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Executive summary
Goal ofthe study

Nomad Foods, Europe’s leading frozen food company, isinterested in learning more about the
potential trade-offs between a frozen food supply chain and one using alternative preservation
methods. For example, while a frozen supply chain requires energy for both theinitial freezing
and frozen storage during thelife cycle, there are possible benefitsin terms of food preservation,
such as less food waste due to the low-perishable nature of frozen food. This study examines
these potential trade-offs to determineif there are significant differences between frozen and
non-frozen food productsin terms of environmentalimpact.

To analysethis, the environmentalimpact of 22 frozen food productsis compared to their
alternatives (equivalent products using other preservation methods, such as fresh products, jars
and cans). These products are from the product categories: fish, plant-based proteins and
vegetables. To ensurethat differences in environmentalimpact between the frozen food product
and its alternative stem solely from the preservation method and not from otherfactors, the
ingredient composition, manufacturing efficiencies, ingredient distribution route, and location of
consumption remain constant. More specifically, the most notable differences between the
frozen products and their alternatives will be inherent differences in the product creation,
temperature oftransport vehicles, the storage, and food loss and waste.

In parallel, this study also reports the carbon footprint (life cycle climate changeimpact) of the 22
Nomad Foods frozen products for sale and consumption in one specific country per product.

The study was executed to conform to ISO 14040/44: 2006 and has been externally reviewed by
an independent review panel.

Scopeofthestudy

To calculate the environmental impact ofthe 22 products and their alternatives, Life Cycle
Assessment (LCA) was used. The scope of thisstudy is cradle to grave, meaningit includes all life
cycle stages, from the farming and wild capture of raw ingredients to consumed product,
including end-of-life of the package and any non-consumed food product. Primary datafrom
2019 was collected from Nomad Foods and its suppliers for processes which are under Nomad
Foods'direct or operational control. Primary datawas also collected for upstream manufacturing
processes which were anticipated to have a considerable contribution (e.g. wild capture of fish)
and from retailers for food loss and waste percentages. Secondary datawas sourced primarily
from Life Cycle Inventory (LCl) databases (in order: ecoinvent v3.7.1 (87%), Agri-footprint 5.0 (7%),
World food LCAdatabase (5%) and AGRIBALYSE 3.0 (1%)), and supplemented with data from
relevant literature and the Product Environmental Footprint (PEF) method where appropriate.

Forthe comparison ofthe potential environmental impact of the 22 frozen food products with
their alternatives, the unit of analysis (i.e. the functional unit) was 3 portions of consumed
product (since an average OECD household consists of 2.6 people). For the calculation of the
carbon footprint ofthe 22 frozen products, a functional unit of 1 kg of consumed product was
used, since kg CO,eq./ kg is a common unit for the carbon footprint of food products.

The main impact category assessed in this study is global warming potential(i.e. the carbon
footprint). Whilethey are not used for detailed analysis, the full range of otherimpact categories
from the EF 3.0 impact assessment method are also calculated to identify potential trade-offs.
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To determinetheimportance and sensitivity of the various modelling approaches that were used
and assumptions that were made, a series of sensitivity analyses were performed on storage
time, retail and consumer electricity source, consumer preparation and packaging size of the
alternative product.

Results

The carbon footprint of Nomad Foods' 22 products arereported individually further onin this
report.

The relative contribution oflife cycle stagesto the carbon footprint varies slightly for different
products and product types.

e Inmostcases, ingredient production is the most contributing life cycle stage in terms of
carbon footprint. This means cultivation ofthe vegetables, catching of the fish or, in the
case of the Atlantic Salmon fillet, farming thefish. For fish products, the main impact
comes from the catching operations of the fish itself (for wild-caught fish) or for fish feed
(for farmed fish). For plant-based products, the main contributors to the carbon footprint
within the cultivation varies with common sources being fuel-use during planting and
harvesting, land-use change, herbicide and pesticide production, and irrigation efforts.

e Therelative contribution of manufacturing to the carbon footprintvaries between the
products. Forthe Green Cuisine products (vegetarian burger, falafel and chicken-less
nuggets), it has a significant contribution to the overall carbon footprint, while for the
pure vegetable productsit does not. The fish products lie somewherein the middle, with
manufacturing being a bigger or smaller contributorto the overall carbon footprint
dependingon each case. The impact of this stageis mainly driven by the energy use,
where the share of renewable electricity sourcesin the electricity mix used by the factory
has a large influence.

e Packaginghas afairly low contribution to the carbon footprint of most of the products
understudy, with the exception of jarred and canned products. Many ofthe frozen
products are packaged ina cardboard and/or thin plastic film that has a relatively low
impact.

e Forthe productsunderstudy, distribution between the factory and retail distribution
centre, mostly doesnot have a large impact to the overall carbon footprint

e Storage atretail and the consumer is a significant contributorto the carbon footprint of
most products under study, with the share of renewables in the electricity mix
determining the extent ofthe impact.

¢ Inthe screeningstudy leading up to this study, it became clear that thefood loss and
waste percentages at retailand the consumer have a significant effect on the overall
result. To acknowledge theimportance of these numbers and their relative uncertainty,
theresults are shown with the default food loss and waste percentagesin general, buta
tipping pointis calculated as well. This tipping point calculation keeps the food loss and
waste at retail and consumer fixed for the frozen product and varies the food loss and
waste at retail and consumer for the alternative product independently. The tipping point
occurswhere the carbon footprint ofthe two productsis equal, thereby representing the
value of food loss and waste where the conclusion of the comparison changes from one
product having a higher or lower carbon footprint than the otherto them being
numerically equal.

¢ Formost productsinthis study, the consumer preparation has a noticeable contribution
tothe overall carbon footprint.In many cases it is still a relatively low share though. The
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main products where consumer preparation has a larger contribution to the overall
carbonfootprintis whenthe productis prepared in the oven. This impact is among
othersinfluenced by thelocal electricity mix.

Since retail and consumer can have a big share of the environmental impact of a product,
environmental impact studies of food products and labels based on these, should include the
whole life cyde (cradle-to-grave) instead of excluding the retail, consumer and end-of-life life
cycle stages (cradle-to-gate).

Main differences between frozen versus other preservation methods.

The resultsand corresponding interpretation steps provided insights into the differencesin
carbon footprint between the frozen and non-frozen food product. In general, from this study, it
can be concluded that there are four main factors that determine whether the carbon footprint
of a frozen product is higher or lower than that of an alternative, when the carbon footprints of
the production phases are assumed to be identical. These factors are not necessarily main
contributorsto theimpact, but they arethe main source of difference between the frozen and
non-frozen products. They are as follows:

1. The electricity mix used by retail and consumer. An energy mix with a lower carbon
footprint perkWh is beneficial for frozen products. The productsincluded in this study use
the average country electricity mixin the country of consumption. Overtime, these mixes
are expected to movein thedirection of lower carbon footprint, thereby movingin favour
of thefrozen product.

2. The number of daysthe consumer keeps thefrozen productin their freezer. A shorter
freezer storagetimeis beneficial for the carbon footprint of frozen products.
Inthis study, afrozen storage time of 30 daysis used based on default values of the PEF
method [1]. If the carbon footprint of electricity mixesis lower, the sensitivity to the frozen
storage daysis less significant.

3. The amount offood loss and waste at retail and consumer. If the food loss and waste of
the alternative product is higher than that of the frozen product, whetherthisis dueto
high perishability, low turnover or otherreasons, the carbon footprint ofthe frozen
product is morelikely to be favourable.Since the amount offood loss and waste can
influence the outcomes ofthe comparison, data on this should be specific to the product
and the preservation method.

4. The inherent carbonfootprint ofthe product itself. If the production ofthe product (i.e. the
ingredients cultivation and manufacturing) has a higher carbon footprint, the effect of
wasting this product will also be higher. So, a changein the food loss and waste percentage
of products with a relatively high production (at the point of leaving the factory) carbon
footprint willhave a larger absolute effect than the same changefor a product with a
relatively low production carbon footprint. Sincethefood loss and waste percentages are
in general lower for frozen food products, the frozen food product is more likely to have a
lower carbonfootprint thanits alternativeif theinherent carbon footprint ofthe product is
high.
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Limitations of the study

While this study attempted to be as accurate and detailed as possible, limitations still exist, as in
any LCA study.Most notably, there are limitations in the selection of the alternative products, the
secondary datasources used and modelling approaches. The concluding statement is expressed
with these limitationsin mind.

Conclusions

Considering the results, interpretation, sensitivity analysis and uncertainty assessments, t his
study shows that when it comes to carbon footprint, there is no general advantage or
disadvantage to using frozen food products compared to products using alternative preservation
methods. However, it does support the hypothesis that when food loss and waste rates in the
retail and consumer stages are lower for a frozen product compared to a non-frozen alternative,
this may compensate for the additional energy use caused by a frozen supply chain when looking
at carbon footprint.

This conclusionis based on the overall conservative approach that was used in this study on
multiple fronts, meaning that the differences stem solely from the preservation method and not
from other factors such as theingredient composition, processing efficiencies, ingredient
distribution route, and location of consumption. This means the carbon footprint of the
ingredients production phaseis assumed to be identical for both the frozen and non-frozen
alternative. As a result, the differences between the frozen products and their alternatives will be
inherent differences in the product processing, temperature of transport vehicles, the storage
processes and food loss and waste.

Conclusions on all impact categories:

This study mainly investigated the carbon footprint ofthe products. The results and uncertainty
assessment have shown that the carbon footprintis not always a good representation ofthe
results on otherimpact categories. So, conclusions based on the carbon footprint cannot be
generalized to overall environmental impact.

Inmany of the studied products, the trend as to which product has a lower impact - the frozen or
thealternative - is fairly constant whenlooking at the otherimpact categories. However, without
exception thereare trade-offsin all products under study. The main impact categories that often
show a contradicting trend are ozone depletion, freshwater eutrophication, land use and water
use. Furtherresearch could look further into these trade-offs.
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Terms and definitions

Acidification - Environmental Footprintimpact category that addressesimpacts dueto
acidifying substancesin the environment. Emissions of NO,, NHz and SO, lead to releases of
hydrogenions (H")when the gases are mineralized. The protons contribute to the acidification
of soils and waterwhen they are released in areas where the buffering capacity is low,
resulting in forest decline and lake acidification.

Alaska pollock - The Alaska pollock or walleye pollock (Gadus chalcogrammus) is a marine fish
species of the cod genus Gadus and family Gadidae. Itis a semi-pelagic schooling fish widely
distributed in the North Pacific, with largest concentrations found in the Bering Sea. [2]

Allocation - An approach to solving multi-functionality problems. It refers to ‘partitioning the
input or output flows of a process or a product system between the product system under
study and one or more other product systems'[3].

Alternative product - Equivalent productusing other preservation method such as fresh
products, jars and cans.

Aquaculture Stewardship Council (ASC) - World's leading certification scheme for farmed
seafood - known as aquaculture. The ASC label only appears on food from farms that have
been independently assessed and certified as being environmentally and socially responsible.

Atlantic cod - The Atlantic cod (Gadus morhua)is a benthopelagic fish of the family Gadidae. It
is found mainly in the North Atlantic Ocean.Itis also commercially known as cod or codling. [4]

Atlantic salmon - The Atlantic salmon (Sa/mo salan is a species of ray-finned fish in the family
Salmonidaewhich is thelargest salmon and can grow up to a meterin length. Itis foundin the
northern Atlantic Ocean andin riversthat flow into this ocean. [5]. Because fish stocks of this
salmon are not at sustainable levels, currently Atlantic salmonis mainly farmed (by
aquaculture).

Attributional approach - This is the most commonly applied type of LCA. In case of multi-
functionality, attributional thinking implies that impacts are allocated between productsinside
the system boundary.In consequential LCA, co-products would instead be assumed to replace
other products outside the system boundaries, thereby crediting the product with avoided
(negative) impacts.

Background process - Refers to those processes of the Organisations supply chain for which
no direct access to informationis possible. For example, most of the upstream supply-chain
processes and generally all processes further downstreamwill be considered part of the
background process.[1]

Carbon footprint- net amount of GHG emissions and GHG removals, expressed in CO,
equivalents[7]

Cape Hake - Merluccius capensis(shallow-water Cape hake) and Merluccius paradoxus(deep-
water Cape Hake)is a ray-finned fish in the genus Merluccius, found in the south-eastern
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Atlantic Ocean, alongthe coast of South Africa and Namibia. It is a long, lean fish with a large
head, similar in appearance to the European hake.[8]

Chickpea - The chickpea or chick pea ( Cicer arietinum)is an annual legume of the family
Fabaceae, subfamily Faboideae.[9]

Climate change - Allinputs or outputs that result in greenhouse gas emissions. The
consequencesincludeincreased average global temperatures and sudden regional climatic
changes. Climate changeis an impact affecting the environment on a global scale.

Company-specific data - Refersto directly measured or collected datafrom one or multiple
facilities (site-specific data) that are representative for the activities of the company.Itis
synonymous with ‘primary data’. To determine the level of representativeness a sampling
procedure can be applied.

Cradle to Gate - A partial product supply chain, from the extraction of raw materials (cradle) up
tothe whenit leaves the manufacturer (‘gate’). The distribution, storage, retail, use stage and
end of life stages of the supply chain are omitted.

Cradle to Grave - Aproduct's life cycle that includes raw material extraction, processing,
distribution, storage, retail, use (by the consumer), and disposal or recycling stages. All relevant
inputs and outputs are considered for all of the stages of thelife cycle.

Data quality- Characteristics of data that relate to their ability to satisfy stated
requirements[3]. Data quality coversvarious aspects, such as technological, geographical, and
time-related representativeness, as well as completeness and precision of the inventory data.

Ecotoxicity, freshwater - Environmental footprintimpact categorythat addresses the toxic
impacts on an ecosystem, which damage individual species and change the structure and
function of the ecosystem. Ecotoxicity is a result of a variety of different toxicological
mechanisms caused by therelease of substanceswith a direct effect on the health of the
ecosystem.

EF 3.0 - Life cycleimpact assessment method from the most recent version of the Product
Environmental Footprint (PEF) method[1]. This impact assessment method is assembled by
the European Commission based on the state-of-the art science per impact category

ELCD- European reference Life Cycle Database. Comprises datafrom EU level business
associations. The publication was discontinued on the 29th of June 2018

Elementary flow - Material or energy entering the system being studied that has been drawn
from the environment without previous human transformation, or material or energy leaving
the system being studied that is released into the environment without subsequent human
transformation.

Eutrophication — Nutrients (mainly nitrogen (N) and phosphorus (P)) from sewage outfalls and
fertilised farmland accelerate the growth of algae and othervegetationinwater. The
degradation of organic material consumes oxygen resulting in oxygen deficiency and, in some
cases, fish death. Eutrophication translates the quantity of substances emitted into acommon
measure expressed as the oxygen required for the degradation of dead biomass. Three
Environmental Footprintimpact categories are used to assess theimpacts due to
eutrophication: Eutrophication, terrestrial; Eutrophication, freshwater; Eutrophication, marine.
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Foreground process - Refersto those processes of the Organisation life cycle for which direct
access toinformationis available. For example, the producer’s site and other processes
operated by the Organisation or contractors (e.g. goods transport, head-office services, etc.)
belongto the foreground system.[1]

Functional unit - quantified performance of a product system for use as a reference unit [3]

Foodloss and waste - Any food intended for human consumption thatends up not being
consumed by humans. The inedible parts of a food product (e.g., bones, pits/stones) are not
included because itis assumed that 100% of the frozen products analysed as produced are
intended for human consumption.

Global warming potential - Capacity ofagas to influence radiative forcing, expressed in terms
of a reference substance (forexample, CO,-equivalent units) and specified time horizon (e.g.
GWP 20, GWP 100, GWP 500, for 20, 100, and 500 years respectively). It relates to the capacity
toinfluence changesin the global average surface air temperature and subsequent changein
various climate parameters and their effects, such as storm frequency and intensity, rainfall
intensity and frequency of flooding, etc.

Green Cuisine - ANomad Foods brand name for productsin the plant-based category. See
‘meat replacement’.

Human toxicity - cancer - EF impact categorythat accounts for adverse health effects on
human beings caused by the intake of toxic substances through inhalation of air, food/water
ingestion, penetration through the skininsofar as they are related to cancer.

Human toxicity - non-cancer — EF impact categorythat accounts for the adverse health effects
on human beings caused by theintake of toxic substances through inhalation of air,
food/wateringestion, penetration through the skin insofar as they are related to non-cancer
effects that are not caused by particulate matter/respiratory inorganics or ionizing radiation.

Impact category - Environmental problem with clear boundaries. LCA is used to express the
environmentalimpact of the product in specific impact categories.

Input flows - Product, material or energy flow that enters a unit process. Products and
materials include raw materials, intermediate products and co-products[3].

Intermediate produc - Outputfromaunit processthatis input to other unit processes that
require further transformation within the system [3]. An intermediate product is a product that
requires further activities before it is saleable to the final consumer.

ISO - International Organization for Standardization, develops and publishes International
Standards.

lonizing radiation, human health - EF impact category that accounts forthe adverse health
effects on human health caused by radioactive releases.

JRC-Joint Research Centre. European Commission’s science and knowledge service, providing
scientific evidence throughout the whole policy cycle.

Land use - EFimpact category related to use (occupation) and conversion (transformation) of
land area by activities such as agriculture, forestry, roads, housing, mining, etc. Land
occupation considers the effects of theland use, theamount ofarea involved and the duration
of its occupation (changes in quality multiplied by area and duration). Land transformation
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considersthe extent of changesin land properties and the area affected (changesin quality
multiplied by the area).

Life Cycle Assessment (LCA)- LCA measuresthe potentialimpacts on the environment
associated with thelife cycle of a product, process, or service. It typically includes every part of
thelife cycle, the so-called life cycle stages.

Life Cycle Impact Assessment (LCIA) phase oflife cycle assessment aimed at understanding
and evaluating the magnitude and significance of the potential environmentalimpacts for a
product system throughout the life cycle of the product [3] In this phase, the LCl is converted
into environmentalimpact.

Life Cycle Inventory (LCI) - The combined set of exchanges of elementary, waste and product
flows in an LCl dataset.

Life Cycle Inventory (LCI) dataset - Adocument or file with life cycle information of a specified
product or otherreference (e.g., site, process), covering descriptive metadata and quantitative
life cycleinventory.An LCl dataset could be a unit process dataset, partially aggregated or an
aggregated dataset.

Meat replacement - plant-based protein meant to resemble or be a substitute for meat

M arine Stewardship Council (MSC) - International non-profit organization that recognises and
rewards efforts to protect oceans and safeguard seafood supplies for the future. They usean
ecolabel and fishery certification program to contribute to the health of the world’s oceans by
recognizing and rewarding sustainable fishing practices.

Multi-functionality - If a process or facility provides more than one function, i.e. it delivers
several goods and/orservices (‘co-products’), then itis ‘multifunctional’. In these situations, all
inputs and emissions linked to the processwill be partitioned between the product ofinterest
and the other co-products accordingto clearly stated procedures.

North Pacific Hake - The North Pacific hake, Pacific hake, Pacific whiting, or jack salmon
(Merluccius productus)is a ray-finned fish in the genus Merluccius, found in the northeast
Pacific Ocean from northern Vancouver Island to the northern part of the Gulf of California.
[10]

OECD - Organisation for Economic Co-operationand Development. This organisation works to
build better policies for better lives. 38 countries are a member of this organisation.

Output flows - Product, material or energy flow that leaves a unit process. Products and
materials include raw materials, intermediate products, co-products and releases [3].

Ozone depletion - EFimpact categorythat accounts for the degradation of stratosphericozone
due to emissions of ozone-depleting substances, for example long-lived chlorine and bromine
containing gases (e.g. CFCs, HCFCs, Halons).

Pea - The peaisthesmall spherical seed or the seed-pod ofthe pod fruit Pisum sativum[11]

Photochemical ozone formation - EF impact category thataccounts for the formation of ozone
at theground level of thetroposphere caused by photochemical oxidation of volatile organic
compounds (VOCs)and carbon monoxide (CO)in the presence of nitrogen oxides (NOx) and
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sunlight. High concentrations of ground-level tropospheric ozone damage vegetation, human
respiratory tracts, and manmade materials through reaction with organic materials.

Practitioner of study - Individual, organizationor group of organizations that performs the
study.

Primary data - This term refers to datafrom specific processes within the supply-chain ofthe
company applying the study. Such data may take the form of activity data, or foreground
elementary flows. Primary data are site-specific, company-specific (if multiple sites for the
same product) or supply-chain-specific. Primary data may be obtained through meter readings,
purchaserecords, utility bills, engineering models, direct monitoring, material/product
balances, stoichiometry, or other methods for obtaining data from specific processesin the
value chain of the company applying the LCA. In this Guidance, primary datais synonym of
‘company-specificdata’ or ‘supply-chain specific data’.

Product category - Groupof products (or services) that can fulfil equivalent functions.

ReCiPe - Life cycleimpact assessment method developed by RIVM, Radboud University
Nijmegen, Leiden University and PRé Sustainability. The 2016 versionis used in the sensitivity
onozonedepletion described in section 7. 7.2 [12]

Reference flow - Measure of the outputs from processesin a given product system required to
fulfil the function expressed by the functional unit [3].

Resource use, fossil - EF impact categorythat addresses the use of non-renewable fossil
natural resources (e.g. natural gas, coal, oil).

Resource use, minerals and metals - EF impact category thataddresses the use of non-
renewable abiotic natural resources (minerals and metals).

Secondary data - This refers to data not from specific processes within the supply-chain ofthe
company applyingthe LCA. This refers to data thatis not directly collected, measured, or
estimated by the company, but sourced from a third-party life-cycle-inventory database or
othersources. Secondary dataincludesindustry-average data(e.g., from published production
data, government statistics, and industry associations), literature studies, engineering studies
and patents, and can also be based on financial data, and contain proxy data, and other
generic data. Primary datathat go through a horizontal aggregation step are considered as
secondary data.

Spinach - Spinach (Spinacia oleracea) is a leafy green flowering plant.[13]

Supply-chain - Thistermrefers to all of the upstream and downstream activities associated
with the operations through all life cycle stages, including the use of sold products by
consumers and the end-of-life treatment of sold products after consumer use.

System boundary - Definition of aspectsincluded or excluded from the study. For example, for
a‘cradle-to-grave’' LCA, the system boundary includes all activities from the extraction ofraw
materials through the manufacture, distribution, storage, use, and disposal or recycling stages

Unit process dataset - Smallest element considered in thelife cycle inventory analysis for
which input and output data are quantified [3].

Waste - Substances or objects which the holderintends or is required to dispose of [3].

Water use - Thisterm represents the relative available water remaining per area in a
watershed, after the demand of humans and aquatic ecosystems has been met. It assesses the
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potential of water deprivation, to either humans or ecosystems, building on the assumption
that the less water remaining available per area, the morelikely another user will be deprived
(see also ).
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1 Introduction

Nomad Foodsis Europe’s leading frozen food company, with a portfolio oficonic brands such as
Birds Eye, Findus, iglo, Ledo and Frikom. It manufactures, distributes and sells a range of branded
frozen food products across 22 European countries with the United Kingdom, Italy, Germany,
Sweden and France representing the five largest markets. Nomad Foods’ products span across
thefrozen food category and predominantly focus on fish, vegetables, potatoes, and plant-
protein.

Nomad Foodsis committed to continuous improvement aligned to its global sustainability
strategy and targets. Itis in thislight that Nomad Foods asked PRé Sustainability to conductan
ISO study conforming to the 14040/44:2006 [3] standard with a comparative life cycle assessment
of 22 of frozen products from three product categories and their alternatives, i.e. equivalent
products using other preservation methods.

