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Abstract

The EU Consumer Footprint aim s at assessing the potential environmental impacts due to
consumption. The calculation ofthe = Consumer footprintis based on the life cycle assessment
(LCA) of representative products (or services) purchased and used in one year by an EU
citizen. This report is about the subset indicator of the basket of product (BoP) on food.

The BoP food is built to assess the impact associated to food consumption in Europe from raw
material extraction to end of life . The reference flow is the amount of food consumed by an
average citizen in  a reference year. It consists of a process -based life cycle inventory  model
for a basket of products that represent the most relevant food product groups, selected by

importance in mass and economic value. The 19 product s in the b asket are: pork , beef and
poultry meat, milk, cheese, butter, bread, sugar, sunflower oil, olive oil, potatoes, oranges,

apples, mineral water, roasted coffee, beer, pre -prepared meals, wine , and pasta.

The consumer footprint for the BoP food is assessed u sing 15 environmental impact categories

as for the ILCD LCIA method and running a sensitivity for a number of impact categories with

updated models. Results show that agr iculture is the life cycle stage of the food system with
the larger contribution to mo st of the impact categories. The product groups that emerge as
hotspots in most of the impact categories are meat products, dairy products , and beverages.

The main impact for the life cycle of meat products comes from the emissions due to
agricultural acti vities for the  production of feed. Direct emissions from animal husbandry
(methane, dinitrogen oxide, ammonia, etc.) contribute as well. Normalized results show that
the BoP food contributes significantly to several impact categories, with a different rank ing
depending upon the adopted normalisation reference (European or global). E cot oxicity,
human toxicity, eutrophication, acidification , water depletion  and climate change  are among
the leading impacts.  Since many LCA study on food are limited to the asses sment of climate
change related emissions, the BoP food baseline aims at helping to understand the wider
array of impacts associated to the food system of production and consumption.

Moreover, th e Consumer Footprint BoP ~ food baseline has been assessed against 5 scenarios ,
referring to  improvement options related to the main drivers of impact . Infact,t he scenarios
act on the hotspot s identified with in the baseline and refer to the most relevant eco -
innovations and  behavioural changes identified through a review of the scientific literature.
Scenario 1 and Scenario 4 act on the nutrients cycle, with the aim of recovering nutrients

either at the production stage or the end of life stage. Scenario 2 acts at the end of life stage

as well, by assuming an imp rovement of the efficiency of the waste water treatment in Europe.

Scenario 3 is a first attempt to address the benefits of  behavioural changes, with an example

of reduced amount of meat consumed. Scenario 5 regards the topic of food waste prevention,

and entails a number of prevention measures, acting at different stages of the food supply

chain , including the use phase . The scenarios tested on the baseline of the BoP food provided

insights on the potential for reducing environmental impacts of food consum ption in Europe.

Each scenario acts on a different component of the BoP (in term of either products, life cycle

stages or composition of the basket). As the scenarios are different in type it was found out

that the was a large difference on the different s cores and savings among the investigated

impact categories.  In general, among the scenarios assessed, the options that allow for a

higher reduction of impacts are the one s acting on the drivers of freshwater eutrophication,

such as recovery of nutrients from urine or improvement of the wastewater treatment. Itis
important to highlight that results of scenarios shall be analysed considering a certain Aupt ake
fact or & Edc(it is not realistic to assume 100% change across EU27) . It is also

recommended to consider the combination of improvement actions, to cover a wider range of
impacts and to maximize the potential of impact reduction, both at the scale of the single

citizen and of the whole Europe . An example has been provided in the case of combined
actions for the scenario on food waste prevention.



1 The European Union (EU) Consumer Footprint

Assessing the environmental impact due to consumption of goods and services is a crucial

step towards achieving the sustainable development goal related to responsible production
and consumption (SDG 12). As part of its commitment towards more sustainable production

and consumption, the European Commission has developed an assessment framework to
monitor the evolution of environmental impacts associated to th e European consumption
adopting LCA as reference methodology (EC -JRC, 2012a; EC -JRC, 2012b). The present study
is expanding the initial assessment framework to ensure a more complete and robust
evaluation of the impacts, addressing SDG 12, partially SDG11 (on sustainable cities and
communities) and assessing impact on a number of environmental impact categories related

to other SDGs, mainly the ones addressing ecosystems and human health. Assessing
environmental impact of consumption is primarily linked wit h SDG 12, and it implies the
evaluation of the level of decoupling of environmental impact from economic growth, and

related consumption patterns. However, assessing impact of production and consumption

means, as well, understanding to which extent product ion and consumption may have an
impact on other SDGs (Box 1).

Box 1 Overview of the link between SDGs, assessing the environmental impact of consumption and
calculating this impact with Life Cycle Assessment

Environmental [} R ot secnarionior ond moing iy
. f cu"su“P“uN household goods, appliances.
lmp aCt O Am PR[I]UBT“]N Including consumers’ behaviour

EU consumption

through the assessement of 16
different impacts

using LCA as reference
methodology

Environmental impacts

GODD HEALTH CLEAN WATER

13 CLIMATE 14 LIFE
ANDWELL-BEING ANDSANITATION ACTION BELOW WATER

15 oime

* Human toxicity cancer «  Impact due towater + Impact duetoland use

* Human toxicity non use + Climate change ' Euthmphla.’afhonh 1t * Euthrophication
- + Impactdueto marine and freshwater terrestrial
cancer +  Ecotoxicity +  Ecotexicity 2res
* Particulate matter resource use *  Acidification
* Photochemical ozone * Impact due toresource
formation use (metals, minerals
+ lonising radiation and fossils)

* Ozone depletion

The assessment framework aims to support a wide array of policies, such as those related to

circular economy, resource efficiency and ecoinnovation. The environmental impact of EU
consumption is assessed adopting two sets of life cycle -based indicators: th e Consumption
footprint and the Consumer footprint, which have a complementary role in assessing impacts

(Box 2).

The Consumer footprint adopts a bottom -up approach, aiming at assessing the potential
environmental impact of EU consumption in relation to th e impacts of representative products.
In fact, the Consumer footprint is based on the results of the life cycle assessment (LCA) of

more than 100 representative products purchased and used in one year by an EU citizen. The
Consumer footprint allow assessin g environmental impacts along each step of the products
life cycle (raw material extraction, production, use phase, re -use/recycling and disposal).




