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About this document

The Food Wastage Footprint model (FWF) is a project of the FAO Natural Resources and
Management Department, funded by Germany.

This Technical Report of the FWF model presents the results of Phase | of the FWF
project, as related to the impacts of food loss and waste on climate, water, and
biodiversity. This study is based on the food wastage estimates made by a previous FAO study
on global food losses and food waste (FAO 2011a), with minor data adjustments, and primarily
uses FAOSTAT data and structure. This Technical Report is not edited nor formally published;
however, it is made available electronically for the purpose of transparency regarding data
sources and methodological choices used in the FWF model, as published in the document
entitled “Food Wastage Footprint: Impacts on Natural Resources. Summary Report”
(FAO, 2013).

Phase | of the FWF was implemented by BIO-Intelligence Service, France, especially with
the support of BIO-IS staff members Olivier Jan, Clément Tostivint, Anne Turbé,
Clémentine O’Connor and Perrine Lavelle. This project also benefited from the
contributions of many FAO experts, including: Alessandro Flammini, Nadia El-Hage
Scialabba, Jippe Hoogeveen, Mathilde Iweins, Francesco Tubiello, Livia Peiser and
Caterina Batello.

Phase Il of the FWF project is refining this study and taking further food wastage
environmental accounting research.

Queries related to the FWF project can be addressed to: Nadia.Scialabba@fao.org
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Executive summary

FAO estimates that each year, approximately one-third of all food produced for human
consumption in the world is lost or wasted. This food wastage represents a missed opportunity to
improve global food availability, but also to mitigate environmental impacts and resources use
along the food chain. Although there is wide recognition of the major environmental implications
of food production, no study has yet analysed the impacts of global food wastage from an
environmental perspective.

This FAO study provides a global account of the environmental footprint of food wastage
focusing on the impact of that wastage on climate, water, land and biodiversity. For this study,
“wastage” incorporates both food loss and food waste along the food supply chain and a model
has been developed to answer two key questions: What is the magnitude of food wastage impact
on the environment? What are the main sources of these impacts, in terms of regions,
commodities and phases of the food supply chain involved — with a view to identify
“environmental hotspots” related to food wastage?

The scope of this study is global. It identifies and focuses on seven geographical regions and
considers a wide range of agricultural products — representing eight major food commodity
groups. Impact of food wastage has been assessed along the complete supply chain, from the
field, through processing, distribution, and consumption, to disposal of food.

The global volume of food wastage in 2007 is estimated at 1.6 Gtonnes of “primary product
equivalents”, while the total wastage for the edible part of food is 1.3 Gtonnes. This amount can
be weighed against total agricultural production for food and non-food uses, which is about 6
Gtonnes.

Without accounting for GHG emissions from land use change, the carbon footprint of food
produced and not eaten is estimated at 3.3 Gtonnes of CO2 equivalent. As such, food wastage
ranks as the third top GHG emitter after USA and China. Globally, the blue water footprint of
food wastage — the consumption of surface and groundwater resources — is about 250 km3, which
is equivalent to the annual water discharge of the Volga river, or three times the volume of Lake
Geneva. Finally, produced but uneaten food occupies almost 1.4 billion hectares of land,
representing close to 30 percent of the world’s agricultural land area. While it is difficult to
estimate its impact on biodiversity at global level, food wastage unduly compounds the negative
impact that monocropping and agriculture expansion into wild areas have on loss of biodiversity,
including mammals, birds, fish and amphibians.

The loss of land, water, and biodiversity, as well as the negative impacts of climate change
represent huge costs to society that are yet to be quantified. The direct economic cost of
wastage of agricultural food products (excluding fish and seafood), based on producer prices
only, is about USD 750 billion, equivalent to the GDP of Switzerland.

With such figures, it becomes clear that a reduction of food wastage at global, regional, and
national scales would have a substantial positive effect on natural and societal resources.
Reducing food wastage would not only avoid pressure on scarce natural resources, it would mean
more food is available for consumers. This, in turn, would enable re-tallying the projection that
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food production will need to increase by 60 percent by 2050 in order to meet demand of the
increasing population.

This study highlights global environmental hotspots related to food wastage at regional and
subsectoral levels, for consideration by decision-makers wishing to engage in waste reduction.

Wastage of cereals in Asia emerges as a significant problem for the environment, with
major impacts on carbon, blue water, and arable land. Rice represents a significant share of
these impacts, given the high carbon-intensity of rice production methods (e.g. paddies
are major emitters of methane), combined with high quantities of rice wastage.

Wastage of meat, even though wastage volumes in all regions is comparatively low,
generates a substantial impact on the environment in terms of land occupation and carbon
footprint, especially in high income regions (that waste about 67 percent of meat) and
Latin America.

Fruit wastage emerges as a blue water hotspot in Asia, Latin America, and Europe because
of food wastage volumes.

Vegetables wastage in industrialized Asia, Europe, and South and South East Asia
constitutes a high carbon footprint, mainly due to large wastage volumes.

By highlighting the magnitude of the environmental footprint of food wastage by regions,
commodities or phases of the food supply chain, this study will enable actions to be defined and
prioritized for the various actors contributing to resolving this global challenge.
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Chapter1. Context and objectives of the study

1.1 Context

In 2010, FAO commissioned the Swedish Institute for Food and Biotechnology (SIK) to carry out a
study on global food losses and food waste (FAO 2011a). This work, published in 2011, reported
that each year one-third of all food produced for human consumption in the world is lost or
wasted due to a variety of reasons that differ between countries. This corresponds to a volume of
1.3 billion metric tonnes of edible food being lost or wasted annually.

Food is lost or wasted throughout the supply chain, from initial agricultural production down to
final household consumption. Food loss refers to the decrease in edible food mass at the early
stages of the food chain such as production and postharvest handling. This occurs mostly in
developing countries. Food waste refers to the discard of foodstuff at the retail and consumption
levels and is typical of lifestyles observed in high-income countries.

This recent FAO study along with previous work (Lundqvist et al. 2008; T. Stuart 2009; Parfitt et
al. 2010) — confirm that this is a global problem of tremendous proportions.

In addition, by 2050 food production will need to be 60% higher than in 2005/2007 to meet the
increasing world population’s demand (Alexandratos & Bruinsma 2012). In this context, it is
rather surprising to note that not much research is ongoing in this area in spite of the fact that
this food wastage obviously represents a missed opportunity to improve global food security.

To complete the picture, one can underline that this produced but uneaten food has significant
environmental and economic costs. It is commonly said that food chains have major
environmental impacts (UNEP 2010a; European Commission 2006). Foodstuffs we consume have
embedded environmental impacts because of energy and natural resources inputs as well as
associated emissions generated throughout their life cycle.

To date, no study has analysed the impacts of global food wastage from both an environmental
and an economic perspectives.

1.2 Objectives

In this context, this project of FAO’s Natural Resources Management and Environment
Department primarily focuses on the environmental impacts of food losses and waste. The study
is based on the previous FAO study on food loss and waste (FAO 2011a) — aspects such as
technical definitions, grouping of the world regions and food commodity groups, slightly
adjusted food wastage quantifications, etc. —and builds on it.

The aim of the project is to provide a worldwide account of the environmental footprint of food
wastage along the food supply chain, focusing on impacts on climate, water, land, and
biodiversity. The model that was developed for this purpose seeks to answer one key question:
“"Where do the impacts come from?” This implies to pinpoint the major contributors to the
footprint that is to say regions, commodities, or phases of the food chain considered as
“environmental hotspots”.
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Ultimately, the goal is to bring more precision to the debate on the environmental impacts of
food waste and losses, by providing a more consistent knowledge base, which can be used to
underpin future policy debate in this area.

1.3 Structure of the report and tasks of the FWF project
This report presents the outcomes of the following tasks of the FWF project:

Literature review

This project started with a literature review on food wastage and related environmental impacts.
Key methodological choices are presented in Chapter 2. The screened data sources are presented
in Annex I.

In addition, it should be stressed that food wastage is an issue that connects with a number of
other topics. A mind map was designed with the objective to represent the various concepts
related to food wastage. This mind map is presented in Annex Il.

Data collection

A consistent data collection within and outside FAO with the perspective of identifying and
selecting data to feed the model was performed. A summary of the data used in the FWF project
is presented in Annex lll. Data selected for each component are further described in dedicated
sections of Chapter 3.

Development of a Food Wastage Footprint model (FWF model)

The aim of the FWF model is to quantify the environmental impacts of food wastage and
potential benefits through its mitigation. The FWF model is presented in Chapter 3. Its results are
presented in Chapter 4.

Levers for potential reductions of food wastage volumes/impacts

Causes of food wastage and potential levers for its reduction are presented in Chapter s.

Limitations of the study and potential improvement

Limitations of the study and potential improvement areas for future research are discussed in
Chapter 6.
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Chapter 2. Methods

There are three main sections in this chapter. Firstly, the definition of food wastage retained in
this study is presented. This is a key issue since the concept of food wastage is complex and has
multiple meanings in the literature. Secondly, the geographical and food product’s scopes are
detailed. Choices made for this research are in line with the work realised for the previous FAO
(2011) study and with the FAOSTAT database structure. Finally, the third section describes the
general framework used for the assessment of the environmental and economic components.

2.1 Definitions

2.1.1 Food loss, food waste and food wastage

This study builds on the following definitions adapted from FAQO's previous work (FAO 20113;
FAO 2012a).

Food loss

Food loss is a decrease in edible food mass at the production, post-harvest, processing and
distribution stages in the food supply chain. These losses are mainly caused by inefficiencies in
the food supply chains, such as poor infrastructure and logistics, lack of technology, insufficient
skills, knowledge and management capacity of supply chain actors, no access to markets. In
addition, natural disasters play a role.

Food waste

Food waste refers to food appropriate for consumption being discarded, usually at the retail and
consumer levels.

Food wastage

Food wastage refers to any food lost by deterioration or waste. Thus, the expression “food
wastage” encompasses both food loss and food waste.

2.1.2 Food wastage accounted in this study

Food directed to human consumption

Similarly to FAO (2011), food wastage amounts presented in this study cover products that are
directed to human consumption. Therefore, food that was originally grown in the perspective of
human consumption but which unwittingly leaves the human food chain is considered as food
loss or food waste, even if it is afterwards directed to a non-food use such as feed or bioenergy.

This approach actually distinguishes “planned” non-food uses vs. “unplanned” non-food uses,
which are hereby regarded as losses.

Edible part and non-edible part of food
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This study aims at assessing the environmental impacts of food wastage. Since environmental
impacts relate to the entire product and not its edible part only, wasted and lost food products
are taken as a whole in the footprint calculations (i.e. no “conversion factors” are applied, see
section 3.1.3 for details).

Note that for informative purposes, food wastage volumes are presented in two different ways:
1/ food wastage arisings considering the full products and 2/ food wastage arisings with edible
parts only (see section 4.1.1).