This third-party report summarises the larger report written for the purpose of ISO review and is
intended to disseminate both theresults and the used methodology ofthe executed ISO study.
The third-party report is set up to align with the ISO 14040/44 requirements for third-party
reports.

Sharing the methodology and resultsin this level of detail has several purposes:

- Illustrate the importance of including the whole life cycle in LCAs of food products. Many
food LCAs and environmental labels adopt a cradle-to-gate approach, excluding the
distribution, retail, and consumer stage. However, the results of this ISO study show that
theretail and consumer stage cause a significant share of the environmentalimpact of
the products under study. Based on this, Nomad Foods wants to advocate for cradle-to-
grave LCA studies (including all life cycle stages) in the food industry instead of cradle-to-
gate.

- Demonstrate that the carbon footprint of frozen food products is equal to (or can even
be better than) alternatives. Thereis a perception that frozen foods have a higher carbon
footprint than products using other preservation methods, since they require energy for
freezing. However, this study shows that this can be compensated for by lower food loss
and wasteresulting from a frozen supply chain. With lower food loss and waste, less
“extra” food needsto be produced (e.g. including planting/catching, harvesting,
manufacturing and packaging) to compensate for thisloss and less waste processing is
needed, offsetting the additional frozen activities.

- Highlight the need for reliable food loss and waste data. Since the differencein food loss
and waste can influence the results of the comparison, reliable and specific data onthis is
needed. However, many sources use generic data on food loss and waste or for specific
product groups. To properly compare different products, food loss and waste data
should be specific to the product and preservation methods.
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2 Goal of the study

The goal of this study is twofold:

1.

Comparethe environmentalimpact of 22 frozen food products with equivalent products
which use other preservation methods. Thisinformation is intended to inform consumers
and bothinternal and external stakeholders about potential differences in environmental
impacts between frozen foods and alternatives. The focus will be on global warming
potential.

This study is intended to support comparative assertions intended to be disclosed to the
public.

The reason for carrying out this study is that as a frozen food company, Nomad Foods is
interested in learning more about the potential trade-offs between a frozen food supply
chain and using alternative preservation methods. For example, while a frozen supply
chain requires energy for both the initial freezing and frozen storage during the life cycle,
there are potential benefitsin terms of food preservation. This study is designed to shed
light on these potential trade-offsand determineif there are significant differences
between frozen and non-frozen food productsin terms of environmental impact.

Forthis purpose, a functional unit of 3 portions will be used. The reasoning for thisis
explained in section 3.2 Functional unit.

Report the carbon footprint (global warming potential) of the 22 frozen products. This
information s intended to inform consumers and both internaland external
stakeholders about the carbon footprint of the specific products.

This does not include the communication ofa comparative assertion to the public. Which
means based on this study, a comparison across frozen productsis not possible.

The reason for carrying out this study is that external stakeholders are becoming
increasingly interested in the potentialimpact on climate change of their food products
and Nomad Foods wants to provide them with insight into the carbon footprints of its
products.

Forthis purpose, a functional unit of 1 kg willbe used. The reasoning for this is explained
in section 3.2 Functional unit.
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3 Scope of the study

3.1 Systems under study

This study includes the products from the product groups fish, vegetables and plant-based
protein. These product groups were selected by Nomad Foods because they arethe leading
product groupsinterms of volumesold, and they are sold in most of the marketsthey operate
in. Each product group contains sub-categories defined by Nomad Foods, as specified below.

Fish

e Fishfingers and coated fish
e Naturalfish

e Recipefish
Vegetables

e Peas

e Spinach

e Preparedvegetables
e Naturalvegetables
e Vegetable mix for soups

Plant-based protein

e Meatalternatives
e Falafel

The 22 products selected by Nomad Foods to represent these product categories are listed in
Table 1. They were selected to ensure all of the sub-categories were covered, as well as
representing a large share of sales volumes: the products under study include some of the
biggest volumessingle products.

Foreach product, the country of consumptionisincluded in Table 2. The country of consumption
influences for examplethe transportation used and electricity mix at the retail and consumer
phases.

In additionto Nomad Foods products, the study includes an alternative product for each of
these. Theselection of these alternativesis discussed in section 3.3 Selection of alternatives.

To ensure that differences in environmental impact between the frozen food product and its
alternative stem solely from the preservation method and not from other factors. The ingredient
composition, manufacturing efficiencies, ingredient distribution route, and location of
consumption remain constant. More specifically, this means the carbon footprint of the
ingredients production phaseis assumed to be identical for the frozen and non-frozen
alternative, and therefore the most notable differences between the frozen products and their
alternatives will be inherent differences in the product manufacturing, temperature of transport
vehicles, the storage temperatures and food loss and waste. This is doneto take a conservative
approachto thedifferences between frozen and alternative products, meaning that it removes
potential benefits of frozen products resulting from for example centralised large scale
manufacturing and the ability for ingredientsto be available year-round. Any differences will be
solely due to the frozen/non-frozen supply chain.
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As a result of keeping theingredients production phase the same for both products, thereisa
possibility that some potential downsides of frozen food products are eliminated as well, such as
the need for longer transport routesto the centralized production facilities. However, most of
Nomad Foods'vegetables production sites are localised as close to the ingredient origin as
possible and therefore this effect is expected to be small. For example, the factories processing
peas and spinach are located centrally in Nomad Foods' own pea and spinach growing regions,
respectively. The main factory for manufacturing fish is also located next to one of the main
European ports.

3.2 Functional unit

Forthe comparison ofthe potential environmentalimpact of the 22 frozen food products with
their alternatives, a functional unit of 3 portionsis used. Although for some products, e.g. fish
bake (Schlefi), consumers are likely to prepare a single pack instead of three portions, the
functional unitis preferred to be consistent throughoutthe study. Thethree portions are chosen
since an average OECD household consists of 2.6 people [15]. Thereference flows that were used
are listed in Table 1.

Forthe alternative products, an equal pack size to frozen was assumed in most cases. However,
in certain cases the pack size of frozen productsis not feasible for the alternative products dueto
the shelf life. Forexample, a pack of 800 gr. of frozen peas can easily be split into multiple meals
of 3 portions, but a pack of 800 gr. of fresh peas significantly exceeds the amount of portions
needed and is not a likely alternative.In such cases, an existing pack size was selected that is
closest to holding 3 portions.

The portion sizes as indicated on the packaging of the Nomad Foods products are used. These
can vary between similar products and are not always related to the packaging size. Forexample,
the chicken less nuggets comein a pack of 250 grams, while a single portionis 100 grams. In case
of discrepancies between the portion size and the pack size, the portion size is used as leading,
even if thismeans not a complete number of packsis used, thisis done for both the frozen
products and their alternatives.

A functional unit based on nutritional content might possibly have been a better solution, but this
comes with many challenges. For example, there are several different systemsto determine
overall nutritional value based on the various contributors (calories, vitamins, etc.)and no
consensusonwhatthebest approachis. Therefore, portionsize is used as a basis here to
represent a typicalamount ofthe product consumed, with the portion size kept the same for the
frozen and non-frozen food product.

The number of portions considered is relevant for the preparation stage. Forexample, heating
up anovento prepare 1 portion or 3 will affect the overall potential environmentalimpact ofthe
product. Forthis study, it is assumed that all the food products are prepared with 3 portionsat a
time, hencethe decision to reflect this in thefunctional unit as well.

Forthe calculation of the carbon footprint (life cycle climate change impact) of the 22 frozen
products, afunctionalunit of 1 kg of productis used. This is doneto provide acommon basis for
all food productsthat can be scaled to different portion sizes easily.
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Table 1 - List of the 22 products (3 portions)

Product Reference flow Pack size Pack size alternative
(3 portions) frozen

Alaska Pollock fish fingers 450 gr. (15 pc) 450 gr.(15pc) equal tofrozen

Battered Alaska Pollock fish 420 gr.(15 pc) 364 gr.(13pc) 450 gr.

fingers

Atlantic Cod fish fingers 336 gr. (12 pc) 840 gr.(30pc) 450 gr.

North Pacific Hake fish fingers ~ 300gr. (12 pc) 450 gr. (18 pc)  equal tofrozen

South African Cape Hakefillet 270 gr. (3pc) 360 gr.(4pc)  equaltofrozen

Atlantic Cod loins 280 gr. (3 pe) 280 gr. (3 pe) equal tofrozen

Atlantic Salmon fillet 375 gr. (3 pe) 500 gr.(4pc) 450 gr.

Fish bake (schlefi) 570 gr. 380 gr. equal tofrozen

Fish gratin 810 gr. 540 gr. equal tofrozen

Vegetarian burger 300 gr. (3 p) 200 gr.(2pc)  equal tofrozen

Vegetarian chicken nuggets 300 gr. 250 gr. equal tofrozen

Falafel 270 gr. 450 gr. equal tofrozen

Garden peas 240 gr. 800 gr. 175 gr.drained

(can/jar)

250 gr. (fresh)

Extrafine peas 300 gr. 750 gr. 230 gr. drained (jar)
Cream spinach 500 gr. 700/750 gr. 500 gr.

Leaf spinach 450 gr. 500 gr. equal tofrozen
Italian vegetable mix 480 gr. 480 gr. equal to frozen
Honey-glazed parsnips 240 gr. 500 gr. equal tofrozen

Red cabbage with apple 450 gr. 750 gr. 400 gr. (jar)
Vegetable mix for steaming 390 gr. 540 gr. equal tofrozen
Minestrone mix 300 gr. 1000 gr. 600 gr.
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3.3 Selection of alternatives

Besides the 22 products from Nomad Foods, this study also includes alternatives used for
comparisonin this study. Selection of these alternativesis a critical part of the study, sincethe
comparisons are highly dependent on the choices made here. To make the selection process as
fair and transparent as possible, a decision treewas set up. This decision tree is shown in Figure
1.

The goal of the decisiontree is to end up with an alternative that is both fully comparableto the
frozen product and as close to reality as possible. Here, it's most preferable that this is a real-
world product (option 1in decision tree). In several cases, theideal alternative productis not
available onthe market, so a theoretical alternative is determined. This is donein incremental
steps as described in the decision tree so that the theoretical alternative stays as close to reality
as possible.

For clarity, the step in the decision tree that was used to come to the selection of the alternative
is mentioned in bracketsin Table 2.

Please notethat any brands associated with the example pictures of the alternatives are
irrelevant, since no particularbrand was used and production datafrom Nomad Foods was used
to modelthe non-frozen products as well.
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Is there a real-world alternative
with the same composition
easily available?

Is there a real-world alternative
with a different composition
easily available?

Is there a possibility to buy all
ingredients of the product
fresh (from the same origin
country/process)?

Figure 1 - Decision tree for alternatives

Third party report LCA of 22 Nomad Foods frozen food products and alternatives

Yes

Yes

Yes

1) Use the easily available
equivalent product usinga
different preservation method
with the same composition. If
unrealistic, the ingredients can
be frozen earlier on in the
supply chain.

2) Adapt the composition of an
equivalent or similarproduct
using a different preservation
method. The first preference
is for the equivalent product to
be available in the same
market, otherwise an
equivalent or similar product
from another European
market is chosen. If unrealistic,
the ingredients can be frozen
earlier on in the supply chain.

3) Use a homemade alternative
with the same ingredients and
composition. Thereisa
preference for a wholly fresh
supply chain. If unrealistic, the
ingredients can be frozen
earlier on in the supply chain.

4) Assume every ingredient is
availablefreshand usethe
same composition and
ingredientsto ensure a
comparison between frozen
and fresh

23



Table 2 -The 22 products and their alternatives

Product Product under study (frozen) Alternative (number decision tree) Ingredients Country of
category consumption
Fish - Fish Alaska Pollock fish fingers (frozen) Ready-made Alaska Pollock fish fingers (2) 65% fish content Germany
fingers and 35% coating

coated fish 450 g, 15 fish fingers 450 g, 15 fish fingers

MSC certified wild captured

15 Kaptns Fischstabehen) ' A% | - Alaska pollock
_— B manufactured into fishfillet
e 07 ‘ ’ blocks
Q) TS Breadcrumbs
Battered Alaska pollock fish fingers Ready-made battered Alaska Pollock fish fingers (2) ~ 58% fish content Germany
(frozen) 42% coating

450 g, 13 fish fingers
364 g, 13 fish fingers MSC certified wild captured
Alaska pollock

manufactured into fish fillet

blocks

Batter
Atlantic cod fish fingers (frozen) Ready-made Atlantic cod fish fingers (2) 58% fish content United
840 g, 30fish fingers 450 g, 30fish fingers 42% coating Kingdom

MSC certified wild captured
MD— _ Atlantic cod manufactured
ﬁ%fwﬁg\(&?gers into fish fillet blocks

KBirdstye /T "3 , o g Breadcrumbs
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North Pacific Hake fish fingers Ready-made North Pacific Hakefish fingers (2) 60% fish content Italy

(frozen) 4508, 18 1ish fingers 40% coating
450g, 18 fish fingers = - MSC certified wild captured
be B8 & 1% North Pacific hake
manufactured into fish fillet
blocks
Breadcrumbs
Fish- Natural Frozen South African Cape Hakefillet ~ Chilled South African Cape Hakefillet (1) MSC certified wild captured Italy
fish 360g, 4 pieces 360g, 4 pieces Cape hake
Frozen Atlantic cod loins Chilled Atlantic cod loins (1) MSC certified wild captured  Sweden
. . Atlantic cod manufactured
280g, 3 pieces 280g, 3 pieces into fish loins
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Frozen Atlantic salmon fillet Chilled Atlantic salmon fillet (1) ASC certified farmed Sweden
. , Atlanticsalmon
2008, 4 preces 4508, 4 preces manufactured into fish fillet
Fish - Recipe Schlefi (fish bake) Bordelaise, Homemade fish bake using chilled fish of thesame ~ MSC certified wild captured ~ Germany
fish crunchy (frozen) species (3) Alaska pollock
3808 380 manufactured into fish fillet
g blocks
With bordelaise topping,
made of breadcrumbs
Frozenfish gratin Freshfish gratin using chilled fish of thesame Fish sauce with among Norway

>408 species (2)

540g -

others macaroniand 30 %
fish content

MSC certified wild captured
Atlantic cod manufactured

into fillet blocks and mince

blocks

With breadcrumbs topping
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Frozenvegetarian Burger

Green cuisine
200g, 2 burgers

- Meat
alternatives

2 BURGERS
s D)

Frozen chicken nuggets alternative
(plant-based)
250

Green cuisine Frozen falafel

- Visible veg

Chilled pea-protein burger

(1)
200g, 2 burgers

60% rehydrated peaprotein  United
Kingdom

: Chilled pea-protein
e nuggets(1)

250g

%

29% rehydrated pea protein  United
Coveredin breadcrumbs Kingdom

Chilled falafel (1)
4508

61% chickpeas Sweden

Coveredin a spiced dry mix
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Frozen garden peas

Vegetables -
800g

Peas

Canned garden peas(1) 100% peas (F grade) United
290g (175¢ drained wejght) Kingdom

Jarred garden peas (1)
350g (175¢ drained weijght)

Fresh Garden peas (1)
250

Zirem

Third party report LCA of 22 Nomad Foods frozen food products and alternatives 28



Frozen extrafine peas

7508 Jarred extra fine peas (1) 100% peas (A grade) Italy
330g (230g drained wejght)
Vegetables- Frozen cream spinach Homemade cream spinach using chilled spinach (3)  84% spinach with 16% Germany
Spinach cream sauce

500g bag of fresh spinach with fresh cream from a
plastic container

—— {
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Frozen cream spinach

7508 Homemade cream spinach using chilled spinach (3)  84% with 16% cream sauce  Germany

500g bag of fresh spinach with fresh cream from a
plastic container
Ra‘tjl!n:-?ﬂnat

~pLUBBR= — 4 = =

Frozen spinach (full-grown leaf
spinach)
500g 5008

Chilled spinach (baby leaf spinach) (3) 100% spinach Germany
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Frozen Italian vegetable mix

Vegetables - 450 Homemade fresh vegetable mix (3) 93% vegetables(21% green  Germany
Prepared g beans, 18% peppers, 17%
vegetables carrots, 16% zucchini, 11%

onions,and 10% broccoli)
from various European
countries, oils, herbs, and
broth.

Frozenroast parsnips, honey glazed

500¢ Homemaderoast fresh parsnips, honey glazed (3) 84% parsnips from Belgium  United

with 11% palm oil, 4% Kingdom
coatingand 1% honey.
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Frozen apple red cabbage

7508 Jarred red cabbage with apple (2) 75.1% Red cabbage, 20.3%  Germany

400g Apple, Rapeseed.

b o
T

Frozenvegetable mix for steaming

Vegetables - Homemade fresh vegetable mix for steaming (4) 47% Carrots, 30% Peasand  United
natural 5408 23%. Kingdom
540g
vegetables
® .‘il
na :
Vegetables - Frozen mix for minestrone Chilled minestrone mix soup from fresh vegetables  Carrots(11.1%) courgettes Italy

Soups 10008 (4) 70008 (10%), cabbage (6%),
tomatoes(10%), pumpkin
(4.8%), celery (7%), chard
(5.5%), green beans (14%),
leek (3.5%), peas (5.5%),
potatoes(18.7%) red onion
(2%), basil and parsley.
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3.4 Impact assessment method

The main impact category assessed in this study is global warming potential. The reasons for
focusing on thisimpact category are as follows:

- Climatechange is an issue of concern for an increasing number of people.

- Nomad Foods has set ambitious carbon reduction targets and is interested in better
understanding the potential impacts ofa frozen supply chain.

- Consumersare increasingly interested in carbon footprints, and some are startingto
include it in their decision-making.

While they are not used for detailed analysis, a wide range of otherimpact categories is
calculated as well. These are used for identifying potential trade-offs.

The impact assessment method used in this study is EF 3.0 from the most recent version of the
Product Environmental Footprint (PEF) method [1]. Thisimpact assessment method is assembled
by the European Commission as a result of a consensus process based on the state-of-the art
science per impact category. Dueto their subjective and uncertain nature, no normalization,
grouping or cross-category weighting has been applied.

The 16 impact categories (environmentalimpacts) used in this method are givenin Table 3.
Please notethat LCIAresults are relative expressions and do not predict impacts on category
endpoints, such as human health, ecosystem quality or resource depletion, exceeding of
thresholds, safety margins or risks.

Table 3 -Impact categories of the EF 3.0 method

EF impact category Impact category indicator Unit Characterization
model
Climate change Radiative forcing as Global kg CO, eq Baseline model of
Warming Potential (GWP100) 100 yearsof the
IPCC (basedon [16])
Ozonedepletion Ozone Depletion Potential kg CFC-11eq  Steady-state ODPs
(ODP) [17]
Human toxicity, Comparative Toxic Unit for CTUh USEtox model 2.1
cancer humans(CTUh) [18]
Humantoxicity,non-  Comparative Toxic Unit for CTUh USEtox model 2.1
cancer humans (CTUh) [18]
Particulate matter Impact on human health disease PM method
incidence recommended by
UNEP[19]
lonizing radiation, Human exposure efficiency kBg235Ueq  Human health effect
human health relative to 235U model as developed
by Dreicer et al.
1995 [20]
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Photochemicalozone Troposphericozone kg NMVOCeq LOTOS-EUROS
formation, human concentration increase model[21] as
health implementedin
ReCiPe 2008
Acidification Accumulated Exceedance (AE)  mol H+eq Accumulated
Exceedance[22]
Eutrophication, Accumulated Exceedance(AE) molNeq Accumulated
terrestrial Exceedance[22]
Eutrophication, Fraction of nutrientsreaching kg Peq EUTREND model
freshwater freshwater end compartment [23] as
(P) implementedin
ReCiPe 2008
Eutrophication, Fraction of nutrientsreaching kg Neq EUTREND model
marine marine end compartment (N) [23] as
implementedin
ReCiPe 2008
Ecotoxicity, Comparative Toxic Unit for CTUe USEtox model 2.1
freshwater ecosystems (CTUe) [18]
Land use Soil quality index’ Dimensionles  Soil quality index
Biotic production s(pt) based on LANCA
. . kg biotic [241[25]
Erosion resistance .
production
Mechanicalfiltration .
kg soil
Groundwater replenishment
m3 water
m3
groundwater
Water use User deprivation potential m3worldeq  Available WAter
(deprivation-weighted water REmaining (AWARE)
consumption) as recommended by
UNEP, 2016 [19]
Resource use, Abioticresource depletion kg Sbeq CML 2002 [26], [27]
minerals and metals  (ADP ultimate reserves)
Resource use, fossils  Abioticresource depletion - M) CML 2002 [26], [27]

fossil fuels (ADP-fossil)

' This index is the result of the aggregation, performed by JRC, of the 4 indicators provided by LANCA model

as indicatorsfor land use.

Third party report LCA of 22 Nomad Foods frozen food products and alternatives

34



3.5 System boundary

The system boundaries indicate which aspects (life cycle stages, processes, activities, emissions,
land uses and resource extractions) of the product’s life cycle are included in the assessment.

The scope of this study is cradle to grave, meaningit includes all life cycle stages from the
farming and wild capture of raw ingredients to consumed product, including end-of-life of the
packaging and any non-consumed food product. Asimplified flowchart is provided in Figure 2,
including indications for what parts of the lifecycle primary datais generally used.

An initial screening study of Alaska Pollock fish fingers and peas indicated that refrigerant leaks in
production are not relevant to the overall environmentalimpact (maximum of 0.7% of the carbon
footprint). Thiswas confirmed by a more expansive study of the fish fingers, which was peer
reviewed accordingto ISO 14067 in 2021. As a result, this data point has been excluded from the
remaining productsin this study. Note that refrigerant leakage in the factories has still been
includedin the Alaska Pollock Fish Fingers product and its alternative. Still refrigerant leaks
occurring at thefisheries and in retail have beenincludedin the study.

Distribution End of life
production retailer package

* Fisheries * Transport * Energy * Transport » Transport * Storage * Storage + Disposal of
+ Agriculture « Storage + Water + Storage « Storage + Preparation primary pack
* Manufacturing * Food loss &waste * Food loss & + Food loss & waste
* Food loss & waste * Refrigerants Waste
« Primary, + Disposal of
secondary and secondary and
tertiary packaging tertiary package

:primary datais used
blue: secondary datais used

Figure 2 - System boundaries of the study

4 Data sources and data quality
requirements

4.1 Primary and secondary data

Site-specific datais collected for all individual processes where Nomad Foods has financial or
operational control. Capital goodsis included in the background data. In the foreground
processes they are estimated based on similar background processes.

4.2 Data sources

The following databases are used to source the background data:

e ecoinvent3.7.1 with the“Allocation, cut-off by classification” system model [28]. This
version is selected to match the allocation procedures outlined elsewhere in this
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document. This database does not contain regionalized land use or water flows. Land use
and water use are therefore included on a generic basis.

The following three databases also do not contain regionalized land use flows. Land use is

thereforeincluded on a generic basis. The databases do includeregionalized water flows
though.

e Agri-footprint 5.0, economic allocation [29]. Forthose processes where Agri-footprint is
more specific, this database will be used. The version using economicallocation is used to
be consistent with the allocation procedures for this study. Some processesin this
database use otherdatain the background (e.g. ELCD for electricity and transport).

e Worldfood LCAdatabase [31]. This databaseis used for datasets on the preparation of
food. Itis based on ecoinvent cut-off and thus matches the allocation procedures used in
this study.

e AGRIBALYSE 3.0. [30]. When there was no appropriate processin ecoinvent or Agri-
footprint, a process was chosen from AGRIBALYSE if available. It follows the same
methodological rules as ecoinvent 3.5 and uses ecoinvent asits background database,
thereforeit is assumed to be compatible with ecoinvent 3.7.1.