For the calculation of the Consumer footprint, the consumption of European citizens is split

into five key areas (food, housing, mobility, household goods and appliances). For each area,

a respective Basket of representative Products (BoP) has been built based on statistics on
consumption and stock of products. For each of the five BoPs, a baseline scenario has been
calculated, taking as reference the consumption of an average EU citizen.

This report focuses on the BoP food , which is one of the 5 key areas of consumption identified
for calculating the consumer footprint

The developed LCAs are in line with the | nternational Life Cycle Data system (ILCD) guidelines
and follow, to the extent it is possible and relevant, the environmental footprint methods as
published in the Communication "Building the Single Market for Green Products" (EC, 2013).

The quality of th e models has been ensured by periodical consistency checks and model
refinements. In order to allow for periodical updates, the models has been built with a
parametric approach. Hence, for example, the amount and structure of consumption could be
updated t o more recent reference years using data on apparent consumption (i.e. BoP
composition and relative relevance of representative products) taken from Eurostat.

The baseline models allow identifying the environmental hotspots along the products lifecycle
and within the consumption area of each specific BoP. The results of the hotspot analysis are,
then, used as a basis for the selection of actions towards environmental burden reduction,
covering shifts in consumption patterns, behavioural changes, implementat ion of eco -
solutions, or a combination of the previous ones. For each of the actions, a scenario has been
developed, by acting on the baseline model and simulating the changes associated to the

specific intervention. The LCA results of each scenario are th en compared to the results of the
baseline, to identify potential benefits or impacts coming from the implementation of the

solution tested, as well as to unveil possible trade - offs.

Complementary to the Consumer Footprint is also developed by JRC the Cons umption
footprint indicator. The consumption footprint is basically a top -down approach, aiming at
assessing the potential environmental impact of EU apparent consumption, accounting for

both domestic impacts (production and consumption at country level wi th a territorial

approach) and trade - related impacts. The impacts are assigned to the country where the

final consumer is located. An overview of the two developed indicators (Consumer and
Consumption footprint) is presented in Box 2. As mentioned abovet his report focuses on the
Consumer footprint indicator and in particular to the Consumer footprint Basket -of - product
indicator for food .



Box 2 Overview of the life cycle

The life cycle-based indicators
for assessing the impact of EU consumption

-based indicators for assessing the impacts of EU consumption

The Consumer footprint

(BOTTOM LIP)

LCA of products representative of the
consumption of an average EU citizen

+ Focusing on resources used and emissions due to
production and consumption during the all life cycle of
a product in selected areas of consumption (food,
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+ Combhining life cycle data (environmental profiles of
products) with consumption statistics

Statistics Life cycle inventory
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Each emission in the environment and resource used are then characterized in term of potential environmental
impacts in the life cycle impact assessment phase, covering the 15 impact categories recommended for the

Product Environmental Footprint, including:
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Environmental impacts associated to households in
Europe. Identification of hotspots in the Life Cycle of
the consumed products considering five product
categories: Food, Mobility, Housing, Household goods
and Appliances. Results could be analysed for different
types of consumer behaviours -e.g. average vs pro-
environmental.

Each BoP represents a baseline for assessing
ecoinnovations scenarios at all life cycle stages, from
raw material, production, up to use phase and end of
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Environmental impacts of consumption in Europe and for
each Member State, including the distinction of impacts in
the three categories:
Direct impacts, that occur because of the use of
products and services.
Indirect domestic impacts, that occur because of the
life cycle impacts of products that are produced in the
same country where they are consumed .
Indirect imported impacts that occur because of the life
cycle impacts of products that are produced in different

life. This help assessing benefits of sustainable
lifestyles.

countries where they are consumed.




2 Environmental impacts of food

Current patterns of food production and consumption are increasingly considered
unsustainable . On the one hand, there is the need to fulfil a fundamental human need for

nutrition, and on the other hand, this poses critical threats to the environment.  According to
EEA (2012) food and drink consumption is found to be responsible for around 20 i 30 % of
environmental impacts caused by consumption in the EU in most impact categories.

The use of Life Cycle Assessment (LCA) to assess the food sect or and more generally the food
supply chains has been increasing over time. However, there are several challenges to be
addressed, mainly due to the intrinsic variability of food systems at any stage (from
agriculture to food manufacturing stages) and to s pecific aspects related to critical impact
categories or modelling needs. JRC has coordinate d a special volume of the Journal of Cleaner
Production specifically dedicated to this topic (Volume 140/2), whose main challenges are

reported in the opening paper (Sala et al. 2017).

Most of the studies available in the literature highlight the high contribution of all the life cycle

stages of the food production chain to Greenhouse Gases ( GHGs) emission (see, for instance
Defra, 2011; Garrone et al ., 2014; Garnett2011). EC -JRC (2006) attributes about 22% of EU
GHG emission to the food sector. This is mainly due to the emissions from landfill (food waste

put in landfill emits large amount of methane T which has a high global warming potential -
and carbon dioxide ), and the use of energy in all the production stages (from agriculture -
including land use change - to processing, manufacturing, transportation, storage,
refrigeration, distribution, retail and use phases) (Padfield et al., 2012; Tuncer and Schroeder,

2011; Lundqyvist et al., 2008).

Other environmental impacts associated to food production are natural resource depletion

(mainly in the agricultural stage), the alteration of biogeochemical cycles of N and P - used
as fertilizers in  agriculture 1 (Smill, 20 02), water consumption (Lundgvist et al., 2008) in
agriculture and in the food manufacturing stages, land use (Meier et al ., 2014) and

biodiversity loss from use of pesticide, land use change and reduction of natural ecosystems

for food and feed cultivatio n (EEA, 2012 ). Moreover, food waste along the whole food
production chain is a relevant source of impacts (WRAP , 2015; EEA, 2016 ; Beretta et al.
2017).

Some food sectors generate higher environmental impacts than others do. Beef, butter and

cheese general ly have higher environmental burdens, especially related to their carbon
footprint and material intensity, while vegetables, cereal products, potatoes and fruit such as

apples, when consumed in proper season, generally have much lower impacts (EEA, 2012).
This is confirmed by meta  -analysis studies ( e.g. Clune et al. 2016, Clark and Tilman 2017,
Nijdam et al. 2012, Tilman and Clark 2014, De Laurentiis 2017) that have collected large

bodies of LCA studies to draw some general conclusions on the hierarchy of i mpacts across
different food categories. Mostly focusing on greenhouse gas emissions (although presenting

in some cases additional impact categories as in the case of Clark and Tillman 2017), these

studies reach similar conclusions in identifying animal ba sed products (and in particular
ruminant meat) as those responsible for the highest impacts and fruit, vegetables and grains,

as those with the lowest impacts.

