC

IMPACT

GREENHOUSE GAS EMISSIONS

Max impact on CO e

Uncertain - assumed low until proven otherwise
1.5-2%

Up to 14% of production-based impacts or 6% of all
consumption-based impacts, which puts this either in the
rangeofadorab

Low
Much lower than the potential of replacing meat with plant-

based proteins grown in arable systems

Assuming all emissions from enteric fermentation could be
captured, up to around 30% of the agrifood emissions
Assume low

Negligible

~50% reduction in GHG emissions

2.5-3%

Small

Negligible

Marginal

Marginal

~24% of production-based emissions or ~9% of consumption-
based emissions for all meat production (even with additional
impacts from the production of plant-based alternatives puts
this action in the max rank).

High, up to 9% if universally applied

High
Negligible to negative

Low

CO.e
rani(

1
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FEASIBILITY SCORE
FEBHBINEELES ?erlEleéch;LHsT%?JI;E zgggﬁgErTANTnglcmous
G T A%iIiimMm=p > O O B ™Y
5 2 2 4 2 3 1 3 2 0 0 0 1 2
3 3 2 2 2.6 3 2.6 2.8 5 0 2.5 5.5 4.05
3 3 2 2 2.2 4 2.2 3.1 5 0 2.5 6.5 4.35
4 3 5 3 4 1 4 2.5 2 0 1 2 3
1 3 3 1 2.2 3 2.2 2.6 5 0 2.5 5.5 3.85
2 1 4 1 2 5 2 3.5 0 0 0 5 M5
4 4 2 5 3 3.6 1 3.6 2.3 1 0 0.5 1.5 2.55
4 2 4 4 5 3.8 1 3.8 2.4 1 0 0.5 1.5 2.65
2 4 4 2 4 3.2 5 3.2 4.1 0 1 -0.5 4.5 3.85
5 2 3 5 3 3.6 3 3.6 3.3 0 1 -0.5 2.5 3.05
5 4 3 5 4 4.2 1 4.2 2.6 0 0 0 1 2.6
5 2 2 5 5 3.8 1 3.8 2.4 2 0 1 2 2.9
4 3 5 5 4.2 1 4.2 2.6 1 0 0.5 1.5 2.85
4 3 5 5 4.2 1 4.2 2.6 1 0 0.5 1.5 2.85
2 3 3 2 2.6 5 2.6 3.8 5 0 2.5 y/25 5105
3 3 5 4 4 4 4 4 0 0 0 4 4
3 3 5 4 4 1 4 2.5 1 0 0.5 18 2.75
2 2 5 4 3.6 5 3.6 4.3 2 0 1 6 4.8
3 2 5 4 3.8 1 3.8 2.4 2 1 0.5 1.5 2.65
4 3 2 4 3 3.2 1 3.2 2.1 3 0 1.5 2.5 2.85
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CE ACTION

Packaging downcycling
Packaging prevention
Packaging recycling
Plant-based diets

Polyculture

Precision agriculture
Precision feeding of livestock
Recyclable packaging
Reduced cold chain

Reduced dairy consumption
Reduced ruminant meat
consumption

Renewable greenhouse heating
Reusable packaging

Seasonal diets
Silvopastoralism

Sustainable procurement
Urban agriculture

Vertical farming

Waste heat for heating

greenhouses

Waste ingredients / byproduct
utilization

Waste-based feed

METABOLIC

IMPACT

GREENHOUSE GAS EMISSIONS

Max impact on CO e

Marginal

0.85-1.25%

0.85-1.25%

~70% reduction in GHG emissions
Somewhere in the range of 1.5-2%
Marginal

Upto 6%

0.85-1.25%

Up to a maximum of 3%, if eliminated entirely with not
tradeoffs

~17% production-based emissions or ~13% consumption-

based emissions

~22% production-based emissions or ~4% consumption-
based emissions just for cattle production alone

Up to 2% maximum

1.3-1.9%

Negligible on its own

Very high if universally applied

Around 6% of total EU emissions in max scenario
Medium, but would need to be explored further

