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Executive Summary

Meetingthe growing food demands of a population expected to grow to nearlyillion by 2050 requires
solutions that providés I OK LIS NA 2 y Qwith sebstaniidllydsuse/of résBuices and impact on
the environment. The present assessmehtis used the Life Gycle Assessmen{LCA)methodology to
address the question of whether (and how much) environmental benefit mightldained byAmerican
adults shifting their food consumption toward plasitased options on a me#ly-meal and producby-
product basis.

In particular, the LCA has two componertge focused on a comparison afported meatcontaining

meals and meatlessneals, and the second focused on comparisons of MorningStar Farms® veggie
productsagainstcomparablemeatproducts The meal comparisons combine dietary recall data from the
National Health and Nutrition Examination Survey NHES) with agricultufeesource data from the
United States Department of Agriculture (USDA) Economic Research Service (ERS) and the National
Marine Fisheries Service (NMF&hd nutrient data from the USDA Agricultural Research Service (ARS)
National Nutrient Database.dBa from lifecycle inventory (LCI) databases (e.g. Ecoinvent;féapprint)
areusedto calculate the potential environmental impact of the mealfie meatcontaining and meatless
meals(NHANES 2012012)have beerscaled to ensure the same amount of food (by wejdiats been
present in each and additionally, food groups within both meal types have been scaled to account for
food waste The product comparisortgave beerbased on a detailed assessment of the full life cycle of
six example MorningStar Farms® veggudpcts, as compared to fresh ground bekebzen burgers or
patties of beef, pork or chickeeach based on a 6§ram portion Meals were not balanced for nutrient
content because nutrition was not the primary focus of the L&#empts are not made herdo
characterize the benefits of wholescale shifts in tveralldiet of individuals or of the wider population.

Despite the assumptions made and limitationsede assessmentsave taken advantage of the best
available LCAelated information on food prduction andhave been externallgeviewed to validate their
conformance with the 1ISO 14044 standaiithe following are among the key findings from this work
where environmental impacts have beguut into the categories ofCabon Footprint Water Use
Re®surce ConsumptioyHealth Impact of Pollutioand Ecosystem Quality

In the original data, meals without meat contain less totaight of food than meals with meat. Although scaling

the meatless meals up in size introduces some bias, it is felt to be less biased than to conduct the comparison without
adjusting the data, or by adjusting the data on any other available basis. Incessbe dietary data is used to
identify proportionately what food products Americans eat when eating meatless and-coatdining meals, and

for the purpose of the LCA it is assumed that a given individual at a given meal occasion will eat the same amount
(by weight) regardless of the choice to include meat.
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When an Americaadult chooses to consumeraeatlessbreakfast, lunch or dinnenather thanone that
contains meat, the decreasecenvironmental impact of theneatlessmeal isa reductian on averagef at
least 40% across impact metricsgompared to themeatcontaining meal over the entire cycle of
producingthe raw materialsand consuming that mealhe directional trend indicatingenvironmental
savings is very consistent and in mossesindicatd an improvementgreater than the 40%mentioned
above.With regard toCarbon Footprinta switch to a meatless meal resuibh a58%, 74% and 77%
reduction compared to a meatontaining meal for breakfast, lunch and dinner, respectively. FaeWa
Use, the reductions are 64%, 81% and 84% for breakfast, lunch and.dveegtessdinners show the
highest amount oénvironmental savings among all the impact categqrieowed by lunches and then
breakfasts, primarily because meetntaining diners contain mee meat thanbreakfast or lunch
occasionsas well as the fact that meatless breakfagé&se reported tocontain a high proportion of dairy.

2 Meat includes the flesh of any animal, including fish. Meat does not include eggs or dairy. Environmental impact
for meatcontaining meals is calculated using data for beef, chicken, pork, andTfishamounts of each food
category per meal (NHANES) are showhdhle6 and how these meals are represented for environmental impact
calculations are shown ifable8.
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Comparative Environmental Impact of Meatless and Meat -containing Meals

Percent of total impact of meal with meat
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In comparing specific products vitasfound that consuming thdlorningStar Farms@eggie productsin
comparison to acomparable beef, pork or chickegroduct, results ina reduction ranging from a few
percent (considered amdeterminateresult) toin some cases more than 90% reduction, across the full
product life cycle, depending on the products quemed and the environmental indicator in question.
Comparisorof MorningStar Farms@eggie productso beef products generally result in the most extreme
benefits (often in the range of 80% or 90% improvement or naan@ss environmental impact metrics
with the results for pork and chicken produetnging fronl5%(in the case of th&esource Consumption
comparison wittbreaded chickempatties)to amore than75%improvement(in the case of the Water Use



comparison withpork sausageatties), whencompaed on a weight basisA sensitivity analysis examined
comparison based oother units such caloriesr protein content and foundhe results to be similar
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In both the meal and product comparisons we find that the main driver for environmental imp&ets ta
place in the production of raw materials. For all meal types, the production of food raw materials is the
most important source of environmental impact in providing the meal, with raw materialagbei
responsible for >50% of theafbon Footprint of meatess meals, 80% of theCarbon Footprinbf meat
containing meals, and >99% of thiéater Useof all meal types. The majority of the difference between
meat and noAmeat products happens in producing the feed that the animals consume, with the
additional pant that the high level ofCarbon Footprinimpact of beef raising operations is also a

significant factor for the beef comparisons. Put simply, raising animals to feed

humans requires the

growing of a much larger amount of primary vegetal material thahuifhans consume more of the
vegetable material directly rather than raising the meat. This simple underlying trend explaining the
results gves a relatively high confidence to the direction of the conclusions, despite the uncertainty and

variability inheret in these complicated systems.
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Although a lesser impact than for raw material production, other parts of the food life cycle, especially
food manufacture and the consumer use/preparation stage are important contributors of environmental
impact, particubrly regarding the &bonFootprint andResource @sumption indicators.

Across the set of comparisons made herdag beenfound that choosing to substitutmeatcontaining
meals with meatless meais likely to leadAmerican adultson average, to adbve a lesser environmental
impact of that selected meal. The extent of the improvement will vary widely, but an ovedalittionon
average of at least40%environmental impact when switching away from meappears to be a@ood
estimate when looking &oss most set of environmental impact categories examined here, which
encompasses a wide range of environmental issues.
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Abbreviations and Acronysn

ARS
BTU
CQ
CDC
CH
DALY
EURO4
B.

ER
GLO
IPCC
ISO

kg

km

kWh

L

Lb.

LCA
LCI
LCIA
LLDPE
m3

MJ
MSF
MMBTU
NOAA
NHANES
NMFS
OPP
PDF
PDF*mz2*y
R®&
RER
SBB

T

Tkm
PET

U

us
USDA
USEPA
WHDPE

Agricultural Research Service

British Thermal Units

Carbon Dioxide

Centers for Disease Control

Switzerland

Disability Adjusted Life Years

Fourth generation auto emission standards of the European Union
Equivalents

Economic Research Service

Global

Intergovernmental Panel on Climate Change
International Orgaization for Standardization
Kilogram = 1,000 grams (g) = 2.2 pounds (Ibs)
Kilometer = 1,000 meters (m)

Kilowatthour = 3,600,000 joules (j)

Liter

Pound

Life Cycle Assessment

Life Cycle Inventory

Life Cycle Impact Assessnt

Linear lowdensity polyethylenéplastic)

Cubic meter

Megajoule = 1,000,000 joules = 948 Btu
MorningStar Farms®

Million BTUs

National Oceanic and Atmospheric Administration
National Health and Nutrition Exangtion Survey
National Marine Fisheries Service

Oriented polypropylenéplastic)

Potentially Disappeared Fraction

Potentially Disappeared Fraction per Square Méberthe duration of oneYear
Roasted Garli& Quinoa

Europe

Spicy Black Bean

Metric tonne

Tonnekilometer (transporting one metric tonne for one kilometer)
Polyethylene terephthalatéplastiq

Unit

United States

US Department of Agriculture

US Environmental Protection Agency

Woven high density polyethylene (plastic)
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1. Introduction

As the world considers how to meet the demands of a global population expected to gnosatty 10

billion by 2050, the food sector is becoming an increasing focus of concern regarding whetieet cur
consumption habits can be sustained into the future. This is both due to the potential for limited quantities
of land, water and other resources to supptyod production, as well as concerns about whether the
impact of our production systems will eeed the plane® ability to cope with them in areas such as
climate change and nutrient cycles, among others. Answering questions about whether humanity can
maintain, or advance, the consumption patterns that define modern quality of life while addingny
as50% more people betweenow and 2050 requirgreconsideration of howve produce the full range

of goods and services that define our econorhyoking specifically within the food system, one can
consider howthis core luman need could be met witbubstantially les$mpact on the environment, best

positioning us to achieve an overall economy in the coming decades that can be considered sustainable.