Within the livestock sector, feed production is a relevant source of impacts (Noya etal. , 2017,
Six et al., 2017 ). Feed-related emissions (including land -use change) account for about 3.3

Gt CO2-eq, that is, about half of total emissions from livestock supply chains (Gerber et al.,
2013 ; LEAP, 2014).

In general, the agricultural phase is the one th at generates the largest impacts within the
food supply chain.  According to EEA (2016), agricultural activities for production of food, fibres
and fuel in Europe account for 90% of ammonia emissions, 50 -80% of nitrogen load in



freshwater bodies, affecting water quality and aquatic ecosystems, 10% of greenhouse gas
emissions (including 80% of methane emissions), contributing to climate change

Several O6bot t o roriantpdiifelCycte dasassments (LCAS) have been carried out to
specifically assessthe  impacts of the most representative foods consumed in a specific region.

For example, Foster et al. (2006) carried out an LCA study of food types that are
representative of the foods on a list of 150 highest -selling items provided by a UK retailer.
Munoz et al. (2010) assessed  Spanish food consumption by carrying out an LCA of the annual
composition of Spanish food purchases by households, catering, restaurants and institutions.
Similarly , Eberle and Fels ( 2016) assessed the environmental impacts of German food
consumption and food losses by analysing statistical data on production, trade and
consumption.

Some authors have i mplemented hybrid approaches invol vi
methods in order to overcome so me of the possible problems arising from truncation errors
of the former method and the non -specific nature of the data of the latter. For example,

Pairotti et al. (2015) use a hybrid approach to explore the environmental burdens of the
Mediterranean diet and compare these to those of an average Italian diet and those of two

empirical scenarios of healthy and vegetarian food consumption patterns. Some studies use
LCA to assess the impacts of diets (Baroni et al., 2007, Van Dooren et al., 2014; Meier and
Christen , 2013) and the potential savings related to dietary changes(Fazeni and Steinmdller ,
2011; Saxe et al., 2013). Gephart et al. (2016) applied an optimisation algorithm to find the

optimal diet composition for minimis ing the associated carbon footprint, nitrogen footprint,
water footprint and land footprint. Lavers et al. (2017) combine material flow analysis with
LCA by selecting 71 representative products used as proxies to assess the environmental

impact of urban areas using life cycle impact characte risation factors.

Most of the studiesin the literature address the environmental assessment of single products ,
butonlyafew adoptaconsumption -oriented approach to assess the impact of the food supply

chain in large geographical areas. However, studies at meso - and macro scales are

fundamental in providing decision makers with information for  making a transition  to more

sustainable production and consumption patterns, by decoupling environmental impacts from

responses to societal needs, while still ens uring economic growth

At the macro scale, environmental impacts associated with consumption have traditionally

relied on a 6top downdé approach, such as wusing-the sec
output tables. The basic idea of those approaches is to calculate the physical material flows

of economic sectors and then supplement this with environmental data in order to assess the
sustainability of product groups (e.g. Huppes et al., 2008; Tukker et al., 2006; Weidema et
al., 2005; Nijdam et al., 2005 ).

The basket of products food assesses the impact of food consumption in Europe using a

bottom -up approach, based on the selection of representative food products and related life

cycle inventories. The aim is to define a baseline scenario, modelled cons idering the statistics
about food consumption by an average European citizen, as a reference for evaluating the

potential improvements coming from eco -innovation and behavioural changes in the food
sector.

An example of how the BoP food can support analyse s on the food system in Europe is the

study fAEnergy use in the EU food sector: State of pl ay
by Monforti -Ferrario et al. (2015). The study makes use of the baseline model of the BoP

food as a basis for a detailed analysis on energy use in the European food sector and related

areas of improvement. Similarly, the study by Cristébal etal. ( 2018 ), starts from the results

of a scenario on food waste prevention applied to the BoP food (Scenario 5 in the present

report) to build  an optimization function to prioritize food waste prevention measures at the

EU scale, considering potential environmental effects and economic constraints.



3 Basket model for food

In order to comprehensively assess the impact of consumption at EU level, i n 2012 the

European Commi ssionés Joint Resear chhaseCmethodolegytdae vel oped

focuses on specific representative products which are then up -scaled to overall EU
consumption figures, named the Basket of Products (BoP) indicators (EC -JRC, 2012 b). The
project (called LC -IND) focused on indicators that measure the environmental impact of the
consumption of products by the average European citizen, focusing on housing, food and

transport, via the identification and environmental assessment of the most representative
products of each category (basket of products). The initial BoPs developed in the LC -IND
projects were revised extensively in the context of LC -IND2 project, to improve the quality of

the models and to allow for a better assessme nt of the scenarios based on circular economy
principles.

This report describes the scope and the structure of the basket of product (BoP) food,

including the Life Cycle Inventory (LCI). Aim of this section is to enable the reader to
understand how the Bo P is modelled, to better interpret the results and, ultimately , to
replicate the exercise.

3.1 Description of the BoP composition

The BoP food is built to assess the impact associated to food consumption in EU -271. The
reference flow is the amount of food co nsumed by an average EU  -27 citizen in the reference
year 2010.

This section illustrates the work done for the Basket of Products (BoP) indicators building on

the work done by  JRC and the University of Bari as reported in  Notarnicola et al. 2014 and
further elaboratedin Notarnicolaetal . (2017 ). The model originally developed by Notarnicola
and colleagues in 2014 has been extensively revised in the context of this study to improve
the quality of the models and to allow for a better assessment of the scenar ios based on

circular economy principles.

The BoP food consists of a process -based LCI model for a basket of products that represent

the most relevant food product groups, selected by importance in mass and economic value,

to depict the average consumption for nutrition of EU citizens in 2010 (Notarnicola et al. ,
2017). The product groups in the basket are: pork , beef and poultry, milk, cheese, butter,
bread, sugar, sunflower ail, olive oil, potatoes, oranges, apples, mineral water, roasted coffee,

beer, pre-prepared meals, wine and pasta. For each product group in the basket, an inventory

model based on a representative product has been developed. The impact of each
representative product is then multiplied by the mass of products in that product group th at
is consumed in one year by an average EU citizen.