As an indication of the relative contribution of each of these databasesto the overall models, the
following number of processes has been used form each database:

- ecoinvent 3.7.1: 3089 processes (87%)

- Agri-footprint 5.0: 232 processes (7%)

- Worldfood LCAdatabase: 191 processes (5%)
- AGRIBALYSE 3.0: 33 processes (1%)

Someimpact categories (e.g. water scarcity and land use) require regionalised datasets.In
foreground processes, regionalised flows were used. However, the spatial resolution ofthe
different background datasetsis not consistent. Agri-footprint, for example, often has a higher
regional resolution than ecoinvent. Thisis not foreseen to be a cause of concern becausethe aim
of thestudy is to provide accurate carbon footprint results, and simply flag any possible trade-
offs in the otherimpact categories. Meaning, that when non-regionalized datais used, the
inaccuracies will be presentin both the frozen product and for the alternative, therefore not
influencing the conclusions drawn.

This datais accessed through SimaPro 9.2[32], which is also used for the modellingand
calculationsin this study.

Additional datais gathered from published literature. One important literature source used is the
PEF Guide[1]:

e The PEF guide provides default average values for various life cycle stages. These values
are used for stagesin the life cycle not directly influenced by Nomad Foods, e.g. the use
stage. When required, secondary data sources are used to supplement this PEF data, for
example, cookinginstructions forthe homemade equivalent products. These secondary
datasources are outlined in the data collection phase.
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4.3 Data quality requirements

The Pedigree matrix [33] is used for judging the data quality of each frozen product and its
alternative, so that a similar data quality ofthe frozen product and its alternative can be assured.
The same matrix is used to quantify data uncertainty in the ecoinvent database version 3.7.1[28],
the main background database used in this study.

Data quality is assessed according to five indicators:

e Reliability

e Completeness

e Temporalcorrelation

e Geographiccorrelation

e Technological correlation

Foreach of these indicators, a score between 1 (best) and 5 (worst) is assigned. This is done
accordingto the categorization provided in the Pedigree matrix.

4.4 Timeframe for the study

The timeframe for this study isthe year 2019. Wherever possible, data specific to thisyear and
coveringthis entire yearis used. This is especially the case for the primary data used. If data
coveringother/oldertime periodsis used, thisis reflected in the data quality score. This applies
mostly to the background data used, which has a wide range of time periods that the datastems
from.

Nomad Foods deems 2019 to be representative ofan average production year and the results of
thisstudy are therefore considered to be applicable untilmajor changesin the life cycle occur.
These changes mightinclude changesto Nomad Foods' production, as well as relevant factors
outside of Nomad Foods, such as energy efficiency of cooling and freezing, and consumer
behaviourinrelation to food loss and waste.

4.5 Geographic boundary for the study

Forthis study, the products were each modelled for sale and consumption in one specific
country, asindicated in the product overview. These countries were selected based onthe
market where the product is sold the most.

This study is meant to represent the specific countriesinwhich each of theincluded productsare
consumed. These countries are all part of the European market, since thisis where Nomad Foods
operates.

The main factorsin the modelling affected by the selected country are:

- Transportdistancefromthe factory to the Nomad Foods distribution centre

- Transport distancefrom the Nomad Foods distributioncentre to theretail distribution
centre

- Electricity mix used in retail for cooling/freezing

- Electricity mix used at home for cooling/freezing

- Electricity mix used at home for preparation

Foodlossand waste percentages are not differentiated per consumption countryin thisstudy.
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While this study therefore covers the main sales and consumption location of each of the
products, there can be some variations when consumption takes place in a different country,
especially if the electricity mix is different.

5 Allocation procedures

In this study, the attributional approach was taken.Inthe primary data, where allocation can be
avoided by subdividing the processes, thiswas done. For the remaining cases, allocation was
used to determine what part of theimpacts are attributed to the products under study. Table 4
shows the allocation approaches that were used at different parts of the supply chain. These are
explained in more detail in the sections of this chapter.

Forthe used background data, the data providers have determined how multi-functionalitywas
dealt with. The ‘cut-off by classification’ version of ecoinvent was used, which uses allocation
factorsto handle co-products and by-products. The same applies to the Agri-footprint database.
Formore detail on thisand the approaches used by the other background data providers, refer
to their respective methodology reports as referenced in section 4.2 Data sources.

Table 4 - Overview of allocation methods used

Topic Allocation method used

Fisheries: target catch and by-catch Mass allocation

Fisheries: fillet and co-products Economicallocation

Factory:Multiple productsononefactoryline  Massallocation to indicate throughput

Factory: Multiple product lines within one Mass allocation as proxy for space occupied
factory
Factory: Refrigerant use (Alaska Pollock Fish Operationaltime of factory lines

Fingersonly)

Storage Volume and storage time-based allocation

End of life Cut-off (0-100) approach

5.1 Allocation in multi-output processes

In multi-output processes (agricultural production and separating different parts of animal and
plantinput), economicallocation will be applied as a default. Any deviations, due to another
approach being more accuratein a certain case or due to data gaps, will be reported along with
thereason for deviating.
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5.1.1 Target fish and bycatch

To ensure high data quality, primary datawas collected from Nomad Foods'fish suppliers on
both the manufacturing and the catching operations. Depending on the fish species, there can be
multiple catch areas and datawas received for a different number of vessels. In some cases, this
primary datawas expanded on with secondary data. This section, focuses onthe allocation
approachesused.

In this study, the applied allocation between target fish and bycatch is mass allocation. The main
rationale for this is because the fisheries are quota-limited, rather than economically driven.

If the choice in fish catch would be driven by economicincentive, thiswould meanthat the
fisheries would prefer to catch the fish with the highervalue and spend most of their catching
efforts onthat. However, with a quota (i.e. a maximum amount of fish which can be caught
and/orlanded)fishers do not have control over theamount and species proportions of fish they
can catch. Because there is an upper limit to the number of fish which can be caught/landed of
each species, the catchingamount is primarily driven by the quota ratherthan the economic
incentive. Discussions with wild caught fish suppliers confirm that they fish until the quotais
reached, and then move onto target other species. This forms the basis for using mass allocation
as the default allocation approach.

Forthe Atlantic Salmon, allocation between target fish and bycatch is not required, because the
Salmonis farmed (i.e. 100% of impacts are allocated to the Atlantic Salmon).

5.1.2 Fillet and co-products

Economicallocation based on revenueis used for allocating theimpacts between thefillet
block/fillet and the co-products. This can be considered as a similar process to cattle and pig
slaughterhouse activities, for which the European Commission prescribes economic allocation in
the PEF method [1]. For some species, price datawas available for the manufactured fish and co-
products, either from primary dataor literature [34], however lack of datafor other species
meant that assumptions had to be made.

5.1.3 Multiple products on one factory line

In case multiple products are produced on the samefactory line, mass allocation is used. This is
in part because economicvalues of various products at factory level are difficult to obtain.In
addition, mass allocation is considered to be a valid approach, since the products produced on
the same line require similar manufacturing steps and are expected to be of comparablevalue.

5.1.4 Multiple product lines in one factory

When certain factory inputs cannot be reported per production line (such as the energy used for
coolingthe factory space and lighting), mass allocation will be applied. In this case, the mass
produced per productionlineis used as a proxy forthe space occupied by each line, as it is not
feasible to determinethe space occupied per production linein this study.
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5.1.5 Storage

In case otherproductsthanthefrozen products arestoredin the same(cold) storage space, the
allocationis based on volume and time (m?3-days), following the guidelines of the PEF [1].

5.2 Allocation at end-of-life

Forallocation at end-of-life, the cut-offapproachis primarilyused [35]. This is used in both the
background databases and the foreground processes to ensure consistency.

Accordingto the cut-offapproach, environmentalimpacts arising from collecting, processing and
storing the material after use to makeit reusable, are not attributed to the waste product. The
underlying philosophy of this approach is that primary (first) production of materialsis allocated
tothe primary user of a material. If a material is recycled, the primary producer does not receive
any benefit or burden for the provision of recyclable materials. Similarly, energy generated from
incineration of waste is not attributed to the provider ofthe waste, but to the user of the energy.

Forglass, aluminium and steel, the cut-off approach is deemed not appropriate, and the closed
loop approximationis used instead. The cut-offapproach is suitable for materials where thereis
limited market demand for the recycled material. For example, there is minimal market demand
for recycled plastic, partially explained by the relative low cost of virgin plastic, and the polymer
degradation of plastic when recycled. In contrast, thereis a high market demand for recycled
glass, aluminium, and steel. Forexample, thereis a high market demand for recycled glass,
becausevirgin glass is energy intensive to make, and the use of recycled glass drastically reduces
the energy requirements (consequently, making it the cheaper alternative). Additionally, recycled
glass, steel and aluminium are capable of maintaining their quality.

If the cut-off approach wereto be used for glass, aluminium and steel, the benefit associated
with providing these recycled materials to the market would be disregarded. Using the closed-
loop approximation method meansthat thereare no inputs and outputs associated with using
therecycled input of glass, aluminium, or steel, and when these materials are provided to the
recycling, the associated benefits and burdens are accounted for. For the productswith a
minimal market demand (i.e. plastic), it is appropriate that no benefit is associated with providing
the materials to the recycling system.

Aluminium, glass and steelare used in packaging of the alternativesin jars and cans. For
interpretation purposes, the benefits and burdens of the material recycling are grouped in the
packaging phase.

Forwaste thatis not recycled, such as materials going to landfill or incineration, theimpacts are
assigned to therespective functional unit.

Food loss and waste in production ismonitored carefully by Nomad Foods and is modelled based
onthe exact waste amounts and destinations from each factory.

Treatment of food loss and waste at both retail and consumeris modelled as the EU market mix
for biowasteincluded in ecoinvent, meaningitis partially incinerated (45%), partially industrially
composted (36%), and partially sent to anaerobic digestion (19%). Industrial composting and
anaerobicdigestion can be considered as recycling in this context, so any emissions associated
with the collection and processing at end of life are out of scope. As a result, only greenhouse gas
emissions related to incineration are included in the model.
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Forthe consumerwaste, it is possiblethat even when thereis the option to collect biowaste
separately, some of it may still end up with municipal solid waste. As a result, a fractionis
expected to end up in landfill, where anaerobic digestion may create methane emissions, which
are a much more potent greenhouse gas than carbon dioxide. However, there was no data
available onthe split between what percentage of household waste ends up in biowaste
collection and what ends up in municipal solid waste. Since higher food loss and waste impacts
will affect the products with higherfood loss and waste numbers (i.e. the non-frozen products)
more, it was decided to model a situation of 100% biowaste. This makes the difference between
thefrozen and non-frozen products smallerinstead of bigger. In addition, in several of the
countriesincluded in this study, the fraction of municipal solid waste that ends up in landfill is
fairly small, as can be seen in Table 5. The effect of food waste ending up in municipal solid waste
is therefore also fairly small.

Packaging waste at the consumer is modelled as municipal solid waste as included in ecoinvent.
The emissions associated with landfilling, incineration and open burning are all includedin the
model. The percentages for the various end of life destinationsasincluded in ecoinvent are listed
in Table 5.

Table 5-Municipal solid waste destinations

Country Landfilling Incineration Open burning
Germany 0.6 % 99.4 % 0.01 %

United Kingdom 34.8 % 64.8 % 0.4 %

Norway 8.1 % 91.8 % 0.1 %

Sweden 1.2 % 98.8 % 0.01 %

Italy 55.2 % 44.1 % 0.7 %
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6 Specific modelling approaches

Several challenges were encountered during the modelling and specific approaches were devised
to deal with these challenges. These approaches are documented in this section. The approaches
that are most relevant for the results are checked with a sensitivity analysis.

6.1 Overview of differences between frozen and alternative

products

This section gives an overview of the differences between how frozen, chilled, and ambient were
modelled, with reference to where in thereport further details can be found.

Table 6 - Overview of the ways in which frozen, chilled and ambient food products are modelled throughout the value

chain

Transport temperature

Frozen

Between the
factoryandthe
retailer, all
transportiswith a
frozenlorry

From retail to
consumer, the
transportis
ambient

Refer to section
6.8

Chilled Ambient
Between the factory
and theretailer, all
transportiswith a
chilled lorry

Between the factory
and the retailer, all
transportiswith a
regularlorry

Fromretail to
consumer, the
transportis
ambient

From retail to
consumer, the
transportisambient

Refer to section 6.8
Refer to section 6.8

Raw materials/

Based on Nomad

Based on Nomad Foods primary data(i.e.

agriculture Foods primary thesame as the frozen products).
data With the exception of leaf spinach and
cream spinach products where the raw
materials for fresh spinach differ slightly.
Refer to section 6.5 for more details
Upstream raw material Upstream Upstream plant- Upstream materials

processing

materials are
modelled based
onhow they arrive
at Nomad Foods
(e.g.if theraw
materials cometo
Nomad Foods as
frozen, the
processes are
adaptedto
account for
upstream freezing
of materials)

are modelled
assumingall arrive
at the factory
ambient

based materials are
modelled assuming
all arrive at the
factory chilled

Upstream fish
materials are
modelled assuming
all are frozen until
reaching Europe and
are then defrosted
passively. Note that
for some products, a
purely fresh version

Third party report LCA of 22 Nomad Foods frozen food products and alternatives 42



doesnot exist in
Europe(e.g. Alaska
Pollock).

Factory manufacturing ~ UsingNomad Factory manufacturingis kept as close as
Foods primary possibleto the frozen manufacturing, but
data adjustmentswere made based on key

product differences, such as, different
preparation states(i.e. raw, cooked,
blanched etc.) and different final packed
temperature requirements.

Refer to section 6.4and 6.7

Packaging material,size  UsingNomad Different packagingis used for alternative

and volume (has Foods primary products.

influence on factors . data Selected based on section 3.3

throughout value chain)

Distribution storage Using Nomad Using PEF datafor Using PEF data for

(temperature, duration  Foods primary chilled storage as ambient storage as

and volume factor) data describedin section described in section

6.8 6.8

Retail storage Using PEFdatafor  Using PEF datafor Using PEF data for

(temperature, duration  frozen storageas  fresh storageas ambient storage as

and volumefactor) described in described in section describedin section
section 6.8 6.8 6.8

Retail waste Using primary Using primary data Using primary data
datafor products  for chilled products for ambient
based on the based on theproduct productsbasedon
product category  categorywhere the product
where possible. possible. category where

possible.

Consumer storage Using PEF datafor  Using PEF datafor Assuming zero

(temperature, duration  frozen storageas  chilled storageas impact from

and volumefactor) describedin describedin section storageas
section 6.8 6.8 described in section

6.8

Preparation (timeand
method - dependent on
decisiontree)

Preparation time
and methodis
based on Nomad
Foods product
packaging

The preparation method is kept the same as
thefrozen product when feasible, and the
cookingtimes are adjusted to account for
the different preparation requirements.

Refer to section 6.70.

Consumerwaste

Using secondary
datafor frozen
productsbased on
product categories
where possible.

Using secondary data
for chilled products
based on product
categorieswhere
possible.

Using secondary
datafor ambient
products based on
product categories
where possible.
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6.2 Modelling primary fisheries data

Nomad Foods'main fish suppliers were engaged to gather primary data on fishing operations
and processes. The data collected for fishing operations was primarily the fuel usage, refrigerant
usage and catch volumes. The data collected was mainly the energy requirements for processing
and the mass breakdown ofthe co-products.

Dataon capital goods, lubricating oil, and antifouling paint are based on secondary data.

Atlantic Salmonthatis used in the Atlantic Salmon fillet is farmed. Datawas collected on fish feed
production (produced on-site) and for open net-pen salmon farming and manufacturing.

6.3 Modelling primary cultivation data

Primary datawas used for the cultivation ofred cabbage, leaf spinach and garden peas. The data
provided includestheyield, field size, fertilizer use, fuel use, pesticide use, irrigation, and CaCO3
use. Datawas provided for the growing period within 2019.

Forthis primary data, pesticide emissions are modelled as per the HFCRv1.0[36]. This statesthat
90% of activeingredients applied are emitted to the soil, 9% to thewater and 1% to the air.

To modelthe Nitrogen (N)and Phosphorus (P) emissions from fertilizer application, the
alternative approach to nitrogen modellingis adopted, from section 4.4.1.5. from PEF [1]. This
approachis chosen because of limited data availability on field characteristics.

The contribution of fertilizer and pesticides to the overall environmental impact is very different
for thethree products (between 2 and 30%), the assumptions made for modelling the cultivation
phase, these are as follows:

- Thefraction of synthetic fertilizer and manure lost to leaching and runoff as NOs (i.e. the
leaching factor) is assumed to be 30%.

- Thefraction of synthetic fertilizer N applied to soils that volatilizes as NH3 and NOy s
assumed based the alternative approach described in PEF. Different fractions are used
for urea, ammonium nitrate, other chemical fertilizers, and manure.

- Nitrogenin soil from mineralization and atmospheric deposition is estimated, based on
the difference calculated between the N balance and N loss, assuming the minimum of
30% N leaching.

- Assumingsoil and crop residue N is 0% lost.

- N content ofharvested product is taken from external sources [37], [38], [36]

- Assumed density of UAN is 1.28kg/L [39]

- Assumingzero N in soil from crop residues.

- Assuming 1kg/L of pesticide

- Ageneric dataset for the production of pesticides is used

6.4 Manufacturing of non-frozen products

To ensure equal data quality and not let the efficiency of Nomad Foods’ manufacturing facilities
affect the comparison between the frozen and alternative products, the primary manufacturing
data of the Nomad Foods frozen productsis used for the alternative products as well. To account
for the alternatives not being frozen and possibly being in a different state than thefrozen
product (i.e. raw vs cooked), adjustment values are applied to the manufacturing data.

Third party report LCA of 22 Nomad Foods frozen food products and alternatives 44



The temperature adjustments are made based on the temperature difference between the
product temperature after manufacturing and thefinal temperature ofthe product when leaving
thefactory.For example, garden peas are chilled during distribution and thus begin
manufacturing at a temperature of 3°C. For frozen peas, thetemperatureis then reduced to -
20°C, while the non-frozen alternative the temperature remains at 3°C. This resultsin a different
amount of electricity used for thisfinal step.Itis assumed that all other manufacturing steps
remain the same for both the frozen and non-frozen products. The electricity use for the canning
and jarring manufacturing itselfand the sterilisation of the jars are thus notincluded in this
study.

The temperature difference between the product after manufacturing and thefinal temperature
of the product when leaving the factory is used as a basis for determining the electricity
reduction for non-frozen products. This datais assumed to belinear with the desired
temperature difference and is therefore scaled up or down based on the required temperature
difference.

Inaddition, in some cases thereis a difference in the state of the frozen and non-frozen product
that needsto be adjusted for. Forexample, frozen leaf spinachis blanchedin the factory, after
whichit is frozen. In contrast, chilled leaf spinachis packed raw. So not only is an adjustment
needed for not reducing the temperatureto freezing, but an adjustment s also needed for not
cookingthe product during manufacturing. Similar to the cooling adjustment, this blanching
adjustment is also made based on temperature difference.

Inall instances, when additional coolingis required, the electricity consumption is adjusted
linearly based on temperature differences.

The adjustments are based on the following temperatures:

- Allchilled items are chilled to 3°C.

- Allfrozen productsare frozento -20°C

- Ambient products(such asthosein jars or cans) are assumed to have no active coolingin
thefactory.They are filled hot and cool down passively.

- Food productswhich areboiled or fried prior to chilling or freezing assumed to havean
initial temperature of 80°C.

- Food productswhich are pre-blanched prior to chilling or freezing assumed to have an
initial temperature of 70°C.

- Food productswhich are raw/uncooked priorto chilling/freezing are assumed to havean
initial temperature of 8°C.

By using primary manufacturing data from Nomad Foods for both the frozen and non-frozen
products as many differentiating factors as possible are taken out of the equation, focusing only
onthe inherent differences between frozen and non-frozen. Inreturn, the adjustment values do
introduce an amount of uncertainty into the model, which will be assessed during the sensitivity
and uncertainty analyses. The contribution ofthese adjustments to the overall results will
determineif the adjustments are adequate for the purpose. An additional relevant parameter
would be the duration of cooking times (e.g. difference in duration of cooking times would likely
differ between pre-cooking and pre-blanching), however the granularity of factory data available
doesnot allow for this to be accounted. Thiswill be taken into considerationin the
interpretation.
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6.5 Modelling differences in spinach cultivation

Forred cabbage and garden peas, the form of vegetableis the same for the frozen and fresh
alternative. Therefore, the same cropis used for modellingthe frozen and fresh alternative.
However, for spinach the form is different; spinach which is bought fresh hasa smaller leaf size
than spinach which is to be frozen, which has the largest of all marketed leaf sizes [40]. The
spinach which is to be sold frozen is therefore grown for longer periods than the spinach to be
sold fresh, so needsto be modelled accordingly.

Table 7 shows an overview of the data found on the differences in spinach cultivationin
literature. Table 8 shows an overview of how this information was used to represent the
difference in the cultivation of fresh versus frozen spinach in the model(all other cultivation
processeswhich are not mentioned inthis overview are assumed to remain constant between
thefresh and frozen spinach).

Table 7 - Literature overview on difference between frozen and fresh spinach production

Fresh bunched Clipped fresh Spinach to be Source
spinach market spinach manufactured/frozen
(sold in salad
mixes)
Pre-plantorat 22 kgN /ha 22 kgN /ha 22 kgN/ha [40]
planting
Topdressor 22-34 kg N/ha 22-34 kg N/ha 22-34 kg N/ha [40]
waterrun (28 kg N/hamean) (28 kg N/hamean) (28 kg N/ha mean)
application #1
Topdressor Not required Not required 22-34 kg N/ha [40]
waterrun (28 kg N/ha mean)

application #2
N removed by N removed by harvesting fresh spinach  DoubletheNremoved  [40]
harvesting of is 22-45 kg N per ha. as harvesting fresh
product (33.5 kg N/ha mean) spinach. As frozen
spinachis harvested at
a more mature stage

(67 kg N/ha mean)
Harvesting Hand-harvested Mechanical Mechanical harvested [40]
method for bunched harvested (cutter (cutter bar)
spinach bar)
Harvestingtime 32-62 days after 26-50 daysafter  48-90 days after [40]
planting planting) planting
(teenage) (69 days mean)
(38 days mean)
Yield 1300 to 4800 Leaf size and thickness  [40]
cartons(of significantly greater
minimum net
weight 9kg) per ha
=11.7ton/ ha
43.2ton/ ha
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20.8 ton/ha 36.2 ton/ha [41]
Based on spinach for the fresh market  Based on spinach for

manufacturing

Post-harvest Clippedjust above [40]
handling theroot,

transported to

packing facility to

be cooled, washed,

sorted and

bagged.

After clipping, the  After clipping, theroots  [41]

rootsare still in the are stillin thefield so [40]

field so the plant the plant can continue

can continue growinganother 1-2

growing another1- times

2times

Table 8 - Differences implemented in the model for fresh versus frozen spinach

Fertilizers 50 kg N/ha(based 78 kgN /ha(based N applied for Fresh is 64%
onTable 7) on Table 7) less per ha than N applied
for Frozen.This is applied
tothe UAN, CAN, lime and
KornKaliapplied.