One could divide questions about how to achieve the necessary environmental improvements in how we
meet the food demands of our population into two aspeotghat people eaandhow what people eat is
produced Into the first aspect would fall suauestions as dietary choice, amounts consumed and also
amounts wasted. Into the second aspect would fall gigest about agricultural practices and technology
and the efficiency with which materials abeought from the farm to the table. The present assessment
deals primarily with this first aspect and in particulaill evaluatethe question of to what extent

incremental shifts toward plantbaseddietary choices (as opposed to mdadased choicestan be a

a2fdziAz2y G2 LINRPGARAY3A KdzYFyaideQa ySSR F2NJ F22R 02

There is relatively little research published that looks specifically atulstipn of meatcontaining versus

plant-based diets, meals orproducts using a life cycle assessment (LCA) methodofdg@A is an

3 Compared to prior efforts to answer similar questions, the present study adds significant added detail at the stage
of characterizing themeal the association of food types with meal choices and the representation of the
environmental impact of each footype. For example, Pimentel and Pimentel (2003) make a comparative
environmental evaluation of pladtased and meabased diets. In comparison, their characterization of the diets
includes relatively few categorizations of food types, considers only eriepgy and land use as indicators of
environmental impact and they are unable to draw on the significant advances in availability affatetl LCA

data from the following decade. Further, they consider only food raw material production and not tifecillife

cycle, as done here. Many others, such as Mogensen et al. (2012) compare results of life cycle inventory data of
many food types siddy-side on a comparative basis such as mass or calories. However, such efforts generally do
not put these datarito the context of the full food life cycle, do not consider how these multiple food types combine

to form meals or dietary patterns to provide an indication of the environmental outcomes of potential meal choices
as done hereExamples are somewhat mor@merous when focusingn the carbon footprint of food. Haalstrom
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internationallyrecognized approach that evaluates potential impaxftsroducts and services throughout
their life cycle, bginning with raw material extraction and including all aspects of transportation,
manufacturing use, and enaf-life treatment.LCA methods ardefined by the International Organization

for Standardization|§Q 1404014044 standais (ISO 2006a; ISO 2006ind the 1ISO 14000 series on
environmental management generally prescribes LCA as an essential tool for evaluation questions of
comparative product environmental performance, as well as for supporting a wide range of decisions
based oroverall environmeral performance. Two key tenets of this methodology:drgo consider as

wide a range of potential environmental impacts as may be potentially important for a given question,
and2)to include as wide a view as possible of the systems that are affectadjivgn change or decision
Over recent decades, LCA has beconpeigcipal approach to evaluate broad view of environmental
problemsand to help make decisions within the complex arena of environmental sustainability and is
being used by corporationsd governments around the world fdentify opportunities to improve the
environmental performance of products, inform decisioakingon strategy and policy issuesupport

communication ancducationalefforts, and much more

The present assessment ugbe LCA methodology to address the question of whether (and how much)
environmental benefit might be obtained bymericansshifting theirfood consumption toward plant

based options on a medly-meal and producby-product basisThe variety of both meatontaining and
meatlessmeals and diets is enormsuand the comparisohetween the two will depend on the specific
meals and diets considered. In the present assessment, we address this question in two ways: the first is
to consider themeal patternaverages of Americansvhen they choose mealbreakfasts, lunches and/or
dinners)that contain meat and meals that contain ngrtée second is to consider specific comparisons

of commonmeat producs andalternativeveggieproducts

Through these assessmentsjdtintended to be able to draw conclusions about whether encouraging
Americars to eat more meatlessmeals in exchange fomeat-containing meals would result in an
environmental benefit, as well as about whether the sfiecieggie alternative productsffer a relative
environmental benefit to meat. This assessment has been sponsorktbiningStar Farmsfrand, part

of The Kellogg Company, with tirgention to: a) learn more about environmental impacts associated
with meatlessversus meatontaining neals;b) to learn more abouenvironmengal impacts for its own

veggie products; and c¢) to use learnings to support consumer and employee education and

et al. (2014) review a list of 14 attempts to characterize the carbon footprint and/or land use benefits el ptaat

and meatbased diets (all but one reference is based on European gietata). In comparison, the present
assessment looks at a more complete list of environmental impact categories and generally has a broader view of
the food life cycle.
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communicatiorregardingthe environmental benefits of plaritased dietary choiced he results may also

be usa within The Kellogg Compattinform future product and supply chain innovation

2. Goalof the sudy

2.1 Objectives

This study evaluagethe potential net environmental benefit or impaot usingmeatlessversus meat
containing as a criteriofor selecting arang meals angiroducts This includes evaluating comparisons of
meal choices betwen meatcontaining and meatlessealsfor American adultsas well as a specific

comparison of theveggiefoods madeby MorningStar Farms@nd equivalentmeat products.

Regading the comparison ofeatlessand meatcontainingmeals, i is not the intention to evaluate or
reach a conclusion thail possible meali; one of these categories has environmental benefits compared
to all possible meals the other category, bothédxcause this is likely not true and also becatmeeffort
needed to evaluatall possible meals would be extraordinary. Rather, the current assessment considers
whether the se ofmeatlessas a basi$or meal sdection wouldlead American adultson averge, to
reduceor increasethe environmental impact of their meal selectigbreakfast, lunch or dinnegnd by

what margin

The comparison of meals made hésdntended to compare meatontaining meawith meatless meal
including differentiation for beakfasts, lunches and dinners on a mbegimeal basislt isnot the intention

of this study to consider wholesale changes of the US population from its current state of predominantly
meat eaters to a state of entirely meatless diethe scale of suchchange would likely lead to changes

in our food production systems that are not intended to be assessed with the methodology and scope of
study chosen here. In addition, for the individual, such a complete move away from meat consumption
could have implicdons (positive or negative) on nutrition and health that are not addressed in this study,
which looks asingle meals and products rather than tbemplete dietand nutritional requirement®f

an individual.

To provide more detailed exam@ef the potertial benefits ofplant-baseddietary choicesthis studyalso
assesss several specifiproduct comparisoa These involve the switch from common méwmtsed

products involvingprimarily portions of beef, porkpr chickento alternativesfor these productsnade
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primarily from vegetables, legumes and grains and containing no meat. The objective of these
comparisons is to provide a fespecificexamples tacomplement the more generic assessment of meat
substitution in mals. These speciffroduct comparisonsaddressthe comparative benefit or impact of

theseveggieproducts, which arenadeby the sponsor of this assessment.

In summary, e specific gaa of this study are as follows:

A To identify thedifference inpotential environmental impacts ofmeatlessmeals and meat

containing meals.

A To identify thedifference in potentiaknvironmental impactbetweenconsumption of beef, pork
or chicken productanda selection of six productsadeby MorningStar Farms®

2.2 Intended aidiences

This project report is intedled to support MorningStar Farms®ommunicationof the comparative
environmental performancef these productsand meal choiceso internal and external audiences

Audiences could include Kellogg Company employees, business pactrsmsners, and the puic.

The ISO 14044 standard on LCA includes a set of additional specific requirements of those LCAs whose
intention is to report specific produdb-product comparisons to a broad audience. It is the intention of
this assessment to meet those requiremeiriscases where explicit statements are made comparing the

environmental impact of various products.

3. Scope and boundaries

This section includebe methodological framework of the LCA description of the product function and
product system, the systemoundaries anddata soures This section also outlines the requirements for

data quality agvell as review of the analysis.

As described in the above section on the goals of the study, there are two primary components of the
present assessment, one desj with meal averagesvhich are characterized usirgy combination of

dietary intake datanutrient data,and economic data on consumption of beef, chicken, pork, and fish

4Based on 2our recall data \HANES2011-2012) Adults 19} data combined with diappearance data from
USDA ERS (USDA 2015a) and NMFS (NOAA 2014) and nutrient data from USDA ARS (USDA 2015b).
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differing objectives and the wide differences in the data sources for each, necessitate some differences in

the scope of the assessment forte two components. THellowingsections will identify specific cases

where the study scope differs between these two sections of the assessment. All statements where either

the mealcomparisoror the productcomparisorare not referenced should be intgreted as applying to

both.

Further explained throughout the remainder of this sectidiablel and Table2 provide a summary of

the keyassumptions and data sources used throughout the meals compaaizdproducts comparison.
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Tablel: Summary of &y assumptions and data sources supportingrteals comparison

Raw materials

Meals from NHANES (202012): Selfeported 24hour recall data
was used to find averages of reported intake at breakfast, lunch,
and dinner, with meals categorized by the presence or absence ¢
meat (meatcontaining or meatlessppecificity has beeadded to
the NHANES food grougategoriesusingUSDA2015af and NMFS
(NOAA 2014jlata. Legumes, grains, pasta and dried fruit have be¢
scaled from wet weight to dry weight (based on USDA 2015b) to
match their representation in the LCI datsmounts offood wasted
at retail and the consumer are applied based on Buzby et al. 201
Feed materials are sourced locally and transported an average o
100 km from their point of production to reach the animal raising
operationAll food commaodities are transpartl 500 miles by truck
to arrive at their next point of processing.

Data sources:
characterizing amounts
of materials

Food ingredients argenerallyrepresented by the raw food
commodity from which they are derived (e.g., all wheat
consumption is represented as wheat grain)

(<G ESSITTEETS Sulstituted meals are equivalent on a weidbasis
The production of turkey meat is adequately represented by the
production of chicken meat and a mixture aféf, chicken, pork,
and fish adequately represetite <1% of meat consumption that is
not beef, pork, poultry or fish.