Moreover, it can be mentioned that some studies such as WRAP (2010) further distinguish among
edible food waste the “avoidable” and “possibly avoidable” food waste (parts of e.g. fruit, bread
or meat that some people eat, others not). Such distinction is not made in FAO (2011) nor in the
present study.

Animal feed

Some studies such as UNEP (2009) consider that grains used for feeding livestock and fishes of
aquaculture are wastage. The underlying idea is that conversion efficiency of grains to produce
animal protein is low and thus represents a loss of food. This methodological choice is not
retained in FAO’s work on food wastage (FAO 2011a) nor in the present study. Indeed, it can lead
to large discrepancies in the quantification of food wastage volumes.

The present study does not consider feed as food wastage and agricultural products given to
animals are not accounted in the food wastage volumes. However, from an environmental
footprint point of view, impacts of feed are indirectly accounted through the impacts of wasted /
lost animal products (e.g. impacts of 1 kg of wasted beef meat bears a part of the impact of
“indirectly wasted” grains used to feed the animal).

2.2 Scope

2.2.1 Grouping of world regions

The geographical scope of the study is global, the world being divided in seven world regions and
21 sub-regions as presented in Table 1. This distribution is similar to FAO (2011) and these sub-
regions correspond to the available FAOSTAT's Food Balance Sheets (FBS) as shown by the FAO
country codes (see Table 1).

This grouping choice is made for data treatment reasons so that food quantities and food
wastage percentages taken respectively from these two latter sources can easily fit in the FWF
model (see section 3.1.2), and maximise the data’s and results’ accuracy.
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Region # Region name

Region1 Europe

Region 2 North America & Oceania
Region 3 Industrialized Asia

Region 4 Sub-Saharan Africa

North Africa, Western Asia

Region 5 & Central Asia

Region 6 South & Southeast Asia

Region 7 Latin America

Region short

name

Europe

NA&Oce

Ind. Asia

SSA

NA,WA&CA

S&SE Asia

LA

2.2.2 Commodity groups

The study covers a wide range of agricultural products. Eight food commodity groups further
divided in 21 food sub-commodity groups are addressed. These groups are built from available
FBS aggregated categories (see FBS category codes in Table 2) and encompass a range of
products that is identical to FAO (2011). These products can be either processed or unprocessed

(i.e. primary products — see Box 1).

Similarly to world regions, this grouping choice is made to allow efficient integration of existing

Table 1: World regions selected for the project

Sub-region

#

R1-1
R2-1
R2-2
R2-3
R2-4
R3-1
R3-2
R3-3
Rg4-1
R4-2
R4-3
R4-4
R5-1
R5-2
R5-3
R5-2
R6-1
R6-2
R7-1
R7-2
R7-3

data on food quantities and food wastage percentages.

20| Working Document

Sub-region name

Europe

Australia

Canada

New Zealand
USA

China

Japan

Republic of Korea
Eastern Africa
Middle Africa
Southern Africa
Western Africa
Central Asia
Mongolia
Northern Africa
Western Asia
South-Eastern Asia
Southern Asia
Caribbean
Central America

South America

FAO
country
code

5400
10

33
156
231
351
110
117
5101
5102
5104
5105
5301
141
5103
5305
5304
5303
5206
5204
5207

ATAG

F]
>
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Table 2: Agricultural commodity groups selected for the project

Commodity # Commodity name FBS category Commodl.ty Jeme Sub-commodity # Sub-commodity
code abbreviation name
Cia

Wheat + Rye
Cia gats T BarI:y +
Commodity 1 Cereals (excluding 290 Cereals e kit
Y beer*) 905 C1-3 Maize
C1-4 Rice
C1-5 Millet + Sorghum
Commodity 2 Starchy roots 2907 SR C2-1 Starchy roots
. . C31 Oilcrops
Commodity 3 Oilcrops & Pulses 2913&2911 O&P
C3-2 Pulses
C4-1 Apples
C4-2 Bananas
. Fruits (excluding . .
Commodity 4 itcEd) 2919 Fruits C4-3 Citrus
C4-4 Grapes
C4-5 Fruits, other
Cs-1 Bovine Meat
Mutton & Goat
. C5-2
Commodity 5 Meat 2918 Meat Meat
Cs-3 Pig Meat
Cs-4 Poultry Meat
Commodity 6 Fish & Seafood 2960 F&S C6-1 Fish & Seafood
i i 2948 C71 Milk
Gemnimiis M|Ik(e:(:Iud|ng 94 M&E 7
butter ) & Eggs 2949 C7_2 Egg
Commodity 8 Vegetables 2018 Veg. C8-1 Vegetables

* In the FBS, beer (and thus, the barley — or other cereal — used to produce beer) and wine (and thus, the grapes used to
produce wine) are accounted for in the category “Alcoholic Beverages” (FBS code 2924). Similarly to the FAO (2011)
study, this product category is not the scope of the present study.

** |n the FBS, butter is accounted for in the category “Animal Fats” (FBS code 2946). Similarly to the FAO (2011) study,
this product category is not in the scope of the present study.

Box 1: “Primary equivalents” for processed food

The selected commodity groups refer to primary agricultural productions. However, amounts of processed
food are included in each category. A detailed list of products in each commodity/sub-commaodity group is
provided in Annex IV.

The choice of these food commodity groups sticks to the FBS categorisation. This categorisation includes
the processed commodities in the sense that all food products are converted back to their primary
equivalent, following a "vertical standardization" process. For example, quantities of bread are expressed
in “wheat equivalent” and added to the originating commodity. Thus, amounts of wheat actually include
both wheat flour and wheat flour-derived products with all quantities expressed in “wheat equivalent”.

A "horizontal standardization" is also applied combining several types of products in a broader category
in the FBS. For example, chicken meat, turkey meat and other meats of the poultry family are aggregated
as poultry meat in a single line in the standardised food balance sheet.

See Annex V and FAOSTAT website® for additional details on FBS.

* http://www.fao.org/waicent/faostat/agricult/fbs-e.htm
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2.2.3 System boundaries of the assessment

For all commodities, the system studied is based on a life cycle approach, covering the entire
“food cycle” from “cradle to grave”. The system thus includes the following phases:

1. Agricultural production A
2.  Postharvesthandlingandstorage )
Food Supply Chain: 3. Processing FOO‘{/’fe cycle: .
Sources of food wastage 4. Distribution % Sources of environmental impacts
5. Consumption
6. Endoflife

J
Figure 1: Sources of food wastage in the food supply chain and sources of environmental
impacts in the food life cycle

Regarding the sources of food wastage, the food supply chain (FSC) — i.e. from production to
consumption or “farm to fork” — is segmented in five phases that are similar to FAO (2011) in
order to allow efficient integration of existing data. At each of these phases, food wastage can
occur due to a variety of causes such as spillage, degradation during handling or transportation,
waste at distribution etc. (see section 5.1 for specific causes of wastage at each phase).

As regards the environmental impacts, it should be stressed that when food wastage occurs at a
given phase of the food supply chain, three types of impacts must be considered:

e Impacts associated with the end-of-life of the waste;
e Impacts of the phase itself;
e Impacts of the previous phases so far, if any.

Indeed, each phase of the life cycle brings its own environmental impacts, therefore the impact
of a unit of food wastage increases along the food supply chain. In other words, the later a
product is lost along the supply chain, the higher is the “environmental cost” or impact. In fact, if
food that has been processed, transported, and cooked is wasted at home, its impact per kg will
be higher than unprocessed food products lost at farm. Figure 2 and Figure 3 illustrate this
aspect.

Environmental impacts originate from energy and use of natural resources (input flows of the
system) as well as emissions in the environment (output flows of the systems). Specific sources of
environmental impacts at each life cycle phase are presented in Annex VI.
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High transformation Low transformation
numerous life cycle phases afew life cycle phases

Agriculture Agriculture
0,90t CO, Eq/t food waste + + 0,90t CO, Eq/t food waste

Food processing Food processing

0,65t CO, Eq/t food waste + 0,65t CO, Eq/t food waste

Transportation
0,06 t CO, Eq/t food waste +

Storage
0,03t CO, Eq/t food waste +

saseyd ajoA) 31

Consumption
0,11t CO, Eq/t food waste +

End-of-life End-of-life
0,32t CO, Eq/t food waste 0,32t CO, Eq/t food waste

I-I-

‘ Total carbon

footprint ‘ 1,87 t CO, Eq/tfood waste ‘

‘ 2,07 t CO, Eq/tfood waste

Figure 2: Example of the carbon footprints of food wastage occurring at consumption phase
(left) or processing phase (right) — Source: BIO IS (2010)

Figure 3 on the next page shows in a green frame the comprehensive scope of the food wastage
footprint that should ideally be covered by the FWF model for all “quantifiable” components (i.e.
all components except biodiversity). However, the actual scope of the footprint is more limited
for water and land components. For these latter components, the impacts of non-agricultural
phases were not accounted for in the footprint calculations. Such methodological choices are
justified by either 1/ data availability issues and/or 2/ results of literature research and BIO
expertise showing that such phases are a negligible contributor to the overall footprint. As
regards the economic component, assessment is based on producer prices. Therefore, it focuses
on the economic cost associated with the agricultural production phase.

For each of the quantifiable components, the system considered in the model is presented in
Chapter 3 under the sub-section “System boundaries”.

6&"""”; Working Document |23
SECT



Food

Foodsupply chain: Environmentalimpacts associated with food wastage

wastage Energyand
Phasesatos (FW) naturals occurring at each phase Tood e cvele:
resources cycle:
- . Phases1to b
Phase af Agricultural Scope offood wastage footprint
preduction
T Food wastage Impacts af of Impacts 6f of Phase6/End-of-
W amount 1 F¥Y amount 1 + FW amount 1 life
Phase 2f Postharvest
handling and sterage ]
T Food wastage Impacts 1f of Impacts 2fof + Impacts 6f of Phase 6{ End-of-
W amount 2 FW amount 2 FW amount 2 FW amount 2 life
Phase 3f Processing
. Foodwastage Impacts 1/ of Impacts 2 { of + Impacts 3f of + Impacts 6/ of Phase 6{End-of-
b amount 3 FWamount 3 FW amount 3 FW amount 3 FW amount 3 life
Phase 4f Distribution -
T Food wastage Impacts af of + Impacts 2f of + Impacts 3f of + Impacts 4f of + Impacts 6f of Phase 6{ End-of-
W amount 4 FW amount 4 FW amount 4 FW amount 4 FW amount 4 FW amount 4 life
Phase gf
Consumption
Food wastage Impacts 1f of + Impacts 2f of + Impacts 3f of + Impacts 4f of Impacts sf of + Impacts 6/ of Phase 6{End-of-
amount 5 FW amount g FWamount 5 FWamount 5 FWamount g FWamount 5 FW amount 5 life
h 4
Emissions

Figure 3: Food wastage and associated environmental impacts, at each phase of food supply chain.
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2.3 Principles for the quantification of the components

This section describes the general framework for the evaluation of the environmental impacts of
three environmental components namely, carbon, water and land for which the principles of
footprint calculation are similar as well as for the economic component. These components are
referred to as “quantifiable components” in contrast to the biodiversity component assessed
through a combined semi-quantitative/qualitative approach (see section 3.5).