The fuel usage for
fertilizing is also scaled to
be 64% lower for fresh

spinach

Yield 20.8 ton/ha 36.2 ton/ha Yield is 57% lower for
fresh thanfor frozen
spinach

Land occupation With a shorter growing

period, land occupationis
assumed to be 55% lower

for 1kg of fresh spinach
than 1kg of frozen
spinach
Plant protection Assumed to be the same given no literature could be found on the
differences
Harvesting method Fuel usage assumed to be the same for harvesting, unless harvested
by hand

N in harvested crop N contentinthe harvested product per hais assumed to be 50% lower
for fresh spinach than that of frozen spinach based on Table 7.

Irrigation Assumed to be correlated with the growth time, thereforeis 55%
lower for fresh than frozen
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6.6 Differences in upstream processing of raw materials

For multiple products, Nomad Foods sources the raw materials pre-cooked and/or pre-frozen.
With the secondary datasets mostly providing data on raw foods, the energy and material
requirements for pre-cooking and freezing the raw materials still needs to be accounted for.

To determinetheinputs and outputs associated with these steps, the inputs and outputs of
several background datasets that were availablein both afrozen and non-frozen version were
compared. The difference between these datasets was taken to represent the additional inputs
and outputs needed to provide raw materials pre-frozen and applied to all datasets wherea pre-
frozen version was not available.n addition, refrigerant use was added to the created pre-frozen
datasets based on datafrom the PEF guidance[1].

For pre-cooked (blanched) raw materials coming into the Nomad Foods facilities, a dataset from
the Agribalyse database on blanchingwas used.

6.7 Manufacturing of homemade products

Itis assumed that forthe homemade products, the only impactsin the factory manufacturing
phase for the fresh vegetables come from the packaging. It is assumed that the fresh vegetables
essentially go directly from the farm to the distribution centre with only a packaging stepin
between, given that no further preparation (e.g. chopping, peeling etc)is required. Thereis no
granular primary dataon the electricity required for the packaging phase from Nomad Foods
since thisdata is integrated with the factory line data. Therefore, datafrom one of Nomad Foods’
co-packers covered in this study is used. This co-packer did provide granular data, so the
packaging step could be separated.

6.8 Distribution and storage

Each of thefrozen products and their alternative take the same distribution route, with the same
distances being used for both. Throughout distribution, products are stored at a national
distribution centre (DC) of Nomad Foods and a retailer DCbefore arriving at theretailer. The
times spentin storage differ between the frozen products and their alternatives. Fresh products
are often distributed more seasonally, whereas frozen products are distributed throughout the
year. Consequently, frozen foods are stored for longer periods. Primary datais used for the
average storagetime of products at the Nomad Foods DCs, accounting for the longer storage
period at the Nomad Foods DC. At the retail DC, storage times are taken from the PEF [1], which
accountsfor frozen products being stored for longer periods.

Forstorage at retail, Nomad Foods retail experts were consulted to gain insightsinto modern
supermarkets (days spentin cold rooms, days spent on display and proportion ofopen and
closed fridge and freezers). Energy use is taken from literature. An interesting data point s that
theliterature reference showsthat the energy use for the chilled cold room s higherthan for the
freezer. This could be due to the volume differences between the two types of storage, with the
literature reference indicating the freezer room havinga much larger volume than the chilled
room. Refer to [42] for further details on how the energy consumption at retail was calculated.

6.9 Food loss and waste

This study addresses the full life cycle of theincluded products from cradle to grave. This means
thefood loss and waste (FLW) throughoutthe life cycle needs to be included to come to an
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accuraterepresentation ofthe potential environmentalimpact. The food loss and waste
numbers are one of the main differentiating factors to the comparison ofthe frozen product and
its alternative and is therefore expected to have a significant influence on the overall results.
Because of this, the data used for thisis of highimportance.

6.9.1 Definition of food loss and waste

Different classifications of food loss and waste exist, with a common split being that into
categories such as avoidable, possibly avoidable and unavoidable food [WRAP] or edible,
questionably edible and inedible food [NRDC]. These categories are meant to indicate that not all
food loss and waste can be prevented. Bones, pits, inedible peels and other parts may be
typically part of food purchased, but were never expected to be consumed by humans.Some
food parts may be considered edible by some people but not by others, covering many things
from potato peelsto chicken feet. These fall underthe category of‘possibly avoidable’or
‘questionably edible’food loss and waste.

The definition of food loss and waste used in this study is:
“Any food intended for human consumption that ends up not being consumed by humans”

This definition is flexible to the possibly avoidable food loss and waste, since it can be
determined on a per product basis which partis intended for human consumption in the market
thatit is beingsold in.

Food lossand waste can occurthroughout the entire life cycle, from cultivation to thefinal
consumption.An overview of the various occurrences of food loss and waste is provided in

Cultivation Harvesting Manufacturing Distribution Retail Preparation Consumption
Consumed
Prepared food
Sold to food
consumer Uneaten
food
Retail Prepluaration
Food stock 0%
Food manufactured
to people
harvested
Food
cultivated
Waste
Distribution
losses
Mot
Manufacturing Food  food
losses loss B loss &
h r waste waste
Unharveste
crop D - Primary data used
Hasvesting D - Secondary data used
losses D - Losses excluded

Figure 3. The image is not scaled to the amount offood loss and waste occurring, but illustrates
that for a certain amount of consumed food, the various losses throughout the value chain stack
up to require a larger amount of food to be cultivated. The figure illustrates which pathways are
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considered food loss and waste in this study, shown by a coloured outline. Most notably,
redistribution to peopleis not considered food loss and waste since it is still used for human
consumption. Food used as animal feed however, is considered as food loss and waste even
thoughitis excluded from the definition many use for the purpose of meeting SDG Target 12.3
(to reduce food loss and waste).

In addition,
Cultivation Harvesting Manufacturing Distribution Retail Preparation Consumption
Consumed
Prepared food
Sold to food
consumer Uneaten
food
Retail Preparation
Food stock loss
Food manufactured
to people
harvested
Food Animal feed
cultivated
Waste
Distribution
losses
Mot
Manufacturing Food food
losses loss B loss &
- r waste waste
Unharveste
crop D - Primary data used
Hasvesting D - Secondary data used
losses D - Losses excluded

Figure 3 indicates through which data sources each of the various types of food loss and waste
are covered. As shown, the cultivation and harvesting losses are covered by the background
databases used. Datasets representing the food products leaving the farming stage are selected
to capturethis. Inthose cases where cultivation and harvesting were modelled with primary data,
thefood loss and waste was also covered by primary data. Manufacturing losses are covered by
the primary data received from Nomad Foods'factories and the destinations of the losses are
specified in this data as well. For distribution losses to retail, no data was available. Since this is
expected to be low, it has been excluded from this study and zero losses are modelled in this
stage. For retail and consumerlosses, the data used is described in more detail in the following
sections.
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Cultivation Harvesting Manufacturing Distribution Retail Preparation Consumption

Consumed
Prepared food
Sold to food
consumer Uneaten
food
Retail Preparation
Food stock 05
Food manufactured
to people
harvested
Food
cultivated
Waste
Distribution
losses
Not
Manufacturing Food  food
losses loss & loss &
waste waste

Unharvested

crop I:I - Primary data used
Harvesting D - Secondary data used

losses D - Losses excluded

Figure 3-Illustration of food loss and waste throughout the value chain, including data sources

Throughout the study, it became clear that accurate and detailed data on food loss and waste at
theretail and consumerstageis difficult to find. Available reports on the topic often focus on the
absolute amounts of waste, for examplesin tons peryear, without relating it back to the total
amount stocked or purchased. In addition, the definitions of food loss and waste in these reports
vary andit is not always clear if for example food products from retail going to animal feed are
considered a food loss or not.

An additional complicationin relation to this study is that there are not many studies available
that make a distinction between various preservation methods, i.e. the difference in food loss
and waste between frozen, canned or jarred, ambient or chilled products. However, various
studies refer to shelf life as a main influencing factor on the amount of food loss and waste. As
an example, a study by the Thinen Institute states that common reasons for food loss and waste
in retail are expired shelf life, visualdamage to the food or packaging, and overstocking [43]. A
report from WRAP on household food loss and waste specifies 48% of avoidable waste was
described by the consumer as ‘not being used in time’ [44]. Since there s a big difference in shelf
life between various preservation methods, it can be expected thereis also a significant
difference in the associated food loss and waste.

6.9.2 Data for food loss and waste at retail

Three literature sources were identified that specify food loss and waste percentages in retail for
oneor more specific preservation methods. These are the following:

- Thereport from the European Commission on the Product Environmental Footprint [1]
method specifies default food loss and waste percentages for both retailand consumer.
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There is some distinction included between product groups, such as fruits and
vegetables, meat and meat alternatives, and dairy products. A specific product group for
prepared manufactured frozen meals is also included. Datais mainly sourced from an
FAO report from 2011, supplemented with expert judgement. However, forsome data
points, no source is provided.

- Astudy by Caldeira et al.[45] on food availability in the EU provides food loss and waste
data for both retail & distribution and household consumption of fresh foods, splitinto
various high level product groups.

- Anelaboratereport and dataset by the USDA provides food availability estimates per
year for many specific products and various preservation methods [46]. Further analysis
of the data showed however that many ofthe data points for both retail and consumer
were equal across all products and preservation methods and likely to be based ona
single source number. These numbers also deviated significantly from any othervalues
found, so in theend it was decided to exclude this reference from the study in agreement
with the external review panel. The only exception are the numbers provided by USDA
for chilled spinach. These are very specific and thus appearto be specifically collected for
spinach. In addition, they are in line with the trend set by the other numbers.

Nomad Foods also reached out to various retailers across Europe. During the course of this
study, primary datawas received from four retailers. The level of detail provided by theretailers
varied, as well as the detail on the specific definitions of food loss and waste used, but covered a
wide range of supermarkets.

No single source coversall products and geographiesincluded in this study and various levels of
detail are provided. Therefore, an overview of the numbers provided by the various sources was
created to determineif there were any outliersand to cometo a final conclusion on a reasonable
set of food loss and waste numbers to use for retail. This overview showed that each of the
sources covers a different selection of the products under study, so a combination had to be
made. There is a fairly large variationinthe food loss and waste numbers from the various
sources, so it was decided to use the mean value of the numbers available. The resulting
calculated averages are summarized in Table 9.
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Table 9 - Used percentages of food loss and waste in retail

Frozen Chilled Canned/jarred
Alaska Pollock fish fingers 0.4% 4.8 %
Battered Alaska pollock fish fingers 0.4% 4.8 %
Atlantic cod fish fingers 0.3% 54%
North Pacific Hake fish fingers 0.4% 4.8 %
South African Cape Hake fillet 0.7% 4.8%
Atlantic cod loins 0.3% 5.4%
Atlantic salmon fillet 0.3% 4.0%
Schlefi (fish bake) 0.6 % 43 %
Fish gratin 0.6 % 5.0 %
VegetarianBurger 0.4% 3.9%
Chicken nuggets alternative 0.5% 2.7%
Falafel 0.5% 4.9%
Garden peas 0.5% 5.5% 0.4%
Extra fine peas 0.5% 0.4%
Cream spinach 0.4% 9.6 %
Leaf spinach 0.4% 9.6 %
Italian vegetable mix 0.5% 8.1%
Roasted parsnips 0.4% 9.1 %
Red cabbage withapple 0.7% n/a 0.5%
Super Sunshine Steam Mix 0.5% 49 %
Mix for minestrone 0.5% 7.8 %

6.9.1 Data for food loss and waste at consumer

Forthe

consumer stage, only secondary datawas available for food loss and waste. A number of

different sources was identified. The first three were also covered in the retail section, since they
provide dataon both theretail and consumer stages. An overview:

The report from the European Commission on the Product Environmental Footprint [1]
method as per above

A study by Caldeira et al.[47] on food availability inthe EU as per above

An elaboratereport and dataset by the USDA as per above. These numbers deviated
significantly from any othervaluesfound, so in theend it was decided to exclude this
reference from the study.

A publication by Janssen et al. [48] looked specifically into consumer food loss and waste
of products with different preservation methods. The study was conducted inthe
Netherlands. A selection of products was included in the study, including some of the
specific productsincluded in this LCA such as fish fingers and spinach. For products not
specifically included in the study, it was possible to find suitable proxies withinthe other
products covered.

A publication by Martindale et al. [49] specifically compares the fraction of food
purchases wasted by consumers between fresh and frozen food. The area under study is
Austria. The categories used are quite broad (vegetables, meat, fish, etc.), howeverthe
categories of fish fingers and spinach specifically were covered.

Areport by WRAP UK [50] specifies the percentages of purchases wasted by the
consumer split between avoidable and possibly avoidable waste for various food groups.
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It mainly covers fresh orchilled products, no separate category for frozen foods is
included.

Similar to the retail data, no single source covers all productsand geographiesincludedin
this study and various levels of detail are provided. In addition, the methods used to collect
and report food loss and waste by consumers varies considerably across these sources.
Values from the USDA are excluded from the calculation of the average value per product, as
mentioned before. The resulting calculated averages are summarized in Table 10.

Table 10 - Used percentages of food loss and waste at consumer

Frozen Chilled Canned/jarred
Alaska Pollock fish fingers 45 % 7.1 % n/a
Battered Alaska pollock fish fingers 45 % 71 % n/a
Atlantic cod fish fingers 45 % 71 % n/a
North Pacific Hake fish fingers 45 % 7.1 % n/a
South African Cape Hake fillet 1.8 % 6.8 % n/a
Atlantic cod loins 1.8 % 6.8 % n/a
Atlantic salmon fillet 1.8 % 6.8 % n/a
Schlefi (fish bake) 2.1 % 7.1 % n/a
Fish gratin 21 % 71 % n/a
VegetarianBurger 3.0% 85% n/a
Chicken nuggets alternative 3.0% 8.5% n/a
Falafel 3.0% 85 % n/a
Garden peas 2.0% 16.5 % 32%
Extra fine peas 2.0% n/a 32%
Creamspinach 1.4 % 16.5 % n/a
Leaf spinach 1.4 % 16.5 % n/a
Italianvegetable mix 22 % 11.3% n/a
Roasted parsnips 2.6 % 17.2 % n/a
Red cabbage withapple 2.6 % n/a 36%
Super Sunshine Steam Mix 23 % 11.3% n/a
Mix for minestrone 2.1 % 11.3 % n/a

6.10 Consumer preparation

6.10.1 Nomad Foods product preparation

Forthe Nomad Foods frozen products, the preparation method and cooking times are used from
the package recommendations. Ifmore than one preparation method is suggested, an equal
proportion of preparation methods are assumed. For example, if the package states the
consumer can either bake or fry a product, itis assumed that 50% is baked and 50% is fried.

Itis possiblefor consumersto deviate from the preparation methods described onthe
packaging. For example, consumers may chooseto fry peas instead of boil or microwave them.
However, no detailed data on thisis available.

In some cases, the Nomad Foods packaging states specifically for how much of the product the

preparation method isintended for (e.g. for frozen garden peas, the microwavingtimeis
specified for 500g of peas). When thisis explicitly stated, the preparation ismodelled on the basis

Third party report LCA of 22 Nomad Foods frozen food products and alternatives 54



of the grams specified. When the amount of product for the associated preparation methods is
notspecified, it is assumed that the preparation method is for three servings of product. The
servingsize for the frozen and alternativesis assumed to be the same. The mass of three
servings of each product is specified in Table 1.

Where a timerange is given, an average is taken. For example, a time range of 5-7 minutesis
modelled as 6 minutes.

6.10.2 Alternative product preparation

An inherent difference between the frozen product and its alternativeis often the preparation of
the product. The time taken to cook frozen food is longer than chilled food which needsto be
accounted for. As outlined in section 6.4, an adjustment is made in the manufacturing phaseto
account for the different state(i.e. raw or cooked) of the product and its alternative. Similarly, this
needs to be accounted forin the consumer preparation in orderto compare two cooked
products, i.e. if less energy is required in the manufacturing phase for the alternative because it
is raw instead of cooked, additional energy is required in the preparation phaseto fully cook the
product.

Figure 4 shows the decision tree which outlines the process for determining the preparation of
the alternative product.

The following examples illustrate how the decision treeis used.

e North Pacific Hake Fish Fingers.: The frozen product is pre-cooked, and the package
statesto bake in theoven or grill in the pan. The alternative product is also pre-cooked,
so the frozen and alternative product arein the same state. The package does not state
to thaw the fish fingers before preparation. This leads to decision 2; the same
preparation method isused, and the cookingtime s adjusted so that the difference in
timerequired to cook frozen food versus chilled food is accounted for.

e Extrafine peas:The frozen productis pre-blanched, and the jarred peas are cooked,
thereforethey are in a different state. Itis realistic to assumethejarred peascould also
be microwaved or boiled, leading to decision 4. A recipe is found for preparing the jarred
peas usingthe same preparation methods.
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Figure 4 - Decision tree for consumer preparation of the alternative product

Because thetemperature difference between frozen and cooked is greater than the temperature
difference between chilled or ambient and cooked, cooking frozen food in the same state will
fundamentally takelonger. Therefore, when Decision 2 is selected, an adjustment of cooking
timeis required. There is limited scientific literature to determine the difference in cooking times.
Thus, in this study instead of having a fixed difference in cooking times, the difference per
productis calculated. The boiling and frying processes used as a basis for the preparationinclude
the energy for heating both the food and any water needed for boiling. Based on theinitial
temperature and the specific heat capacity ofthe food [51] the required energy to heat the food
is calculated. The timeto heat the food is then calculated based on thisrequired energy and the
power of the stove.
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7 Results and interpretation

The results are calculated on a wide range of impact categories. The interpretation mainly goes
into detail on global warming potential, i.e. the carbon footprint. The wide range of impact
categoriesis usedto determine the existence of trade-offs and attention points, but no detailed
analysisis performed onthese impact categories.

Based onthe interpretation detailed in the results document, the section below describes overall
insightswhen looking at the carbon footprint of all productstogether.

Please notethat theseresults are relative expressions and do not predictimpacts on category
endpoints, the exceeding of thresholds, safety margins or risks.

7.1 Numerical comparison of frozen vs. alternative

7.1.1 Carbon footprint

An overview of the calculated numerical carbon footprint resultsis shownin Table 11. These
results are displayed per three portions, with portion size varying between the products. The
values are therefore only comparable between the frozen and alternative product, not between
different products.

Please note that conclusions cannot be drawn on these numerical values alone. Sensitivity and
uncertainty analysis ofthe results is addressed in chapters 8and 9. Final conclusions are
discussed in chapter 70.

Table 11 - Numerical carbon footprint results (per 3 portions), a green numberin frozen or alternative means its carbon
footprint is lower than that of the other one. A green number in relative difference means thatthe carbon footprint of the
frozen product is lower than of its alternative.

Product Frozen Alternative Relative difference
(kg CO,eq. (kg CO,eq. (negative number

per 3 portions) per 3 portions) means frozen is lower)

Alaska Pollock fish fingers 1.95 2.05 -4.7%

Battered Alaska pollock 1.93 1.90

fish fingers 1.4%

Atlantic cod fish fingers 1.57 1.64 -4.3%

North Pacific Hake fish 0.82 0.84

fingers -2.4%

South African Cape Hake 1.55 1.58

fillet -1.8%

Atlantic cod loins 1.62 1.71 -5.4%

Atlantic salmon fillet 2.80 2.99 -6.2%

Schlefi (fish bake) 2.46 2.65 -7.4%

Fish gratin 2.10 2.24 -6.4%

VegetarianBurger 0.84 0.89 -5.4%

Chicken nuggets 0.84 0.87

alternative -2.9%

Falafel 0.67 0.75 -10.2%

Garden peas 0.29 0.52/0.45/0.3* -43.6%/-35.1%/-2.0%

Extra fine peas 0.67 0.81 -17.5%

Third party report LCA of 22 Nomad Foods frozen food products and alternatives 57



Cream spinach 700gr. 0.93 1.26 -25.9%

Cream spinach 750gr. 0.91 1.26 -27.9%
Leaf spinach 0.73 0.86 -15.6%
Italianvegetable mix 0.99 0.87 14.3%
Roasted parsnips 0.81 0.71 13.4%
Red cabbage withapple 0.60 0.91 -33.7%
Super sunshine mix 0.46 0.47 -0.4%
Minestrone mix 0.64 0.54 15.1%

*jarred/canned/chilled

The initial numerical results show that for the 22 products under study, in many cases the carbon
footprint ofthe frozen and alternative product(s) arevery close together. Thisis especially the
case for the battered Alaska Pollock fish fingers, the North Pacific Hake fish fingers, South African
Cape Hakefillet, chicken nugget alternative, chilled garden peas, and the super sunshine mix,
where in all cases the frozen product has a numerical carbon footprint thatis a mere 1to 3%
different from that of the alternative product. Even before a detailed sensitivity and uncertainty
analysis, it is fairly clear that thereis no clear difference between these frozen productsandthe
alternativesin terms of carbon footprint. Ifany of the numerical differences can be considered
significant between the frozen product and the alternative requires furtherinvestigation ofthe
results through sensitivity and uncertainty analysis.

When looking purely at the numerical values, there are 4 products where the numerical carbon
footprint ofthe frozen productis higherthan for the alternative product, ranging from 1% for the
battered Alaska Pollock fish fingers to 15% for the Minestrone mix. For the remaining 18
products, the frozen product has a lower numerical carbon footprint ofthe frozen product than
that of the alternative, ranging from 0.4% for the super sunshine mix to 44% for jarred garden
peas. How significant these differences are and if a clear conclusion can be drawn on whether a
product has a lower carbon footprint thanits alternative will need to be investigated inthe
sensitivity and uncertainty analyses.

7.1.2 Broad range of impact categories

As mentioned before, while the focus of the study is on climate change, a broad range of impact
categories was considered to investigate trade-offs between climate change and otherimpact
categories. Inthefull report used for ISO review, these results were provided for all products
under study. For this third-party report, three case studies are used to illustrate these results.