Impact of raw food ingredients: Ecoinvent (v3SICLCI 2015Agri
footprint (Blonk 2014jpnd other databasesvith some adaptations
made to best reflect other available information.

Environmental irpact
data sources

Beef,chicken,pork and fishmodeled directly for th8 project based
on best available references

Manufacturing

Mfg. energy based on
estimation of average
amount spent to provide an
American meal and KOCA
data provided by Carnegie
Mellon Universit CMU
2015)

PlantBasedfood requires no
systematic difference in
manufacture, per weight of
food compared tomeat
food.

Ecoinvent v 3.1 used for
energy, fuels and other
inputs

Packaging

Packaging is based on a
mixture of common

packaging materials and an
assumecamount of total
packaging per meal based on
estimates of total waste
generation and the amount
due to food packaginS
EPA 2011 and Hunt et al.
1990)

Plantbasedfood is not
packaged in a significantly
differentway, on average,
than meatfood.

Ecoinvent v 3.1 used to
represent packaging material
production

Retail & Dist.

All productsare represented
transported an assumed
distance fron manufacture

to distribution centers and
retail. Energy use in retail is
based on the IQCA
database of Carnegie Mellon
University(CMU 2015)

Plantbasedfood does not
differ materially in average
transport bgigics;

All producs exceptfor
ground beef are sold frozen

Ecoinvent v 3.1 used for
energy, fuels and other
inputs

Consumer

Cooking and cleaning is
included based on
assumptions of a mix of
cooking methods and
assumed energy use and
Water Use as used for the
product comparison in this
assessmentscaled to the
weight of meals

Cooking a meatless meal
does notsystematically differ
from how onecooks meat-
containingmeal

Ecoinvent v 3.1 used for
energy, tiels and other
inputs

Waste mgmt.

Amounts of food wasted are
based on Buzby et al. 2014.

See table 12 for more details.

Food disposal is by typical
municipal treatment of
waste; Packaging disposal
based on US ER2011)
statistics

Disposal routes and
processes are the same for
plant-based andneat food
products

Ecoinventv 3.1 used to
define waste processes

5Where it is desired to understand the consumption of food categories by American adults at a greater level of specifitiitgttheovided byNHANES, data on
the disappearance of foods in the US has been used (USDA 2015a and NOAA 2014), as this is the best known data sasraae ppregimation of consumption
of these food types by human adults in the US, even though such consumptiohtise only means by which food commodities recorded in these databases
disappear. For example, consumption by children or animals are likely to also be responsible for some of the disappahesgcmaferials.

6 References throughout the reporttogh 9 02 A y @Sy (i
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Modelling assumptins¢
Meat products

Data sourceg MSF products

comparison

Environmental impact data
sources

Table2: Summary of &y assumptionsrad data sources supporting tipgoducts comparison

Beef, Chicken and Homeat productingredients are based on
assumptions about typical burgesausagend patty
composition, including similarities in formulation to
MorningStar Farm@roducts (e.g., similar amount of breading
spice$. Feed materials are sourced locally and transported a
average ofLl00km from their point of production to reach the
animal raising operatiorAll food commodities are transported
500 miles by truck to arrive at their next point of processing

Inputs of raw materials are based on product ingredient lists
provided byMorningStar Farn® Meat products are
represented as ground meawith spices and breading added
where appropriate in the same proportions as in the MSF
database.

Transportationdatabased on actual origin countries and
transportation modes reported bylorningStar Farm® along
with assumptions about distances framese points of origin

Impact of raw food ingedients from Ecoinvent (v3, SCLCI
20157, Agrifootprint (Blonk 2014jpnd other leading
databaseswith some adaptations made to best reflect other
available information

Some commodities, such aeef, chicken, andgrk modeled
directly for this projetbased on best available referencés
particular, Eshel et al. (2014) is used to characterize feed
intake and content.

5FaGF F2NJljdAy2 ¢l a 3IIGd§KSNB
supplying farm

a4 (KNP dzAK 2 dzi

Manufacturirg energy
taken from an available
source of hamburger
production facility

Mfg. data fromtwo of
MorningStar Farn®
production facilities

All information is

allocated to products
based on weight

Ecoinvent v 3.1 used to
represent production of
electricty, water, fuels

"
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Packaging

Assumption of plastic
bag or film, with paper
sheets to separate
patties. The cardboard
used in product
distribution is assumed
to be recycled. The other
tertiary packaging
materials(e.qg., plastic
pallet wrap) are sent to
municipal waste
systems.

Based orMorningStar
Fams®updated flexible
film packaging, including
weights and materials, as
well as pallezation
configuration

Ecoinvent v 3.1 used to
represent packaging
materials

Retail & dist.

Distances modelled as
being identical to the
MorningStar Farms®
information mentioned
below. All transport is
frozen, except ground
beef.

Distribution to retail
distribution centers
based on reported
MorningStar Farn®
average distances;
Transport fronthe
distribution centerto
store based on assumed
distance. All transport
and storage is frozen
Energy use for cold
storage is based on
Humbert and Guidnard,
2015

Ecoinvent v 3.1 used to
represent electricity,
fuels and transport

Consumer

Stovetop prep of 4
servings at once
(arbitrary choicg. Also
includes storage in
refrigerator/freezer
cleaning of dishes after
meal

Identical to the meat
products mentioned
above, with frozen
storage for all products
Energy use for cold
storage is based on
Humbert and Guidnard,
2015.

Ecoinvent v 3.1 used to
represent electricity and
fuel
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3.1 General description dhe systemstudied

In addition to the generaldescriptions belowspecific data pertaining tthe data and assumptions used
to characterizeeach systentanbe found inthe AppendicesThesections below firstharacterize the
subjects of themeals comparison and the lattesections charactéze the subjects of theproducts

comparison.

Meal Systems

Meatless and meatontaining meal classifications agtaracteriation

Food group composition for me@bntainingand meatless meals in the LCA have bgamrced from the
dietary component of the Ational Health and Nutrition Examination Survey (NHAMBESEomplimented

with (disappearancedlata from the United States Department of Agriculture (USDA) Economic Research
Service (ERS) and the National Marine Fisheries Service (Na#fi@Shutrient datafrom the USDA
Agricultural Research Service (ARS) National Nutrient DatabNd$&NES is conducted continuously, in
two-year cycles, by the National Center for Health Statistics, a part of the Centers for Disease Control and
Prevention (CDC), with the gaafl evaluating the health and nutrition status of the noninstitutionalized
civilian popudtion of the United States (CDC 20)159ae food groups reported through the NHANES have
been made more specific where possibleusyng agricultue/resource datdrom the USDARS2015a)

and the NMFSNOAA2014) 8 In addition,when needed USDA AR@ata havebeen utilized to convert
cooked ingredients to their raw forngeeTableé and TableB for further details on bbw these data sources

and otherassumptions have been applied to arrive at the representation of foods consumed.

The most recent cycle of publically available dietary data was used for this LCA analfysposted
dietary data from 4,948 male and fengaddults (19+ years) in the 206 2012. NHANES utilizes alRdur

recall to collect dietary data; participants are asked to provide a detailed description of foods consumed
in the previous 24our period and selflefine the associated eating occasion digrivhich the foods were
consumed CDC 2015b, ARS 201%herefore, it is possible to capture information about foods reported

to be consumed at breakfast, lunch, and diniiéris also possible to capture snacks and other eating

8Where it is desired to understand the consumption of docategories by American adults at a greater level of
specificity than that provided by NHANES, data on the disappearance of foods in the US has been used (USDA 2015a
and NOAA 2014), as this is the best know data source for use as an approximation ofiptioswf these food

types by human adults in the US, even though such consumption is not the only means by which food commodities
recorded in these databases disappear. For example, consumption by children or animals are likely to also be
responsible fosome of the disappearance of these materials.
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occasions, howevethese data werenot captured for this report)This allows the food production portion
of the meal life cycle to be characterized.

Because the dietary data from NHANES isreglbrted, undefreporting or ovetreporting may influence

the estimated intakes. Indgition, the present analysis captures only food group intake at meals and not
snacks or other eating occasions, which means conclusions cannot be drawn about overall dietary intake.
It is the intention of this assessment to focus on individual meal coeasind not total daily intake or
dietary patterns.Lastly, the data used reflects a sample of the population and does not reflect actual
intake by any specific individual. The nutritional content representedmmals constructed with
NHANE&ISDANMFS datdhas not been considered in the choice of this data source bedhegmirpose

of this report is to assess environmental impact of dietary changes, ratherttigamutritional adequacy

of those changes.