A “product-level” and “life cycle-based” approach

The approach adopted in the FWF model for quantifiable components is original in the sense that
it is both product-level and life cycle-based.

It analyses 21 distinct types of food products (i.e. sub-commodities) accounting for most of the
food consumed in the world, and then groups them into eight food commodities. For each of the
sub-commodities, specific factors have been used (when possible) to characterise their impacts
in each sub-region and each life cycle phase.

In practice, this means that factors are processed at the most disaggregated level, by sub-
commodity group and by sub-region, which emphasises the differences in the practices and
production methods, which in turn emphasise significant differences of impact. For example,
specific factors are used to distinguish impacts of agricultural practices related to wheat
produced in Europe from wheat produced in the USA. Another example is that beef meat,
poultry meat and pork meat are placed in separate sub-commodities because beef meat appear
much more impacting (in terms of carbon footprint) than chicken meat and pork meat.

Therefore, the FWF model can also be qualified as a bottom-up approach. Note that recent
studies about environmental impacts of wasted crop products (Kummu et al. 2012), carbon
footprint of food waste in the US (Venkat 2011), and about environmental impacts of the food
cycle (BIO IS 2012) also use such a bottom-up approach (see Box 2 for additional details on
bottom-up vs. top-down approaches).

A bottom-up modelling provides a degree of accuracy and rigor that may not be possible with
top-down methods that intend to quantify impacts at the country level. Furthermore, the FWF
model allows identifying environmental hotspots. Indeed, it is possible to “drill down” in the
aggregated results to pinpoint the major contributors to the footprint and to answer the question
“*Where do the impacts come from?” and more precisely to subsequent interrogations such as:

e From which world regions or sub-regions?
e From which food commodities or sub-commodities?

e From which phases of the food life cycle?
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Using impact factor for the assessment of quantifiable components

\\W/4
I

For all quantifiable components, the environmental footprint® (EF) of a product can be
expressed with the following generic equation, as a multiplication of an activity data (AD) and an

impact factor (IF).
EFi = ADL * IFl
This equation is valid at each phase of the life cycle.

Figure 4 illustrates the type of activity data and impact factors used in the present study. Activity
data are food wastage volumes throughout the food supply chains. Impact factors are
environmental impacts of food expressed by mass of food.

T <
b5 =

Figure 4: Activity data and impact factors used for quantifiable environmental components

The principle is similar for the economic assessment, as shown in Figure 5.

A

—
—

Figure 5: Activity data and factor used for economic component

Building a database

As illustrated in Table 3, the FWF model includes a database built to present activity data and
impact factors for all sub-commodities (21) in all sub-regions (21) and for all FSC phases (5).

Hence, for each of the quantifiable components, calculations are made at the finest level, i.e. the
footprint of a quantifiable component is a potential combination of 2,205 (i.e. 21*21%*5) interim
values.

* The economic cost in the case of the economic component
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Presenting the results

Ultimately, pivot tables are plugged onto the database. This allows a high flexibility in the
manipulation and restitution of results, in terms of:

e Choice of aggregation level (groups or sub-groups);
e Choice of the axis of analysis (i.e. region, commodity, FSC phase);
e Combination of axis of analysis.

Data can therefore be “sliced and diced”, which is crucial for hotspots’ identification. The results
are synthesised in custom-built tables and charts.

Table 3: lllustration of the database structure implemented in the model

Region name S Commodit SUbs . wastage | Component | component
name commodity
2’31416 2’31416
AD IF EF = AD*IF
Sub-Saharan Africa  Middle Africa Cereals Maize Phase 1
Sub-Saharan Africa  Middle Africa Cereals Maize Phase 2
Sub-Saharan Africa  Middle Africa Cereals Maize Phase 3
Sub-Saharan Africa  Middle Africa Cereals Maize Phase 4
Sub-Saharan Africa Middle Africa ~ Cereals Maize  [/Phases™|
Sub-Saharan Africa  Middle Africa Cereals Rice Phase 1
Sub-Saharan Africa  Middle Africa Cereals Rice Phase 2
Sub-Saharan Africa Middle Africa Cereals Rice Phase 3
Sub-Saharan Africa Middle Africa Cereals Rice Phase 4
Sub-Saharan Africa  Middle Africa ~ Cereals Rice  Phases
Latin America Caribbean Meat Pig Meat Phase 1
Latin America Caribbean Meat Pig Meat Phase 2
Latin America Caribbean Meat Pig Meat Phase 3
Latin America Caribbean Meat Pig Meat Phase 4
Latin America Caribbean Meat PigMeat  [IIPRasesl
Latin America Caribbean Meat Bovine Meat  Phase1
Latin America Caribbean Meat Bovine Meat  Phase 2
Latin America Caribbean Meat Bovine Meat  Phase 3
Latin America Caribbean Meat Bovine Meat = Phase 4
Latin America Caribbean Meat Bovine Meat [IiPhases ™

Box 2: Assessing the environmental impacts of food — Top-down or bottom-up approach?

In general, there are two fundamental approaches to analyse environmental impacts of global business
sectors such as food production, energy, transport, housing, etc. These two approaches are referred to as
“top-down” and “bottom-up”.

The top-down approach uses national-level data such as environmental accounts of economic sectors to
track material flows, emissions, and waste. The EIPRO study (European Commission 2006) is an example
of such a top-down approach. Although top-down approaches provide consolidated data for large
geographical areas, figures are often organised by economic sectors (e.g. eating and drinking places, meat
packing plants, etc.) and not for individual food products and associated supply chains (e.g. pork, milk etc.).

The bottom-up approach to environmental impacts is based on impact factors taken from Life Cycle
Assessment (LCA) studies and other quantification sources. Although impact factors can provide a good,
detailed picture of individual products in a specific context, there is debate on whether the impact factor
from one specific product is applicable to represent the diversity and complexity of all products within a
certain aggregated category (e.g. same carbon footprint for production of wheat and rye). For that very
reason, commodities groups defined in the previous FAO study on food wastage (FAO 2011a) have been
further divided in the present study — in particular for meat (see section 3.1.3).
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Chapter 3.The food wastage footprint model

This chapter presents the methodological choices made in order to:
e Quantify food wastage volumes (component 1);

e Quantitatively assess environmental footprint for carbon, water and land
(components 2, 3 and 3);

e Assess biodiversity issues (component 15) with a combined semi-
quantitative/qualitative approach;

e Quantitatively assess economic cost related to agricultural production (component
6).

3.1 Component 1: Quantification of food wastage volumes

3.1.1 Objectives

The objectives of component 1 are to:
e Gather and select data on food production and food wastage percentages;

e Design an adequate structure for food wastage volumes in the perspective of
further use in the FWF model. Food wastage volumes serve as an input for the
footprint calculations of several components.

3.1.2 Data sources

Data on food volumes

The Food Balance Sheets (FAOSTAT 2012d) serve as the core basis to gather data on global mass
flows of food for each sub-region and agricultural sub-commodity of the present study.

FBS are assembled by FAO. They display the patterns of food supply in a country/region over one
year based on a combination of data on production, trade, stock change, types of utilisation of
the commodities, etc. In the end, this gives a vision of the total amount of food available for
human consumption in a country/region during one year.

For each food item, figures for the following elements are provided (see Annex V for definition of
each element):

Supply elements
¢ Domestic Production (A)
¢ Import quantity (B)
¢ Stock variation (C)

¢ Export quantity (D)
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¢ =>Domestic supply quantity (E) is the outcome of the supply
elements: E =A+ B+ C-D

Utilisation elements
¢ Feed (F)
¢ Seed(GQ)
¢ Processing (H)
¢ Other utilities (1)

¢ =>Food available for consumption (J) is left after withdrawing
utilisation elements: ] = E—F -G —H — 1

The element (J) “Food available for consumption” includes all forms of the commodity available
for consumption in homes, restaurants or any catering services.

In the present study, Food Balance Sheets for the year 2007 (FAOSTAT 2012d) are used since it
was the most recent data at the time the present study started (i.e. April 2012).

Note that in the FBS, domestic production data refer only to primary products while data for all
other elements also include processed products derived from primary products, expressed in
“primary product equivalent”.

Food wastage percentages

In FAO (2011), weight percentages of food lost and wasted have been gathered based on a
thorough literature search and assumptions of the authors for remaining data gaps.

For each region, tables of food wastage percentage were obtained (in % of input of each step),
with in rows commodity groups and in columns life cycle phases (FAO 2011, Annex 4).

It must be underlined that FAO experts (N. Scialabba FAO NRD, personal communication, Nov.
2012) consider that food wastage percentages used in FAO (2011) for fish & seafood are
questionable. Indeed, there are currently some debates on how to define fish wastage and on the
way to quantify discards® occurring during commercial fishing, which may lead to
underestimations. Therefore, food wastage volumes obtained for this commodity must be
considered with caution.

3.1.3 Calculation of food wastage volumes

In general, the approach used for the quantification of food wastage volumes is similar to FAO
(2011) —i.e. waste percentages of this latter source were applied to data from FAO's Food
Balance Sheets. Yet, some specific adaptations are made in the present study and are presented
in this section.

3 Discards is the proportion of fish that is not retained during commercial fishing but instead returned to the sea, often
dead, dying or badly damaged.
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Mass flows model used in FAO (2011)

In FAO (2011), a “Mass flows” model was used to account for food wastage in each step of the
commodity’s FSC. Model equations are provided in Annex 5 of FAO (2011).

Very schematically, one can summarise the calculations performed with this model as follows:

For food wastage occurring at the beginning of the FSC (agricultural production and
postharvest handling and storage), figures for domestic products (element A of FBS) are
slightly adapted and multiplied by specific waste percentages for each life cycle phase,
food commodity group and world region.

For food wastage occurring in the rest of the FSC (such as distribution, retail, consumption,
end of life), figures available for food consumption and processing (element J and H of
FBS) are adapted and multiplied by specific waste percentages for each life cycle phase,
food commodity group and world region.

From these calculations, food wastage volumes were obtained at region and commodity level for
each commodity group. Ultimately, conversion factors were applied to determine the edible
mass of the food wastage (for instance, for fruits a conversion factor of 80% was assumed for
peeling. This means that in average only 80% of raw fruit is deemed edible).

Adaptations made in this study to the Mass Flows model

For the purpose of this study, two key adaptations are made to the Mass Flows model.

Breaking down of food wastage volumes at sub-region and sub-commaodity level

As shown in section 2.2, this study considers 21 sub-commodities and 21-sub-
regions. Therefore, food wastages volumes obtained in the Mass Flows model
have been further disaggregated in order to get a specific figure for each line of
the FWF database (FSC phase x sub-commodity x sub-region). List of
commodities from FAO (2011) broken down for the present study needs are
presented in Table 3.