Figure5 and Table 12, Table 13, and Table 14 show the results for all analysed impact categories
for one product per analysed product group.
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Figure 5 - Characterized results for different impact categoriesfor the frozen product and its alternative(s). The highest impact is scaled to 100% and
the other products are relative to that.
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Table 12 - Characterized resultsfor all impact categories for 1 kg of Alaska Pollock Fish Fingers
Impact category Unit Frozen Frozen[%] Fresh Fresh[%]
Climatechange kg CO, eq 4.33 95% 4.54 100%
Ozonedepletion kg CFC11eq 1.27E-05  89% 1.42E-05  100%
lonising radiation kBg U-235eq  0.32 100% 0.31 97%
Photochemical ozone formation kg NMVOCeq 0.04 93% 0.04 100%
Particulate matter disease inc. 3.80E-07 93% 4.11E-07  100%
Human toxicity, non-cancer CTUh 5.39E-08 95% 5.70E-08  100%
Human toxicity, cancer CTUh 3.24E-09 97% 3.35E-09  100%
Acidification mol H+eq 0.06 93% 0.06 100%
Eutrophication, freshwater kg Peq 2.05E-03  100% 1.89E-03  92%
Eutrophication, marine kg Neq 0.02 94% 0.02 100%
Eutrophication, terrestrial mol N eq 0.17 93% 0.18 100%
Ecotoxicity, freshwater CTUe 95.01 96% 99.29 100%
Land use Pt 56.89 92% 61.89 100%
Wateruse m3 depriv. 0.50 85% 0.59 100%
Resource use, fossils M) 46.27 93% 49.60 100%
Resource use, minerals and metals kg Sbeq 3.73E-05 68% 5.49E-05  100%

Table 13 - Characterized resultsfor all impact categories for 1 kg of Vegetarian burger
Impact category Unit Frozen Frozen[%] Fresh Fresh [%]
Climatechange kg CO, eq 2.80 95% 2.96 100%
Ozonedepletion kg CFC11eq 2.54E-07 23% 1.09E-06  100%
lonising radiation kBg U-235eq  0.88 100% 0.68 77%
Photochemical ozone formation kg NMVOCeq 8.08E-03  90% 8.95E-03  100%
Particulate matter disease inc. 1.18E-07 87% 1.35E-07  100%
Human toxicity, non-cancer CTUh 5.88E-08 93% 6.34E-08  100%
Human toxicity, cancer CTuh 2.27E-09 89% 2.55E-09  100%
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Impact category Unit Frozen Frozen[%] Fresh Fresh [%]

Acidification mol H+eq 0.01 92% 0.02 100%
Eutrophication, freshwater kg Peq 6.41E-04  95% 6.77E-04  100%
Eutrophication, marine kg N eq 0.01 91% 0.01 100%
Eutrophication, terrestrial mol N eq 0.05 91% 0.05 100%
Ecotoxicity, freshwater CTUe 101.56 92% 110.24 100%
Land use Pt 128.94 93% 139.12 100%
Wateruse m3 depriv. 0.21 73% 0.29 100%
Resource use, fossils M| 43.14 100% 42.90 99%

Resource use, minerals and metals kg Sbeq 2.73E-05 59% 4.60E-05 100%

Table 14 - Characterized resultsfor all impact categories for 1 kg of Garden Peas

Impact category Unit Frozen Frozen Jarred Jarred Canned Canned Fresh Fresh
[%] [%] [%] [%]

Climate change kg CO,eq 1.22 56% 2.16 100% 1.88 87% 1.24 58%

Ozonedepletion kg CFC11  1.62E-07 61% 2.64E-07 100% 1.74E-07 66% 1.16E-07  44%
€q

lonising radiation ~ kBq U- 0.61 100%  0.28 47%  0.33 54% 0.60 99%
235 eq

Photochemical kg 3.10E-03 38% 8.17E-03  100% 6.50E-03  80% 3.08E-03 38%

ozone formation NMVOC
€q

Particulate matter  disease 3.81E-08 19% 1.97E-07 100% 1.33E-07 67% 3.95E-08 20%
inc.

Human toxicity, CTUh 1.39E-08 11% 291E-08 24%  1.22E-07 100% 146E-08  12%

non-cancer

Human toxicity, CTUh 6.77E-10 4% 1.39E-09 8% 1.71E-08  100% 7.55E-10 4%

cancer

Acidification mol H+ 4.68E-03 31% 0.02 100% 0.01 70% 493E-03 33%
€q

Eutrophication, kg Peq 2.11E-04 38% 3.38E-04 61% 5.53E-04  100% 2.06E-04 37%
freshwater
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Impact category Unit Frozen Frozen Jarred Jarred Canned Canned Fresh Fresh
[%] [%] [%] [%]

Eutrophication, kg N eq 1.30E-03 45% 2.92E-03 100% 2.26E-03 77% 1.31E-03  45%
marine

Eutrophication, molNeq 0.01 39% 0.03 100% 0.02 76% 0.01 41%

terrestrial

Ecotoxicity, CTUe 2750.23 83% 2804.01 85% 2811.10 85% 3295.34 100%

freshwater

Land use Pt 102.88 83% 11712 94% 107.95 87% 124.19 100%

Water use m3 0.23 46% 0.42 83% 0.51 100% 0.24 47%
depriv.

Resource use, M) 24.92 81% 30.86 100% 27.82 90% 24.65 80%

fossils

Resource use, kgSbeq  8.51E-06 12% 2.01E-05 29% 6.95E-05 100% 820E-06 12%

minerals and

metals

For Alaska Pollock Fish Fingers, the numerical carbon footprint ofthe frozen product is lower
thanthealternative. Looking at all impact categories, the same general trend is seen. Meaning
that the frozen product performs s/jght/ynumerically better on most impact categories, with the
exception oftwo out of 16 impact categories (ionizing radiation and freshwater eutrophication)
where the chilled alternative performs s/jght/ynumerically better. The most noticeable difference
is in the impact category minerals and metals resource use, where the impact of the chilled
productis >30% higherthan the frozen product, mainly dueto the PET used in the primary
package.

Forthe vegetarian burger, the numerical carbon footprint ofthe frozen product is numerically
lower (but not significantly so) than the chilled alternative. Looking at all impact categories, the
impact of thefrozen product is numerically lower (but not significant) than the one of the fresh
onefor most categories, with some exceptions. The frozen product has a noticeably higher
impact for ionizing radiation (mainly due to higher electricity use at the consumer stage) whilst
thefresh product asa considerably higherimpact on ozone depletion and minerals and metals
resource use (mainly dueto PET packaging).

Forgarden peas, the numerical carbon footprint ofthe frozen product is significantly lower than
the canned and jarred alternatives, and similar to thefresh alternative. Looking at all impact
categories, a similar trend is seen with the jarred and canned products having a higher impact
than frozen on all impact categories with the exception of ionizing radiation where frozen has the
highest impact (due to higher electricity usage). When comparing to the fresh alternative, thetwo
products have a similar impact on most impact categories, whilst the fresh has a more noticeably
higher impact on freshwater ecotoxicity and land use. Human toxicity cancer and non-cancer and
mineral and metals resource use are a lot higher for canned peas.

Note:for Ozone Depletion the main source of differentiation is dueto the lack of a
characterization factor of N,Oin the EF3.0 method. A sensitivity analysis with ReCiPe shows a
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fairly small relative difference, meaning conclusions on this impact category should be treated
with caution.

7.2 Identification of significant life cycle stages

To identify the most significant life cycle stages, the carbon footprint results are grouped into the
different life cycle stages (Figure 6 and Table 15).

Ingredients: Production ofingredients, including transport to the factory.
Manufacturing: All activities that happen at the factory, including electricity, natural gas,
on-sitewaste and thetreatment ofit, and the activities related to packaging the product.
In case theingredientis delivered to Nomad Foods pre-blanched or pre-frozen, thisis
also part of the manufacturing group.

Packaging: Packing materials, including their transport to the factory.

Distribution: Transport from the factory to the Nomad distribution centre, storage at the
distribution centre, transport to theretail DCand storage at the retail DC.

Retail storage: Electricity and coolant use in the retail cold room and on theretail floor.
Retail waste: Waste treatmentoftransport packaging, product losses and waste
treatment of product losses. This includes ingredients, manufacturing, packaging and
distribution ofthe product losses.

Consumer transport: Transport from theretailerto the consumer.

Consumer storage: Electricity use for storage at the consumer.

Consumer preparation: Electricity and gas use at the consumerto cook thefood product,
as well as any capital goodsincluded in the background databases.

Consumer waste: Waste treatment of primary packaging and product losses. This
includes all upstream processes required to compensate forthe product losses at the
consumer.
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Figure 6 - Carbon footprint per life cycle stage for three portions of the product
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Table 15 - Carbon footprint per life cycle stage for three portions of the product in kg CO.eq.

Ingredients Manufacturing Packaging Distribution Retail Retail Consumer Consumer Consumer Consumer Total
storage waste Transport  Storage Preparation Waste
Fifi AP (frozen) 1.06 0.24 0.02 0.07 0.04 7.31E-03 4.23E-03 0.14 0.30 0.07 1.95
Fifi AP (fresh) 1.06 0.23 0.07 0.06 0.08 0.08 6.66E-03 0.06 0.28 0.1 2.05
Fifi AP Crispy (frozen) 0.87 0.31 0.03 0.07 0.05 7.15E-03  5.19E-03 0.17 0.33 0.09 1.93
Fifi AP Crispy (fresh) 0.87 0.30 0.07 0.06 0.07 0.07 6.66E-03 0.06 0.29 0.10 1.90
Fifi Cod (frozen) 0.63 0.46 0.02 0.10 0.02 4.85E-03 3.38E-03 0.07 0.19 0.06 1.57
Fifi Cod (fresh) 0.68 0.46 0.06 0.07 0.04 0.07 5.33E-03 0.03 0.14 0.10 1.64
Fifi Hake (frozen) 0.25 0.14 0.02 0.04 0.02 3.29E-03 2.82E-03 0.07 0.23 0.03 0.82
Fifi Hake (fresh) 0.26 0.13 0.05 0.03 0.04 0.03 4.32E-03 0.03 0.22 0.05 0.84
Cape Hakefillet (frozen) 0.45 0.56 0.08 0.1 0.02 0.01 3.08E-03 0.10 0.18 0.03 1.55
Cape Hakefillet (fresh) 0.45 0.56 0.05 0.13 0.03 0.06 3.87E-03 0.03 0.17 0.09 1.58
Atl. Cod loins (frozen) 0.92 0.28 0.07 0.21 9.00E-03  6.18E-03 6.45E-03 0.02 0.06 0.04 1.62
Atl. Codloins (fresh) 1.06 0.27 0.05 0.07 0.01 0.08 6.62E-03 441E-03  0.06 0.1 1.71
Atl. Salmon (frozen) 2.30 0.18 0.08 0.09 6.02E-03  0.01 4.35E-03 0.01 0.07 0.05 2.80
Atl. Salmon (fresh) 2.30 0.03 0.09 0.13 8.04E-03  0.09 5.95E-03 3.68E-03  0.07 0.26 2.99
AP Schlefi (frozen) 1.36 0.12 0.06 0.09 0.06 0.01 6.40E-03 0.21 0.42 0.12 2.46
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Ingredients Manufacturing Packaging Distribution Retail Retail Consumer  Consumer Consumer Consumer Total

storage waste Transport  Storage Preparation Waste

AP Schlefi (fresh) 1.36 0.12 0.09 0.09 0.13 0.09 0.01 0.10 0.32 0.34 2.65
Atl. Cod Fish Gratin (frozen) 1.27 0.10 0.30 0.19 0.01 0.02 0.01 0.01 0.08 0.09 2.10
Atl. Cod Fish Gratin (fresh) 135 0.10 0.27 0.11 0.01 0.09 0.01 3.63E-03  0.08 0.20 224
GCMeatless Burger (frozen) 0.23 0.10 0.01 0.12 0.03 6.86E-03 4.66E-03 0.09 0.21 0.03 0.84
Meatless Burger (fresh) 0.25 0.10 0.07 0.1 0.04 0.03 5.32E-03 0.03 0.19 0.06 0.89
GCChicken less Nuggets(frozen)  0.27 0.13 0.03 0.02 0.04 4.82E-03 5.37E-03 0.11 0.20 0.04 0.84
Chicken less Nuggets (fresh) 0.27 0.13 0.08 0.02 0.03 0.04 4.38E-03 0.02 0.18 0.10 0.87
GCFalafel (frozen) 0.29 0.11 0.03 0.10 6.25E-03 3.99E-03 4.48E-03 0.02 0.09 0.02 0.67
Falafel (fresh) 0.31 0.11 0.05 0.09 6.63E-03  0.03 4.34E-03 2.88E-03  0.09 0.06 0.75
Garden peas (frozen) 0.08 0.01 0.03 0.02 0.02 4.74E-03 3.55E-03 0.07 0.05 2.73E-03 | 0.29
Garden peas (jarred) 0.08 9.78E-03 0.31 0.06 X 6.50E-03 8.09E-04 X 0.03 0.02 0.52
Garden peas (canned) 0.08 9.78E-03 0.26 0.05 X 0.01 7.00E-04 X 0.03 0.01 0.45
Garden peas (fresh) 0.07 9.67E-03 0.01 0.02 0.06 9.19E-03 8.34E-03 0.04 0.04 0.02 0.30
Extrafine peas(frozen) 0.18 0.08 0.03 0.08 0.03 0.03 4.01E-03 0.10 0.11 0.01 0.67
Extrafine peas(jarred) 0.23 0.07 0.35 0.06 X 0.04 7.91E-04 X 0.04 0.03 0.81
Cream spinach 700gr (frozen) 0.32 0.18 0.02 0.06 0.06 5.33E-03 5.71E-03 0.18 0.08 0.02 0.93
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Ingredients Manufacturing Packaging Distribution Retail Retail Consumer  Consumer Consumer Consumer Total

storage waste Transport  Storage Preparation Waste

Cream spinach 700gr (fresh) 0.36 0.18 0.12 0.05 0.14 0.04 0.02 0.12 0.11 0.11 1.26
Cream spinach 750gr (frozen) 0.32 0.18 0.02 0.06 0.05 5.08E-03 5.33E-03 0.17 0.08 0.02 0.91
Cream spinach 750gr (fresh) 0.36 0.18 0.12 0.05 0.14 0.04 0.02 0.12 0.11 0.11 1.26
Leaf spinach (frozen) 0.1 0.19 0.02 0.05 0.06 4.42E-03 5.73E-03 0.18 0.09 0.02 0.73
Leaf spinach (fresh) 0.13 0.20 0.04 0.06 0.18 0.03 0.02 0.13 0.03 0.05 0.86
Italian Veg mix (frozen) 0.30 0.12 0.04 0.08 0.06 6.76E-03  6.37E-03 0.20 0.14 0.03 0.99
Italian Veg mix (fresh) 0.33 5.91E-03 0.03 0.06 0.12 0.04 0.01 0.09 0.13 0.05 0.87
Roast parsnips (frozen) 0.24 0.07 0.02 0.04 0.01 9.29E-03  1.90E-03 0.04 0.37 0.01 0.81
Roast parsnips (fresh) 0.24 1.21E-03 6.47E-03  0.03 0.01 0.01 2.06E-03 0.01 0.38 0.01 0.71
Red cabbage (frozen) 0.08 0.13 3.81E-03  0.05 0.05 7.09E-03 4.85E-03 0.16 0.1 0.02 0.60
Red cabbage (jarred) 0.08 0.12 0.49 0.08 X 0.01 1.10E-03 X 0.08 0.04 0.91
Super sunshine(frozen) 0.13 0.04 0.07 0.05 0.01 0.02 2.14E-03 0.04 0.07 0.02 0.46
Super sunshine(fresh) 0.13 1.50E-04 0.02 0.06 0.09 0.02 3.40E-03 0.04 0.08 0.02 0.47
Minestrone (frozen) 0.09 0.09 0.02 0.03 0.06 0.04 7.82E-03 0.20 0.09 8.37E-03 | 0.64
Minestrone (fresh) 0.09 0.07 0.02 0.03 0.08 0.06 0.04 0.06 0.1 0.03 0.54
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7.2.1 Ingredients

In most cases, ingredient production is the most contributing life cycle stage in terms of carbon
footprint. This means cultivation ofthe vegetables, catching of the fish or, in the case of the
Atlantic Salmon fillet, farming the fish. For the different types of products, there are different
factorsthatinfluence the overall carbon footprint of this stage.

Forwild fish, the main carbon footprintimpact comes from the catching operations.Dueto the
catchinglocations of the fish species, this often involves sailing vast distances to get to the
catchinglocation and sailing additional distances across thefishing grounds. This resultsin the
use of marine diesel. Some of the wild fish species included in this study (Alaska Pollock and
North Pacific Hake) are caught with trawlers and swim in large schools. They are therefore
relatively easy to catch compared to otherfish species that require for example, bottom trawling
and moretravelto locate (i.e. Atlantic Cod and Cape Hake). Anotherimportant factor contributing
to the carbonfootprint ofthe catching operationsis therefrigerant use to store the caught fish.
Most fleets have upgraded orare in the process of upgrading to more modern refrigerants with a
more limited impact. However, somefisheries still use refrigerants with a significantimpact on
climate change.

Forthe farmed fish in this study (Atlantic Salmon), the main contributor to the carbon footprint is
the production of fish feed. This impact mainly stemsfrom the soy included in thefish feed. The
proportion of marine proteinin the fish feed is much larger but has a lower carbon footprint.

Forvegetables, the causes of the carbon footprint contribution within the cultivation varies.
Common sources are fuel use during planting and harvesting, land-use change, herbicide and
pesticide production and irrigation efforts.

7.2.2 Manufacturing

The relative contribution of manufacturing to the carbon footprint varies between the products.
Forthe Green Cuisine products (vegetarian burger, falafel and chicken-less nuggets), it has a
significant contribution to the overall carbon footprint, while for the pure vegetable productsiit
doesnot. Thefish productslie somewherein the middle, with manufacturing being a bigger or
smaller contributorto the overall carbon footprint depending onthe case.

The carbon footprint of manufacturing is mainly determined by the energy use, in the form of
electricity or heat. The various products are made in different factories, located in different
countries, so the varying electricity mix also affects the overall contribution to the carbon
footprint of manufacturing.

The contribution of manufacturing to the carbon footprintis very similar between the frozen
products and their alternatives, with the alternative typically having a slightly lower impact. This is
a direct consequence ofthe decision that was made at the start of this project to assume similar
manufacturing efficiencies for both the frozen products and their alternatives. The reason for this
decisionwas to strip out as many other influencing factors as possible, so that the main
differences between the frozen product and its alternative would be directly related to it being
frozen or not.In addition, no detailed data on differences between frozen and non-frozen
production was available.

This was modelled in the study by using the same manufacturing datafor both the frozen
product and its alternative, with reductions made to accommodate the lower energy use needed
to chill productsinstead of freezing them. Since this is only a small fraction of the overall

Third party report LCA of 22 Nomad Foods frozen food products and alternatives 68



manufacturing, the resulting difference to the carbon footprint is fairly small. The exceptionto
thisis the Atlantic Salmon, where primary data suggested that the fresh alternative hasa much
lower manufacturingimpact.

Inreality, it is quite possible that the factories operated by Nomad Foods are more efficient than
others.They producevery large amounts of product and do so in centralized factories, which are
highly optimized towards the types oftasks they focus on. These factories have beenin operation
for decades and have been optimized over thoseyearsto be as efficient as possible. Smaller
scale or less optimized productionis likely to have a higher carbon footprint per product. Itis
also possible that highly efficient productionis an inherent benefit to frozen food production and
that producersrelying on fresh supply need to be more flexible and can therefore operateless
optimized. These effects are notincluded in theseresults.

7.2.3 Packaging

Packaging has a fairly low contribution to the carbon footprint of most ofthe products under
study.The exceptionis those cases where jars or cans are used, which require more energy
intensive production processes. Forthe other products, the main difference in packaging impact
between the frozen and alternative product usually stems from the use of plastics (PET) traysin
the packaging for the non-frozen product. This has a higher impact in terms of carbon footprint
thanthe cardboard and thin plastic film that is used for many ofthe frozen products. Which
could be considered a potential benefit of frozen foods.

Another contributing factor to differencesin the carbon footprintisin theamount of packaging
material in relation to the amount of food it contains. For the alternative products, a packaging
size was selected that is as close to three portions as possible. The frozen products however are
oftensold in larger pack sizes since the remainder can easily be kept for anothertime. As a
result, theratio of packaging material to content ismore favourable for the frozen products. This
can also be considered aninherent benefit of frozen foods.

7.2.4 Distribution

Forthe productsunderstudy, distributiontypically does not have alarge impact to the overall
carbonfootprint. The differences between the frozen and alternative products here stem mainly
from the need for temperature control during transport. Depending on the product, frozen,
chilled or ambient trucks are used.

The ratio of packaging material to food content is also relevant here, since the packaging weight
per three portionsto be transported is also affected.

Please notethat there are assumed to be no product lossesin the distribution stage. While there
are likely to be somelosses that occur, for example dueto damaged boxes or temperature
controlfailing, theamounts of these losses are expected to be low and should therefore not
influence theresults in a significant way. Itis also expected that these losses would be similar for
both thefrozen and alternative products, if not perhaps higherfor the alternative products due
to their higher sensitivity to temperature changes. Assuming them to be equal for both frozen
and alternative products can therefore be considered a conservative approach.

7.2.5 Refrigeration in retail and at consumer

Storage at retail and the consumeris a significant contributorto the carbon footprint of most
products under study, the obvious exception being those that are stored at ambient temperature
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(namely jarred and canned products). This contribution stems from both the electricity use and
refrigerant leaks. For the frozen products, the storage carbon footprint tends to be higher at the
consumer stage, where a storage time of 30 days is assumed compared to 9 daysin retail. For
the chilled products, the storage carbon footprint tends to be higher at retail, where a storage
time of 6 daysis modelled compared to 4 days at the consumer.

An important differentiation in terms of retail storage for frozen products and their alternatives
is that frozen retail storage is assumed to be 95% in closed display cabinets and 5% in open
display cabinets, while chilled storageis 50% in closed display cabinets and 50% in open display
cabinets. Open cabinets use more energy than closed ones and this difference in fraction of open
and closed cabinets therefore affects the contribution of retail storage. It is worth noting
however, that the difference in energy use is not as extreme as one might expect (a factor 1.3
was used for closedvs. open)dueto the need for anti-condensation heaters onthedoors.

Anotherdistinguishing factor with regards to the storageto the carbon footprint of frozen
products and alternativesis the volume factor applied. Since frozen products are typically stored
more efficiently in both retail and consumerthan chilled products, the space occupied is
modelled as two times the packaging volume. For chilled products, this space occupied is
modelled as three times the packaging volume.

Finally, a very important influencing factor on the carbon footprint of retail and consumer
storageis the electricity mix that is used. A large variation can be seen in the contribution ofthis
stage based onwhich countryisused as the consumptionlocation. For example, the products
sold in Norway have asignificantly lower carbon footprint contribution from retailand consumer
storage due to the high share of renewable energy sourcesin their national grid mix. If the
electricity mix in the country of consumption has relatively high emissions, theimpact of the
retail and consumer storage is amplified.

7.2.6 Food loss and waste

Inthe screening study leading up to this study, it became clear that thefood loss and waste
percentages at retail and the consumer have a significant effect on the overall result. While the
retail food loss and waste datais largely based on primary data from retailers, thereis still a fair
amount of uncertainty associated with these numbers, for example due to data gaps, and high
variability between sources. The consumer food loss and waste datais only based on secondary
data sources and has a significant uncertainty associated with it. The sensitivity of the results to
otherfood loss and waste numbersis tested in the sensitivity analysis (Chapter 8).

7.2.7 Preparation

Formost productsin this study, the preparation has a significant contribution to the overall
carbon footprint.In most cases it is still a fairly low share though. The main productswhere
consumer preparation has a larger contribution to the overall carbon footprintiswhen the
productis prepared in the oven. Thisis mainly due to the preheating of the oven.The
assumption of preparing three portionsisrelevant here, since preparing only one portion at a
time, and therefore preheating the oven for each single portion, would significantly affect the
results.

The preparation methods are mostly the same for the frozen products and their alternatives and
are therefore not expected to significantly influence the comparison between these productsin
terms of carbon footprint. However, ifa consumer were to decide on a different preparation
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method based on whether the product is frozen or not, this could affect the comparison between
the carbon footprint of the frozen product and its alternative.

Just like for storage, the electricity mix of the consumeris relevant here as well. Forthe purposes
of this study, oven preparation was assumed to be electric and stove-top preparation was split
between gas and electricity. If theconsumerlives in a country with an electricity mix with
relatively low emissions, a reductionin the total carbon footprint is expected to be seen.

Third party report LCA of 22 Nomad Foods frozen food products and alternatives 71



7.3 Identification of significant substance contributions

7.3.1 Carbon footprint

As a case study, substance contributions to the carbon footprint oftwo frozen products were calculated, one vegetable product (leaf spinach)
and onefish product (Alaska Pollock fish fingers). The results are shown in percentagesin Table 16 and Table 17. The percentage listed under
Total' indicates the contribution of the individual substances to the overall carbon footprint and add up to 100 vertically. The percentages listed
underthe life cycle stages are relative to the total of that particular substance and therefore add up to 100 horizontally.