For the LCA analysis, we used ihtake of reportel food groups based on the following NHANES

classificatios:
1 meat, poultry, fish and mixtures; 1 fruits;
1 milk and milk products; 1 vegetables;
1 eggs; i fats, oils, and salad dssings; and
1 legumes, nuts and seeds; 1 sugars, sweets, beverage
1 grain products;

All groups are quantifieth grams for each meal occasion. A meantaining meal included any of the
following sub-categorieswithin the meat, poultry, fish and mixturdeod group whereas meatless

meals did not contain any of the following

1 meat, ronspecific as to type; M fish and shellfish;

M1 beef; 1 meat, poultry, fish with nonmeat items;
1 pork; 9 frozen shelfstable plate meals, with

1 lamb, veal, game, other carcass meat; meat,

1 poultry; 1 vegetables with meat, pdtry, fish

i organ, sausages, lunchmeats, spreads;

Within the meat category of the NHANES data, there are threecastgmories whose descriptions imply

I YAEGdNB 2F YSIiG YR 2GKSNJI F22R LINPRdAOGa® ¢KSasd

AGSYaszé aeMmRpB8yEl XSt Fk YSIGzZé FyR a+xS3SGlot Sa

124/

g A



in Table8, for calculationghese categories are represented here as mixtures of meats, vegetables and
grains. For categories described as meat and vegetabltures, a 50/50 ratio between these two
components is assumed. Where categories are described as meats, grains, vegetables, a ratio of one third
each, meats, grains and vegetables is assumed. In both cases, the rationale is to make an even distribution
in the absence of any better basis for differentiation. Where results are shown by food category, these
GKNBS OFiGS3I2NASE 2F YAEGdZNBE Oirtyres withyhkaf 3 0 ¥ SLINE BNR S
transparent view of their influence on the resulfor calculations of environmental impact, the meat in

the following categories is considered to be@nbinationof meattypes(meat, nonspecific as to type;
lamb, veal, game, other carcass meat; organ, sausages, lunchmeats, spreads; meat, poultrh fish wi
nonmeat items; frozen shefftable plate meals, with meat; vegetables with meat, poultry, )fiskle
classified these meat mixtures asombiation of beef, chicken, porkand fish Disappearance dafdrom

USDA ER8SDA 2015andNMFYNOAA 2014yasusedto specify proportions athesemeattypes(see

Table8 for details of how meats and other food groups are represented based on a combination of the
NHANES data and that from USDA ERS and W®IFRte, all poultry is repiented as chickerbased

on the assumption that among those meats for which life cycle inventory data are available, chicken is the

most similar to turkey in terms of raising and feed, requirements.

All intake for foods within a category wensedto produce a meal average for breakfast, lunch, and dinner
within meatcontaining and meatless meaknd the weight of each food category within each meal type

is presented inTable6, with food categories of meatless meals weigldjusted (to make total meal
weights equivalent between meaontaining and meatless mealslote that food categories for both
meat-containing and meatless meals are further adjusted to account for wasteT@ae7). As described

in more detail belowmeatless meals have baescaled up to account for their lesser weigfihese meal
averages do not necessarilyepresentpeople who consider themselves vegetar@mnintend to choose a
vegetarian meal option An attempt is made tgrovide a basis for comparison of meadntaining and
meatless mealsBecause the reported meatless meals on average contained less food (by mass) than the

meat-containing meals, the contents of these meals were scaled up in weight. As the focus of the presen

®Where it is desired to understand the consumption of food categories by American adults at a greater level of
specificity than that provided by NHANES, data on the disappearance of foods in the US hagb€biSisA 2015a

and NOAA 2014), as this is the best known data source for use as an approximation of consumption of these food
types by human adults in the US, even though such consumption is not the only means by which food commodities
recorded in these dabases disappear. For example, consumption by children or animals are likely to also be
responsible for some of the disappearance of these materials.
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assessment is awhat food peopleeat, this removes the confounding effecttoddwmuch food they edf.

Most importantly, itavoids the potential that if a benefit is to be identified for one meal type over another
that it might be explained by the overajuantity of food eaten. Following this adjustment, the meatless
meal averagsrepresented here contain the same weight of food as the reported reeataining meal
average, but the proportionate distribution of food types within the meal is based oe taported
meatless meald-ood categories were scaled up consistently across both meals types to account for food

waste.

The data on meals used here includes fluid milk and juices, but does not include other beverages, such as
water, soda and other sweehed beverages. These other beverages are excluded partly because when
represented by weight, they are a large majority of the weight of food and beverage consumed
Additionally,we assumed that théeverageconsumption would novaryif one switched froma meat

containing to a meatless meal.

NHANESJSDANMFSlata has been selected as thest available source of data to provibasis for this

assessment due to the belief thttey provide that best available basis for evaluating the questioto of

whateE 0 Sy i aYSI of & S5Re&Hgied NI NS/ (dza SFdzt &St SOGA2y ONRGSN
the environmental impact of food consumptipwhich is the goal of this analysis. However, NHANES
USDAand NMFS arenot perfect source of data for such aomparison and in particular the following

necessary assumptions should be noted:

1. It is assumed thisntake data scaled to account for food wastes sufficiently accurateand
representative ofactual behavior

2. It is assumed that the combination of foodypes and amounts represented in
NHANE&SDANMFSmealconstructsis appropriate for a populatichvased comparison.

3. It is assumed thathe populationfrom whom the information is drawn represents welle
population or people to whom the results would bpied.

4. Itis assumel thatbeverage consumption is the same in meantaining and meatless meals

10 Although he data used here do show that meals containing no meat weigghthan those containing meat is

not clear that this is a causal relationship or simply correlational and due to other factors. For example, 60% of
American vegetarians are female and women eat less than men do. In addition, there may be other factors that
correlate with both vegtarianism and smaller meals beside gender, but that are not causal relationships.
believed that applying the raw data from NHANES without adjusting for weight would create a greater risk of biasing
the analysis in favor of meatless meals than amshhat applying this adjustment creates in favor of meat
containing meals.
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5. ltis assumed that théocation at which meals are eaten (e.g., at home versus out of home) does
not have an effect on the comparison of meaintaining andneatless meals, as location is not
distinguished here.

6. Itis assumed that the quality and specificity of life cycle inventory (LCI) data selected are sufficient
to represent the range of food types and their classification within the NHANEEBANMFSmeal

constructs See for example the representation for meat categorieBahleb.

Representation of meals life cycle

The scope of the meal systsimcludes dlactivities needed to providerealto an American adulfrom

G FF N2 Ng2d £ I Fagurdél Shislinklid&sRhe grofving or production of all theoducts their
harvesting, processing, transport, manufacturing processes, packaging, food preparation and disposal of

all packging and food wastes.

Figurel: Stages of the life cycle of theeat-containing and meatlesmeals

Food Distribution Waste

Packaging Consumer us§

maufacture and retail management

Regarding the raw material stag&able8 provides a summary of how each tife food categories
descrited in the above section arepresented by preexisting oradapted life cycle inventory (LCI) data
to represent the production of food raw materials within these categodisstages downstream of raw
material production are represented in a similar wiay the meatcontaining and meatless meal/hile

the proportion of various food comntities withinthe two mealcategoriesdo in fact differand in more
complicated ways than simple substitution, the remainstages of the meal lifeycleare assumed tde
nearly identical between these meal typedany aspects of these stages are proportional to the weight
of food and so the activity in these stages for breakfasts, lunches and dinners differ primarily based on
the differences in average weight for eackeah type.As shown inrable6, the weights of food in the
meals reported by NHANES have besljustedso that for each of breakfast, lunch and dinner, the
meatless meals have the same total weight as the roesttaining meals. Hogwer, breakfasts, lunches
and dinners have not been adjusted to achieve an equal weigh among these three meaéaghekseing

assigned thaveightof meatcontaining meals for that meal occasionraported by NHANES

127/



In the case of fisltontaining mealsit is noted that the activities of catching witchught fish (e.g., boat
operation) are includedhowever,the implications for sustainabilitpf fisheriesare not able to be

addressed in this assessmétt.

Alternative scenarios within meals assessment

Although the outcomes of this assessment are focused on comparisons of consumption of meat as a
category, in substituting individual meals, it is likely the case that one particular meat type is primarily
being replaced, as it is assumed that most meattaining meals contain either only one type of meat,

or at least one type of meat makes up the majority of the meat within the meal. Because of the potential
that these outcomes might vary by meat type, a set of scenarios are explored in which in the meat
containing meal is solely beef, chicken, pork or fish, rathen a mixture of each based on the average
within the reported meals. In these cases, the total mass of all meat within the-owaaining meal
average is represented as all beef, all chickimpakor all fish. Results of these scenarare presented

in Appendib&

In identifying the best source of data to represent meatless and roeataining meals, othedata
sources were considereth particular the Dietary Guidelines for Americatid®A 2010) werevaluated
However, thesevere determinedhot to be the right source of dat@r the purpose of this studpecause
they do nothelprepresent what Americans actually eatreport to eat but rather what Americansould
eat if theyfolloweddietary guidelinesand it has been reportethat most Americans do not meet federal
dietary recommendations (Krefsmith 2010)In addition, the meal commition in this source is a less
specificcategorization,which limits ourability to associate the fad intake with production of specific
types of food.