A quantitative and qualitative analysis of the structure of EU -27 food consumption (during the
years 2000 -2010) was performed, including an analysis of international trade. This led to the
selection of p roducts that are representative of apparent food consumption for the year 2010.
Specific data on apparent consumption (defined as Production - Exports + Imports) were
taken from Eurostat and FAO databases, as well as from specific nutrition and food
consum ption literature concerning current emerging consumption trends (e.g. EEA, 2012; EC,

2014). The final selection of products for the basket was based on the following steps:

o0 firstly, the consumption data was subdivided into main food categories, namely mea tand
seafood, dairy products, crop -based products, cereal -based products, vegetables, fruit,
beverages, pre -prepared meals,

! The orginal model refers to 2010 as reference year and, hence, to EU 27

10



d amongst these categories, the food products with the largest apparent consumption in
terms of mass and economic value were chosen f or inclusion in the basket,

0 it was verified that products which had already been identified as being responsible for
large environmental burdens (e.g. meat and dairy products - Foster et al., 2006; Tukker
et al., 2006; Gerber et al., 2013) were included in the BoP,

0 the BoP also includes products that are representative of emerging food consumption
trends and types of food and beverages whose consumption has been increasing during
the past decade, independent of the magnitude of their environmental impact an
extent of their apparent consumption (e.g. pre - prepared meals),

d the

o0 finally, the BoP includes wine and pasta as representative products, to ensure full
correspondence with the list of food products covered by Product Environmental Footprint
(PEPF) pilots.

Table 1 illustrates the products selected for BoP food (reference year 2010, country coverage
EU-27) and the respective data on their apparent consum ption (source: Eurostat, 2014a)

Table 1. Composition of the BoP food in terms of product groups, representative products and related
quantities (referred to the reference flow, i.e. food consumption of an average EU -27 citizenin  the
reference year 2010)

. % of total per -
. Per -capita .
Product Group Representative consumption capita apparent
product (ka/pers.*yr 1) basket _
consumption
Pig meat 41.0 7.1%
MEAT Beef meat 13.7 2.4%
Poultry meat 22.9 4.0%
Milk & Cream 80.1 14.0%
DAIRY Cheese 15.0 2.6%
Butter 3.6 0.6%
CEREAL-BASED Bread 39.3 6.9%
PRODUCTS Pasta 8.2 1.4%
SUGAR Sugar 29.8 5.2%
Sunflower oil 54 0.9%
OILS Olive all 5.3 0.9%
VEGETBLES Potatoes 69.1 12.2%
Oranges 174 3.0%
FRUIT Apples 16.1 2.8%
COFFEE Coffee 3.5 0.6%
Beer 69.8 L 12.2%
BEVERAGES Wine 24 L 4.2%
Mineral water 105 L 18.3%
PRE-PREPARED Meat based
MEALS dishes 2.9 0.5%

Source: Eurostat (2014a)

The annual consumption of the BoP amounts to 572 kg per inhabitant per year. The BoP
consumption is  thus representative of 61% of the total apparent yearly consumption per

inhabitant (933.2 kg/inhabitant) of all food and beverage products reported in the Eurostat -
Prodcom database. As for the economic value, the BoP food covers 45.6% of the apparent

consu mption of food by European citizens (568 U per inhabitant per year , outof 1,246 U per
inhabitant per year , calculated as apparent consumption from Prodcom data). The choice of
Prodcom database as a basis to calculate the apparent consumption of food is du e to the
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completeness of the database itself and to the need of identifying the share of imported

products (either intermediate or finished product) in support to supply chain modelling.

Another approach could be the use of consumption data, like the ones reported in the
Comprehensive Food Consumption Database by EFSA (2011) . Itincludes datafrom 32 dietary
surveys from 22  European Member States where the daily consumption of several food
categories are provided. EFSA surveys are not exhaustive but can be useful to provide a
picture of the food consumption pattern in Europe , differentiated by Member States. An
example is provided in  Figure 1, show ingthe weight shares of 18 food categories for an adult
consumer in 14 EU Member States

Figure 1. Mean daily consumption in weight shares of 18 food categories for an adult consumer in 14
EU Member States

M Alcoholic beverages W Animal and vegetable fats and oils m Composite food {including frozen)
m Eggs and egg products m Fishand other seafood m Fruit and fruit products

M Fruit and vegetable juices M Grains and grain-based products W Herbs, spices and condiments

m Legumes, nuts and oilseeds m Meat and meat products = Milk and dairy products

m Non-alcoholic beverages (excepting milk) ® Products for special nutritional use Snacks, desserts, and other foods
m Starchy roots and tubers m Sugar and confectionary Vegetables and vegetable products

T T T T T T
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

(source: EFSA, 2011, in Monforti -Ferrario et al., 2015)
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4 Life Cycle Inventory of the BoP

The reference system is the EU - 27 per capita consumption in 2010 for the products listed in
Table 1. The functional unit is defined as the average food consumption per person in the EU
in t erms of food categories (including the food losses at each stage).

Life Cycle stages considered in the food chains of the representative products are reported in
Table 2. Figure 2 illustrates the system boundaries of a generic representative product

inclu ded in the BoP food.

Table 2. Summary of life cycle stages and related activities included in the BoP food

Life Cycle stage

Activities included

Agriculture/breeding

Cultivation of crops

Animal rearing

Food waste management

Industrial
processing

Processing of ingredients

Slaughtering, processing and storage of meat

Chilled or frozen storage

Food waste management

Logistics

International transport of imports

Transport to manufacturer

Transport to regional distribution centre

Distribution

Transport to retailer

Food waste management

Packaging

Manufacture of packaging

Final disposal of packaging

Use

Transport of the products from

r

Refrigerated storage at home

Cooking of the meal

End of life

Final disposal of food waste

Wastewater treatment and auxiliary processes due to human
excretion
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Agriculture/Animal

waste/loss

Figure 2. System Boundaries for the LCI of a generic representative product in the BoP Food

rearing

Transport of
imports from
outside EU

Internal transport

Industrial
processing

waste/loss

End of Life
of Packaging

Packaging

Distribution

= D
Home transport

v
v

End of Life
Organic
waste

waste/loss

Wastewater
treatment

The process -based lifecycle inventories were developed for each lifecycle stage of the selected
representative products, updated to the year 2010, via the following approa ch:

1. Aliterature review was carried out concerning existing LCA studies of the single basket
products (including the screening studies conducted by some PEF pilots).