For both products, fossil carbon dioxide is the main contributor to all life cycle stages. For leaf spinach, dinitrogen monoxideis animportant
contributorto theingredients stage. This flow is a common output of agricultural processes. For the Alaska Pollock fish fingers, thereare more
contributionsin the main flows coming from CFCsrelated to cooling and refrigeration. Both leaf spinach and the Alaska Pollock fish fingers have
a flow of HFC-134a occurring in theretail storage phase, but for the fish fingers there are also significant flows of HCFC-22 and CC-12. These
refrigerants are used on board the fishing vessels and leakage occurs overtime. The contribution of methane emissions at end of life is not
significant in these two cases, since thereis no landfilling occurring for the biowaste occurring at retail, and the percentage of landfilling of
consumerwasteis limited in the countries under study. In countries of consumption where thereis more landfilling, this contributionis
expected to be higher.

Table 16 - Substance contribution for global warming potential of frozen leafspinach

Substance Compartment unit  Total Ingredients  Man ufacturing Packaging Di stribution Retail Retail Consumer Consumer Consumer Consumer
storage waste transport storage preparation waste

Carbon dioxide, Air % 80.7 15.7 17.6 3.2 5.2 83 33 0.9 28.7 13.5 3.7
fossil
Dinitrogen Air % 10.1 89.5 1.3 0.5 0.4 09 0.6 0.1 3.2 1.5 2.0
monoxide
Methane, fossil Air % 5.1 10.0 38.6 5.0 3.3 6.2 1.3 0.6 21.6 124 1.0
Carbon dioxide Air % 1.5 98.2 0.0 0.0 0.0 00 04 0.0 0.0 0.0 14
Methane, Air % 1.0 1.0 30.3 0.8 3.7 94 1.0 0.1 325 18.8 2.6
biogenic
Ethane, 1,1,1,2- Air % 0.5 0.0 0.0 0.0 06 989 05 0.0 0.0 0.0 0.0
tetrafluoro-, HFC-
134a
Methane Air % 0.3 98.0 0.0 0.0 0.0 00 04 0.3 0.0 0.0 14

Third party report LCA of 22 Nomad Foods frozen food products and alternatives 72



Carbon dioxide, Air % 0.3 3.6 0.8 71.9 0.7 35 0.6 0.1 12.2 5.5 1.1
land

transformation

Sulphur Air % 0.3 3.2 1.6 2.5 1.7 152 0.4 0.3 52.7 22.2 0.2
hexafluoride

Carbon Air % 0.2 46.8 9.3 2.7 53 4.3 3.1 0.9 15.0 11.2 1.3

monoxide, fossil

Table 17 - Substance contribution for global warming potential of frozen Alaska Pollock fish fingers

Substance Co mpartment Unit Total Ingredients Manufacturing P ackaging Distribution  Retail Retailwaste  Consumer Consumer Consumer Consumer
storage transport storage preparation waste

Carbon dioxide, Air % 72.1 46.9 12.9 1.2 29 26 14 0.3 8.9 19.1 3.8

fossil

Methane, Air % 13.6 92.3 3.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 43

chlorodifluoro-,

HCFC-22

Dinitrogen Air % 3.9 74.4 9.1 0.3 04 07 0.5 0.0 2.3 7.6 4.6

monoxide

Methane, fossil Air % 3.2 24.9 28.0 3.6 21 238 0.9 0.3 9.6 25.1 2.8

Carbon dioxide Air % 2.3 83.0 8.4 0.0 0.0 0.0 0.4 0.0 0.0 4.1 4.1

Carbondioxide, land  Air % 1.6 77.4 8.4 34 0.1 0.2 0.4 0.0 0.6 5.5 4.0

transformation

Methane, Air % 0.9 92.2 3.1 0.0 0.0 0.0 0.4 0.0 0.0 0.0 4.3

dichlorodifluoro-,

CFC-12

Methane, biogenic  Air % 0.9 15.0 31.4 5.8 04 3.0 0.6 0.0 105 26.9 6.4

Ethane, pentafluoro- Air % 04 7.8 86.0 0.0 00 1.6 04 0.0 0.0 0.0 4.2

, HFC-125

Ethane,1,1,1,2- Air % 0.4 23.2 38.6 0.0 0.5 344 0.5 0.0 0.0 0.0 2.8

tetrafluoro-, HFC-

134a

Methane Air % 0.3 82.7 8.5 0.0 0.0 0.0 0.4 0.1 0.0 4.2 4.1

Carbon monoxide, Air % 0.2 60.6 10.7 0.6 28 1.2 1.4 0.3 4.3 145 3.6

fossil

Sulphur hexafluoride ~ Air % 0.1 7.4 14 2.2 12 78 0.3 01 270 52.0 0.6
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7.3.2 Otherimpact categories

Forthe substance contributionon allimpact categories, the frozen garden peas are used as a case study. Table 18 shows the substance
contribution perimpact category in percentages, with the cut-off set at 1%. This means that only substances contributing 1% or moreto that
impact category are shown. The exception to thisis water use, where thelist is very long, so only the 10 most contributing water flows are
shown.In thetable, the percentage listed under Total indicates the contribution ofthe individual substances to the overallimpact on that
impact category and add up to 100 vertically. The percentages listed under the life cycle stages are relative to the total of that particular
substance and thereforeadd up to 100 horizontally.

Table 18 - Substance contribution for all impact categories of frozen garden peas

I'm pact category Substance Comparment Unit Total Ingredients Man ufacturing Packaging Di stribution Retail Retail Consumer Consumer Consumer Consumer
storage waste transport storage preparation waste
Climate change Carbon dioxide, fossil Air % 77.5 17.7 3.8 9.3 5.3 8.6 3.8 1.5 29.7 19.5 0.8
Carbon dioxide Air % 11.5 94.8 2.7 0.0 0.0 0.0 0.5 0.0 0.0 0.0 2.0
Methane, fossil Air % 5.1 18.9 3.1 221 3.0 6.2 1.7 0.9 21.5 21.5 1.0
Methane, biogenic Air % 2.2 5.1 0.2 28.2 0.1 0.2 57.6 0.0 0.8 4.3 3.5
Dinitrogen monoxide Air % 1.3 37.2 4.9 6.9 2.5 6.4 3.6 0.8 22.3 12.9 2.6
I'm pact category Substance Comparment Total Ingredients Man ufacturing P ackaging Di stribution Retail Retail Consumer Consumer Consumer Consumer
storage waste transport storage preparaton waste
Ozone depletion  Methane, bromo-, Air % 333 0.0 0.0 97.2 0.0 0.0 0.5 0.1 0.2 0.1 2.0
Halon 1001
Methane, Air % 26.7 23.8 2.0 8.6 22.7 1.8 18.1 5.9 6.2 9.1 1.7
bromotrifluoro-, Halon
1301
Methane, Air % 25.2 17.9 3.0 4.8 1.4 11.0 0.3 0.1 38.1 22.9 0.6
bromochlorodifluoro-,
Halon 1211
Methane, Air % 5.7 94.8 2.7 0.0 0.0 0.0 0.5 0.0 0.0 0.0 2.0
trichlorofluoro-, CFC-11
Ethane, 1,1,2-trichloro-  Air % 3.1 3.1 0.1 0.2 0.7 849 04 0.1 6.9 3.4 0.1
1,2,2-trifluoro-, CFC-113
Ethane, 1,2-dichloro- Air % 3.0 92.2 2.7 0.0 0.0 0.0 0.5 0.0 0.0 2.8 1.9
1,1,2,2-tetrafluoro-, CFC-
114
Methane, Air % 1.4 63.4 1.9 0.9 0.2 244 05 0.1 4.8 2.5 1.3
dichlorodifluoro-, CFC-
12
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I'm pact category Substance Comparment Unit Total Ingredients Man ufacturing P ackaging Di stribution Retail Retail Consumer Consumer Consumer Consumer

storage waste transport storage preparation waste
lonising Carbon-14 Air % 49.7 18.6 0.9 1.0 1.9 12.3 0.9 0.3 42.7 21.0 0.5
radiation Radon-222 Air % 483 14.7 0.7 1.5 1.1 132 02 0.1 45.6 22.6 0.4
Cesium-137 Water % 1.2 77.9 2.3 0.1 0.2 2.8 0.4 0.0 9.8 4.8 1.6
I'm pact category Substance Comparment Unit Total Ingredients Man u facturing P ackaging Di stribution Retail Retail Consumer Consumer Consumer Consumer
storage waste transport storage preparation EH
Photochemical Nitrogen oxides Air % 70.5 19.2 1.6 10.1 11.7 6.8 9.4 1.6 23.6 14.8 1.2
ozone formation o honmethane  Air % 117 19.6 1.7 251 12.1 32 9.7 35 10.9 12.5 1.6
volatile organic
compounds,
unspecified origin
Nitrogen dioxide Air % 7.6 94.8 2.7 0.0 0.0 0.0 0.5 0.0 0.0 0.0 2.0
Sulphur dioxide Air % 5.2 38.7 1.7 8.8 3.5 6.2 2.7 1.3 21.4 14.6 1.1
Carbon monoxide, fossil ~ Air % 1.3 17.4 1.7 13.8 10.0 4.4 8.1 3.0 15.1 25.4 1.2
I'm pact category Substance Comparment Unit Total Ingredients Man ufacturing Packaging Di stribution Retail Retail Consumer Consumer Consumer Consumer
storage EH transport storage preparation waste
Particulate Particulates, < 2.5um Air % 68.2 30.8 1.5 13.3 13.3 3.4 11.2 1.8 11.7 11.3 1.6
matter Sulphur dioxide Air % 208 60.3 2.2 9.4 2.9 25 26 141 8.6 8.7 1.6
Nitrogen oxides Air % 5.3 20.9 1.9 12.0 16.2 4.6 134 2.1 16.0 11.4 1.6
Ammonia Air % 4.3 37.7 1.6 12.2 1.1 5.7 2.0 0.5 19.6 14.1 5.5
I'm pact category Substance Comparment Unit Total Ingredients Man ufacturing P ackaging Distribution Retalil Retall Consumer Consumer Consumer Consumer
storage waste transport storage preparation waste
Human toxicity,  Arsenic Water % 24.2 14.8 2.9 7.8 1.9 10.6 25 1.2 36.9 20.2 1.1
non-cancer Mercury Air % 17.5 26.8 4.8 8.1 33 6.0 36 009 20.6 24.8 1.1
Carbon monoxide, fossil ~ Air % 7.0 17.4 1.6 13.8 10.0 4.4 8.1 3.0 15.1 25.5 1.2
Lead Air % 6.5 18.6 1.1 6.4 13.9 4.7 1.1 2.5 16.2 24.3 1.0
Lambda-cyhalothrin Air % 6.5 94.8 2.7 0.0 0.0 0.0 0.5 0.0 0.0 0.0 2.0
Chloride Water % 6.0 80.1 3.7 2.2 2.4 0.7 3.1 0.7 2.3 2.8 2.0
Lead Soil % 3.8 56.6 4.7 6.3 5.1 3.3 4.2 0.4 11.4 6.3 1.6
Mercury Soil % 3.1 81.9 7.8 2.8 0.1 0.6 0.6 0.1 2.0 2.3 1.9
Pendimethalin Soil % 3.0 94.8 2.7 0.0 0.0 0.0 0.5 0.0 0.0 0.0 2.0
Zinc Soil % 2.4 39.7 3.0 2.8 12.0 4.9 9.6 0.9 16.8 8.9 1.4
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Carbon monoxide, Air % 1.6 14.1 1.3 4.9 1.2 11.8 3.1 0.1 40.9 21.6 1.0

biogenic
Cadmium Soil % 1.5 31.9 1.7 10.8 2.3 8.0 1.6 0.4 27.9 14.4 1.0
Carbon disulphide Air % 1.5 11.9 1.2 5.9 1.3 1.3 0.9 1.2 39.2 26.6 0.4
Acrolein Air % 1.4 20.3 0.7 3.9 30.5 0.3 24,5 15.7 1.0 1.4 1.7
MCPB Soil % 1.3 94.8 2.7 0.0 0.0 0.0 0.5 0.0 0.0 0.0 2.0
Arsenic Air % 1.1 21.9 1.6 6.7 3.1 6.0 2.7 1.1 20.9 35.0 0.9
I’ m pact category Substance Comparmment Ingredients Man u facturing P ackaging Di stribution Retail Consumer Consumer Consumer Consumer
storage transport storage preparation E
Human toxicity, = Chromium Air % 25.7 6.8 0.9 4.4 0.4 1.6 0.3 0.5 5.4 79.4 0.3
cancer Chromium VI Water % 226 25.2 5.0 9.5 5.2 55 46 45 18.9 20.4 1.2
Benzo(a)pyrene Air % 13.6 18.1 2.0 8.3 5.4 4.2 4.4 3.6 14.6 38.5 0.9
Formaldehyde Air % 9.7 25.6 1.4 18.4 9.2 2.0 9.1 3.4 7.0 22.5 1.3
Arsenic Water % 6.7 14.8 2.9 7.8 1.9 10.6 25 1.2 36.9 20.2 1.1
Chromium VI Soil % 5.7 4.4 0.7 0.7 0.4 15.2 0.1 0.1 52.5 25.9 0.1
Dioxin, 2,3,7,8 Air % 4.4 30.2 3.5 5.1 1.2 7.3 3.0 1.0 25.4 22.5 0.9
Tetrachlorodibenzo-p-
Mercury Air % 3.0 26.8 4.8 8.1 3.3 6.0 3.6 0.9 20.6 24.8 1.1
Chromium Water % 1.8 72.8 3.1 5.8 1.6 1.5 1.6 0.6 5.4 5.8 1.9
Chromium Soil % 1.4 24.7 2.2 22.1 2.2 5.4 2.1 0.6 18.7 21.0 0.8
I'm pact category Substance Comparment Total Ingredients Man u facturing P ackaging Di stribution Retail Retail Consumer Consumer Consumer Consumer
storage waste transport storage preparaton waste
Acidification Sulphur dioxide Air % 55.3 38.7 1.7 8.8 3.5 6.2 2.7 1.3 21.4 14.6 1.1
Nitrogen oxides Air % 34.5 19.2 1.6 10.1 1.7 6.8 9.4 1.6 23.6 14.8 1.2
Ammonia Air % 6.3 39.3 1.7 9.8 1.0 5.8 2.1 0.4 20.1 13.5 6.2
Nitrogen dioxide Air % 3.7 94.8 2.7 0.0 0.0 0.0 0.5 0.0 0.0 0.0 2.0
I'm pact category Substance Comparment Ingredients Man ufacturing P ackaging Di stribution Retail Consumer Consumer Consumer Consumer
storage transport storage preparation waste
Eutrophication, Phosphate Water % 98.5 19.1 1.9 13.4 2.1 8.6 1.5 1.0 29.7 21.7 0.9
freshwater Phosphorus Water % 1.3 71.0 2.1 217 02 01 07 02 0.5 15 1.9
I'm pact category Substance Comparment Total Ingredients Man ufacturing Packaging Di stribution Retail Retail Consumer Consumer Consumer Consumer
storage waste transport storage preparation waste
Eutrophication, Nitrogen oxides Air % 65.2 19.2 1.6 10.1 11.7 6.8 9.4 1.6 23.6 14.8 1.2
marine Nitrate Water % 180 |555 48 145 05 28 39 02 9.7 6.4 1.7
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I m pact category

Eutrophication,
terrestrial

Im pact category

Ecotoxicity,
freshwater

Im pact category

Land use

I m pact category

Water use

Ammonium, ion Water % 8.8 62.1 6.0 19.0 0.2 0.2 8.1 0.2 0.8 1.7 1.8

Nitrogen dioxide Air % 7.0 94.8 2.7 0.0 0.0 0.0 0.5 0.0 0.0 0.0 2.0

Substance Comparment Unit Total Ingredients Man ufacturing P ackaging Distribution Retalil Retall Consumer Consumer Consumer Consumer
storage waste transport storage preparaton E

Nitrogen oxides Air % 79.9 19.2 1.6 10.1 1.7 6.8 9.4 1.6 23.6 14.8 1.2

Ammonia Air % 11.4 39.3 1.7 9.8 1.0 5.8 2.1 0.4 20.1 13.5 6.2

Nitrogen dioxide Air % 8.6 94.8 2.7 0.0 0.0 0.0 0.5 0.0 0.0 0.0 2.0

Substance Comparment Unit Total Ingredients Man ufacturing P ackaging Distribution Retalil Retall Consumer Consumer Consumer Consumer
storage waste transport storage preparaton waste

Lambda-cyhalothrin Water % 88.4 94.8 2.7 0.0 0.0 0.0 0.5 0.0 0.0 0.0 2.0

Pendimethalin Water % 6.0 94.8 2.7 0.0 0.0 0.0 0.5 0.0 0.0 0.0 2.0

Sulphur Soil % 2.2 94.6 2.8 0.0 0.0 0.0 0.5 0.0 0.1 0.0 2.0

Sulphur Water % 1.3 94.5 2.7 0.2 0.1 0.0 0.5 0.0 0.0 0.0 2.0

Substance Comparment Unit Total Ingredients Man u facturing P ackaging Di stribution Retail Retail Consumer Consumer Consumer Consumer
storage NEH transport storage preparation waste

Occupation, agriculture  Raw % 89.9 94.8 2.7 0.0 0.0 0.0 0.5 0.0 0.0 0.0 2.0

Occupation, forest, Raw % 5.5 10.9 0.5 25.0 0.9 9.8 0.3 0.1 34.0 17.7 0.8

intensive

Occupation, trafficarea, Raw % 1.3 23.9 1.1 8.2 30.7 0.7 250 35 2.4 2.6 1.8

road network

Transformation, to Raw % 1.1 0.2 0.0 96.4 0.1 0.1 0.6 0.0 0.4 0.2 1.9

annual crop, non-

irrigated

Transformation, from Raw % -1.1 -0.2 0.0 -96.4  -0.1 -0.1 -0.6 0.0 -0.4 -0.2 -1.9

annual crop, non-

irrigated

Substance Comparmnent Unit Total Ingredients Man ufacturing P ackaging Di stribution Retail Retail Consumer Consumer Consumer Consumer
storage waste transport storage preparaton waste

Water, turbine use, Raw % 9117.0 | 9.4 0.9 9.3 1.5 4.6 1.4 1.2 15.8 55.5 0.5

unspecified natural

origin, RoW

Water, turbine use, Raw % 2114.0 | 14.0 0.7 0.1 1.0 13.6 0.1 0.0 47.2 22.9 0.3

unspecified natural

origin, GB

Water, turbine use, Raw % 1022.8 | 15.5 0.9 5.6 1.5 1.9 0.7 0.2 411 21.9 0.7

unspecified natural

origin, FR
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I’ m pact category

Water, turbine use, Raw % 693.5 16.8 1.2 41.4 6.6 3.6 5.7 4.4 12.3 6.4 1.5
unspecified natural

origin, CN-SC

Water, turbine use, Raw % 453.9 24.5 2.2 29.6 2.1 2.8 1.7 0.9 9.8 25.2 1.3
unspecified natural

origin, ES

Water, ES Water % -459.9 | -24.5 2.2 -29.6 2.1 -2.8 1.7 -0.9 9.8 -25.1 -1.3
Water, CN-SC Water % -693.7 | -16.8 -1.2 414  -6.6 -3.6 5.7 44 -12.3 -6.5 -1.5
Water, FR Water % -1037.8 | -15.5 -0.9 -5.5 -1.5 -11.9 -0.7 -0.2 -41.2 -21.9 -0.7
Water, GB Water % -2241.0 | 144 -0.7 -0.1 -1.0 -13.6  -0.1 0.0 -47.1 -22.9 -0.3
Water, RoW Water % -9179.4 | 9.4 -0.9 -9.6 -1.6 4.5 1.4 1.2 -15.7 -55.2 -0.5

Substance

Comparmment

Total

Ingredients

Man u facturing

P ackaging

Distribution

Retail
storage

Retail
waste

Consumer
transport

Consumer
storage

Consumer
preparation

Consumer
waste

Resource use,
fossils

I m pact category

Gas, natural/m3 Raw % 36.4 17.7 3.2 8.0 1.6 10.2 05 0.2 35.4 22.6 0.6
Uranium Raw % 295 14.4 0.7 2.0 1.1 13.1 0.2 0.1 45.5 22.6 0.4
QOil, crude Raw % 12.9 16.7 0.8 33.6 17.7 1.3 145 4.8 4.5 4.3 1.8
Coal, hard Raw % 9.9 15.5 0.9 9.3 2.3 105 14 0.9 36.2 22.3 0.6
Energy, from gas, Raw % 3.2 94.8 2.7 0.0 0.0 0.0 0.5 0.0 0.0 0.0 2.0
natural

Energy, from uranium Raw % 2.9 94.8 2.7 0.0 0.0 0.0 0.5 0.0 0.0 0.0 2.0
Energy, from oil Raw % 2.3 94.8 2.7 0.0 0.0 0.0 0.5 0.0 0.0 0.0 2.0
Energy, from coal Raw % 1.2 94.8 2.7 0.0 0.0 0.0 0.5 0.0 0.0 0.0 2.0

Resource use,
minerals and
metals

Substance Compartment Total Ingredients  Manufacturing  Packaging Distribution  Retail Retail  Consumer Consumer  Consumer Consumer
storage  waste  transpot  storage preparaton  waste
Tellurium Raw % 69.0 12.8 1.3 6.4 1.3 12.2 1.0 1.2 42.3 21.0 0.5
Gold Raw % 7.2 22.2 1.2 14.6 4.2 6.6 3.5 12.3 22.8 1.7 0.9
Copper Raw % 7.1 13.5 1.3 6.8 1.4 12.0 1.1 1.4 41.5 20.6 0.5
Silver Raw % 4.5 15.4 1.1 6.8 5.1 9.7 4.1 6.8 33.6 16.5 0.7
Chromium Raw % 3.3 6.2 0.8 3.2 0.2 1.3 0.2 0.5 4.4 82.9 0.2
Molybdenum Raw % 2.2 12.0 1.2 5.9 1.3 11.4 0.9 1.2 39.4 26.3 0.5
Lead Raw % 2.0 23.8 1.6 8.8 7.1 6.4 5.7 7.0 22.1 16.4 1.0
Selenium Raw % 1.8 12.8 1.3 6.3 1.3 12.2 1.0 1.2 42.3 21.0 0.5
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7.4 Completeness and consistency

7.4.1 Completeness check

All life cycle stages and processesincludedin thescopeare covered for all productsin this study.
However, during the execution ofthe study, several data gaps were encountered. These were
mainly handled with additional research and/or more primary data collection. The main
occurrences of data gaps were as follows:

- Foodloss and waste data. It became clear fairly early on that therewas limited data
available onfoodloss and waste data at both retailand consumer level. The importance
of thisdata for thereliability of the study was also clear, so extensive further research
was doneto collect additional data. Multiple additional rounds of literature research were
done, starting with articles in scientific journals but branching further out to for example
governmental institutions, NGOs and universities. In addition, several experts from
research institutes and universities were contacted to inquire if more data was available,
either publicly available or proprietary. Inthe meantime, Nomad Foodsreached out to
their retail customers across Europe with the request for primary data on retail food loss
and waste. This was a long-term activity, involving many direct conversations with
retailers to explain thetype of data needed and the used definitions of food loss and
waste. At the point of writing this report, four retailers had provided primary food loss
and waste data, which made a very big difference in the reliability of the study.Inthe end,
therewas no onebest source for either retail or consumerfood loss and waste, and
numbersvary significantly across sources. As a result, averages from all available data
sourceswere used to represent the best currently available data and the addition of
primary dataimproves the data quality significantly.