Product systems
MorningStar Farms@eggieproducts

MorningStar Farmsfakesa wide range ofoods, many of which fall into the category of meat substitutes,
implying that these products are intended tme able to be includein recipes and meals as direct

substitutes for aneat food productsuch as a hamburger gt pork or chickersausage patties, or other

11 Although fish and shellfish are included throughout this assessment, the assessment does not consider the impact

2F FAAK O2yadzYLliAzy 2y (K &ichdskh imdoftaitEanhcerd fegaitiighthe inpadfoR Q& F A
catching and consuming withught fish. This additional issue should be considered when evaluating the
environmental impact of fish consumption and that the Hi2&ed methods used here do not consider i
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primarily meatbased products These products are made primarily of various grains, neguand
vegetables and includemaller amounts of other ingredients intended to season the products, provide

texture or serve other purposes.

Theseproductsare manufactured by MorningSt&arms®in their USocations, where the products are
alsopackaged and pregred for shipment to the market. The$eods are kept frozen from the stage of
manufacture through the distribution and retail network and are intended to be stored frozen in the
O2yadzYySNDna K2YSd ¢KS LINRPRdzOGa YI & mpduct®eihb®R Ay
meat patty and would most likelye heated in a pan on the stoee heated in the microwave. One of the
foodsresembles ground meat and is likely to be prepared in a wider variety of Wéilisugh the above
describes the modiypicaluse patterns, there is a wide range of ways in which any of the products might

be prepared.After product use, the packagingtigicallydisposed of in the municipal waste system.

Asdetailed below and shown iRigure2, the product system includes all aspects of production of the raw
material ingredients, manufacturingand packaging of the food product, use of the product food
consumption and disposal of packaging, as well as the intervening transportation, storage and handling
of the raw materialingredients and food product between these activitidte that in comparison to

Figure 1, the waste disposal stage is omitted. Because it has been assumed that all the product that is
purchased is consumed, the only waste materiakhatproduct endof-life is the packaging materials and

the endof-life management of these materials has been grouped into the packaging stage.

The sixMorningStar Farms® veggie produbising assessed are listed Trable 3 below, which also
illustrates which of theMorningStar Farms® veggie produate compared to which meat alternative

product. All products are compared on the basis of agsé@m portion.

Figure2: Represented stages of the life cyaldlorningStar Farms® veggie products

» »

Raw

Manufacture Consumer

materials
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Table3: The MorningStar Farms® amekat productscompared in the assessme(all are compared on
60gbasis?)

MorningStar Farm®products (all frozen) Meat productsfor comparison

Grillers® imblesV Ground beef (fresh)

Griller® OriginaBurgers

Spicy Black BegSBBBurgers Beef burges (frozen)

Roasted Garlic & Quing@GQBurgers

Original Sausage Patties Pork sausage patties (frozen)

OriginalChik Pattie® Breaded chicken fities (frozer)
Meat products

The meatproductsconsidered here include beélurger patty porksausage pattyand chickersausage

patty. Althoughmeat productsmay be distributed and sold to consumers in a wide range of forms, to
reflect the most commonidtribution method in the US, as well asrtintain as similar of a comparative
function with the MorningStar Farms® veggie produfagich are sold frozenkhe meat productsare
assumed to besold in frozen format, divided into individual serving pomsothat can be cooked from
frozen.The onlyexception to this is thergund beef, for which marketing data suggests fresh distribution

is the most common distribution type in the US and so this product is represented as being kept at

refrigerated temperatues from the stage of manufacture through the time of preparatiNielsen2015).

Details of the representation and underlying data sources for the representation of the beef, pork and
chicken products is provided in Appendices |, J anthK.productionof the meat productsbegins with

the production of animal feed, whicis in most cases grown elsewhere atrdnsportedto the animal
raising operation, usually by trucklote that some meat farms may grow some portion of their feed on
site. Tablel3 containsassumptions about transportation stages throughout the life cycle and shows the

assumptions about average feed transport.

2 All products are compared on a basis of 60 grams, even if the actual size of a single packaged serving is not 60
grams. For example, the activities for cooking the products and cleaning of dishes are based on one packaged serving.
Note that the weightof the meat products varies widely by manufacturer and so 60 grams has been used here as
the packaged serving size of all meat products.
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Themeat producs are derived frontonventionalanimal raising operationsvhere the animals are kept

and fed until the appropriate time is reached for them to be sent to slaughter, at which point they are
slaughtered and divided into varionseatproductsand in some cases other products (for example hides
to be used for leather)The representation obeefin this study is not intended to reflec#atural and
grassfed 2 y thé&efbut rather the most typical beef production practices within the E& all meatsn
addition to being separated into various sections (i.e., butchering), the meats may aldortber
processed, such as grinding, at this stdgeall animal raising operations modeled here, the production
up to the point of slaughter is allocated among various animal outputs through an economic allocation
based on the value of each output type.

The meat products are represented as simply ground meat, with the addition of spices (pork and chicken)
and breading (chicken), where appropriate based on the weight ratio of these same spices and breading
in the MorningStar Farms® veggie products resipe

Meat products aretten frozenor refrigeratedand packaged, where they enter a similar distribution and

retail network as for theMorningStar Farms® veggie produdiete that refrigeratedmeat producs will

typically move much more quickly through didéth 0 dzG A 2y~ NBGF At IthaRfroteKS O2 Yy &
productsand so the assumed storage times for refrigeratedat products(ground beef in this caséd

less than for frozen products.

As with theMorningStar Farms® veggie prodydtse meat productsmay beO22 1 SR &4 G KS O2y
homes in a variety ofvays.We assume here the same set of cooking conditions for bothntieat

products and theMorningStar Farms® veggie produ@scause there is no basis for assuming the cooking
conditions would differ sstematically for the meat products andorningStar Farms® veggie prodycts

we have used the sanmset ofassumptions regarding cooking for both.

Theprimary packaging fomeat productsis representd as consisting of plastic film, which is packed for
distribution within cardboard case$leat productsin the categories represented are packaged in a wide
variety of ways and a packaging system has been chosen here to be very similavitoiveggStar Farms®
veggie productsas the assessment is not intendedb® a comparison of packagingjiter consumption,
primary packaging materialée.g.,film andclosure$ are disposed of in the municipal waste systérhe
cardboardused in productlistributionis assumed to be recycled. The other tertiary packaging nadseri

(e.g, plasticpalletwrap) are sent tanunicipal waste systems

As detailed below and shown ligure3, the product system includes all aspects of production of the raw
material ingredients, manufacture and packaging of greduct, use of the product and disposal of

packaging, as well as the intervening transportation, storage and handling of the raw materials and
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product between these activitie§.he consumer stage includes the storage and cooking of the products

and the ¢eaning of cooking and eating utensils. Note that impacts of disposal of packaging are included

in the packaging stage in the meals gmarson.In addition to each of the meat products mentioned
Fo2@Ss ¢S Fftaz2 FaaSaa |y dabi®8oNg by BeightivgSehach of thiNta® dzO (i @
pork and chicken product results by the relative proportion of these meats in the disappearance data
supplied by USDA (2015c). The proportions used are 26.9% beef, 23.1% pork and 50.0% chicken. Each
percentage is @lculated as the amount of the disappearance of that meat type divided by the sum of

these three meat types. Beef is represented as frozen beef burger.

Figure3: Stages represented in the life cycle of n@raducts

Animal raising Retail and

REWANEVCIEIE Consumer

operation distribution

3.2 Comparative asis: Functions and
functional unit

[ATS 0eoOfS FraasSaavySyid NBEASAE 2y | aFdzyQlAzyl t dzyA
single system or among multiple systems on a common basis. It is therefore critical that this parameter is

clearlydefined and measurable.

It is acknowledged that there is not a single clear and agreed upon measurement on which to set a
functional basis for food consumed, due to the multiple reasons people eat (nutrition, alleviate hunger,
support social interactionsand other psychological reasons), as well as the difficulty of quantifging

many of these needs are met. As noted beltath the meals and product are compared here on a per
weightbags. To explore the dependence of results on the functional unitarisons for the products

have also been ade on the bases of equal energy (caloraas) equal protein content to allow evaluation

of the importance of this selection of the functional unit ba3ise results of these comparisons are shown

in Appendix C
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The functional unit for the comparison of mealsjgoviding a US consumer with a meat their home

In particular, he meals to be compared are considered to be comparable or interchangeable based on
the total weight of food they containThesize ofthe meak to be compaed is based on the composition

of meatcontaining meals reported by American adults surveyeNHANE$2011¢ 2012. These meals
contain366 grams of food in the case of a breakfast, gdamsin the case of a lunch amtb6grams in

the case of a dinnerThe composition of the meals to be compared is based enabmbination of
NHANE3JSDAandNMFS data.