2. The approaches of such reviewed studies, for each lifecycle stage of each product,
were as sessed for appropriateness for the present study via the implementation of a

pedigree matrix 2.

3. Once the approach was selected for the assessment of each representative product
(see Table 3 for an overview of the sources used), the respective processes were
tailored to account for the average EU situation (e.g. energy mix, production of

pesticides and fertilisers

2 The pedigree matrix (PM) is a post

1 see following paragraphs).

-normal approach to assign uncertainty

to input data, used in the ecoinvent

database (Frischknecht and Rebitzer, 2005, Weidema et al., 2013). The pedigree matrix considers information
ary input and output datum in terms of reliability, completeness, temporal
correlation, geographical correlation and further technological correlation.

about the quality of each prim
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Table 3. Overview of LCI datasets relative to the agriculture/production phase (source: Notarnicola et

al., 2017)
Representative Activities Data source and
products geographical scope
Coffee Production of coffee cherries Coltro et al. (2006),
Green coffee  production (wet process) Brazil
Salomone (2003)
Coffee roasting for the production of
soluble coffee
Coffee roasting for the production of Humbert et al. (2009)
ground coffee
Beer Barley cultivation Blonk Consultants

Malt production
Beer production

(2014), EU

Klgverpris et al. (2009)
Schaltegger et al.
(2012)

Mineral water

Treatment of natural water
Bottling water

Vanderheyden and
Aerts (2014), Belgium

Bread Wheat cultivation Blonk Consultants
Production of wheat flour from dry milling (2014), EU
Bread production Renzulli et al. (2015)

Espinoza - Orias et al.
(2011)

Pasta Durum wheat cultivation
Soft wheat cultivation PEF pilot screening
Eggs production model, Europe
Pasta manufacturing

Beef Beef cattle breeding
Slaughtering beef cattle for the Blonk Consultants
production of beef meat (2014), Ireland
Beef meat processing

Pork Pigs breeding
Slaughtering pigs for the production of Blonk Consultants
pig meat (2014), Netherlands
Pig meat processing

Poultry Broilers breeding
Slaughtering broilers for the production Blonk Consultants
of poultry meat (2014) , Netherlands
Poultry meat processing

Milk Dairy cattle breeding Blonk Consultants
Processing of raw milk for the production (2014), Netherlands
of standardised full milk Fantin et al. 2012

Butter Processing of raw milk for the production Diekic et al. (2014),
of cream Europe
Production of butter

Cheese Processmg_of raw _mllk for the production Diekic et al. (2014),
of standardised skimmed milk Europe
Production of cheese

Sugar Sugar beet cultivation Blonk Consultants
Production of sugar from sugar beet (2014), Germany

Sunflower oil Production of sunflower seeds Blonk Consultants

(2014), Europe

15




Representative Activities Data source and

products geographical scope

- Crude sunflower oil production from
crushing (solvent process)

- Refining sunflower ail

Olive oil - Olive cultivation
- Extra virgin olive oil production from Notarnicola et al.
milling olives (2013), Italy
- Bottling extra virgin olive oil
Potatoes - Potato cultivation Blonk Consultants

(2014), Germany

- Storage of fresh potatoes for fresh
consumption

- Storage of fresh potatoes for the
production of chips and frozen potatoes

- Production of frozen potatoes

- Production of chips

EPD (2012)

Ganesh (2013)

Apples - Apple cultivation Mila i Canals et al.
- Selection, conditioning and storage (2007), Europe
Cerutti et al. (2014)
Oranges - Orange cultivation Pergola et al. (2013),
- Selection, conditioning and storage Italy
Pre-prepared - Cultivation of carrots, onions, tomatoes Frischknecht et al.
meals based on - Production of processed ingredients (2007)
meat (chicken meat, refined sunflower oil, EC (2006), EU
tomato sauce)
- Pre-processing the ingredients Schmidt Rivera et al.
- Manufacturing of pre  -prepared meals (2014), EU
Wine - Production of grapes

PEF pilot screening

- Production of must
model, Europe

- Wine -making

4.1 Key assumptions for performing the Life Cycle Assessment

As illustrated in  Figure 2, all food systems, at various stages of their lifecycle, include the

production of scraps or other materials that may often be considered to be co -products.
Therefore, the problem of the allocation of environmental burdens is present in almost all

food cha ins. This problem is further complicated by the fact that the mass of the co - products
very often greatly exceeds the mass of useful food products obtained; for example, in the

case of olive oil manufacturing, 2.1 kg of husks are produced for every kg of ol ive oil.
Performing the allocation on the basis of mass would result in the displacement of a large part

of the impact burden associated with the food chains to the co -products rather than to the
product for which the supply chain was built (Notarnicola et al., 2012). Based on these

considerations, the environmental impacts incurred during food production are allocated on
an economic basis.

As regards the use of fertilisers in the agricultural stage of each product, emissions of N 20
from managed soils and C Oz emissions from lime and urea application have been estimated
according to the IPCC methodologies (IPCC 2006a). Ammonia emissions to air and the nitrate

leaching in the soil were also estimated by applying the calculation suggested by the IPCC

guide. It is assumed that all nitrogen that volatises converts to ammonia, and that all nitrogen

that leaches is emitted as nitrate. It is estimated that 5% of phosphorus applied through

fertilisers is emitted to freshwater resources (Blonk Consultants, 2014)
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Pesticides are among the most important inputs in the agricultural phase, and have a

significant impact on ecological and human toxicity. The approach indicated by Sala et al.

(2014) was followed in order to estimate the consumption of pesticides. This approac h
consists of a framework developed to assist the quantification of pesticide fractions, starting

from different levels of publicly available data. The data used for the estimation of the

guantities of pesticides used in various crops were obtained from th e EC (2007). The
emissions of pesticides during their use were assessed, assuming that 100% of the active

pesticide ingredient is emitted to soil (de Beaufort -Langeveld et al., 2003).

The analysis of farming systems required data on animal growth, enteric emissions and feed

production. The animal breeding models taken into account in this study for the various types

of products (dairy products, and meat from beef, pork and poultry) are those reported by

Blonk Consultants (2014). In particular, the animal en teric fermentation and the type of
manure management used in the production of livestock products were accounted for. The

feed production processes were also taken into account. The inventories regarding the
livestock were calculated according to the appro ach indicated by the IPCC in Vol.4 chapter 10
(IPCC, 2006b).