Table 3-bis: Breaking down of commodities from FAO (2011)

Commodity name . . . .
Commodity name (this study) Sub-commodity name (this study)

1-1 Wheat + Rye; 1-2 Oats + Barley + Cereals,
other; 1-3 Maize; 1-4 Rice; 1-5 Millet + Sorghum

Cereals (excluding beer): 1/ Cereals (excluding beer)

4-1 Apples; 4-2 Bananas; 4-3 Citrus; 4-4

Fruit & Vegetables 4./ Fruits (excluding wine) Grapes; 4- Fruits, other

(including bananas):
8/ Vegetables 8-1 Vegetables

5-1 Bovine Meat; 5-2 Mutton & Goat Meat; 5-3

Meat: 5/ Meat Pig Meat; 5-4 Poultry Meat

Within a food commodity group, environmental impacts of sub-commodities can
vary greatly. For instance, carbon footprint factors for production of 1 kg of beef
and 1 kg of chicken can show five to ten fold discrepancies. In order to properly
quantify carbon footprint and allow identification of hotspots, it is necessary to
calculate separate carbon footprints for these two products and thus, separated
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food wastage volumes are required. This is the reason of the disaggregation work
performed in the present study.

Calculation of food wastage volumes with or without conversion factors

As regards carbon footprint and water footprint, products’ impact factors are
usually expressed in kg of food product and not by kg of edible food product.
Therefore, food wastage volumes were calculated without conversion factors for
the purpose of the quantification of environmental footprints. Note that food
wastage volumes calculated with conversion factor are also presented in this
report in order to make a comparison between the two sets of results (see section

4.1.1).

Box 3: Sub-commodities produced in a region and consumed in another:
Where is the food wastage accounted for?

In the case of a food product grown in a region and consumed in another one, a question remains. Where
are the wastes and losses of this product accounted for?

In the FWF model, the waste amounts are quantified at each step of the FSC. This way, losses at the
production phase (and thus the impacts of the production phase) are recorded in the production region and
wastes related to consumption (and thus the impacts of the consumption phase) are recorded in the
consumption region.

For instance, bananas produced in Central America and exported to Europe generate:

e Losses at the production and storage phases, which are attributed to Central America’s food
wastage;
e Wastes at the subsequent phases in Europe, which are attributed at Europe’s food wastage.

3.1.4 Assumptions

Considering that 1/ data chosen for food wastage percentage stem from FAO (2011), and 2/ the
study covers 21 sub-commodity groups and 21 sub-regions for which FBS are directly available at
proper format, there are no missing or incomplete data to approach with other sources or
adaptations. Consequently, only minor adjustments are made:

e When breaking down the food wastage volumes for regions into corresponding
sub-regions, it is assumed that the wastage are similar among the sub-regions of a
given region (e.g. the same are used for Central America and South America sub-
regions within the region Latin America).

e When breaking down the food wastage volumes for cereals and fruits commodities
into corresponding sub-commodities, it is assumed that wastage percentages are
similar among sub-commodities of a given commodity group (e.g. the same
percentages are used for apples and bananas). This is however not the case for
meat, as specific wastage percentages are used for each type of meat.

e |t must be mentioned that in a given commodity, sub-commodities can be
distinguished only if they are already stated in the FBS, as it is the case for meat.
On the other hand, the commodity “vegetables” is sub-divided in “tomatoes”,
“onions” and a broad group called “other vegetables”. Furthermore,
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breaking down commodities in sub-commodities made sense for high-volumes
commodities. Hence, it was not realised for the commodity “starchy roots”, which
present low volumes and impacts.

e It must be mentioned that FBS values for rice are provided in milled equivalents.
When calculating food wastage amounts “without conversion factor”, rice
quantities were converted into un-milled equivalents in order to ensure
homogeneity of units within the dataset (i.e. all volumes expressed in primary
equivalent).

e The FWF model and the FAO results of 2011 are both based on the latest FBS
values of the time i.e. for the year 2007. Therefore, slight variations might result
from the use of these different datasets.
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3.2

Component 2: Carbon footprint

3.2.1 Presentation of the component

The carbon footprint (CF) of a food product” is the total amount of greenhouse gases® (GHG)
emitted throughout the life cycle of that product, expressed in kilograms of CO, equivalents®.

This encompasses all GHG emissions of the agricultural phase — including the emissions related
to the production and transport of all inputs, as well as the emissions due to on-farm energy use
and non-energy related emissions (such as CH, and N,O) from soils and livestock. The carbon
footprint also includes the GHG emissions related to the processing of food, delivery to a point of
sale or use location, and to the consumption as well as emissions from waste disposal.

Common traits of GHG emissions related to food products

Food production systems and supply chains are very diverse. Nevertheless, all foodstuffs have a
common characteristic: their emissions of fossil CO, are less important than for most
manufactured products; instead emissions of biogenic GHG such as CH, and N,O are more
important.

CH, and N,O are very powerful GHGs, methane having a weighting factor of 25 times CO, and
N,O 298 (Source IPCC). For vegetable products, N,O are often a key source of emissions (due to
the use of fertilisers), as well as for production of monogastric animals such as pork or poultry
(due to the use of fertilisers for feeds as well as manure management). For ruminants, CH, is
often the dominating gas emitted because of enteric fermentation. For seafood products,
correlation between energy use and climate impact is higher, especially for wild-caught fish
where the climate impact is dominated by fossil CO, emissions from fuel use on fishing boats.

Food waste ending up in landfills also plays a role in GHG emissions; CH, is formed when food is
degraded under anaerobic conditions in landfills.

3.2.2 Objective

The objective of the carbon component is to translate the food wastage volumes of the FWF
database into tonnes of CO, eq. This will be done by selecting, adapting, and building up impact
factors’.

* Sometimes called the carbon “foodprint” (see for instance Kling & Hough 2010).

5 Main GHGs of anthropogenic origin are Carbon dioxide (CO,), methane (CH,), nitrous oxide (N,0O), fluorocarbons (e.qg.
CFCs and HCFCs), and others.

®The “CO, eq.” unit allows comparing the different GHGs on a like-for-like basis relative to one unit of CO,. CO, eq is
calculated by multiplying the emissions of each of the six greenhouse gases by its 100 year global warming potential
(GWP).

7 Also called emission factors in the case of carbon footprint.
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3.2.3 System boundaries of the carbon footprint assessment

In most of the carbon quantification studies, the production phase (agricultural production or fisheries) remains the most impacting over the life cycle,
and accounts for up to 70% of the environmental impacts of an average food basket (Mufioz et al. 2010). Other phases of the life cycle, such as
processing, tend to have less impact compared to production.

Figure 6 illustrates the system boundaries of the carbon footprint assessment.

. Food
Food supply chain: wastage Energyand Environmentalimpacts associated with food wastage
Phasesitos (FW) naturals occurring ateach phase Food life cycle:
resources ’
I Y Phases1 to 6
Phase 1/ Agricultural
production
T Food wastage Impacts 1/ of Impacts 6/ of Phase 6/ End-of-
N amount 1 FW amount 1 + FW amount 1 life
Phase 2/ Postharvest
handling and storage
T Food wastage Impacts 1/ of Impacts 2/ of + Impacts 6/ of Phase 6/ End-of-
\/ amount 2 FW amount 2 FW amount 2 FW amount 2 life
Phase 3/ Processing
I Food wastage Impacts 1/ of Impacts 2/ of + Impacts 3/ of + Impacts 6/ of Phase 6/ End-of-
N amount 3 FW amount 3 FW amount 3 FW amount 3 FW amount 3 life
Phase 4/ Distribution
I Food wastage Impacts 1/ of Impacts 2/ of + Impacts 3/ of Impacts 4/ of + Impacts 6/ of Phase 6/ End-of-
" amount 4 FW amount 4 FW amount 4 FW amount 4 FW amount 4 FW amount 4 life
Phase 5/
Consumption
Food wastage Impacts 1/ of + Impacts 2/ of + Impacts 3/ of + Impacts 4/ of + Impacts 5/ of + Impacts 6/ of Phase 6/ End-of-
amount 5 FW amount 5 FW amount 5 FW amount 5 FW amount 5 FW amount 5 FW amount 5 life

i)

Emissions

Figure 6: System boundaries of the carbon footprint assessment
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3.2.4 Modelling, data sources and assumptions
The following section aims at detailing the calculation used to quantify the carbon footprint of
food wastage at each phase of the life cycle of a given commodity.

The general equation for carbon footprint is common to all life cycle phases, and can be
expressed as follows:

CFi,j,k = ADi,j,k * IFl',j,k
Where:

CFi;« is the carbon footprint of food wastage for the (sub)commaodity i, in the (sub)region j,
and occurring at the life cycle phase k, expressed in tonnes equivalent CO;

AD, is the quantity of food wastage for the (sub)commodity i, in the (sub)region j and
occurring at the life cycle phase k, expressed in tonnes of food;

IF;;« is the impact factor of the (sub)commodity i, the (sub)region j and occurring at the life
cycle phase k, expressed in tonnes CO, eq. / tonne of (sub)commodity. Impact factors are
obtained from available LCA or built up using specific input data.

Each phase of the life cycle is considered as a distinct *“module” of the model, with specific input
data as shown in Figure 7.
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Proposed model
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Figure 7: Modules of the carbon footprint model and associated input data
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Input data are used in the model to determine the impact factor of a (sub)commaodity, for a given
(sub)region and a specific life cycle phase. The sections hereafter detail the methods used to
obtain adequate impact factors for each module.

3.2.4.1 CARBON FOOTPRINT OF THE PRODUCTION PHASE

Selection of impact factors

Impact factors of the production phase are gathered through an in-depth literature review of 100
published LCAs and LCI databases for the crop, livestock, aquaculture, and fishing products
covered in the 21 sub-commaodities. The list of the 40 publications that were selected is provided
in Annex VII. Impact factors were chosen according to:

e The quality of the study (scope considered in the study, main assumptions and
data used, representativeness issues etc.). Peer reviewed studies were selected in
priority, but some non peer reviewed studies were also selected in order to extend
the geographical coverage and the products’ diversity;

e The availability of LCl data for a given product in existing public or private LCI
databases (Ecoinvent, LCAFood, ESU database etc.) for the regions included in the
scope of the study.

e Quality criteria used to select theses 40 studies are presented in more details in Annex
VIII.

It should be underlined that at the end of 2012, FAOSTAT provided data on GHG emissions of
agriculture. The FWF model was checked against these data as presented in

Box 4.

Box 4: GHG emissions of agricultural production calculated with FWF and MAGHG models

MAGHG Project presentation

In January 2011, FAO initiated the project “Monitoring and Assessment of GHG Emissions and Mitigation
Potential in Agriculture” (MAGHG), funded by the governments of Germany and Norway.

The project outcome is an enhanced global knowledge base on GHG emissions, and mitigation potentials
within the agriculture sector. Results are provided through a new AFOLU (Agriculture, Forestry, and Other
Land Uses) global GHG database, the FAOSTAT GHG database. This database, launched in December
2012, provides a coherent time series of emission statistics over the reference period 1990-2010, at
country-level, based on FAOSTAT activity data and IPCC 2006 Tier 1 methodology.