Around 2-2.5% reduction potential

Up to 2% maximum

Low

Low
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FEASIBILITY SCORES

APPENDICES

SCORE
OVERALL SCORE TRADEOFF AND

4 4
2 3 2
3 3 2

o —_
N w
w w

[3,]
N
N

()]
SN
w

3 3 2
3 3 2
4 3 3
3 3 3
5 3 2
3 3 2
3 5 3
5 4 3
5 4 3
5 3 3
5 2 3
5 4 2

2.6

3.2

2.8

4.2

3.4

3.6

3.4

3.8

4.2

3.8

4.2

3.8

3.2

3.6

3.4

4.4

(UNWEIGHTED) COBENEFIT MODIFICATIONS

M= > @ ©@ B m ¥

2.5 0 1 2.5
2 2.6 2.3 0 0 0 2 2.3
2 3.2 2.6 0 0 0 2 2.6
5 2.8 3.9 3 1 1 6 4.4
3 4.2 3.6 3 0 1.5 4.5 4.35
1 3.4 2.2 3 0 1.5 2.5 2.95
4 4 4 5 0 2.5 6.5 5.25
2 3 2.5 0 0 0 2 2.5
3 3 3 1 0 0.5 3.5 3.25
5 3.6 43 & 0 285 /25 5155
5 3.4 4.2 5 0 2.5 7.5 5.45
3 3.8 3.4 0 0 0 3 3.4
3 3 3 0 1 -0.5 2.5 2.75
1 4.2 2.6 0 0 0 1 2.6
5 3.8 4.4 3 0 1.5 6.5 5.15
4 4.2 4.1 9 0 285 6.5 9835
3 3.8 3.4 0 0 0 3 3.4
3 3.2 3.1 1 0 0.5 3.5 3.35
3 3.6 33 0 0 0 3 33
1 3.4 2.2 5 0 2.5 3.5 3.45
1 4.4 2.7 5 0 2.5 3.5 3.95
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APPENDIX Il: ASSUMPTIONS & REFERENCES FOR SHORTLISTED ACTIONS

ASSUMPTIONS FOR CIRCULAR ACTIONS

Circular Econo-
my Action
Dairy
alternatives

Meat
replacement

Precision
feeding of
livestock

Agroforestry

Baseline As-
sumptions

Production-based
impacts of dairy
(Exiobase data
used in baseline
study)

Production-
based impacts
of livestock
farming for
meat production
(Exiobase data
used in baseline
study)

EU-27 enteric
fermentation
emissions from
livestock

Production-based
emissions for all
crop production in
EU-27

METABOLIC

Individual Assumptions

All dairy replaced with alternatives. LCA
impacts for almond milk are used for
the high value and low value for rice
milk. LCA values for dairy alternatives
from Poore & Nemecek, 2018.

All meat is replaced with alternatives.
Low value is when all meat is replaced
with lupine protein; High value is when
all meat is replaced with beyond meat
alternatives. LCA values for meat
alternatives from Broekema et al. (2017)
and for Beyond meat from Braun (2019).

All ruminant livestock fed precise diets
in order to prevent enteric fermentation.
White (2016) was used to determine the
greenhouse gas emissions savings.

European Agroforestry Federation, 2020:
Excluding protected areas (NATURA
2000, Ramsar) and areas with existing
agroforestry, EURAF estimates that an
area of 119,890 million ha (arable 95.89
Mha, permanent grassland 24.00 Mha)
is the possible target area for new and
regenerated agroforestry by 2030. For
this individual action, only the amount
of arable land (95.89 Mha) was used in
order to avoid double counting due to
the permanent grassland that is being
considered for the silvopastoralism
action.

The potential additional carbon
sequestration per hectare of land was
taken from Kay et al (2018). The median
value of a range of cases was used for
this factor, which comes out t0 2.32 T C/
ha/year.

Combined Storyline Assumptions

Dairy is replaced with alternatives
insofar as the marginal land (as
silvopasture) cannot support the
existing milk production. Since this
is combined with silvopastoralism,
we also take into account a
reduction of carrying capacity on this
land (70%), based on McAdam et al
(2006). This comes out to around
14% of the current production. The
amount of marginal land available is
11.35 Mha (Strapasson et al, 2020).

Meat is replaced with plant-based
materials insofar as the marginal
land and feed from food waste
cannot support the existing meat
production. LCA values for meat
alternatives from Broekema et al.
(2017) and for Beyond meat from
Braun (2019).

Since this is combined with
silvopastoralism, we also take into
account a reduction of carrying
capacity on this land (70%), based
on McAdam et al (2006). This
comes out to around 14% of the
current production.

Excluded, as it is assumed that
no feeding on primary feed crops
occurs in this scenario.

Arable land area on which

it is technically possible to
successfully introduce agroforestry
in Europe according to Aertsens et
al. 2013 (90 Mha, compared to 96
Mha estimated by EURAF).

The potential additional carbon
sequestration per hectare of land
was taken from Kay et al (2018).
The median value of a range of
cases was used for this factor,
which comes out to 2.32 T C/ha/
year.