The functional unit for the comparison dflorningStar Farm®productsand meatproductsis providing

a US consumer witb0 gramsof meat patty or alternative at their home

The alternatives are considered to be functionally equivatemnthe basis of equathassand a serving size

of 60 gramss used herelNote that this 60 gram amount may differ from the serving size in which ptsduc

2NJ 82f R 2NJ 6 KAOK GKS LINPRdzOU Q& LIFADéxaniple,yhd enRr§yT A v S &
used in cooking and washing dishes is assigned to each product on the basis of one packaged portion.
Note also that the equivalence is set at the ambaf producttocbeO2 2 {1 SR 0 dAy GKS NBOALJ
its weight after cooking. Some products may lose weight, especially from water loss, in cooking as steam

or water droplets escape. This amount of weight loss will likely vary by product and by gooddinod.

b2GS taz2 GKFG GKS FdzyOlAazy 2F GKS LINRPRdzOGA 2N Y
nutrients. Consideration of the nutritional benefits of food choices is highly complex and is highly
dependent on the individual and their lifgdé choices. Functional unit comparisons based on nutrition

are outside the context of this LCBeyond nourishment, any other functions of the products are not
considered here. For example, taste, enjoyment, relief of psychological stress, providirig fbbascial

interactions and others may all be reasons that people consume food in certain contexts. No attempt is

made here to compare these products or meals to alternative ways of meeting these needs and each of

the options compared is considered te hble to equally meet such functions.

Scenarios are conducted Appendix Go consider a comparisoof productson the alternative basis of

calories or protein

3.3 System characterizatiand data sources

To fulfill thefunctional unit different quantities and typesof materiak and other processeswe required
for eachproductormealTK S&aS f AadGa 2F Ayllzia GKFd LINRPOGARS GKS A
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The following sections provide details of the information used to define these reference flows for the

meals and products assessed here.

Animal feed production and animal raising

The processes of raising the animals are assumed to inelodbeints of energy and water on the farm

site. The following table shows an example of the amounts used in the beef production model, which has
0SSy o0l & 8defcate foiskuiyhter, atbeeffabm Y2 RSt ¥ foBtpfint dakaBase (BlANR
2014),one of several data sources used as a reference for the modeling of the meat products. See
Appendices | through K for more information on the modeling of the animal raising operations.

Table4: Energy andVater Usel on the cattlefarm (For 11,700 kg of cattl®lonk 2014)

Input Value \ Process LCI data used (from the Ecoinvent 3.1 databas
Transportation of feed to animal farm 37280tkm Transport, truck>20t, EUOR4, 80%, default/GLO Econom
Energy use from machinery 68043.7 MJ Energy, from diesel burned in machinery/RER Economic
Drinking water for animals 1609.8 m3 Water, unspecified natural origin, US

In addition, the animal raising processes are assumed to require the inputs of feed materials. The feed
materials included ardisted in the Appendix I. Lacking a source on average distances for transport of
grains to farms, it is assumed here that these feed materials are sourced locally and transported an

average of 100 km from their point of production to reach the animaimgisperation*?

The transportation of the animals from the farm to the processing plants is included within the animal
raising stage and is based on the assumption that the animals will be transported by truck from farm to
the point of slaughter and prossing, which is assumed to occur at the same location. Lacking average
statistics on this transportation stage, a value of 100 km has been assumed.

Animal slaughter and processing

The primary inputs for the slaughtering and processing are assumed toétle@¢nergy and water used

at the processing operation (based on SCLCI 2015) and the emissions from these operations (based on

3 The distance feed typically travels from feed production to animal raising operations in the US is not a well
docunSY 4§ SR @t tdzS® LYy NBGASgAYy3a | FSg 20KSNEQ FGdSyLia G2
et al (2012) in their assessment of US pork use an assumption of 30 miles. Battagliese et al. (2013), assessing US beef
use and assumption d&&00 miles. Neither cites a source for their assumption beyond the rationale that there is

usually a close proximity between feed production an animal raising. The 100 km value used here is based solely on
judgement and taking a balance between the valussd in these other studies.
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Verheijen 1996). The underlying data for the processing of each of beef, pork and chicken are shown in
Appendices I, J and K.

Rav materialproduction and delivery faneat
containingmealsandmeatlesaneals

Theraw materialsstage is defined here as the processes necessary to produce agricultural and other raw
material ingredients as supplies for food product manufacture and/bepprocesses to prepare food to

be distributed to the market. The composition of theeat-containingmeak and themeatlessmeaks is

based ormeals devioped using NHANES, USDA HiMFSlata, with considerations made for wastéee
section3.1 formore irformation about NHANESJSDA, NMF$hd associated dietary data

Table6 shows the resulting composition afeatlessand meat-containingmeal averages Note that the
contents of themeatlessmeals have beescaledupward to achiee the same overall mass of food as is
present in the reportedmeatcontaining meals. All food categories shown areepresentd in the
environmental assessment of the meals

To arrive at the final calculation of the environmental impact of producing thd fas materials within

the meals being compared, the present LCA combines data from several sources to characterize the
amounts of various food types within the meal averages and the environmental impact of producing each
food type. In doing so, the avdidity and match of life cycle inventory (LCI) data to represent the food
types as they are categorized based on the reported amounts consumed are in several cases imperfect
and some assumptions and approximations are made. Rather than omitting food dategdhere
matches are not perfect, the best effort is made with available data to provide a complete and accurate
assessmentTable5 illustrates the types of data used and steps made in making this calculation, using
types of mat products as an example food categoBetails of how all food categories have been
represented are shown ihable8.

/ 35/



Table5: Calculations and data used to represent the environmental impact of pradaov materials

for the meals, example using the meat category.

Amount of raw materials
produced to provide meal

Environmental impact per
amount of raw material

Primary data
sources

The NHAN&USDA201%) and
NOAA(2014) areused to represent
the amounts of food categories
consumael, scaled up to estimate the
amount produced by considering

waste based on Buzby et al. 2014

Environmental impacts are based on
Life cycle inventory (LCI) data soes
are summarized ifable8. These are
primarily the Ecoinvent database (v31
SCLCI 2015) and Adpotprint (Blonk
2014).

How beef is
represented

rtf F22R Ol GS3a2
grouped together

Environnental impacts are representec
by the beef LCI datasets summarized
in Appendix |

How pork is
represented

rft ¥22R OFdS3z2
grouped together

Environmental impacts are represente
by the pork LCI dataseas summarized
in Appendix J

How chicken
/ poultry is
represented

All food categorized as chicken,
turkey or other poultry is grouped
together

Environmental impacts are represente
by the chicken LCI datasets
summarized in Appendix K

How fish/
seafoodis
represented

All food categorized as fish, shellfist
or other seafood is grouped togethe

Environmental impacts are represente
by the fish LCI, which @&mixture

(50%/50%) of farmed and wilchught
fish, as summarized in Appendix L

How other
meats are
represented

All ather meat products or
unspecified meat products are
grouped together

Environmental impact oflbother or
unspecific meats are representéy a
mixture of LCI data fobeef, pork,
chicken and fish, based on a weightes
average of these meats according to
their relative consumption in the US a
reported byUSDA (2015c) and NOAA
(2014)

How
mixtures
with meats
are
represented

Three sukclassifications of meat
under NHANES are mixtures of me:
with non-meat products. These are

represented as mixtures of méwith
vegetables and grains (s@able8).

SeeTable8 for a description of the
representation of each category.

_ Environmen

tal impact
to provide
raw
materials
for meal
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Table6: Composition(grams)of the original NHANES meal data and theight-adjusted“and wasteadjusted meatlesand meat-containing
meals® (based orNHANES 20112, USDA 2015b, Buzby et al. 2p14

Meat-containing meals Meatless meals

Scaled to equal mea| Adjusted for waste
ata from NHANES | Adjusted for waste | Data fromNHANES weight

~—~

Breakfast (g)
Lunch (g)
Dinner (g)
Breakfast (g
Lunch (g)
Dinner (g)
Breakfast (g)
Dinner (g)
Breakfast (Q)
Dinner (g)

Dinner (g)
Breakfast (g)

Commodity
Milks and milkdrinks
Cream and cream

o
I
N
[A
o
w

a
>

substitutes 3.47 0.63 0.77 4.89 0.88 1.08 4.35 0.76 1.42 5.88 0.92 1.63 8.28 1.30 2.30

Milk desserts, sauces,

gravies 0.49 3.68 5.79 0.69 5.18 8.16 0.50 4.18 6.19 0.68 5.04 7.11 0.96 7.10 10.02

Cheeses 457 6.39 5.34 6.44 9.00 7.52 1.52 3.99 6.25 2.05 4.81 7.17 2.89 6.77 10.10

Meat, not specified 0.00 0.02 0.17 0.00 0.03 0.24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4.05 11.07 2043 5.54 1517 | 27.99 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8.31 5.88 8.56 11.39 8.05 11.73 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Lamb, veal, game,

other carcass meat 0.22 0.36 1.34 0.30 0.49 1.84 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Poultry 6.76 25.97 31.21 8.67 33.30 | 40.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Organ, sausages,
lunchmeats, spreads 2163 | 15.72 7.61 20.64 | 2154 | 10.43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fish and shellfish 3.36 8.65 19.36 5.51 14.18 31.74 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Meat, poultry, fish
with nonmeat items 2549 | 7493 | 7846 | 34.91 | 102.64 | 107.48 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

¥ The meafiltered data taken from NHANES shows a weight of 270.5, 341.1 and 342.1 grams for meatless breakfasts lunches andcdimparsson to
365.6, 411.6, and 496.2 grams for meantaining meals. The meatless mehl/e been adjusted to have equal weight to the meantaining meals by
increasing all meal components proportionately.
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Commodity
Frozen, shelstable
plate meals, w/ meat
Vegetables with meat,
poultry, fish
Eggs
Egg mixtures
Egg substitutes
Legume$®
Nuts, nut butters, and
nut mixtures (with
carob)