In the FAOSTAT GHG database, as in most of carbon accounting methodologies, GHG emissions from a
given source (Egy ) are expressed in the following generic structure, as the product of an emission factor
(EF) and an activity data (AD):

EGHG = EF*AD
where:

e Egyg are the emissions of GHG

4 '
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e EF: Emission factor from IPCC 2006 guidelines with Tier 1 approach

e AD: Activity data from the FAOSTAT database. These data (e.g., crop areg, yield, livestock heads,
etc.) are those collected by member countries, typically via National Agriculture Statistical
Offices, and reported to FAO.

Results for agricultural sector with the FOASTAT GHG database

Emissions from agricultural sector were computed for nearly 200 countries, covering emissions of non-CO,
gases (CH, and N,O) arising from enteric fermentation, rice cultivation, manure management, synthetic
fertilisers; manure applied to soils, manure left on pasture, and crop residues. The aggregate of these GHG
emissions for agriculture is about 4.6 Gtonnes CO, eq. for the year 2010 (Tubiello et al. 2013).

Results for agricultural sector with FWF model

The FWF approach takes into account the same type of emissions as those computed by FAOSTAT i.e.
GHG emissions sources from agricultural activities, but also adds the emissions that are typically quantified
through LCA of products. So for instance, FWF considers additional GHG emissions from farm machinery,
transport, refrigeration, etc. In this sense, the FWF approach can be referred to as life-cycle based, while
the FAOSTAT GHG is more relevant for IPCC-type analyses. It is to be expected that emissions from a LCA
approach, including more source categories than an IPCC approach, would be higher than the latter.
However, some comparisons can nonetheless be made, in order to highlight consistencies and potential
problems.

Similarly to the FAOSTAT GHG data, emissions are calculated through the multiplication of an emission
factor and an activity data.

For the purpose of the comparison with FAOSTAT GHG database, activity data are agricultural production
volumes coming from FAOSTAT /FBS for each commodity (except fish & seafood). Note that unlike what is
done in the rest of the FWF study, activity data used in this comparison are overall agricultural production
volumes and not food wastage volumes.

Regarding emission factors, values for a wide variety of products were selected from an in-depth literature
research (130 references reviewed). Values relate to the agricultural production phase only (i.e. at “farm
gate” LCAs). Total GHG emissions for agriculture obtained with the FWF Model are 7.3 Gtonnes CO2 eq.

Sources of discrepancies between the two models

FWF model value is 1.6 times higher than in FAOSTAT GHG database. The two values are of the same
order of magnitude. Note that another ~0.7 Gtonnes CO2 eq. from prescribed burning of savannahs is not
included into the FAOSTAT GHG database.

There are a number of reasons to explain the observed difference, which is due to the scope of the
assessments (see Figure 8).

FWF scope
FAO GHG database *Agricultural machinery use (fuel
*Entericfermentation combustionin engines of tractors and other
*Rice cultivation equipments)
*Manure management *Otherenergy use: electricity and gaz for
*Syntheticfertilizers e.g.greenhouses
*Manure applied to soils *Transportation of supply (e.g. seeds,
*Manure left on pasture pesticides, fertilizers, etc.)
*Crop residues *Production of pesticides and fertilizers
*Construction of all infrastructures

Figure 8: FAO GHG database and FWF scope

&
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As discussed, the FAOSTAT GHG database follows the items of the UNFCCC¥/IPCC reporting framework®
for agricultural emissions. The emissions accounted for under the agriculture section encompass a limited
number of emissions sources occurring at field/farm level; other (direct and indirect) emissions related to
the agricultural processes are not taken into account. This to avoid double counting in global inventories:
indeed, these emissions are reported under UNFCCC rules, but under sectors other than AFOLU, such as
energy, transport, industry, etc. An example of sources dealt with in the FWF model in addition to typical
IPCC reporting categories for AFOLU is the combustion of fuel used in agricultural machinery. Even if this
aspect is generally not the major source of emissions of agricultural products, its overall contribution to the
carbon footprint of a product can be significant in some cases. Fuel combustions are not accounted in the
FAOSTAT GHG database. In the UNFCCC/IPCC framework, such emissions fall under the section
“Energy/Other sectors/ Agriculture, forestry, fisheries”.

Emissions factors implemented in the FWF have been calculated at product level by LCA practitioners.
These factors encompass a broader range of aspects. Examples of supplementary sources of emissions are:

e Agricultural machinery use (fuel combustion in engines of tractors and other equipments)
e Other energy use: electricity and gas for e.g. greenhouses

e Transportation of supply (e.g. seeds, pesticides, fertilisers, etc.)

e Production of pesticides and fertilisers

e Construction of all infrastructures

e Etc.

Although, it remains difficult to evaluate the exact share of the difference that is due to the above-
mentioned sources of discrepancies, it seems rather logical that the figure obtained with FWF model is
higher since emissions factors used take into account more emissions sources.

Assumptions

Assumptions for each commodity are presented hereafter. An important methodological point
on the GHG emissions related to land use change for agricultural product is discussed in Box 5.

Commodity 1 - Cereals

The sub-commodity “Wheat + Rye” is assessed with available impact factors for wheat
only, as the production of wheat represents 97% of the world production for this sub-
commodity (FAOSTAT 2012d).

The sub-commodity “Oats + Barley + cereals, other” is assessed with available impact
factors for barley as barley represents 70% of the world production for this sub-commodity
(FAOSTAT 2012d).

The sub-commodity “Millet+Sorghum” is assessed with available impact factors for barley,
as there were no available values for millet and sorghum productions, which represent only
4% of the world production of cereals (FAOSTAT 2012d).

For (sub)regions with very few values for the major sub-commodities (such as Sub-Saharan
Africa; South & Southeast Asia; North Africa; Western Asia and Central Asia; and Latin

® United Nations Framework Convention on Climate Change

% http://unfccc.int/

o
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America), the values of Nemecek et al. (2011a) were used in order to guarantee the best
geographical coverage for the sub-commodities.

Commodity 2 — Starchy roots

This commodity is assessed with existing values for potatoes, given that potatoes and
sweet potatoes taken as a whole represent 60% of the commodity starchy roots
(FAOSTAT 2012d). The selected values are representative of the region or sub-region that
they cover (e.g. the region Sub-Saharan Africa is addressed through potatoes impact
factors for Eastern Africa, Western Africa, and Southern Africa).

Commodity 3 — Oilcrops & Pulses

The sub-commodity oilcrops is mostly addressed through impact factors for the
production of three crops, namely soya beans, cottonseeds, and rapeseeds, which
altogether represent 65% of oilcrops world production (FAOSTAT 2012d). An aggregated
impact factor for the sub-commodity oilcrops in each region is obtained by weighing the
production volumes taken from FAOSTAT (2012f) for these three crops.

For some regions (namely Europe; North Africa; Western Asia and Central Asia; and Sub-
Saharan Africa), impact factors for olives and sunflowers were also used, as these
productions represent a significant share of the oilcrops production in these regions
(FAOSTAT 2012d).

The pulses sub-commodity is assessed with available data for green beans.

Commodity 4 - Fruits

The sub-commodities apples, bananas, and grapes are assessed with factors specifically
representative of these products. Citrus are assessed with factors representative of
oranges since oranges represent almost 60% of the world production of citrus (FAOSTAT
2012f). Note that most of the impact factors for apples, bananas and oranges are taken
from Nemecek et al. (2011).

The sub-commodity “Fruits, other” includes a wide range of product (see Table 13 in Annex
IV). Most of these products represent a minor share of the “Fruits, other” group. Therefore,
the assessment is based on impact factors for peach, pear, strawberry and mango, as these
elements represent more than 40% of the world production for this sub-commodity
(FAOSTAT 2012f) and reliable factors were available. These values are weighted by the
respective share of the elements in each region, coming from FAOSTAT (2012f), in order to
obtain an aggregated impact factor for the sub-commodity “Fruits, other” for each region.

Commodity 5 — Meat

Every sub-commodity is assessed with impact factors representative of the different
livestock production systems in each region (i.e. pasture land; mixed livestock production
systems; and landless livestock production systems). The study of Seré et al. (1995) is used
to set the respective share of these three production systems in each region.
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Commodity 6 — Fish & Seafood

Every sub-commodity is assessed with impact factors representative of the major species
from capture and aquaculture in the different regions. Fishstat) software (FAOSTAT
2012a) is used to set the respective share of production from aquaculture and capture, as
well as the major species from aquaculture and capture in each region.

Commodity 7 — Milk & Eggs

The two sub-commodities “Milk”, and “Eggs” are assessed with impact factors
representative of the regions of Europe, and North America & Oceania, as specific values
covering the other regions were missing.

Commodity 8 - Vegetables

Impact factors for this commodity are built up with values for three distinct elements,
namely tomatoes, onions and “vegetables, other” (containing impact factors for carrot,
cauliflower, lettuce, cucumber, spinach and broccoli production). The disaggregation in
these three elements is in accordance with (FAOSTAT 2012d) categories. The selected
values for these three elements are then weighted with their respective production shares
in each region (FAOSTAT 2012d) in order to obtain an aggregated impact factor for the
whole commodity vegetables, for each region.

Impact factor for tomatoes is built up considering the relative share of greenhouse tomato
production versus field grown tomato production. Note that very scarce and fragmented
information on tomatoes greenhouse production has been gathered. When possible, the
type of greenhouse (i.e. heated or not) has also been taken into account.

¢ For the regions of Europe, and North America & Oceania, based
on the few data found (Zbeetnoff Agro-environmental Consulting
2006; Interfel n.d.), the average percentage for greenhouse
grown tomato production is assumed by BIO IS to be about 50%.

¢ It can be pointed out that the greatest expanse of protected
cropping occurs in Asia, especially in China, South Korea and
Japan (ISHS 2012). For China, the average percentage for all
vegetables appears to be about 40% (Guo 2012) and was
considered similar in South Korea and Japan.

¢ In addition, the ISHS (2012) indicates that Asia accounts for about
70% of the estimated area of protected crops in the world (with
the vast majority of the protected areas in Asia being under
plastic). In this context, it was considered as a reasonably
conservative assumption to use the same value of 40% for South
& Southeast Asia.

¢ Based on figures found for Turkey (Bayramoglu et al. 2010),
percentage for greenhouse grown tomato production is assumed
to be 20% for the region of Africa, Western Asia, and Central Asia.
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Impact factor for “Vegetables, other” is built up considering the relative share of
greenhouse vegetable production versus field grown vegetable production. Relative shares
retained for tomatoes (see previous bullet point) were also used for “Vegetables, other”.

Box 5: Land use change and Carbon footprint

What is land use change?

Land use change (LUC) is defined in the PAS 2050 (BSI 2011) as “a change in the purpose for which land is
used by humans”. Change in the use of land at the location of production of the product being assessed is
referred to as direct land use change whereas change in the use of land elsewhere is referred to as indirect
land use change. In other words, indirect land use change occurs “when the demand for a specific land use
induces a change on other lands” as mentioned in the GHG protocol (WRI & WBCSD 2011).