Sources

Exiobase (2016)
Poore &
Nemecek, (2018)
Haake (2019)
McAdam et al
(2006)
Strapasson et al.
(2020)

Exiobase (2016)
Heller & Keoleian
(2018)

Braun (2079)
McAdam et al
(2006)
Broekema et al.
(2017)

White (2016)

Kay et al (2018)
Aertsens et al
(2013)

European
Agroforestry
Federation (2020)



ASSUMPTIONS FOR CIRCULAR ACTIONS

Circular Econo-
my Action

Silvopastoralism

Optimising
livestock
grazing patterns

Industrial CCU in
greenhouses

Baseline As-
sumptions
EU-27
Pastureland
emissions

EU-27
Pastureland
emissions

EU-27 emissions
from greenhouses

Individual Assumptions

All pastures are replaced with more
diverse silvopastoral systems. The total
land area of pastures used is 67Mha
(Strapasson et al., 2020). The potential
additional carbon sequestration per
hectare of land was taken from Kay et
al (2018). The median value of a range
of cases was used for this factor, which
comes out to 1.5 T C/ha/year.

All grazing on total EU-27 pasture land
is replaced with high intensity, rotational
grazing patterns. The total land area of
pastures used is 67Mha (Strapasson et
al., 2020). Garnett et al., (2017) used for
the potential sequestration factor.

Itis assumed that all greenhouses
use industrial CO,. In Ros et al (2014)
they studied the potential reduction

of CCU in greenhouse natural gas

and determined the amount of CO,
that could be saved on 1900 acres of
greenhouses in Rotterdam, we used
this number to determine the potential
savings throughout the footprint of

EU greenhouses. The total hectares of
agriculture under glass comes from
Eurostat, 2016. There were a couple
of other sources used to confirm the
feasibility and rates of CCU (Marchi et
al 2018) and an Ecofys report (Hendriks
et al 2013). In Bibbiani et al (2016)

a study was completed to determine
how much CO, from industry could be
used in greenhouses in Greece, Italy,
Netherlands, and Spain. These numbers
were scaled and used to determine
how much CO, is captured by the total
footprint of EU27 greenhouses.

APPENDICES

Combined Storyline Assumptions

All marginal land is replaced with
silvopastoral systems. The amount
of marginal land available is 11.35
Mha (Strapasson et al, 2020).

All grazing on marginal land

is replaced with high intensity,
rotational grazing patterns. The
amount of marginal land available
is 11.35 Mha (Strapasson et al,
2020). Garnett et al., (2017) used
for the potential sequestration
factor.

It is assumed that all greenhouses
use industrial CO,. In Ros et al
(2014) they studied the potential
reduction of CCU in greenhouse
natural gas and determined

the amount of CO, that could

be saved on 1900 acres of
greenhouses in Rotterdam, we
used this number to determine
the potential savings throughout
the footprint of EU greenhouses.
The total hectares of agriculture
under glass comes from Eurostat,
2016. There were a couple of
other sources used to confirm
the feasibility and rates of CCU
(Marchi et al 2018) and an Ecofys
report (Hendriks et al 2013). In
Bibbiani et al (2016) a study was
completed to determine how
much CO, from industry could be
used in greenhouses in Greece,
Italy, Netherlands, and Spain.
These numbers were scaled and
used to determine how much CO,
is captured by the total footprint
of EU27 greenhouses.

Sources

Hawken (2017)
Feliciano et al
(2018)

Aertsens et al
(2013)

McAdam et al
(2006)
Strapasson et al.
(2020)

Garnett et al
(2017)
Strapasson et al.
(2020)

Bibbiani et al
(2076)

Marchi et al
(2018)

Ros et al (2014)
Hendriks et al
(2013)
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APPENDICES

ASSUMPTIONS FOR CIRCULAR ACTIONS

Circular Econo-
my Action

Food waste
prevention:
restaurants/
catering

Food loss
prevention: on
farm

Food waste
prevention:
home

Baseline As-
sumptions

MFA value of food
waste produced
at restaurants/
catering, which

is multiplied by
the impact of that
food waste from
the Exiobase data

MFA value of

the food waste
produced at farm
level, which is
multiplied by the
impact of that
food waste from
the Exiobase data

MFA value of

the food waste
produced at
household

level, which is
multiplied by the
impact of that
food waste from
the Exiobase data

METABOLIC

Individual Assumptions

Combined Storyline Assumptions

All food waste from restaurants/
catering (1,076 kT, derived from Caldeira
etal. (2019)) is prevented. The impact
of this food waste per unit is determined
based on Exiobase data on food waste,
divided by the total amount of food
waste.