Seeds and seed
mixtures

Yeast breads, rolls
Quick breads

Cakes, cookies, pies,
pastries

Crackers and salty
snacks from grain
Pancakes, waffles,
French toast, other

Meat-containing meals Meatless meals

Scaled to equal mea| Adjusted for waste
ata from NHANES | Adjusted for waste | Data fromNHANES weight

Breakfast (g)

—~

Dinner (g)
Breakfast (g

Dinner (g)
Breakfast (g)

Dinner (g)
RICEES ()

Dinner (g)
RICEES ()

Dinner (g)

18 The weight of legumes shown here is cooked weight. These value were divided by 2.76 to arrive at the dry weight of bewaes dmased on the ratio of
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Meat-containing meals Meatless meals

Scaled to equal mea| Adjusted for waste
ata from NHANES | Adjusted for waste | Data fromNHANES weight

Commodity
Pasta, cooked cereals,
rice’

—~

Breakfast (g)
Dinner (g)
Breakfast (g

Dinner (g)
Breakfast (g)

Dinner (g)
RICEES ()

Dinner (g)

RICEES ()
Dinner (g)

Cereals, not cooked or
not specified?®

Grain mixturesfrozen

plate meals, soup

Meat substitutes,
mainly cereal protein

Citrus fruits, juces
Dried fruits'®

Other fruits

Fruit juices and nectars
excl. citrus

White potatoes, starch
vegd.

Dark-green vegetables
Deepyellow
vegetables

Tomatoes and tomato
mixtures

17The weight of pasta shown here is cooked weight. These value were divided by 2.35 to arrive at the dry weight of pasted¢taseat on the ratio of

calolm Sa 2F 02

21SR YR RNE LI &dl
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18The weight of grains shown here is cooked weight. These value were divided by 2.81 to arrive at the dry weight of graimedcdased on the ratio of
calories of cooked anddryic 6 6 KAGS0 FNBY G(KS

19The weight of dried fruit shown here is dried. These value were multiplied by 4.46 to arrive at the wet weight of fruite@ednisased on the ratio of calories
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Meat-containing meals Meatless meals

Scaled to equal mea| Adjusted for waste
ata from NHANES | Adjusted for waste | Data fromNHANES weight

~—~ ~—~ ~—~ ~—~ ~—~
2 2 2 2 2
@ = @ 5 | = @ 5 | = |z S | = |z S | =2
— S — S — S — S o S
~ ) X < ) X < ) X < ) X < )
@® c @® o c @® o c @ o c @ o c
= = e 5 = o = S 0 = < 0 = S
Commodity i) @) i) 3 a) i) 3 @) 0 3 ) ) 3 @)
Other vegetables 4.93 6. 7.04 5. 3.80 9. 8. 5.14 5. 3. 7.34 0. 2.

Mixtures mostly
vegetables w/o meat 0.19 0.05 0.00 0.28 0.07 0.00 0.48 0.66 0.00 0.66 0.80 0.00 0.94 1.14 0.00
Fats 1.73 0.60 1.28 2.79 0.96 2.07 1.04 0.58 0.63 1.41 0.69 0.72 2.27 1.12 1.17
Qils 0.00 0.05 0.07 0.00 0.08 0.12 0.03 0.12 0.10 0.05 0.14 0.11 0.08 0.22 0.18
SEIEG LSS 1.10 4.61 4.75 1.77 7.44 7.66 0.13 1.67 1.93 0.18 2.2 2.21 0.28 3.25 3.57
Sugars and sweets 8.94 2.45 3.19 15.15 4.16 5.41 5.37 3.49 4.05 7.26 4.21 4.65 12.30 7.13 7.88
Total of all categories 366 412 496 491 554 667 270 341 432 366 412 496 487 559 677

Note: Meat refers here to any item categorized by NHANES as a meat, which includes the flesh of any animal, including fish. Meat does not include eggs or dairy.
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To represent the amount of the raw materials produced, these material weights are scaled up to account
for food waste, based on dafeom Budy et al. (204), which are showim Table7

Table7: Loss of foods at the retail operations and consumer (Based on Buzby et al. 2014)

Loss at consumer level Total loss, retail and

Food commodity group Loss at retail level (% (%9 consumer (%)
Grain products 12 19 28.7
Fruit 9 19 26.3
Vegetables 8 22 28.2
Fluid milk 12 20 29.6
Other diary 10 19 27.1
Red meat, pork and othe 26.1

4 23

meats®

Poultry 4 18 21.3
Fish and seafood 8 31 36.5
Eggs 7 21 26.5
Nuts, legumes 6 9 14.5
Sugars, sweeteners 11 30 37.7
Fats, oils 21 17 34.4

Theraw material productiorand delivery stage also includes the transportation of these commodities
from their point of production €.g, a farm) to the relevant processing enanufacture location. The
distribution of each of the commaodities will vary widely throughout the food systeatking a specific
source of data on the average distancegpobductsfrom production to processing general assumption

is applied here thaall food commodities are transported 500 miles by truck to arrive at their next point
of processing. Note also that sompeductswill not undergo additional processing and will be transported
fresh to the marketplace. It can be considered that this lackdditional transport is accounted for in

arriving at the average distance mentioned above.

Representation of food raw materials within meals

Table6 presents the weights of food raw material categories present within each ofntbal types
represented.Table8 summarizes how each food group frohable6 has been represented by life cycle
inventory data characterizing the set of environmental emissions and uses of resources@diparaw

material production stage of the meal life cydiear some categories, such as legumes and nuts, adequate

2¢KS .ddoe SiG Ftd wnmn NBLRZ2NI dzaS
0SSy NBYlIYSR (G2 aNBR YSIGxX LEN |
we have applied this waste value in the present assessment
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detail on subcategorization and/or adequate differentiation within life cycle inventory (LCI) data do not
allow for finer differentiaton, one or a few components of a category have been used to represent the
production of all products in that category on a peeight basisWhere it is feasible to do so and where

the available life cycle inventory (LCI) data allow it to be utiliaddtional specificity within the category

has been added where possible to allow for a more detailed representation of what is consumed within
SIOK OF{iS3I2Nred 2KSNB (KAa A& R2ySI RIGIF FNRY GKS
2015). These ata characterize the proportional consumption of various food commodity categories
within the United Stated.egumes, pasta, grains, and dried frae scaled from wet weight to dry weight

to account in differences in how these commodities are represeirigtie NHANES data in comparison

to the LCI data sources. This scaling is done based on the relative caloric content of wet and dry versions
of these commodities in thelSDA ARS National Nutrition Datab@d48DA 2015b)

Because of the central role of meatthe comparison of meals, it is worth taking note that all meats that
cannot be classified as specifically beef, pork, poultfist/shellfish have been represented as a mixture

of these four categories, based on the assumptions that much of the méa¢ underspecified categories

is one of these four common categories and that for the amount that is other meats, the production of
these four categories is the best available approximatiathefroduction of these additional meat type

Of note,approximately 7% of total meat consumption in the US is turkey (UDSA 2015c and NOAA 2014)
andall poultryhas been represented here based on the production model for chickecording to the
{51 Q& 902y2YA0 wSaSI NOK { SNI&nSeafedironpNDAL (2044)zLILIE SY
the combination of beef, pork, poultry and seafood comprise 99.5% of total meat consumption in the US.
As described above, this other 0.5% is included in the volume of meats consumed, but represented as a
mixture of these otler types of meat due to the lack of available LCI data to characterize the many less

common meats.

As with the meats, many other food groups have been represented based on the USDA ERS disappearance
data (USDA 2015aJhe need to add greater specificityises due to the need to match the food
consumption categories from NHANES with the data on environmental impact data from the life cycle
inventory databases used, Ecoinvent (SLCLI 2015) antbagmiint (Blonk 2014). Whereas the NHANES
represents food2 y a dzY LJi A2y 6AGKAY NBfFGAGSte ONBIFIR OFGS3a2Il
FNHA Gadavs GKS REFEGF FNRY GKS [/ L RFIGFrolrasSa IINB (G&Ly
2Nl y3ISasdod 2KSNB INBI (SN §esIS @obdFdisappedraéncemithinyd iR SR Y
commodity category were used to apportion the NHANES category amounts to these more specific
commodities. LCI data are not available for all food commaodities, and so the availability of representative

data was alstaken into account in assigning the categorizations. Where LCI data are missing, as similar a
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commodity as is possible is chosen for the representation. For example, grapefruit production may be
represented as orange productiowhere it is desired to undstand the consumption of food categories

by American adults at a greater level of specificity than that provided by NHANES, data on the
disappearance of foods in the US has been used, as this is the besh klatavsource for use as an
approximation of casumption of these food types by human adults in the US, even though such

consumption is not the only means by which food commodities reabidehese databases disappear.