Climatic impacts of land-use change

Land use change can result in large emissions of GHGs and is thus a contributor to climate change (WRI &
WBCSD 2011). Indeed, land use change may lead to a change in land cover. Several categories are used by
the IPCC to describe land cover (e.g. forest land, grassland, cropland, wetlands, etc.)**. Land conversion
from a higher to a lower carbon-storing cover type will contribute to net carbon emissions. Therefore,
emissions of GHGs due to changes in land use mainly come from the cutting down of forests for agriculture
or built-up areas, urbanisation, roads etc.

Major areas of concerns as regards GHG emissions due to land use change include the expansion of the
production of biofuels which is identified as a likely cause of tropical deforestation (indirect LUC)™ or the
growing demand for certain food products such as beef meat or soya feedstuff with direct LUC (e.g., from
forestland to grassland) (IPCC 2007a).

Changes in demand for agricultural products (and co- and by-products) can also lead — through market-
mediated effects — to changes in land management practices in addition to the changes in crops grown and
land cover. Specifically, increased prices will lead to intensification, meaning not only yield increases
(which to an extent mitigate the extensification caused by increased demand) but often higher GHG
emission intensities due to increased use of inputs such as fertiliser (J. Reeves FAO NRC, personal
communication, Feb. 2013).

Extent of LUC emissions and methodological issues

Land use change resulting from expansion of agricultural land significantly contributes to CO, emission
(IPCC 2007b). According to Friedlingstein et al. (2010), the contribution of land use and land-cover change
to anthropogenic carbon emissions were about 12.5% of total emissions over 2000 to 2009. LUC is indeed
assumed to be one of the major contributors to global CO2 emissions, contributing 23% to the increase in
atmospheric CO, concentration during the last 250 years. Unless they account for relevant emissions
occurring from LUC and LU, studies which quantify emissions from the production of food and feedstuffs
or bio-energy will underestimate the increase of the CO, concentration in the atmosphere by more than
20% on average (Hortenhuber et al. 2012).

Despite the great impact on global greenhouse gas (GHG) emissions and thus on global warming, LUC is
hardly incorporated into estimations of the global warming potential (GWP) in life cycle assessments or

*® A change from grassland to cropland is a land use change, while a change from one crop (such as maize) to another
(such as rapeseed) is not.

** If more cropland is dedicated to producing biofuel feedstocks, then forestland or wetlands somewhere else in the
world might then be converted to cropland.
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carbon footprints dealing with the production of food (Hértenhuber et al. 2012). Major reasons for this are
because 1/the causal link between the use of land and deforestation is not well described and 2/ there is a
missing consensus on how to establish this link (J. H. Schmidt et al. 2012).

Currently, several methodologies for the calculation of greenhouse gas emissions resulting from a land use
change exist, but there is no full international agreement on the method of how to account for land use
changes. Existing methodologies produce results with considerable variations, because, for example, their
emission boundaries differ (Pulkkinen et al. 2012; Leinonen et al. 2012). Methodological problems include
the knowledge of land use before conversion, estimates of changes in above ground as well as below
ground carbon content, both immediately and after initiation of cultivation and choice of depreciation time
(Dalgaard et al. 2007).

LUC takes place as a result of several drivers, which are not trivial to identify. It can be very difficult to
decide on the cause of indirect land-use change. When a forest is converted into cropland or grazing land,
is this because, somewhere else in the world, someone else is using cropland to produce biofuel feedstock?
Or is it because there is a greater demand for food due to population expansion? Or is it because, as people
in emerging countries get higher living standard, they are demanding more meat?

However, it can be underlined that land-use change induced by policies affecting demand for agricultural
products and the resultant GHG emissions can be and have been estimated through a variety of modelling
approaches. Although these estimates depend on a range of assumptions and model characteristics, such
modelling, aided by inter-model comparison, has been used to support the development of biofuels policy
and legislation in the EU and the USA (J. Reeves FAO NRC, personal communication, Feb. 2013).

LUC in the FWF model

Emissions due to Land Use Change are not accounted for in the FWF model. To date, LUC cannot be
included in the FWF model since land use changes issues are taken into account in only a fraction of the
LCA data sources, and that such calculations are heterogeneous and continuously challenged. It can be
considered that with LUC taken into account in the FWF model, the estimation for global GHG emissions
would be at least 20% higher (Hortenhuber et al. 2012) and could potentially be 40% higher (Tubiello et al.
2013).

3.2.4.2 CARBON FOOTPRINT OF POSTHARVEST HANDLING AND STORAGE

Due to a strong lack of data regarding GHG emissions related to this phase, the modelling
therefore focuses on emissions due to the transportation between the farm and the
processing/storage facilities for the following commodities:

e Meat—transportation from farm to slaughterhouse;

e Milk —transportation for farm to dairy plant;

e Cereals —transportation from farm to storage silo.
For other commaodities, all transportations are covered in the distribution phase.
This module of the FWF model uses the following equation:

CFi,j,postharv. = ADi,j,postharv * Di * IFtransp.

Where:
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CF jpostharv. 15 the carbon footprint of the food wastage of (sub)commodity i, in the
(sub)region j, occurring at the postharvest handling and storage phase, expressed in
tonnes CO, eq.;

AD; j postharv. is the food wastage quantity for commodity i, in the (sub)region j, occurring
at the postharvest handling and storage phase;

D; is the transportation distance for the commodity i;
IFiransp. is the impact factor related to the transportation of food from farm to the

processing/storage facilities.

Assumptions

Potential impacts related to this phase could be:

e Energy used for manipulation and storage of food products before processing
and/or distribution phase;

e Transportation to processing facilities.

e Since no studies dealing specifically with the energy consumption of postharvest storage
facilities were found, this aspect was neglected (see Box 6 for details).

As regards transportation, only a few European figures were found to estimate the distances
between the farm and the processing/storage facilities. Distance from farm to slaughterhouse
was assumed to be 100 km in all regions which seems to be a conservative assumption based on
figures for Ireland and Sweden (Cullinane et al. 2012; Hakansson et al. 2012). This distance was
also applied for milk.

For cereals, distance was assumed to be 5o km in all regions based on Busato et al. (2008).
Similarly to meat and milk, this value can be seen as a rather conservative assumption.

The impact factor employed is representative of an average European truck and is taken from
Ecoinvent database.
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Box 6: Energy used at the postharvest handling and storage phase

Firstly, it can be assumed that the vast majority of the impacts of the postharvest handling and storage
phase come from energy use for the functioning of buildings and equipments used at this phase. Indeed, as
commonly seen in LCA, the impacts related to the construction and end-of-life of such infrastructures will
tend to be negligible when compared to the volume of products crossing them over their life cycle.

In addition, it must be underlined that the impact factors used for the agricultural production phase come
from “at farm gate” LCAs, which means that postharvest handling and storage activities occurring on the
farm are included in the scope of these factors. Regarding energy for storage facilities after the farm, it
must be stressed that to a certain extent, these aspects are included in distribution impact factors, which
include climate impacts related to cold chains.

In definitive, the major aspects that could not be taken into account relate mostly to storage of grain and
fruits/vegetables outside the farm before the processing/distribution phase.

Grains are relatively less perishable than other crops, but still require care in storage, as they are not inert
material but living seeds. The water content of the seeds must be reduced to a level that is safe for storage.
Drying requires energy to be delivered through engineered infrastructure, particularly in the form of
electricity or fossil fuels such as oil or gas. Once dried and placed in storage, the condition of the stored
commodity must be maintained (e.g. controlled temperature), which is a further demand on energy
supplies (IME 2013).

Storage facilities for fruit and vegetables require a much higher standard of engineering and management
than grain crops. For example, in the case of fruit, systems that incorporate controlled atmosphere
conditions as well as temperature and humidity management are required. Often freshly harvested crops
are hot from the sun and so must be cooled before they can be stored (IME 2013).

Nevertheless, it appears that in most low-income countries postharvest storage of commodities is done in
very rudimentary conditions (World bank 2011) which is, as a matter of fact, a cause of wastage. It is
therefore likely that there is in this case little or no related energy consumption.

In the end, although postharvest storage can be energy consuming, given that the storage facilities can
contain very large amounts of commodities, we can reasonably assume that the energy consumption
brought back to one kg of product will represent a minor share of the total impacts compared to other
aspects of the life cycle, most notably agricultural production.

3.2.4.3 CARBON FOOTPRINT OF THE PROCESSING PHASE

As regards the processing phase, energy use is often one of the major sources of environmental
impacts — see for instance DEFRA (2006) who presents main processing impacts for a variety of
food groups. The modelling therefore focuses on energy consumptions issues. The equation used
in the processing phase’s module of the FWF model is the following:

CFi,j,process. = ADi,j,process. * (Z PTi,n * IFi,n)
n

Where:

CF i jprocess. is the carbon footprint of the food wastage of (sub)commodity i, in the
(sub)region j, occurring at the processing phase, expressed in tonnes CO, eq;

AD; j process. is the food wastage quantity for commodity i, in the (sub)region j, occurring at
the processing phase;

o
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PT; ,, are the respective shares of n “processing types” (PT) that are considered for the
(sub)commodity i — e.g. share of processed fruits that are canned, share of processed fruits
that are pressed for juice, etc.;

IF;,, are the respective impact factors related to the energy used of the n processing types
that are considered for the commodity i. Each impact factors may include emissions
related to different sources of energy such as electricity, fuel, steam.

Assumptions

Shares of processed food are taken mostly from FAO (2011) and complemented with other
sources (see Annex IX for details). Note that FAO (2011) used data from Food Balance
Sheets™.

Eurostat data as well as BIO IS (2012) and data from USDA give patchy information on the
nature of processes applied to several commodities. Overall, for most of the regions and
commodities, PT,, values must be considered as rough assumptions.

Energy consumptions for food processing are taken from Carlsson-Kanyama & Bostrom-
Carlsson (2001).

Impact factor related to energy consumption are taken from Ecoinvent database for fuel
and steam. As regards electricity, it is noteworthy to mention that impact factors depend
on the electricity production mixes that are different in all countries. Impact factors for
various world regions as well as world average impact factor are taken from ESU-Services
(2012).

For meat, no distinction is made between “processed” or “unprocessed” meat. All meat
quantities are considered to be either chilled or frozen. Carbon footprint calculations are
made with emissions factors related to energy consumption for chilling or freezing.

3.2.4.4 CARBON FOOTPRINT OF THE DISTRIBUTION PHASE

Food retailing encompasses a large diversity of systems characterised by a low or high degree of
complexity. However, a simplified description of the food retail sector can be proposed:

e The "modern retailing sector”, including hypermarkets, supermarkets, superettes
and convenient store chains™;

e The “traditional retail sector” including small stores, local markets or other short
distribution channels.

Thus, a simplified modelling can be proposed in order to quantify the impact factors related to
the distribution phase. Two distinct equations are considered in distribution phase’s module of
the FWF model.