A share of the food waste is
unavoidable, but no information was
found on the breakdown of avoidable
and unavoidable food waste per step

in the value chain. However, the total
size of the impact would be roughly

the same, as the impacts of the food
waste would also be proportionately
scaled (split across a smaller amount of
avoidable food waste) to match.

A share of the food waste is
unavoidable, but no information was
found on the breakdown of avoidable
and unavoidable food waste per step

in the value chain. However, the total
size of the impact would be roughly

the same, as the impacts of the food
waste would also be proportionately
scaled (split across a smaller amount of
avoidable food waste) to match.

Food waste from farms is 27,564 kt,
derived from Caldeira et al. (2019). The
impact of this food waste per unit is
determined based on Exiobase data on
food waste, divided by the total amount
of food waste.

All food waste from households
prevented (derived from MFA, (28,817
kT, derived from Caldeira et al. (2019)).
The impact of this food waste per unit is
determined based on Exiobase data on
food waste, divided by the total amount
of food waste.

A share of the food waste is
unavoidable, but no information was
found on the breakdown of avoidable
and unavoidable food waste per step

in the value chain. However, the total
size of the impact would be roughly

the same, as the impacts of the food
waste would also be proportionately
scaled (split across a smaller amount of
avoidable food waste) to match.

Sources

Exiobase (2016)
Caldeira et al.
(2019)

Exiobase (2016)
Caldeira et al.
(2019)

Exiobase (2016)
Caldeira et al.
(2019)



ASSUMPTIONS FOR CIRCULAR ACTIONS

Circular Econo-

my Action

Food waste
prevention:
manufacturing

Food waste
prevention:
retail

Food waste as
feed

Insect-based
feed

Baseline As-
sumptions

MFA value of

the food waste
produced at
manufacturing
level, which is
multiplied by the
impact of that
food waste from
the Exiobase data

MFA value of

the food waste
produced at retail
level, which is
multiplied by the
impact of that
food waste from
the Exiobase data

Soy and oil feed
production in
EU-27

Feed is produced
from food waste
based on the MFA
values for food
waste.

Individual Assumptions

All food waste from manufacturing is
prevented (derived from MFA. 35,993
kt, derived from Caldeira et al. (2019)).

The impact of this food waste per unit is

determined based on Exiobase data on
food waste, divided by the total amount
of food waste.

A share of the food waste is
unavoidable, but no information was
found on the breakdown of avoidable
and unavoidable food waste per step

in the value chain. However, the total
size of the impact would be roughly

the same, as the impacts of the food
waste would also be proportionately
scaled (split across a smaller amount of
avoidable food waste) to match.

All food waste from retail is prevented
(derived from MFA, 3,879, derived from
Caldeira et al. (2019)). The impact of
this food waste per unit is determined
based on Exiobase data on food waste,
divided by the total amount of food
waste.

A share of the food waste is
unavoidable, but no information was
found on the breakdown of avoidable
and unavoidable food waste per step

in the value chain. However, the total
size of the impact would be roughly

the same, as the impacts of the food
waste would also be proportionately
scaled (split across a smaller amount of
avoidable food waste) to match.

15,9% of processed food waste from
manufacturing, retail & food service
replaces pig feed, based on the share
that is feasible to use as feed (Luyckx
etal 2019). CO, eq per unit of feed
replaced comes from Cederberg et al.
(2009) & Boer et al. (2014).

Insect-based feed reared on food

waste (from crop production, animal
husbandry, manufacturing, point-of-sale,
food service) replaces as much feed for
pigs and poultry as possible. The feed
conversion rate comes from Fowles and
Nansen (2019). CO,e emissions factors
come from Oonincx et al (2010).

APPENDICES 87

Combined Storyline Assumptions Sources
Exiobase (2016)
Caldeira et al.
(2019)
Exiobase (2016)
Caldeira et al.
(2079)

15,9% of processed food waste Luyckx et al

from manufacturing, retail & food ~ (2079)

service replaces pig feed, based on  Cederberg &

the share that is feasible to use as  Berglund (2009)

feed (Luyckx et al 2019). De Boer et al

CO, eq per unit of feed replaced (2014)

comes from Cederberg et al.
(2009) & Boer et al. (2014).

Insect-based feed reared on food Fowles & Nansen

waste (from crop production, (2019)
animal husbhandry, manufacturing,  Oonincx et al
point-of-sale, food service) (2010

replaces as much feed for pigs
and poultry as possible, once the
amount of food waste that can be
directly fed to pigs is subtracted.
The feed conversion rate comes
from Fowles and Nansen (2019).
CO0,e emissions factors come from
Oonincx et al (2010).