Logistics consists of international trade, local distribution and retail. In the present study,

trade from outside of the EU is called international trade and it was considered for all products

in the basket (with the exception of pre - prepared meals, for which data on imports per country

were not available). The countries of origin and amount of imports were considered in relation

to domestic production. Transport from those countries, which repre sents the source of at
least 90% of total EU imports of a specific product, was considered in the study , as
transoceanic transport by ship plus road transport from the production site to the departure

port and from the arrival port to the distribution cent re (see section 4.4 for details) . This
transport is allocated to a percentage of the product in the LCI model, corresponding to the

share of imported  intermediate food products out ofthe amount of that kind of product which
is included in the BoP . Distribution consists of transport by lorry from the manufacturer/farm

to a regional distribution centre, and the further transport by lorry from the regional

distributio n centre to the retailer. The total distance travelled was assumed to be 500 km for

all products. If refrigerated transport is needed, a 20% increase in fuel consumption was

assumed (Lalonde et al., 2013). The energy consumption associated with the time du ring
which the product is stored in a retail facility was considered using data from the Danish LCA

Food database (Nielsen et al., 2003).

The use phase is assumed to consist of: i) consumer transport (a 4 km transport by passenger
car from t he hoatsthemetaledand back) and ii) domestic consumption.

The end -of-life phase includes the treatment of food scraps and unconsumed foods, together
with the environmental assessment of human metabolism products, modelled according to
the method of Muii 0z et al. (2007). Specifically, each basket product was considered in terms
of its nutritional composition (e.g. fibre/carbohydrate/protein) in order to account for the
impacts of human excretion (Ciraolo et al. 1998).

Different data quality requirements w ere implemented in order to choose the inventory data
that were most appropriate for the present study and approach. Data quality was assessed in

a pedigree matrix focusing on the parameters of: time -related coverage, geographical
coverage, technology cove  rage, completeness and consistency.

Specifically, the most representative datasets for each product in the basket were identified

by applying the above mentioned data -quality requirements to the collected existing LCA
literature concerning the basket prod ucts. LCI data sources of the agriculture and production
stages of the BoP food are summarised in Table 3. All of the agricultural datasets, taken from

the literature or from databases, have been modified in order to adapt them to the method

and assumption s previously reported.
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Foreground data were obtained from scientific literature and direct industrial sources.
Background data were mainly taken from the Agrifootprint (Blonk Consultants, 2014) and

Ecoinvent v.3 (Frischknecht et al., 2007, Weidema et al., 2013) databases. For the electricity

profile the dataset for the European energy mix AEI ec
Switzerland}| market groupo (from EcoinventCo@ntry2- | i br ar
specific import data for the BoP food were taken from the Eurostat international trade

database for the year 2010 (Eurostat, 2015). Distances and modes of transport used in import
countries were also accounted for.

4.2 LCI of Agricultural/breeding stage

Table 4 and Table 5 show the inventories of the agricultural phase of the different produ cts
that pertain to one ha of cultivated area per year. Mineral water is excluded because there is
no agricultural phase in its lifecycle. Table 4 reports data regarding products and co -products,

fertilizers and pesticides used, consumption of diesel for agricultural operations, and electricity
used to pump water for irrigation. The outputs are the emissions to air, water and soil that
derive fromt he use of fertilizers and pesticides.

Table 5 gives a detailed inventory of pesticides applied to the different crops, in which the
weights of the di  fferent active ingredients applied to one ha of crops are reported together

with the percentage of active ingredient contained in commercial pesticides. The emissions

from the combustion of diesel (taken from the Agri -footprint database, Blonk Consultants,
2014) in agricultural machinery have not been reported in this table, but are considered in

the inventory. As regards water use, according to data in the inventories, no water input is

applied in the cultivation of wheat, barley and coffee.

Table 6 shows the inventories of the breeding phase of animal -derived products. There are
four inventories related to the rearing of dairy cows that produce milk, which is also the basis
for the production of cheese and butter, and to the rearing of beef cattle, pigs and broiler

chickens that will be sent to slaughter. The main data are taken from the Agrifootprint

database. The table reports the feed used, the wate r consumed and energy inputs, together

with the emissions deriving from manure management and the enteric fermentation of

ruminants and (in minor amounts) non -ruminant animals. Losses of milk in this stage have

also been considered , assumed to be 3.5% of m ilk produced (source: Agrifootprint . Blonk
consultants, 2014) .
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Table 4. Inventories of the agricultural phase of different products (per cultivated ha per year) (modified from Notarnicola et al., 2 017)
. sugar |sunfl.
apple |barley |wheat |coffee |olives |orange |potato begt seeds | 9rare
Products t 31.4 5.7 7.1 9.0 5.8 25.0 41.6 58.9 1.3 1.6
Coproducts (total weight) t - 4.0 4.0 - - - - - - -
Inputs
Fertilisers
N kg 62 145 149 238 30 240 100 150 57 4
P20s kg 4 10 19 26 7 100 101 40 50 2
K20 kg 47 14 17 233 7 180 131 140 21 9
Lime fertiliser kg 52 329 327 1057 0 0 365 291 400 0
Compost kg 0 0 0 0 0 0 0 0 0| 150
Water m?3 |3 000 0 0 0| 654 | 4000 351 186 33 5
Pesticides (total weight) Weight of active mgredle(r:(tas:;/rltcézdi:y tr_:_(;k;?espse)ctlve % content
Diesel kg [231.7 | 131.2 | 1385 161 | 78.7 250 | 2439 | 164.5 926 | 33.1
Electricity kwWh 952 0 0 0| 771| 3200 | 1446 0 305 12
Outputs
Emissions to air
f'\e'zrtciTisegreCt emissions  from kg | 097 | 397 | 392| 3740471 | 377 | 360| 812 | 134 | 011
fl\elzrt?is;psdlrea emissions  from kg | 032 | 146 | 143 |12155 | 015| 123 | 137 | 321 | 048] 005
NH3 air emissions from fertilisers kg 7.53 | 43.82 | 42.38 28.9 | 3.64 | 29.14 | 43.42 |107.27 13.79 0.4
CO:2 from fertilisers kg 43.3 | 234.1 | 235.8 | 669.4 0.0 | 2335 | 204.7 | 202.4 | 189.0 | 1.78
Emissions to water
NOs from N fertilisers kg |82.37 336 |331.48 | 316.2 |39.86 |318.86 |[303.96 |686.47 |113.29 | 17.9
P from fertilisers kg 0.1 1.3 1.3 0.6 0.2 2.2 35 2.2 1.2 | 0.02
Emissions to soll
Pesticides 100% active ingredient (reported in Table 5)
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Table 5. Inventories of pesticides use in the agricultural phase of the BoP products (kg per cultivated ha per year) (source: Notarnic olaetal.,
2017)

pesticides (active %active ir!g'redient sugar | sunfl.
ingredient) in the pesticide apple |barley |wheat |coffee |olives |orange |potato |beet |seeds | grape
Azoxystrobin 25 kg 0.09 0.09