** FBS provide data about the quantity of a given commodity that is processed but there are no details on the type of
processing employed or the amounts by type of processed products that are obtained.

*3 For a matter of simplicity, the term « supermarket » is used in this document to indicate all modern convenience
formats.

"
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Modern retailing sector

For the food sold through supermarkets, the equation used is the following:
CFyjaistrib. = ADyjaistrip. * Rj * (SA; * IFy + SR; = IF,. + SF; * IFy)

Where:

CF i j aistrip. is the carbon footprint of the food wastage of (sub)commodity i, in the
(sub)region j, occurring at the distribution phase, expressed in tonnes CO, eq_.;

AD; j aistrip. is the food wastage quantity for (sub)commodity i, in the (sub)region j,

occurring at the distribution phase;

R; is the share of food product sold in modern retailing facilities (supermarket, etc...) in the
(sub)region j;

SA;; SR;; SF; are the shares of commodity i distributed at ambient temperature (SA),
refrigerated (SR) or frozen (SF).

IFy; IF.; IFf are impact factors for the distribution of 1 tonne of food product at ambient
temperature (IF,), refrigerated (IF,) and frozen (IFy).

Traditional retail sector

For the food sold through the “traditional retail sector”, it is assumed that the main contributor
to GHG emissions is the transportation of goods from the production to the point of sale, without
distinction between products distributed at room temperature, refrigerated, or frozen. The
equation used is the following:

CFijaistriv. = ADjpjaistrip. * (1 — Rj) * [Firqq. j
Where:

CF i j aistrip. is the carbon footprint of food wastage for the (sub)commodity i, in the
(sub)region j occurring at the distribution phase, expressed in tonnes CO, eq.

AD; j aistrip. 1S the food wastage quantity for (sub)commodity i, in the (sub)region j,
occurring at the distribution phase;
R; is the share of food product sold in modern retailing facilities (supermarket, etc...) in the

(sub)region j;

Firqq. ,j is the impact factor for the “traditional sector” i.e. for transportation of 1 tonne of
food product in the (sub)region j.

Assumptions

Data on the share of food products sold in supermarket (R;) are mostly taken from
(Thomas Reardon 2003; Thomas Reardon et al. 2004; Traill 2006) and were adapted and
completed with other sources (see Annex X for details).

SA;; SR;; SF; were calculated or estimated by BIO IS (see Annex X for details).

Impact factors (IF,; IF,; IFy) are calculated by BIO IS (BIO IS 2009) and include the main
contributors to GHG emissions:
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¢ Energy consumed (electricity, gas) in supermarket for lighting,
heating and cooling systems,

¢ Energy consumed (electricity) by freezers and refrigeration
appliances,

¢ Refrigerants consumed, including refrigerant leakage,

¢ Transportation of the products from warehouses to
supermarkets. For imported commodities, an additional distance
covered by tanker has been taken into account.

As regards impact factor for the traditional sector (IFy.qq. j), @ transportation distance of
500 km is assumed in high-income regions (regions 1, 2 and 3). A shorter transportation
distance of 100 km is assumed for low-income regions (other regions). Note that these
distances are considered to be within the country of consumption. International
transportations were not considered because of the tremendous amount of data that
should be processed to deal with import and exports of all commodities at a global level
(see Box 7 for a discussion on this aspect).

Box 7: Global estimate of GHG emissions related to international transportation of food

The increasing globalisation of agricultural systems leads to a rise in distances and quantities of food we
transport. This issue has been widely debated in recent years (Savy et al. 2010; Kemp et al. 2010; Coley et
al. 2009), especially with regards to air-freighted agricultural products imported from developing countries
(Soil Association 2007). A large literature has focused on the emissions associated with production of
goods. However, emissions associated with international transportation have received much less attention
(Cristea et al. 2011).

The core issue is data. Indeed, International trade makes use of a wide range of transportation modes
(ships, planes, truck, rail, all of different size and types), with very different characteristics in terms of
greenhouse gas emissions, per quantity shipped.

According to the International Transport Forum (ITF), transport in a broad sense™ accounts for 14.5% of
global greenhouse gas emissions™ (International Transport Forum 2010). Other figures cited by ITF
indicate that sea and air international transportation accounts for 2% and 1.4% of the CO, emissions from
fuel combustion. These data were obtained through cross-sector country-level assessments based on data
on fuel consumption from the International Energy Agency. They illustrate the role of transport in GHG
emissions, but do not allow to link the GHG emissions to the nature of goods being transported (e.g.
manufactured goods, primary agricultural products, etc.).

US Researchers of the National Bureau of Economic Research (NBER), recently published a study entitled
“Trade and the Greenhouse Gas Emission from international Freight Transport” (Cristea et al. 2011) based
on innovative approach in this field. Using a “bottom-up” scheme, they calculated emissions related to
origin-destination-product trade flows worldwide for the year 2004. Their calculations are based on
detailed data from national and international sources. Results obtained show that 1/ international

* The term “Transport” covers here the transport of freight and passengers and all transportation means (i.e. road,
aviation, maritime, rail and other types of transport).

“This figure is an estimate given the uncertainties in the absolute amount of GHGs emissions, especially from
griculture, forestry, and biomass decay.

-
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transportation of traded goods accounts for about 1 200 Mt CO2 eq. and 2/ transportation of agricultural
products16 accounted for 10% of transported volumes (expressed in tonne km) and 3/ 91% of the tkm of
agricultural products are made with shipping, which is the transportation mode with the smallest impact
per tkm (see Figure g).
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Figure 9: Greenhouse gas (GHG) emissions from food transport as affected by transport
mode and distance (Ecoinvent Centre, 2007)
Given that the modal shares (for tkm by sea, air, rail and road) are rather similar between world average

and agricultural products, we can reasonably consider that GHG emissions of international transportation
of agricultural goods are about 120 Mtonnes CO, eq. Assuming a conservative 30% of food wastage on this
figure we obtain about 36 Mtonnes CO, eq.

A comparison of this latter number to the global emissions obtained with the FWF model, which are 3.3
Gtonnes of CO, eq. (see section 4.2) shows that international transportation of agricultural goods
represents a potential minor fraction of 1% of the food wastage footprint. Finally, we can reasonably
consider this aspect negligible, with respect to the other phases of the life-cycle chain.

3.2.4.5 CARBON FOOTPRINT OF THE CONSUMPTION PHASE

Regarding the consumption phase, it is considered that the GHG emissions are related to energy
used to cook and/or store the food in a fridge or a freezer. Note that this choice to focus primarily
on home storage and preparations aspects for the carbon footprint of consumption phase is also
made in WRAP (2011).

The equation used in the consumption phase’s module of the FWF model is the following:
CFyjcons.= ADjjcons. * (SC; * IF, + SR; * IF,. + SF; = IFy)
Where:

CFijcons. is the carbon footprint of the food wastage of (sub)commodity i, in the
(sub)region j, occurring at the consumption phase, expressed in tonnes equivalent CO,;

AD; j cons. is the food wastage quantity for (sub)commaodity i, in the (sub)region j, occurring
at the consumption phase;

SC;; SR;; SF; are the shares of (sub)commodity i that is cooked (SC), stored refrigerated
(SR) or stored frozen (SF)

**Bulk and processed agricultural products
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IF; IF; IF; are impact factors for cooking, storing chilled food and storing refrigerated

food respectively. Impact factors are expressed in kg eq CO, per kg of cooked or stored
food.

Assumptions

The food wastage volumes occurring at consumption phase are quantified based on the
FBS element “Food available for consumption”” to which food wastage percentages
collected for consumption phase are applied. It must be underlined that for regions 1 and 2
these percentages are mostly coming from studies dealing with household food wastes.
For other regions, these percentages are mostly assumptions made by the authors of the
FAO (2011) study.

Very rough assumptions had to be made for each commodity regarding food storage and
preparation in households. Carbon footprint impacts depend on the share of food that is
stored refrigerated (SR;) or frozen (SF;) and/or the share of food that is consumed cooked
(SC;). These assumptions are presented in Table 4.

Energy consumptions for cooking are taken from several sources (Carlsson-Kanyama &
Bostrom-Carlsson 2001; Carlsson-Kanyama & Faist 2000).

A single type of energy source, namely electricity was considered for cooking and storing
food. The potential implications of this assumption are discussed in Box 8. Electricity
impact factors for various world regions as well as world average impact factor are taken
from ESU-Services (2012).

" FBS element “Food available for consumption” includes all forms of the commodity available for consumption in
homes, restaurants or any catering services (see section 3.1.2).
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Table 4: BIO IS assumptions for storage and preparation in households

Storage (%) Preparation (%)

Commodity name Room | Refrig. Cooking| No Comments
Temp.* SR SC | cooking*

Rough assumption: 50%
Wheat + Rye 100 o o 50 50 bread (not cooked) /
50% pasta (cooked)

Oats + Barley +

100 o) o 100 o
Cereals Cereals, other
1 (excluding Rough assumption: 50%
beer) Maize 100 o) o) 50 50 sweet maize (not
cooked)
Rice 100 o) o 100 o
Millet + Sorghum 100 o o 100 0
Rough assumption: 33%
2  Starchyroots 100 o o 66 33 dhiisa (e aas et
Oilcrops & Oilcrops 100 o o o 100
3
Pulses Pulses 100 o o 100 o
4  Fruits (excluding wine) 100 o o o) 100
5 Meat o 50 50 100 o
6 Fish & Seafood o 50 50 100 o
Milk ) 100 o o 100
Milk (excluding
7 butter) & Eggs
Eggs o 100 o 100 o
8 Vegetables o) 50 50 100 o

*No GHG emissions accounted in this case

Box 8: Type of energy used for food preparation

Climate impacts of energy for cooking are not straightforward to assess since they depend on the type of
energy employed (e.g. electricity, oil, gas, coal, biomass) and the energy efficiency of the cooking
equipments. In addition, in the case of electricity, the carbon intensity of 2 kWh is influenced by the local
electricity production mix (hydroelectricity, nuclear, fossil fuels, etc.).

In addition, most of the energy consumption data for cooking food are representative of electric appliances
(e.g. oven, micro-wave oven, etc.). This latter point, combined with lack of detailed information on
regional distribution of energy mixes for cooking has led us to consider a single type of energy source,
namely electricity for cooking food. It allows getting a first vision of the order of magnitude of the climate
impacts related to the part of food being cooked and then thrown away at consumption phase.

Stating if this assumption is globally an over or an under estimation is particularly intricate. The example
hereafter illustrates why.