CIRCULAR AGRIFOOD REPORT



88 APPENDICES

ASSUMPTIONS FOR CIRCULAR ACTIONS

Circular Econo-
my Action

Improved food
labelling

Preventing food
waste through
preservation

Preventing
food loss
for aesthetic
reasons

Baseline As-
sumptions

MFA value related
to food waste
generated at
retail, household,
and restaurant
level, which is
multiplied by the
impact of that
food waste from
the Exiobase data

MFA value related
to food waste
produced at farm
level, which is
multiplied by the
impact of that
food waste from
the Exiobase data

METABOLIC

Individual Assumptions

All food wasted due to labelling is
prevented (3,444 kt, based on European
Commission, 2018). The impact saved
per unit of food waste is derived from
the up and downstream impacts of food
production and food waste from the
MFA and MRIO assessment.

Different waste reduction percentages
have been attributed to each food
category (fruit/vegetables, meat, dairy,
bakery), both at retail and household
level. We calculate the share of this
waste prevented with “best practice”
packaging case studies (Denkstatt
GmbH, 2017). The emissions due

to additional packaging have been
calculated and subtracted from the
C0,eq saved (Denkstatt GmbH, 2017).
Overall, 22,865 kt of food waste is
prevented with this action.

All food lost due to aesthetics is

prevented (7,097 kt, Beretta et al., 2013).

Combined Storyline Assumptions

All food wasted due to labelling
is prevented (3,444 kt, based on
European Commission, 2018).
The impact saved per unit of food
waste is derived from the up and
downstream impacts of food
production and food waste from
the MFA and MRIO assessment.

Different waste reduction
percentages have been attributed
to each food category (fruit/
vegetables, meat, dairy, bakery),
both at retail and household
level. We calculate the share

of this waste prevented with
“best practice” packaging case
studies (Denkstatt GmbH, 2017).
The emissions due to additional
packaging have been calculated
and subtracted from the CO,eq
saved (Denkstatt GmbH, 2017).
Overall, 22,865 kt of food waste is
prevented with this action.

All food lost due to aesthetics is
prevented (7,097 kt, Beretta et al.,
2013).

Sources

European
Commission
(2018)

Denkstatt GmbH
(2017)

Williams et al
(2012)

Beretta et al
(2013



APPENDIX Ill: GLOSSARY

AFOLU: Common abbreviation for Agriculture,
Forestry and Other Land Use

CE (see: Circular economy)

Circular economy: The Ellen MacArthur Foundation
defines the circular economy as “an economy that
is restorative or regenerative by design and aims to
keep products, components, and materials at their
highest utility and value at all times, distinguishing
between technical and biological cycles.”

Consumption-based impact: Consumption-based
impacts occur due to consumption of materials,
products, and services by a person, company, or
region, and are attributed to the consumer regardless
of where those materials, products, and services are
produced.

CRF: Common Reporting Format. The standardised
sectoral classification used in the UNFCCC
framework.

Embedded impacts: Embedded impacts are the
impacts that happen “upstream” in the production of
raw materials or products before they are consumed
(also frequently called “embodied impacts”.

Environmentally-Extended Multi-Regional Input-
Output Tables (EE-MRIO/MRIO): an analysis method
that uses trade data to evaluate the direct and indirect
environmental impacts of economic sectors and
products traded among countries. Often referred to
as 10 or MRIO.

ETS/Non-ETS: European Emissions Trading System
- the European market for carbon trading, which
includes a framework for which greenhouse gases
and sectors are eligible for participation.

EU27: All 27 member countries of the European Union
as of 2020

APPENDICES

Production-based impact: Production-based impacts
are impacts that happen within a region due to the
production of materials, products, or services, and are
attributed to the producer of the impact regardless of
where they are ultimately consumed.

Industrial Symbiosis: a principle in which the waste
or by-products of an industry can be used as raw
materials in another industrial process

LULUCF: Land use, land-use change, and forestry. This
category of emissions is sometimes excluded from
policy frameworks on greenhouse gas emissions
or handled in a different way than other sectoral
emissions.

Material Flow Analysis (MFA): an analysis method
that assesses the resource flows in a well-defined
system by quantifying its stocks and flows in a certain
space and time.

MFA (see: Material Flow Analysis)

Planned obsolescence: products that are designed to
stop being useful or functional after a certain period
of time

Regenerative agriculture: a set of diverse farming and
grazing practices that promote carbon sequestration
in soils and above ground while improving soil health,
biodiversity and water quality

UNFCCC: United Nations Framework Convention on
Climate Change - an international treaty for preventing
“dangerous human interference with the climate
system. Part of this framework includes categories
for different sectoral emissions, which are used in
this report to provide further policy context.

CIRCULAR AGRIFOOD REPORT
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