- Spinach cultivation differences. While most ingredients are the same for the frozen and
non-frozen products, thisis not the case for spinach. Frozen spinachis manufactured and
can therefore have a very large leaf size, while fresh spinach has a smaller leaf size.
Spinach intended to be sold frozen is therefore grown for longer periods than spinach to
be sold fresh. Nomad Foods had provided primary datafor cultivation of their spinach,
but no data on the cultivation of fresh spinach was available.Since this is an inherent
difference between the frozen and non-frozen product, additional research was doneto
determinethe differences in cultivation. Several literature sources were found that
describe the difference and these were used to model an adjusted version of the Nomad
Foods spinach data.

- Manufacturing. Primary data for manufacturing ofthe Nomad Foods' products was
provided forthis study. However, since Nomad Foods only produces frozen products,
primary manufacturing data of the non-frozen alternatives was not available. Since the
intention ofthe study was to strip out any differences not directly related to the
preservation method used, basically comparing to a situation where the non-frozen
product was made in the same factory and with the same efficiencies, the primary factory
data of the frozen products needed to be adjusted to be representative forthe non-
frozen products. Several approaches for thiswere discussed, including extrapolation of
average manufacturing datafrom othersources, but finally the approach taken involved
an adjustment to the energy required for manufacturing based on the temperature
difference between the product after manufacturing and the final temperature ofthe
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product when leaving the factory. For example, garden peas are chilled during delivery to
thefactory and thus begin processing at a temperature of 3°C. For frozen peas, the
temperatureis then reduced to -20°C, while the non-frozen alternative the temperature
remains at 3°C. This results in a different amount of electricity used for this final step.
Preparation. Similar to the factory manufacturing, primary data on the preparation
methods and cooking times for the Nomad Foods’ products was available, but not for the
alternative products. Several approaches were considered, including using published
recipes for comparable products. However, the approaches were difficult to standardize
across all 22 productsincludedinthe study.Intheend, an approachin line with that of
the adjustment of factory manufacturing was used, where the same data as for the
frozen products was used but with a changein cooking time based on the starting
temperature ofthe product. This can be applied consistently across all productsand s
based on physical attributes ofthe products, therefore reducing variability.

7.4.2 Consistency check

The following subjects are important to checkin order to determine whether the assumptions,
methods and dataare aligned with the goal and scope:

The data quality along the life cycle. Thereis a variation in data quality in different stages
of thelife cycle. The full production stage and, for several products, the agricultural stage
are modelled with high quality primary data. For theremainder of the products, the
agricultural stage is modelled with secondary data. Theretail and consumer stages
however have a lower data quality.

Despite thesevariations, the data quality is consistent across the frozen product and its
alternative, and a reasonable data quality is achieved as discussed using the Pedigree
matrix in chapter 9 on uncertainty assessment.

Background data sources. Background data from several different databases was used in
this study. While the main qualifiers of these databases (i.e. handling multi-functionality
and end of life allocation) are consistent, there are still likely to be small differences in
how these various databases handle their data collection process.

Food loss and waste data sources. Data from multiple sources was combined to
determinethefood loss and waste percentages used in this study for retail and
consumer. While special attention was paid to ensuring the definitions of food loss and
wastewere in line with each other, each of these data sources collected theirdatain a
different way and presented itin various levels of detail.

Spinach data sources. To modelthe differencesin spinach cultivation between the
different leaf sizes, two data sources were used. The methodologies seemto bein line,
but the full background information on how some numbers were obtained is not given.
There is some unclarity about a possible discrepancy between theyield and N removed
numbersin these papers, but without additional background informationitis unclear if
thisdiscrepancy is due to the use of different data sources or an inherent difference in
the cultivation process. This could affect the nitrogen balance and with that direct
emissions of nitrogen from the cultivation and thereby have an effect on the carbon
footprint.

Regional and temporal differences. All primary data uses 2019 as the reference yearand
coverstheentire year. Primary datais collected fromthe areas that are under study. For
some background data, proxies had to be used since exact regions were not available.
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Since comparable regions were available (for example Belgium instead of the
Netherlands), the effect of thisis expected to be minor.

- Allocation and system boundary. Allocation rules for multi-functionality, specifically for
factory wide data, have been selected based on the most appropriate approach forthe
situation and are clearly documented in the report. Some small differences in system
boundaries occur, but this pertains mainly to infrastructure contributions, which are
expected to be minor.

- Impact assessment. Theimpact assessment steps of classification and characterization
have been applied consistently across all products and flows. However, asin any life cycle
assessment study, there are flows included in theinventory that are not covered by the
impact assessment method used. Specifically for the water use and land use impact
categories, the lack of regionalized data means theresults are very uncertain.

8 Sensitivity analysis

To determinetheimportance of and sensitivity of the various modelling approaches that were
used and assumptions that were made, a series of sensitivity analyses was performed. The topics
were selected based on the main contributorsto the overallimpact and the reliability of the data
sources. Depending on the topic of the sensitivity analysis and its applicability to the products
understudy, it is either doneon one product or a selection of several products with at least one
from each of the product groups.

The sensitivity analyses performed are:

e Foodlossand waste percentages at retail and consumer
e Daysin consumerstorage

e Electricity mix at retail and consumer

e Preparationingeneral

e Preparation method

e Ovenroasting of parsnips

o Defrostingfish

e Packagingsize

Inthis third-party report, two topics are reported in detail: the daysin consumer storage, and the
packaging size.

8.1 Food loss and waste at retail and consumer

Since food loss and waste at retail and consumer stages have a relative high uncertainty, this
sensitivity looks at the influence of different food loss and waste numbers on theresults.

Any variation in food loss and waste numbersin retail and at the consumer will affect the carbon
footprint quite significantly, especially in case of products that have arelatively high carbon
footprint associated with its ingredients and manufacturing, such as the fish and Green Cuisine
products. While the numerical contribution varies from product to product, avariationin the
foodloss and waste numbers can often sway the comparison oneway oranotherin terms of
carbon footprint.

To acknowledge theimportance ofthese numbers and their relative uncertainty, and how they
can influence theresults a tipping point is calculated as well (Table 19). This tipping point
calculation keeps the food loss and waste at retail and consumer fixed for thefrozen product and
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varies the food loss and waste at retail and consumer for the alternative productindependently.
The tipping point occurs where the carbon footprint ofthe two productsis equal, thereby
representing thevalue of food loss and waste at which the frozen and non-frozen product are
equal in carbon footprint The tipping points indicate above which percentage of food loss and
waste for the alternative, the frozen product has a lower carbon footprint. If the tipping points
are lower than the food loss and waste rates currently assumed, the frozen product has a lower
carbon footprint than the alternative. Ifthe tipping point is negative, the frozen product will have
a lower carbon footprint thanits alternative even if the alternative has a 0% food loss and waste.
Forexample, for Alaska Pollock fish fingers (Fifi AP) the tipping point at retail is 2.6% meaning
that at a fresh food loss and waste percentage higherthan this, the frozen product has a lower
carbonfootprint thanits alternative. Since this 2.6% is lower than the currently assumed 4.8%
frozen Alaska Pollock fish fingers have a lower carbonfootprint thanits alternative.

Table 19 - Tipping points for the food loss and waste percentages of the alternative

Currently Tipping point Currently Tipping point
assumed at retail assumed at consumer
retail consumer
Fifi AP 4.8 2.6 7.1 4.9
Fifi AP Crispy 4.8 5.4 7.1 7.8
Fifi Cod 54 32 7.1 5.0
Fifi Hake 4.8 3.0 7.1 5.9
Hakefillet 4.8 3.9 6.8 6.0
Codloins 5.4 3.0 6.8 4.4
Salmon 4.0 1.1 6.8 4.1
Schlefi 43 0.9 7.1 4.8
Fish Gratin 5.0 3.0 7.1 35
GCBurger 3.9 1.3 85 5.9
GCNuggets 2.7 1.2 8.5 84
GCFalafel 49 0.2 8.5 4.1
Garden peas jarred 0.4 -35.1 3.2 -294
Garden peas canned 0.4 -23.7 3.2 -12.7
Garden peas fresh 5.5 -0.7 16.5 6.8
Extrafine peas 0.4 -7.3 3.2 -4.3
Cream spinach 700gr 9.6 -7.9 16.5 20
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Cream spinach 750gr 9.6 -94 16.5 0.6
Leaf spinach 9.6 1.9 16.5 9.2
Italian mix 8.1 14.9 1.3 18.0
Roast parsnips 9.1 21.7 17.2 29.8
Red cabbage 0.5 -14.6 3.6 -11.5
Super sunshine 4.9 4.7 1.3 11.1
Minestrone 7.8 16.9 1.3 19.8

8.2 Days in consumer storage

The current assumptionisthat the consumer keeps thefrozen product in their freezer for 30
daysbased on PEF[1]. Seeing as consumer storage s a significant contributorto the potential

environmentalimpact, a sensitivity analysis was done to determine the consequences of keeping

the productin the freezer longer or shorter.In this analysis, varying storage times are used for
thefrozen product whilethe storage time of the alternative product is kept constant at 7 days.

Figure 7 shows the effect of changing the storage days on the carbon footprint
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Figure 7 - Sensitivity analysis on influence of days of consumer storage on carbon footprint of 1 kg of product
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The results of this analysis show that the comparison between the frozen product and its
alternativeis highly dependent onthe number of daysthefrozen productis stored. How strong
the effect of shorter orlonger storage is depends ontwo main factors: the volume ofthe
packaging and the electricity mix used by the consumer.

Forthe products assessed in this sensitivity analysis, tipping points were calculated. Assuming all
otherfactors remain the same (for example food loss and electricity mix at consumer), a storage
time for the frozen product below this tipping point resultsin a lower numerical carbon footprint
for the frozen product than forthe alternative. A storage time at the consumer above this
number of days means the numerical carbon footprint ofthe frozen product is higher than the
alternative. Forroasted parsnipsthe tipping pointis a negative numberwhich meansthat the
carbon footprint ofthe frozen product is higher for all storage times, partly because the storage
of non-frozen parsnipsis ambient and does not require energy.

The overview ofthese tipping pointsis shown in Table 20.

Table 20 - Tipping points consumer storage days

Product Tipping point frozen storage days

Alaska Pollock fish fingers 45 days
Leaf spinach 46 days
Falafel 120 days
Roasted parsnips -60 days
Super sunshine mix 44 days

8.3 Packaging size

Forall the alternative productsin thisstudy, a packaging size was chosen that is as close as
possibleto three servingsizes. This is done because the shelf life of the productislimited for the
non-frozen products, especially after the packaging has been opened. While the contribution of
packagingto the overall carbon footprintis relevant for most products, itis mostly nota
significant driver of the difference between thefrozen and non-frozen product. The exception to
theseare thejarred and canned products, where the packaging material is the main driver of the
difference. Therefore, a sensitivity analysisis done to determine what the comparison would look
like when a larger packaging size is used for the non-frozen products. Since the jarred products
showed the biggest contribution of packaging, these were used as a case study.
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Figure 8 - Sensitivity analysis on effect of larger pack size on the carbon footprint of red cabbage and garden peas
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The results (Figure 8) show that using a larger pack size significantly reduces the carbon footprint
per 3 portions of the jarred products, with a reduction of 35% for the jarred red cabbageand a
reduction of46% for the jarred garden peas. This brings the total carbon footprint of these jarred
productsvery closeto that of the frozen productsthey are being compared to. The packaging
size of the jarred and canned alternative products can therefore affect the conclusion ofthe
comparisons:if a large jar or can is used and the full contents are consumed, for example by
eating the same product two daysin a row, thereis no longer a significant difference in carbon
footprint between the frozen and non-frozen product. But if theamount of food loss and waste
at the consumerincreases dueto using a larger packaging size, this may no longer bethe case.

8.4 Other sensitivity analysis

Changing the electricity mix at retail and with the consumer can influence the comparative
conclusions drawn. For example, frozen falafel has a lower carbon footprint than the chilled
falafel when using the Swedish grid mix, Norwegian grid mix, and 100% solar electricity. In
contrast, thefrozen falafel has a higher footprint when using the German, Italian and British grid
mixes. Since frozen products use more electricity, a different electricity mix makes the frozen
products more sensitive to changesin electricity mix than onits alternative. The benefits of using
a cleaner electricity mix are more obvious when making the switch at the consumer'shomethan
at retail.

To determinethe sensitivity ofthe model to preparation in general, the amount of preparation
includedin the model has been changed. This has a higherimpact on the carbon footprint ofthe
frozen product than that of the alternative. For leaf spinach an increase in preparation of 50%
increases the carbon footprint with 5.6% for frozen and 5.2% for fresh. For Alaska Pollock Fish
fingers the results change with 7.6% for frozen and 6.8% for fresh. The carbon footprint of falafel
increases with 5.7% for frozen and 5.2% for fresh.

Changingthe proportions of the different preparation methods does notinfluencethe
conclusions of the comparison in carbon footprint for Alaska Pollock Fish Fingers. The frozen fish
fingers have a lower carbon footprint than the chilled onesfor all three analysed scenarios (50-
50% frying-baking, 100% frying and 100% baking). The total carbon footprint ofthe product does
increase when using only oven baking and decreases when using frying only. The oven baking of
the product thus has a higher carbon footprint than the frying. This is mainly due to the pre-
heating of the oven.

Increasing the oven time of the homemade roasted parsnips does not influence the conclusions
of the comparisonin carbonfootprint to the frozen alternative. The homemaderoasted parsnips
have a lower carbon footprint than the frozen ones for all scenarios (fromthe default 27.5
minutes up to 45 minutes). The carbon footprint ofthe homemade product doesincrease when
increasing the oven time. However, even when doubling the oven time, the carbon footprint of
thehomemaderoasted parsnips does not reach the carbon footprint ofthe frozen parsnips.

If a consumer does not defrost the salmon fillet, but cooks it directly from the freezer, the carbon
footprintincreases with 0.05%. This small increase does not lead to a changein the results of the
comparison. Even when cooking thefillet directly from frozen, the frozen salmonfillet has a
lower carbon footprint than the fresh salmon fillet.
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9 Uncertainty analysis

To assess the uncertainty associated with the results, a Monte Carlo simulation was performed. A
lognormal scale was assigned to all relevant input values. The Pedigree matrix was used to
determinethe standard deviation associated with each data point by providing a scoreon each
of the following five indicators:

¢ Reliability

e Completeness

e Temporal correlation

e Geographiccorrelation

e Technological correlation

The background databases used in this study include data quality scores for all datapoints as
well, following this same procedure. Dueto the time needed to assign the scores in the model,
not all Pedigree scores were included in the modeland therefore in the Monte Carlo calculations.
To determineif scores were excluded from the model, the main consideration was relevanceto
theresults. The scores that were excluded fall under one of these categories:
- Thescore applied to a datapoint with avery low contribution to the carbon footprint. For
example, the transport distance from the retailer to the consumer.
- The score bothindicated alow uncertainty and applied to a datapoint shared by both the
frozen product andits alternative, therefore not having an important effect on the
comparison. For example, the ingredient composition ofthe products under study.

To summarize theresults of the uncertainty assessment, Figure 9 shows a high-level overview of
the carbon footprint comparisons of all productsincluded in this study. Red coloured bars
indicatethe runsin which thefrozen product had a lower carbon footprint than the alternative,
while green bars indicate the runs in which the alternative product had alower carbon footprint
thanthefrozen product.
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Figure 9 - Carbon footprint uncertainty results of all products under study
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Red bars: Carbon footprint of the frozen product is lower than that of the alternative product
Greenbars: Carbon footprint of the alternative product is lower than that of the frozen product
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10 Conclusions

Takinginto account theresults, interpretation, sensitivity analysis and uncertainty assessments,
this chapter discusses the conclusions of this study. The focus here is on the carbon footprint.

With regards to the full range of impact categoriesincluded in the EF3.0 method, the focus on the
carbon footprint is not necessarily a good representation ofthe comparison on the otherimpact
categories. Trade-offs occur in all products under study, wherein one impact category the frozen
product has a lower impact than the alternative, and in anotherit is the otherway around. The
conclusionsin thisreport focus onthe carbonfootprint results, butitis important to note that
any overall conclusion about potential environmentalimpact as a whole will require a
prioritization between the impact categories, as well as a more detailed analysis on all included
impact categories, to be able to cometo a final conclusion.

An important factor torememberwheninterpreting theresultsis that for the frozen food
products and their alternatives, the differences stem solely from the preservation method and
not from other factors such as the ingredient composition, manufacturing efficiencies, ingredient
distribution route, and location of consumption. This means the carbon footprint of the
ingredients production phase is assumed to be identical for both the frozen and non-frozen
alternative. As a result, the differences between the frozen products and their alternatives will be
inherent differences in the product manufacturing, temperature oftransport vehicles, the
storage temperatures and food loss and waste. All the life cycle efficiencies for Nomad Foods'
products are described in detail in section 70.7.2

10.1 Important contributing factors

The results and correspondinginterpretation steps provided insights into the main contributing
factorsto the carbonfootprint ofthe products under study. These are discussed here. Please
notethat these contributing factors are not necessarily also those that have a large contribution
to the overall carbon footprint. Instead, they are those factors where important differences occur
between frozen and non-frozen products, thereby affecting the comparison between them.

10.1.1 Selection of alternative

The selection of the alternative product to compare to the frozen product caninfluence the result
of the comparison. Selecting small packaging sizes for the alternatives can make thefrozen
product appear more favourablethanit is. In addition, assumingvarious approaches forthe
supply chain of the alternative can affect the conclusion as well. Forexample, if one assumes that
chilled Cape Hakefillet was never frozen duringits life cycle then it would need to be transported
by airplane, which comeswith a significant increase in carbon footprint. Therefore, the chilled
Cape Hakefillets were assumed to be frozen for transport and defrosted in Europe. This is quite
common for chilled fish and therefore gives a fairer basis for comparison. Because of the
importance of selecting the alternative fairly, the selection process was documented as
transparently as possible, and the way decisions were made was documented in a decision tree.

10.1.2 Life cycle efficiencies

Whenever possible, similar efficiencies were assumed for both the alternative and frozen
product. For example, the same manufacturing energy was used for both frozen and chilled fish
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fingers, with only an adjustment made based on the energy difference for freezing or chilling.
This was doneto focus any differences occurring between thefrozen product and its alternative
solely on theinherent difference between a frozen and non-frozen supply chain. The numerical
differences shownin the results are stripped of any other contributing factors.

However, many ofthe efficiencies Nomad Foods has built up overtheyears may not apply to the
alternative productsin reality. For example, the ability that Nomad Foods has to manufacture
frozen food products at scale using dedicated production lines or even dedicated factories is
relatively uniqueto the business. Itis not expected that smaller scale producers can match these
efficiencies. Therefore, the actual carbon footprint ofthe alternative productsis likely to be
higher than calculated in this study.

Inaddition, some of the alternative products are theoretical, meaning they do not actually exist
onthe market today.An exampleis the minestrone mix, whoseingredients are not all available
in their fresh form at the sametime duringthe year.

An overview of the potential advantages given to the alternative products as aresult of focusing
the differences solely onthe frozenvs. alternative supply chainis given in Table 21.

Table 21 - Advantages given to the alternative products

Product Advantages given to the alternative product

ALLPRODUCTS The same production efficiencies are assumed for the
alternative products as for the Nomad Foods' products. This is
likely not realistic, since Nomad Foods has dedicated production
lines and even dedicated factories for manufacturing specific
products, and have optimised these over the span of several
decades.

ALL PRODUCTS Because the split between consumerwaste before and after
preparation was unknown, consumer food loss and waste is
modelled before preparation. As a result, the effect of the food
loss and waste percentage applied is smaller. This is because
theimpact associated with cooking food that goes uneaten is
not takeninto account.

ALL FISH PRODUCTS The chilled fish is assumed to be frozen upstream to allow for

except salmon efficient transport to Europe.Once in Europe, thefish is
defrosted and sold as a chilled product. This is a common
approach, but there are also cases where chilled fish has never
been frozen and therefore needs to be flown in from remote
catching and manufacturing locations. Air transport is expected
to significantly increase the carbon footprint.

The only exceptionto thisis the Atlantic Salmon, which is
farmed in Europe and assumed to be never frozen.

ALLAGRICULTURAL The non-frozen vegetables are assumed to be grown the same
PRODUCTS way as the frozen vegetables, with the exception of spinach.In
except spinach reality, Nomad Foods works directly with a large amounts of

their growers, and has optimized agricultural practices and the
locations of their manufacturing facilities to ensure optimal
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efficiency. As a result, the carbon footprint of their agricultural
productionis likely to be lower than that of alternative products.

Atlantic Salmonfillet The same salmon supplieris used to model the frozen and
chilled salmon products. Inreality, the company supplying
Nomad Foods' Atlantic Salmonis highly optimized and has been
working towards lowering the environmental impact of their
salmon for many years. They have tackled one of the main
contributorsto the environmentalimpact of farmed salmon, the
fish feed, by setting up their own fish feed production facilities
onsite. Itis thereforelikely they are on the favourable end of
thescale in terms of farmed Atlantic Salmon production.

Garden peas Chilled / fresh garden peas are only available for a limited time
period every year and are therefore not always a real alternative
for frozen garden peas.

Minestrone mix The ingredientsin Nomad Foods' minestrone mix are not all in
season at thesame time. In reality there could therefore not be
chilled mix for sale that contains the same ingredients.

10.1.3 Packaging

Boththetype of packaging and the packaging size are a relevant factor for determiningif a
frozen product has a lower carbonfootprint than the alternative or not. Packaging material is
relevant here (paper, plastic, glass, metal). The otherimportant factorin relation to packagingis
packaging size. Using larger pack sizes (i.e. more product mass per product unit) means less
packaging impact per serving of food product. But there is of course a close relation to consumer
behaviour and food loss and waste here, as buying large packages of products with a relatively
short shelf life may result in morelosses when consumers do not fully consume a product before
it becomes (or appears to be) nolonger edible.

10.14 Country of consumption

Both the default results and the sensitivity analysis show that the country of consumptionisan
important factorin determiningif a frozen product has a lower carbon footprint than the
alternative or not. A different country of consumption means a different electricity mix, which
affects retail storage, consumer storage and preparation. The effect of this can go as far as to
changing the conclusion which product has a lower carbon footprint.

10.1.5 Consumer behaviour

The behaviour ofthe consumeris very important to determiningifa frozen product has a lower
carbon footprint than the alternative or not. This affects multiple factors. First of all, the storage
time at home can affect the conclusion. The default results and the sensitivity analyses show that
if the consumer storesthefrozen product for a relatively short amount oftime (the default is 30
days), this can result in the carbon footprint being lower for the frozen product than forthe
alternative in many cases. However, ifthat same frozen productis stored by the consumer much
longer, such as six monthsto a year, the frozen product can easily have a higher carbon footprint
as a result.
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The preparation method the consumer uses also makes a difference. If the method of
preparation used for frozen and alternative products remains the same then thisis of little
influence to the comparison, even though the total carbon footprints may change. However, ifa
consumer tends to use different preparation methods for frozen and alternative products, this
could change the conclusion in terms of which product has a lower carbon footprint overall.

Anothervery important factorinterms of consumer behaviouris in relation to food loss and
waste. This really is a driving factor in terms of whetherthe frozen product has a lower carbon
footprintthanthealternative or not. This can also vary largely between individuals and can be
affected by many different factors.