Captan 50 kg 1.50

Carbaryl 85 kg 1.20

Carboxin 29.5 kg 0.47
Chloridazon 65 kg 0.50

Chlorpyrifos 44.5 kg 0.80 1.20 1.20 0.10
Copper 50 kg 0.03 0.0 3
Dimethoate 38 kg 0.53 0.150

Diquat 17 kg 0.300 0.10
Epoxiconazole 12.5 kg 0.13

Ethephon 21.7 kg 0.09 0.09

Ethofumesate 20.8 kg 0.54

Fluazinam 38.8 kg 0.43
Fosetyl -aluminium 80 kg 0.45 3
Glyphosate 40 kg | 0.70 | 0.27 | 0.27 | 2.00 | 0.24 4.00 0.45 0.704
Mancozeb 75 kg 2.00 0.45 4.80

Mcpa i sodium salt 25 kg 0.30 | 0.30

Methomyl 25 kg 0.05

Mineral oil 100 kg 1.60 0.16 1.20 0.30

Pencycuron 22.9 kg 0.33 0.33

Phenmedipham 16.2 kg 0.71
Propiconazole 25.5 kg 0.11 0.11

Prosulfocarb 78.4 kg 0.60

Sulfur 80 kg 2.10 0.47
Tebuconazole 25.8 kg 0.10
Trinexapac -ethyl 26.6 kg 0.05 0.05

Unspecified pest. 2
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Table 6. Inventories of the breeding phase of animal

-derived products (source: Notarnicola et al.,

2017)
Beef cattle . Broilers
Milk for Pigs for for
slaughter slaughter slaughter
Products kg 1 000 1 000 1 000 1 000
Coproducts (total weight) kg 25 - - -
Inputs
Feed
Grass kg 1 364 21 376 0 0
Grass silage kg 0 7 666 0 0
Maize silage kg 717 0 0 0
Compound feed kg 219 1 563 0 1679
Mix of by -products kg 105 0 0 0
Pig feed kg 0 0 2 057 0
Water m?3 2 138 9 3
Heat from gas MJ 57 0 99 1179
Diesel kg 0 130 0 0
Electricity kWh 58 304 13 48
Outputs
Emissions to air
f'\grer;h:r:l:ﬂon)b'oge”'c (from  enteric kg | 15.94 194.84 14.47 0.00
m;h%neerhem)blogemc (from  manure kg 6.32 54.92 4.04 0.60
N20 (direct) kg 0.04 0.36 0.27 0.00
N20 (indirect) kg 0.05 0.51 0.16 0.00
NH3 kg 3.84 39.29 13.21 13.10
Solid waste kg 35.00 i i i
losses

4.3 LCI of industrial processing and packaging

The industrial phase is very different from product to product. The inventory was built for

each activity included in the production phase of each product by collecting literature or
database data. The main sources of data are reported in Table 3. Table 7 reports the amount
of packaging inventoried f  or each product.
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Table 7. Amounts of packaging per typology, per 1
Notarnicola et al., 2017)

-kg or 1 -L packaged product (

modified from

. Cardboar Corrugate Aluminiu
Unit | Glass | Paper d d board m LDPE | HDPE | PET | PP | PS
box

Mineral water* g 23
Beer g | 522 32 3
Wine** g | 700 58
Coffee - soluble g 2(;50 4 54 14
Coffee - ground g 14 16
Apples*** g 3
Oranges g 84
Potatoes - fresh | ¢ 4
| | :
Potatoes - chips | ¢ 20 20
Bread g 4
Pasta g 6 40 11
Olive oll g | 786 7 47 6 8
Sunflower oil g 24 43
Sugar g 15
Milk* g 28
Cheese g 115
Butter g 15
Beef g 4 33
Pork g 4 33
Poultry g 4 33
zrsélprepared 9 42 28 69 | 8
*referredtoas1 -L product ™ referred to as 0.75 L e only 20% of product is packed

product

4.4 LCI of logistics

Logistics consists of international transportation from outside the EU, transport of raw
materials to the processing site, transport of processed goods from industry to retailing and
the retailing stage itself. For the inventory of the international transp
of imported goods in the total (production + imports) was calculated. For each kg of imported
goods, the inventory of transport for each mode was also calculated, considering the different
exporting countries, means of transport and

assumed for pre

-prepared meals.

distances.

No import of finished products is
Only green coffee is totally imported from abroad, while for

ort of goods, the share

all the other products in the basket the share of imports compared to the total available

amount of product is quite

The transport of imported

imports in Europe. For exporting count

low (or very low in some cases).

Switzerland or Belarus, only a transport by lorry

products is assumed to occur
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is considered from the capital of the exporting




country to the city of Frankfurt. For the others , the transport is considered to be composed

by: atranspor t by lorry between the capital of the exporting country and the country's main

port; a transport by ship from the port of the exporting country to the main European ports

and, finally, a transport by lorry between the port of destination and the city of Fr ankfurt.
Rotterdam and Marseilles are considered as the European ports of arrival of the goods. The
distances are calculated by using  www.sea -distances.org and Google maps ( Table 8). This
transport is allocated to a percentage of the final product in the LCI model, corresponding to

the share of imported goods out of the total apparent consumption of that kind of product.