It is estimated that in 2009, around 40% of the population (i.e. almost 2.7 billion people) relied on
traditional use of biomass for cooking, with the highest shares of population observed in sub-Saharan
Africa and Asian developing countries (IEA 2011). Traditional biomass is defined by FAO (FAO 2008) as
wood fuels, agricultural by-products and dung burned for cooking and heating purposes. It is mostly traded
informally and non-commercially. Although being a renewable energy, biomass can have carbon impacts
when burnt. This is linked to the carbon accounting rules for carbon of biogenic origin. Indeed, the IPCC’s
convention for GHG accounting is to ignore the contribution of CO, emitted from biogenic materials if
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these materials are grown on a sustainable basis. The idea here is that during the growth of the plants,
carbon has been taken-up and incorporated, and that same amount of carbon is emitted when burnt or
aerobically decomposed — the carbon balance is effectively ‘neutral’ as opposed to fossil fuels. However, in
developing countries a significant share of this biomass is harvested in an unsustainable way (FAO 2008).
This depletes the carbon stored in forests and soil over time causing net carbon emissions. Overall, the
climate impact of biomass cooking will thus depend on the way this biomass is produced and managed.
For instance, factors for combustion will be different for agricultural residues and for charcoal produced
from illegal deforestation.

3.2.4. 6 CARBON FOOTPRINT OF THE END-OF-LIFE PHASE

Carbon footprint of wastes

It is a known fact that waste disposal all along the supply chain can add significantly to the life-
cycle carbon footprint of many food products™. Indeed, waste management systems typically
cover a suite of activities such as collection, treatment, and disposal — that generate GHG
emissions.

In the majority of countries around the world, controlled and uncontrolled landfilling™ of
untreated waste is the primary disposal method. Methane (CH,) emissions from landfill represent
the largest source of GHG emissions from the waste sector, contributing around 700 Mt CO, eq
(UNEP 2010b).

At the global level, the climate impact of incineration is minor compared to that of landfilling,
contributing around 40 Mt CO, eq. (UNEP 2010b). Direct emissions from facilities are
predominantly fossil and biogenic CO,. There are also low emissions of CH, and N,O, which are
determined by a function of the type of technology and combustion conditions. The amounts of
fossil and biogenic carbon in the waste input vary significantly between countries, regions, and
even facilities.

Specificities of food wastes

Once organic waste is deposited in a landfill, microorganisms begin to consume the carbon it
contains, which causes decomposition. Under the anaerobic conditions prevalent in landfills,
methane-producing bacteria will develop. As the bacteria gradually decompose organic matter
over time, methane (approximately 50%), carbon dioxide (approximately 50%), and other trace
amounts of gaseous compounds (< 1%) are generated and form landfill gas.

Food waste is an organic material. This means that:

The amount of degradable organic matter within food waste is much higher than in
average municipal solid waste (which only contains a fraction of organic material). In other
words, in the same conditions 1 kg of food waste will generate more CH, than 1 kg of
average municipal solid waste (MSW).

8 http://www.cleanmetrics.com/html/food_carbon_footprints.htm

* Uncontrolled landfills refers to dumping areas
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Carbon within food is of biogenic origin. The IPCC has set an international convention to
not report CO, released due to the landfill decomposition or incineration of biogenic
sources of carbon.

¢ Only methane emissions (expressed as tonnes of CO, eq.) are
accounted for in landfill impact factor.

¢ Only CO, coming from fossil carbon is counted in GHG emissions
of incineration. Food waste contains no fossil carbon and
therefore no CO, emissions are accounted for. Less significant
emission of NO, coming from combustion processes are however
taken into account.

Equation of end-of-life module

The equation used in the end-of-life phase’s module of the FWF model is the following:

CR; * IFcopect. + (Z DRy, * IFn>
n

CFjeor. = ADjeq. *

Where:

CF j ¢o1. is the carbon footprint of the food wastage in the (sub)region j, occurring at the
end-of-life phase, expressed in tonnes equivalent CO,;

AD;j ¢ is the food wastage quantity in the (sub)region j going to a waste management
system

CR j is the MSW collection rate in the region |

IF p11ect. is the impact factor related to MSW collection activities (transportation of waste
to treatment site)

DR, ; are the respective shares of n “disposal routes” (DR) that are considered in the
(sub)region j. Possible disposal routes considered in the modelling are dumps, landfills,
incineration, composting.

IF, are the respective impact factors related to the GHG emissions of the n disposal routes.

Assumption

It is assumed that food wastage quantities considered to go into a waste management
system are food wastage occurring at all phases of the food supply chain except
agricultural phase. Indeed, food wastage occurring at agricultural phase is most of the time
dealt with at the farm location through uncontrolled open burning, or simply left in the
field (UNEP 2010b). Climate change impacts of such practices are deemed negligible since
the CO, emitted by the combustion of agricultural product is of biogenic origin. In addition,
agricultural products left in the field are not degraded in anaerobic conditions (producing
CH,) like in landfills.

Regarding the way food waste is managed, it was considered that food generally goes through
routes that are similar to the broader MSW category. This assumption builds on the fact that in
all regions food waste represents a significant share of MSW (see
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Table 21in Annex XI).
The MSW collection rates are taken from (Hoornweg & Bhada-Tata 2012) and shown in
Table 23 in Annex XI.

The impact factor for collection of waste is taken from (ADEME 2012) and refers to the
operation of a garbage truck.

Respective shares for each disposal route (i.e. dumps, landfills, compost, and incineration) are
taken from (Hoornweg & Bhada-Tata 2012) and shown in

Table 22 in Annex XI.

Impact factors for each disposal route (IFE,) are calculated using IPCC guidelines (IPCC
2006). It must be underlined that IPCC's approach does not make any distinction between
food commaodities. In other words, impact factors are calculated for 1 kg of food wastage,
be it meat or fruits or any other commodity.

In order to calculate the impact factor for landfilling, data on the rate of capture of landfill
gas are necessary (i.e. the amount of land fill gas that is not eventually released in the
atmosphere but flared or used to produce energy). Based on data from Bahor et al. (2009)
a capture rate of 40% is used for Europe; 50% for region 2 and for Japan and South Koreg;
35% for other (sub) regions.

It must be underlined that waste management systems can provide indirect GHG savings
due to energy generation. Indeed landfill gas or combustion energy can be used to produce
electricity and/or steam. Some accounting methodologies consider that the energy
generated with these systems avoids the production of energy with “traditional systems”
and associated emissions thus generating GHG credits. Such potential credits are not
accounted in for in the present modelling.
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3.3 Component 3: Water footprint

3.3.1 Presentation of the component

A water footprint is a measure of freshwater consumption that connects water use to a certain
place, time, and type of water resource. The Global standard on water footprint assessment
developed by the Water Footprint Network (WFN) defines the water footprint of a product as the
total volume of freshwater that is used directly or indirectly to produce the product. It is
estimated by considering water consumption and pollution in all steps of the production chain
(Hoekstra et al. 2011).

In the WFN'’s definition, a water footprint consists of three sub-components that measure
different sorts of water appropriation: blue, green, and grey. These three sub-components are
presented below.

The blue water footprint refers to consumption of surface and groundwater resources
along the supply chain of a product. The term “consumption” refers to one of the following
four cases:

¢ Water evaporates;
¢ Waterisincorporated into the product;

¢ Water does not return to the same catchment area, for example,
it is returned to another catchment area or the sea;

¢ Water does not return in the same period, for example, it is
withdrawn in a scarce period and returned in a wet period.

The green water footprint is an indicator of the human use of so-called “green water”.
Green water refers to the precipitation on land that does not run off or recharge the
groundwater but is stored in the soil or temporarily stays on top of the soil or vegetation.
Eventually, this part of precipitation evaporates or transpires through plants. Green water
is potentially available for crop growth (but not all green water can be taken up by crops,
because there will always be evaporation from the soil and because not all periods of the
year or areas are suitable for crop growth).

The grey water footprint of a process step is an indicator of the degree of freshwater
pollution that can be associated with the process step. It is defined as the volume of
freshwater that would be required to assimilate the load of pollutants based on natural
background concentrations and existing ambient water quality standards.

3.3.2 Objectives

The primary objective of the water component is to calculate impact factors that will translate
the food wastage volumes of the FWF database into cubic meters of water. A second objective is
to give an overview of the level of water scarcity in the world regions where lost/wasted food was
produced.
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3.3.3 System boundaries of the water footprint assessment

Recent studies on global water footprint of world and countries demonstrate the major role
played by agriculture. It appears that consumption of agricultural products contributes to 92% of
the water footprint of humanity (Hoekstra & Mekonnen 2012).

Besides, the Water Footprint Assessment Manual underlines that for product with ingredients
originating from agriculture, it is relevant to particularly look into the water footprint of the
related agricultural processes since they often are the major contributors to the overall water
footprint of the product (Hoekstra et al. 2011). This is typically the case of foodstuffs. For that
reason, the modelling work is focused on the agricultural production phase. Other phases are not
accounted for in the FWF model, although food processing for example also requires water to a
certain extent (see Box g for a discussion on this aspect).

Blue water footprint of agricultural products comes from irrigation water withdrawn from
ground- or surface water that is evapotranspirated or incorporated into the product. Green water
on the other hand, is the rainwater directly used and evapotranspirated by non-irrigated
agriculture, pastures and forests. Finally, grey water footprint does not reflect an actual water
consumption as it measures a theoretical volume of water that is required to dilute pollutants.
This latter footprint was not calculated in the present study.

Box 9: Food processing and water consumption

Water consumption and water withdrawal

It must be pointed out that water use can take two forms — consumption or withdrawal — relating to
different notions. Water withdrawal refers to water diverted or withdrawn from a surface water or
groundwater source. Consumptive water use, deals with water that is no longer available for the
immediate water environment because for instance, it has been transpired by plants, incorporated into
products or consumed by people or livestock (Vickers 2001).

It is acknowledged that agriculture is the largest human use of water (Lundqvist et al. 2008). Regarding
water withdrawals, agriculture accounts for 70% of all water withdrawn by the agricultural, municipal and
industrial (including energy) sectors (UNESCO 2012) as shown in Figure 10. Approximately 20% of the
world’s freshwater withdrawals are used by industry, although this varies between regions and countries.
The percentage of a country’s industrial sector water demands is generally proportional to the average
income level, representing only about 5% of water withdrawals in low-income countries, compared to over
40% in some high-income countries.
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Figure 10: Water withdrawal by sector by region in 2005 (Source: UNESCO 2012)

Unlike above figure, the water footprint approach addresses the issue of water consumption.
Consequently, the global repartition among sectors is modified. Indeed, agricultural production largely
determines the water footprint of humanity with 92% of the total. Industrial production and domestic
water contribute to 4.7% and 3.8%, respectively (Hoekstra & Mekonnen 2012).

Water and food processing

Water is a key processing medium in food processing plants. Water is used throughout the food production
process, including food cleaning, sanitizing, peeling, cooking, and cooling. Water is also used mechanically
as a conveyor medium to transport food materials throughout the process as well as for washing
production equipment between operations (UNIDO n.d.).

Some studies provide estimates of “water use” for different processes (see Table 5). Although the methods
of measurement and calculation are in general not detailed, it is most likely that these values actually refer
to water withdrawals.

Table 5: Water use for different processes in the food industry

. Amount of water
Commodity Process (in m? [ tonne of product) Source
Fruits canning 2.5—4 (World Bank 1998)
Vegetables canning 3.5—-6 (World