10.1.6 Foodloss and waste

As mentioned inrelation to several previous topics, therate of food loss and waste s a very
important factorthat can influence if a frozen product has a lower carbon footprint than the
alternative or not. This is the case for both theretail and consumer stages, though in general
foodloss and waste at the consumer's home appearsto be higherthan at retail.

At retail, there are many different factors that come into play when it comesto reducing food
loss and waste. The percentage of losses for frozen products at retail is already quite low (below
1%), so the main challenge appearsto occur for products with a shorter shelf life and that are
more prone to damage. Reducing food loss and waste is an important improvement point for
retail. Any advancesthat are made, either by individual retailers, certain chains or the sectoras a
whole, would alter the footprint of a frozen product and/or its alternative. Therefore, in the
future, it is possible that the comparisons as presented in this report are no longer applicable.

An important factor to considerwhenlooking at the food loss and waste in relation to the carbon
footprintisthe impact of producing the product itself. If the production of the product (i.e. the
ingredients cultivation and manufacturing) has a higher carbon footprint, the greenhouse gas
emissions associated with food loss and waste of that product will also be higherthan that of
productswith a lower carbon footprint forits production. So a change in the food loss and waste
percentage of productswith a relatively high cradle-to-gate carbon footprint willhave a larger
absolute effect than the same changefor a product with arelatively low production carbon
footprint. Therefore, for the products with arelatively high production carbon footprint, smaller
differences in the food loss and waste between a frozen and non-frozen product can makea
significant difference.

10.1.7 Impact categories

An important factorto determineif a frozen product has a lower environmentalimpact than the
alternative ornot is the choice of impact categories to look at. As was shown by the analysis of
theresults onthe full range of EF3.0 impact categories and the corresponding uncertainty
assessment, the carbon footprint is not necessarily a good representation for the overall
environmentalimpact.

In many of the studies products, the trend as to which product has a lower impact, the frozen or
the alternative, is fairly constant. However, without exception there are trade-offsin all products
under study. The main impact categories that often show a contradicting trend are ozone
depletion, freshwater eutrophication, land use and water use. The choice of impact categories
should be carefully considered before drawing any overall conclusions.
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10.2 Limitations

This study has calculated the carbon footprint of 22 Nomad Foods products using primary data
for processes under their operational control, and also for some processes beyond their
operational control. These results provide valuable insights to the main contributorsto the
carbon footprintinthe product value chains, providing a direction on where to target
sustainability efforts. The comparisons made provide novelinsights to the trade-offs between the
carbon footprint of frozen food products and alternative preservation methods.

While this study was attempted to be as accurate and detailed as possible, limitations still exist.
An overview ofthe most important limitationsin relation to the results and intended purposeis
provided here.

10.2.1 Products under study

The products under study represent a selection of frozen food products. They were selected by
Nomad Foods because they have the highest sales volume.Nomad Foods often has the highest
market share in the marketsit operatesin (frozenfish, vegetables and plant-based proteinsin
the selected European markets), so it can be expected that the findings from this study represent
a goodwindowto these productsin these markets. However, no further research for this study
was donein respect of frozen food sub-categories outside fish, vegetables and plant-based
proteins

The products under study were investigated in relation to specific regions. As shownin the
sensitivity analysis, the country of consumption can influence the results significantly and any
country-specific results presented here may not be generally applicable to other countries of
consumption.

The functional unit used for this study refers to a consumption ofthree portionsthat are
prepared at once. Since preparation is animportant contributor to the overallimpact, it is not
necessarily possible to expand any conclusions to other consumption scenarios.

The alternative productsthat thefrozen products are compared to are selected following a
transparent methodology, but it is very possible that the selection of a different alternative would
lead to a different conclusion. Forexample, as seen in this study, comparingto jarred or canned
productstendsto resultin thefrozen product having alower carbon footprint. While the
alternatives were selected to be the most common optionsinthe areas under study, this may not
be the case in otherregions.

Limited datawas available on the production, manufacturing, and packaging of the alternatives.
Consequently, assumptions and generalizations had to be made. It should be noted that a
conservative approach was used when making decisions on any assumptions or generalizations,
aiming to ensure thefrozen products do not receive any questionable advantages.

10.2.2 Datasources

Secondary datawas used for several parts of the life cycle. This datawas sourced from several
databases and varies in terms of how well it representsthe products under study. Forexample,
datain these databases may be extrapolated from older data, which comes with a certain
amount of uncertainty. Thiswas addressed in the uncertainty assessment, butin generalthe
representativeness of the background data can be limited.
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Inaddition, there may be consistency issues across the background data, since several different
databaseswere used. These databases are compatiblein all major aspects, like the approach to
multi-functionality, but inconsistencies can still occur.

While theamount of primary data that is included in this study for thefisheries, is good, sourcing
accuratedataon the prices of the various co-products proved to be challenging since suppliers
were not keen to share this sensitive information. Even in secondary data there was not much
detail available on this. The most suitable assumptions possible were made, but this is an
important datagap. However, sinceit is an equal data gap for both the frozen and alternative
products, itis unlikely to affect the comparison between them significantly.

While consumer behaviour isidentified as an important contributing factor to theresults, limited
consumer datawas available for inclusion in this study. Background data had to be used or
assumptions had to be made on storage time, preparation methods and food loss and waste.

10.2.3 Modelling approaches

Many ofthe raw materialingredients do not include any post-harvest handling, such as washing
and sorting. When this is left out of the study dueto limited data availability it is an equal data
gap for both the frozen and alternative products, it is unlikely to affect the comparison between
them significantly.

The modelonly includes the preparation methods outlined on the packaging of the frozen food
products. In case these methods were not suitable for the alternative product, adjustments were
made. But if the majority of consumers deviates from these suggested methods, the preparation
impacts can change significantly. This is also the case for individual users looking to apply the
results of this study to themselves.

10.24 Impact assessment

This study mainly investigates the carbon footprint of the products. The results have shown that
the carbonfootprintis not always a good representation ofthe results on otherimpact
categories. So conclusions based on the carbon footprint do not automatically apply to other
impact categories.

Certainimpact categories included in the EF3.0 method require regionalized input datato fully
capturethe potential environmental impact, specifically land use and water use. Not all used
databasesinclude regionalized input datafor these flows, meaning their impactis only included
ona less detailed and therefore less representative level. This is specifically the case for land use
and water use, for which the results should be seen as very uncertain. In addition, theimpact
categories havevaryinglevels of uncertainty associated with them. For example, the inherent
uncertainty ofthe USETox impact assessment method is acknowledged by the authors ofthat
method.

Investigation of the results on all impact categories showed an anomaly in the ozone depletion
category. Big differences were seen between the frozen and alternative products of a factor four
or five. Furtherresearch and a sensitivity check with the ReCiPe 2016 Midpoint (H) method
showed that thisis because the EF3.0 method does notinclude a characterization factorfor N,O
in relation to ozone depletion potential. N,O emissions commonly occur from agricultural
processes and while certain substance flows (specifically Halon 1001) do increase by a factor5
between the frozen and alternative products, the relative contribution of N,O is much larger.
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Therefore, using the ReCiPe 2016 Midpoint (H) method, which doesinclude a characterization
factorfor N,O, the difference between the frozen and alternative product is minimal.

10.2.5 Datavalidity

Itis important to notethat theresults are derived from datawhich are subject to change over
time, orwhen more accurate databecomes available. Forexample, if electricity mixes change
significantly or big changes occur in food loss and waste at retail and consumer, the results and
correspondinginterpretation may no longer be valid.

10.3 Concluding statement

The results of this study show that when it comesto carbon footprint, thereis no general
advantage or disadvantage to using frozen food products compared to products using alternative
preservation methods, However, it does support the hypothesis that in terms of carbon footprint,
when food loss and waste rates in theretail and consumer stages are lower for a frozen product
compared to a non-frozen alternative, this may compensate for the additional energy use caused
by a frozen supply chain.

This conclusionis based on the overall conservative approach that was used in this study on
multiple fronts, meaning that the differences stem solely from the preservation method and not
from otherfactorssuch as theingredient composition, manufacturing efficiencies, ingredient
distribution route, and location of consumption. This means the carbon footprint of the
ingredients production phaseis assumed to be identical for both thefrozen and non-frozen
alternative. As a result, the differences between the frozen products and their alternatives will be
inherent differences in the product manufacturing, temperature of transport vehicles, the
storage temperatures and food loss and waste.

10.3.1 Determining factors

Ingeneral, it can be concluded that there are four main factorsthat determine whether the
carbon footprint of a frozen product is higher or lower than that of an alternative, whenthe
carbon footprint ofthe production phase are assumed to be identical. These factors are not
necessarily main contributorsto theimpact, but they are the main source of difference between
thefrozen and non-frozen products. They are as follows:

- The electricity mix used by retail and consumer. An electricity mix with a lower carbon
footprint perkWh is beneficial for frozen products.
The productsincludedin this study use the average country electricity mix in the country of
consumption. Overtime, these mixes are expected to movein thedirection of lower
carbon footprint, thereby movingin favour ofthe frozen product.

- The amount oftimethe consumerkeepsthe frozen product in their freezer. A shorter
freezer storagetimeis beneficial for frozen products.
Itis unclearif the 30 days of frozen storage assumed in this study is an accurate
representation of reality. The reality can be higher or lower. However, as the carbon
footprint of electricity mixes becomes lower, the sensitivity to the frozen storage days
becomesless significant.

- The amount of food loss and waste at retail and consumer. If the food loss and waste of
thealternative productis higher than that of the frozen product, whether thisis dueto
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high perishability, low turnover orsomething else, the carbon footprint ofthe frozen
product is more likely to be favourable. Dueto the influence of the food loss and waste on
theresults of the comparison, data on specific products and preservation methods should
be used.

- Theinherent carbon footprint ofthe product itself. If the production of the product (i.e. the
ingredients cultivation and manufacturing) has a higher carbon footprint, the greenhouse
gas emissions associated with food loss and waste of that product will also be higherthan
that of products with alower carbon footprint forits production. So a changein the food
loss and waste percentage of products with arelatively high production carbon footprint
will have a larger absolute effect than the same change for a product with arelatively low
production carbon footprint. Therefore, for the products with a relatively high production
carbon footprint, smaller differences in the food loss and waste between a frozen and non-
frozen product can make a significant difference.

10.3.2 Spinach products

Based onthe sensitivities discussed above, no comparative assertions are made on each of the
22 productsincluded in this study. However, one set of products that is worth to call out
specifically in these conclusionsis the spinach products. When looking at the numerical values,
listed in Table 22, the differences in numerical carbon footprint between the frozen and chilled
alternative products are quite substantial, ranging in relative differences from 15% to 28%.

Table 22 - Carbon footprint of spinach products

Frozen Alternative Relative difference
(kg CO,eq. (kg CO,eq.

(negative number
per 3 portions) per 3 portions) means frozen is lower)

Creamspinach 700gr. 0,93 1,26 -28%
Creamspinach 750gr. 0,91 1,26 -26%
Leaf spinach 0,73 0,86 -15%

The leaf spinach has the smallest relative difference in carbon footprint ofthe three spinach
products. This product was included in the sensitivity analyses on consumer storage, electricity
mix and preparation. As a result, tipping points were calculated for the storage days and food
loss and waste numbers. These are listed in Table 23.

These numbers show that the main assumptions used for the leaf spinach are ata comfortable
distancefrom thetipping points. Forthe two cream spinach products, the distancesto the
tipping points are even larger. Infact, evenif retail food loss is 0% for the chilled spinach, the
frozen cream spinach products still come out favourable in terms of carbon footprint.

Inaddition, theresults covering the full set of EF3.0 impact categories show that the potential
impact of thefrozen product is lower than the alternative amongst most impact categories. Out
of 28 sub-impact categories, which contribute to the 16 impact categories, there are only 3 where
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thefrozen spinach products have a higher potentialimpact than the alternative. These are
freshwater eutrophication, land use and water use.

Table 23 - Comparison to tipping points leafspinach

Current assumption  Tipping point

Consumer storage days of thefrozen product 30 days 46 days maximum
Retail food loss and waste of the alternative 9.6% 2.0% minimum
Consumer food loss and waste of the 16.5% 9.3% minimum
alternative

Based onthis information, from this study it can be concluded that when it comesto carbon
footprint, thereis an advantage to frozen spinach products compared to chilled spinach
products. The additional energy caused by a frozen supply chainis compensated by a lower
amount of food waste, more efficient packaging and storage volume compared to chilled
spinach, and the possibility to use more efficient agricultural practices to grown full leaf spinach
instead of smaller leaf sizes.

This conclusionis based on the overall conservative approach that was used in this study on
multiple fronts, meaning that the differences stem solely from the preservation method and not
from other factorssuch as theingredient composition, manufacturing efficiencies, ingredient
distribution route, and location of consumption. This means the carbon footprint of the
ingredients production phaseis assumed to be identical for both the frozen and non-frozen
alternative. As a result, the differences between the frozen products and their alternatives will be
inherent differences in the product manufacturing, temperature of transport vehicles, the
storage temperatures and food loss and waste.
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11  External review

As required by the ISO 14040/44 standards, this study has been reviewed by an external review
panel consisting ofthree members. An addendum to this full report was made later, and
approved by the same review panel onthe 28" of October 2022.

Please notethat the panel reviewed the full version of the report, of which this third-party report
represents a shortened version. The review statement applies to the full version of the report.

11.1  Review panel

The review panel was set up to cover both extensive LCA expertise as well as knowledge ofthe
food supply chain in general and food loss and wastein particular. Prof. Dr. Matthias Finkbeiner
served as the chair of thereview panel, with Prof. Dr. Greg Thoma and Kai Robertson serving as
the othertwo members. The reviewers act and were contracted as independent experts, not as
representatives of their affiliated organization.

Prof. Dr. Matthias Finkbeiner served as the chair of the review panel. Heis currently Chair of
Sustainable Engineering and Managing Director ofthe Department of Environmental Technology
at Technical University Berlin as well as Guest Professor at the Chinese Academy of Agricultural
Sciences. He was Chair of theISO-Committee and member of the International Life Cycle Board
(ILCB) of the UNEP " s Life Cycle Initiative. Heis the Editorin Chief of the InternationalJournal of
Life Cycle Assessment.He serves onthe Advisory Board ofthe Institut Bauen und Umwelt e. V.
(IBU) as Europe’s leading organisation for environmental product declarationsin the building
sector. He also served on the Advisory Board of the German Ecolabel Blue Angel. Earlier in his
career, he was Manager for Life Cycle Engineering at the Design-for-Environment Department for
Mercedes-Benz Cars at Daimler AG. He holds an MBA in Sustainability Managementand further
degrees in Environmental Science, Environmental Economics and Environmental Law.

Prof. Dr. Greg Thoma s currently Professor of Chemical Engineering at the University of
Arkansas. He served as director for research and is currently senior advisor to The Sustainability
Consortium.The Consortium is focused on measuring and improving the sustainability of
consumer goods, including food. He has represented the Sustainability Consortiumonthe
United Nations Environment Program/Society of Environmental Toxicology and Chemistry
Lifecycle Initiative board of directors assisting in coordination of international efforts to
mainstream life cycle managementin the consumer goods sector. Dr. Thoma's research focuses
onthe application of chemical engineering principles to find solutions to environmental
problems.He is currently lead investigator fora number of life cycleinitiativesin the food and
agriculture sector.

Kai Robertson is currently a Senior Corporate Sustainability Advisor at KOR Consulting. Among
otherroles, she serves as Lead Advisorto the Food Loss & Waste Protocol, which developed the
Food Loss and Waste Accounting and Reporting Standard. This standard enables countries,
companies, and others to reportin a transparent, practical, and consistent manner how much
food is lost and wasted and identify where it occurs. In the past, she served as Director of
Business & Industry, Food and Agriculture at WWF, Director of Food & Agriculture at
Conservation International, where she was involved in shaping Wal-Mart's environmental
sustainability strategy, and Manager/Director at the Food Marketing Institute. She holdsan MBA
from the Kellogg Graduate School of Management at North-western University.

Third party report LCA of 22 Nomad Foods frozen food products and alternatives 98



11.2 Review process

The study was reviewed in two stages: first an initial review of the goal and scope, after which the
full report wasfinalized and delivered. Second, a review of the complete report was done,
includingthe updated goal and scope, data description, results interpretation and conclusions.

The comments and recommendations from the reviewers were delivered in table form, where
they were classified into various categories (general, editorial or technical). Responses were given
to each comment, aswell as a description of any changes made as a result.

A plausibility check of the life cycle inventory (LCl) model was performed by Prof.Dr. Greg
Thoma. The assessment or verification of individual data and datasets are outside the scope of
thereview.

The main changes that resulted from the reviewers’' commentsincluded adding more detailed
descriptions on the used modelling approaches, expanding on the section covering food loss and
waste, adding additional data sources and detail to the used food loss and waste numbers at
retail and consumer, and expanding on the discussion of the results and interpretation.In
addition, thewording of the report was adapted to makeit clear that the focusis onthecarbon
footprint.

11.3 Review statement

After the review process was completed, the external review panel provided the following critical
review statement about this study. Please note that this review statement applies to the full
version of thereport, of which thisthird party reportis a shorted version.

COMPARATIVE LIFE CYCLE ASSESSMENTOF 22 NOMAD FOODS FROZEN
FOOD PRODUCTS AND ALTERNATIVES

Commissioned by: Nomad Foods Europe Limited, Feltham, United Kingdom
Prepared by: PRé Sustainability B.V., Amersfoort, Netherlands
Review panel: Prof. Dr. Matthias Finkbeiner (chair), Germany

Prof. Dr. Greg Thoma, United States of America
Kai Robertson, United States of America

References ISO 14040 (2006): Environmental Management - Life Cycle Assessment -
Principles and Framework

ISO 14044 (2006): Environmental Management - Life Cycle Assessment — Requirements
and Guidelines

ISO/TS 14071 (2014): Environmental Management - Life cycle assessment - Critical
review processes and reviewer competencies: Additional requirements and guidelines to
ISO 14044:2006

Scope of the Critical Review
The review panel had the task to assess whether

e the methods used to carry out the LCA are consistent with the international
standards ISO 14040 and ISO 14044,

e the methods used to carry out the LCA are scientifically and technically valid,

o the data used are appropriate and reasonablein relation to the goal of the study,
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e the technological coverage of the industry in the prevalent LCA study is
representative of current practice,

¢ the interpretations reflect the limitations identified and the goal of the study, and

e the study reportis transparent and consistent.

The review was performed concurrently to the study according to paragraph 6.3 of ISO
14044, because the study is intended to be used for comparative assertions intended to
be disclosed to the public. This review statement is only valid for this specific reportin its
final version 2.3 dated 11.02.2022.

Outside the scope of this review were

e the verification of assumptions and calculations made for the frozen food
alternatives, food loss and waste rates, retail and consumer storage, as well as food
preparation.

e an analysis of the LCA model and

e the verification of individual LCI datasets

Review process

The review process was coordinated between Nomad Foods, PRé Sustainability and the
chair of the review panel. As a first step in the review process, the panel members were
selected based on their specific LCA and food loss and waste expertise.

After the review panel was established, a kick-off call was held on 21.10.2021. In this call,
the details of the review process were agreed, and an outline of the goal and scope of the
study was presented by PRé Sustainability. The first draft of the goal and scope report was
submitted to the panel after the meeting. The review panel provided 129 comments of
general, technical and editorial nature to the commissioner by 05.11.2021. Responsesto
the reviewer comments were delivered together with the first draft of the final report on
06.12.2021. A revised goal and scope text was provided as part of the draft final report.

The review panel provided 146 comments on the draft final report of general, technical
and editorial nature and sent them to the commissionerby 19.12.2021.

A critical review panel meeting with Nomad Foods and PRé Sustainability (web conference)
was held on 06.01.2022 to address the comments that needed additional information or
agreement on how they should be implemented.

PRé Sustainability provided a comprehensively revised report and documentation on the
implementation of the review commentson 12.01.2022. The majority of critical issues and
many of recommendations of the review panel were addressed in a proper manner. As the
revised report contained a significant amount of changed and new text, the panel provided
a further set of 23 comments. PRé Sustainability addressed them before the conclusion of
the critical review process.

The final version 2.3 of the report dated 11.02.2022 was providedon 15.02.2022.

The review panel acknowledges the unrestricted access to all requested information as well
as the open and constructive dialogue during the critical review process.

The contributions of the panel members were consistent, complementary and without any
conflicting views. The comments during the process and this review statement were
approved unanimously.

General evaluation
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Nomad Foods is the largest frozen food company in Europe and manufactures, sells and
distributes a range of branded frozen food products across 13 European countries with the
United Kingdom, Italy, Germany, Sweden and France representing their five largest
markets. This study provides a comparative life cycle assessment of 22 of their frozen
products from three product categories with their alternatives, i.e. equivalent products
using other preservation methods. The product group Fish included, fish fingers and coated
fish, natural fish and recipe fish. The product group Vegetables included peas, spinach,
prepared vegetables, natural vegetables and vegetable mix for soups. The product group
Plant-based protein included meat alternatives and falafel.

The breadth and depth of the scope of the study were demanding for both LCA practitioners
and reviewers as these different product groups covered a broad range of different raw
material production processes (from agriculture to fishing), different storage and food
loss/waste scenarios at retail and consumer stage, different types of packaging and
different food preparation methods. The methodology and scope description as well as
analysis and interpretation of the results are documented in a report of nearly 300 pages.
The flowcharts for each of the products and the associated LCIA results are presentedin a
separate document of about 200 pages.

Another outstanding feature of the study is detailed collection of primary data from the
manufacturing at Nomad including inbound as well as outbound logistics until the retail
stage. Primary data were included in the study even for raw material production of a
significant number of agricultural and fishery products.

The study was performed in a professional manner using state-of-the-art methods. The
study results and conclusions are reported in a comprehensive manner including
transparent documentation of its scope and methodological choices. Several issues were

studied in sensitivity analyses.

The feedback provided by the review panel was constructively considered and led to a
significant improvement of the report. The following aspects should be noted for a proper
interpretation of the results and for potential future updates of the study:

e Alternative product data: the study transparently documents and justifies the choice of
the product alternatives selected for each of the frozenfood options. Nonetheless, the
choice of different types, packaging and sizes of the alternatives may lead to different
results.

e Impactassessment: the study provides quantitative results for all 16 impact categories
of the EF 3.0 method, but a more detailed result analysis in terms of contributions and
sensitivities was only performed for the global warming potential. A full analysis of all
impact categories with the same level of detail for all 22 products is obviously
challenging. However, future product-specific updates based on the models developed
here would allow for a comprehensive discussion of the full set of impact categories
and as a consequence, even more detailed product-specific conclusions.

e Food loss and waste rates: the study transparently notes the limitations inherent in
identifying appropriate food loss and waste rates at the retail and consumer stages.
Improvements in the granularity, and accuracy, of food loss and waste rates for the
Nomad products as well as alternative products would improve the representativeness
and accuracy of the results. Moreover, as noted in the study, the rate of food loss and
waste varies over time, which affects the results.

As with every LCA, the outcomes of a specific study and especially a comparative study
also depend on the choices made in the scope definition. Therefore, the results need to be
interpreted in the specific context defined. Any generalization beyond the context of the
defined scope, is not covered by the study as such.
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Conclusion

The study has been carried out in conformity with ISO 14040 and ISO 14044 following the
critical review procedures of ISO TS 14071.

22nd February 2022

Matthias Finkbeiner Greg Thoma Kai Rober+son

(the review statement was approved by email)
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