Table 8. Summary of the share of imported food products , sea transport distance and road transport

distance for each representative product

Road
Sea transport
Representative (t* km) per transport
Product Group Import (%) (t*km ) per kg
product kg of product
imported O.f product
imported
Pig meat 0.11% 7.28 0.45
MEAT Beef meat 2.94% 9.87 0.95
Poultry meat 1.34% 7.34 2.07
Milk & Cream 0.02% 0.35 0.59
DAIRY Cheese 0.97% 6.08 0.19
Butter 1.96% 18.25 0.61
CEREAL-BASED | Bread (wheat) 4.2% 2.19 0.29
PRODUCTS Pasta 0.72% 5.85 1.12
SUGAR Sugar 4.53% 0.43 0.10
OILS Sunflower oil 4.04% 1.66 0.81
QOlive ail 2.77% 0.93 0.87
VEGETBLES Potatoes 0.75% 2.55 1.04
Oranges 11.83% 8.76 0.92
FRUIT Apples 7.11% 124 0.88
100% (green
COFFEE Coffee COfEcge) e o
1.76% (roasted 0.40 0.49
coffee)
Beer 0.71% 7.31 1.02
BEVERAGES Wine 11.12% 13.09 0.80
Mineral water 0.18% 0.19 1.29
PRE-PREPARED | Meat based
MEALS dishes ) ) )

For some products, refrigeration is needed both for the transports and the retailing. Therefore,
the use of refrigerants (both load and leakage) has been included in the inventory of
-in cooler/freezer, blast freezing at

refrigerated/frozen storage in walk

the processing plant;

refrigerated transport and refrigerated/frozen storage in display cabinets at the supermarket.
Refrigerant R404A has been considered as baseline scenario, as it is the most commonly used

refrigerant in Europe. The LCA data for the pro
from Bovea et al. (2007). Other refrigerants

(Annex 2).
baseline model.
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have been tested with a sensitivity analysis
Table 9 reports the details of refrigerant use (load and leakage) included in the



http://www.sea-distances.org/

Table 9. Inventory data for refrigerant load and leakage included in the mode

|. Data refer to 1 kg of

food
. . Refrigerat
Storage Storage Refrigerat Refrigerat ed
Blast in walk - |in ed ed transoort
freezing 2 in display transport transport internpatio
coolers P | cabinet ® | 500 km ¢ 250 km ¢ nal ©
BEEF
R404A load mg n/a 120¢ 1480 g 2.60 1.30 4.93
R404A leak. | mg n/a 20¢ 220 g 0.58 0.29 1.11
PORK MEAT
R404A load mg n/a 38.36 ¢ 1480 g 2.60 1.30 2.34
R404A leak. mg n/a 5.75 ¢ 220 g 0.58 0.29 0.53
POULTRY
R404A load mg n/a 21.92 ¢ 1480 g 2.60 1.30 10.74
R404A leak. mg n/a 3.29 ¢ 2209 0.58 0.29 242
MILK
R404A load mg n/a n/a 68.49 2.60 n/a 3.06
R404A leak. | mg n/a n/a 10.41 0.58 n/a 0.69
CHEESE
R404A load mg n/a n/a 1023 2.60 n/a 0.99
R404A leak. mg n/a n/a 180 0.58 n/a 0.22
BUTTER
R404A load mg n/a n/a 1023 2.60 n/a 3.17
R404A leak. mg n/a n/a 180 0.58 n/a 0.71
APPLES
R404A load mg n/a 770°¢ n/a n/a n/a n/a
R404A leak. mg n/a 120°¢ n/a n/a n/a n/a
ORANGES
R404A load | mg n/a 380 n/a n/a n/a n/a
R404A leak. | mg n/a 60" n/a n/a n/a n/a
POTATOES
R404A load mg 10 n/a 230 2.60 n/a n/a
R404A leak | mg 0.53 n/a 30 0.58 n/a n/a
PRE-PREPARED MEALS
R404A load mg 10 n/a 47.76 2.60 n/a n/a
R404A leak | mg 0.53 n/a 7.16f 0.58 n/a n/a
dStorage takes place at the
n/a: not applicable. processing plant.
2Data based on blast freezers manufacturers' data. €Storage takes place at the
bData based on DEFRA (2008). distribution center.
‘Data based on DEFRA (2008) and UNEP (2003). fSourced from Schimdt Rivera et al.,
2014.

4.5 LCI of use phase

The use phase consists of consumer home transport and domestic consump
purchased amount of the various products in each mode of travel was estimated to prepare
the inventory of this phase. The assumption is that 30 products are bought in a single

purchase, including food and non

-food products; the impact of transpor

tion. The

tis therefore allocated

between the purchased products considering that each product is one of thirty items
purchased (3.33% of the transport burden) (Vanderheyden and Aerts, 2014).
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As regards home preparation, the following operations are considered toge ther with the
specific energy consumption (Foster et al., 2006):

- Boiling: 2 MJ of natural gas/kg product (coffee, potatoes)

- Frying: 7.5 MJ of natural gas/kg product (potatoes, sunflower oil)

- Baking: 0.75 kWh electricity/ kg product (potatoes)

- Heating of m ilk: 0.01 kWh/L product

- Cooking of pasta: 0.5 kWh/kg electricity and 2.3 MJ/kg natural gas

- Cooking of pre -prepared meal: 0.3 kWh/meal electricity

For meat products, the same assumptions used in the pilot phase of the Environmental

footprint on meat has been applied, as detailed in Table 10.

Table 10 . Inventory data for the cooking stage of meat products. Data refer to 1 kg of meat (source:
Technical Secretariat for the Red meat pilot (2015). PEF pilot Red Meat; Screening study, V.1.0)

Beef Pork Poultry
Electricity kWh | 0.14 0.14 0.14
Natural gas MJ 2.03 2.03 2.03
Sunflower oil g 4.21 4.21 4.21
Drinking water g 197 197 197
CO:2 air emissions g 113.88 113.88 113.88
CH4 air emissions g 0.002 0.002 0.002
N20 air emissions g 0.0002 0.0002 0.0002
NOx air emissions g 0.10 0.10 0.10

Refrigerated storage at home is included in the life cycle of beer (14 days), milk (2 days),
butter (4 days), meat (2 days), and frozen potatoes (10 days). T he electric ity consumption
of the domestic refrigerator is assumed equal to 2.3 Wh/L per day and the electricity
consumption of the freezer is assumed equal to 4.2 Wh/L per day (Niel  sen et al. 2003).

4.6 LCI of End of Life

The end of life (EoL) stage in the BoP is modelled in a way that allows to separate the burdens
and benefits of recycling from the rest of the system, in order to provide a clearer picture of

their contributions to the total i mpact. Othesysemst ems ar
excluding recycling Fgoré¢ BMiltuiseg ,atersd tihRo.approach foll ow
models.

Figure 3. lllustration of the approach adopted to model EoL as waste treatment and recycling, as
systems fiSO0O and fRO
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