Table8: Representation of each food category by life cyoleentory data characterizing the

environmental emissions and resources used during the raw material production stage

Category as defined in NHANES  Grouped as Represented by
Milk and Milk Products
Milks and milk drinks Fluid dairy| Allitems in this cagory are represented as whol
: : : fluid milk, based on the followinglatasetfrom

Cream and cream subsitutes Fluid dairy Ecoinvent v3.3, which represents whole fluid milk

Milk desserts, sauces, gravies Fluid dairy a/ 26 YAE
BasedbndatasetF NEY 9 O02AYy @Sy

Cheeses Cheese FNRY 026 YAf{1X TN

Meat, Poultry, Fish and Mixtures

Meat, NS as to type Meat mixture | Represented as 2B% beef (See Appendix I), 2%

Pork (see Appendix J), 88Poultry(see Appendix K
and 68% Fish (See appendix?d.)Percentages are
based on USDA2015c) and NOAA (2014nd
representing 2014 consumptionAll poultry is
represented here as chick&h The following are the
annual consumption statistics used for th
calculation (all units @& in pounds per capita): beef
541, Pork = 46.4, Poultry = 1@)Fish = 14.

All meas which are not beef, pork, poultry or fish a
included in the assessment and are represented ¢
mixture of these 4 meats based on their proportic
of consumption n the US diet This is due to no
having applicable data available for raisimigother
Organ, sausages, lunchmeats, spreaq Meat mixture | types of meatsand that the level of specificity her

Lamb, veal, game, othearcass meat | Meat mixture

AwSTFSNBYy 0Sa GKNRdzAK2dzi GKS NBLRNAT (22 akKSY 902RFOS yd S Mo dpy NBF Si
22Numbers used to calculate these percentages are (all in units of poundslanper capita): beef 54.1, pork 46.4, poultry

(100.3), and fish (14.6).

23Given the lack of life cycle inventory data on poultry production, the data for chicken production has been used as the best
available representation for turkey production. Thi®&sed on the similarity of the animals (both birds) in comparison to other

available meat production data (e.g., cows, pigs). Among the most important parameters in determining the impact of animal

raising is the feed requirements and composition per amtoaf meat produced and it is expected that birds will be reasonably

similar to each other in this regard in comparison to, for example, a mammal.
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Category as defined in NHANES

Grouped as

Represented by

does not allow their differentiation in many casi
from these four common meat categories.

Beef Beef See Appendix
Pork Pork See Appendix .
See Appendix;Kote poultry is represented a
Poultry Chicken chickenfor environmental impact calculations
Fish and séllfish Fish See Appendix |
Mixture of Based on the description of this category, itis r
meat and| clear how much of the food represented is meat
Meat, poultry, fish with nonmeat itemg  vegetables vegetablesLacking any other basis fias been
represented here aan even splithalf each of the
category of meat mixture as described aboy
) vegetable mixture as described belowhis 50/50
Mixture of split is chosen as the point of minimal potent
meat and error or bias in the absence of any bett

Vegetabés with meat, poultry, fish vegetables information.
Based on the description of this category, it is |
clear how much of the footepresented is meat ol
vegetablesMaking an assumption of eve
distribution of this weight among the majc

categories that are expected to be includéidhas
been represented heras an even spliequal parts
(1/3 each) of the category of meat mixture |
) described above, vegetable mixeuas describec

Mixture of

below, and grains as described beldvhis 3333/33

meat, split is chosen as the point of minimal potent
Frozen, shelstable pIate meals, vegetables error or bias in the absence of any bett
w/meat and grains information.
Vegetables

White potatoes, Puerto Rican starch Starchy Represeted based on thelatasetd t 2 G |
veg. vegetables from Ecoinvent v3.1 (SCLCI 20
Dark green|  Represented based on thiatasetd { LIA y I O
Darkgreen vegetables vegetables from Ecoinvent v3.1 (SCLCI 20
orangelyellow Representd based on thelatasetd / | NNZ |
Deepyellow vegetables vegetables from Ecoinvent v3.1 (SCLCI 20
Vegetable Represented by the followindatases from

Tomatoes and tomato mixtures mixture | ~ Ecoinventv3.1 (SCLCI 2015): 4% crucife
Vegetable, 25380l ot Sa 6aOF df AFE 2

Other vegetable mixture | 008 - NBOO2tAZ> D[ heoz Ha
OSft SNE O6aOSftSNEXZ D[ hegn

M2 OdzOdzYo SNJ 6 & OdzO df

@S3aASilotSa 6aaLAyYylr OKZ

D[hé0S o: 2YA2YVE 042YVhA

LIS &% 0 EJS LILIS NE f 0 . IBNE SyNJ

NE2G ©@S3SGlrotS oaadaAa)

oaLRGEHrG2z '{&0x wm>r aiN,

Vegetablel G2Yl 6284 odadG2YlFG25 DI |

Mixtures mostly vegetables w/o meat mixture {51 Qa 902y2YA0 S a d):

Eggs
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Category as defined in NHANES  Grouped as Represented by

E E

90s - 99s Represented by the followingatasetfrom the Agri
Egg mixtures Eggs F220LINAY G RIGFoOl &8 6
Eggsubstitutes Eggs §33&as flFe&Aay3d KSy

Legumes, Nuts, and Seeds

All legumes are represented by the followil
datasetfrom the Ecoinvent database (v3.1, SC
Legumes Legumes HAMPU GClI @F o6SIy>
Nuts, nut butters, and nut mixtures

All nuts are representeds almonds, based on th

(with carob) NUIS | following datasefrom the AusLCl database (Ausl
Seeds and seed mixtures Nuts HAaMMO a! fY2YR 1SNYS
Grain Products
Yeast breads, rolls Grains
Crackers and salty snacks from grain Grains
Pasta, cooked cereals, rice Grains Represented as wheat flour, 74% ¢lEwvent v3.1
Pasta, cooked cereals, rice Grains aCt 2dNE gKSFUXZ FTNRY

. . FE2dzNkKYSIFEZ MmM: 09024
Pasta, cooked cereals, rice Gra!ns RNE YAEEAY3S Fa LXLFy
Cer'eals,. not cooked or NS as to cook Grans| g wa08x !'{é0 FyR 2FGas
Grain mixtures, frozen plate meals, dried, at farm).The breakdown is frorh { 5 !
soup Grains Economic Research Service (USDA 202815).
Quick breads Cakes  Representedasonré KA NR T f 2 dzNJ ¢

Ft2dz2NE FNRBY RNE Y Xdbtprikty]

Cakes, cookies, pies, pastries Cakes t2y| HAmMnOI 2yS GKA

FNRY 0246 VYAf {¢3.1BREN20LM
YR 2y S GKANR &adzal NI 6
Pancakes, waffles, French toast, othe Cakes 0SSG¢ FTNRBY 902Ay(
Veggie
protein Represented based on the model of MorningS
Meat substitutes, mainly cereal protei produd | Farms® Griller Original Burger from this assessn
Fruits
Citrus fruits, juices Fruit mixture| WSLINBasSyus R I M T4 I LIl
. . — D[ héo3 yi y|y| 6902
Dried fI’UI"[S Fru?t m?xture 3% berried 9 O 2 7\ y 68y 0 ooms &
Other fruits Fruit mixture INI LISE 6902Ay@S y i o ®di
6962Ay@éyu odm daSt2y=:
odbm a/ )\i]Nszéz D[ hévX
Gt S OKS&as D[hé0X FyR p
Gt Ay SPLhX
¢tKS ONBI1R2gy Aada FNRY
Fruit juices and nectars excl. citrus Fruit mixture Service (USDA 20dp*

24Where it is desired to understand the consumption of food categories by American adults at a greatef level
specificity than that provided by NHANES, data on the disappearance of foods in the US has been used (USDA 2015a
and NOAA 2014), as this is the best known data source for use as an approximation of consumption of these food
types by human adults in thgS, even though such consumption is not the only means by which food commodities
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Category as defined in NHANES  Grouped as Represented by
Fats, Oils, and Salad Dressings

Fats Representeds 3% animal fats (Ecoinvent 3
Oils aclhtf2sz dzy NEFAYSRE VLT
axS3ISulotS 2AftX NBTAYS
Posx YAEUGdNB 2F aO02diz2
ANJ LIS 2Af €0 HmE: &K2NJ
2F aaz2aosryyRrR alLIty 2
0902AY DSyl odm awSThe!

ONBI {R26y A& FTNBY ! {
Salad dressings Fats and oilg Service (USDA 20456
Sugarsand Sweets

Represented as the followgnbreakdown of sugar
types, with the LCI datasets in parenthesis: B
adAINE omx: 6902Ay @Syl
adzAIF NE HH: 06902Ay @Syl
High fructose corn syrup, 35%; Glucose syrup |
5SEGNRASYT w:T , Lw@®l
NBLINBaSyiSR a 902Ay
Honey (1%) is omitted-he breakdown is fromn
Sugars and sweets Sugar '{5!1 Qa 902y2YA0 wSa§gl

Food product manufacturing foneatlessandmeat
containingmeals

As with the transport of the food comadities, the variety of circumstances of manufacturing and
processing is very broad’here is noany information available to support an assumptithrat meat
containing meals have either more or legsvironmental impact associated with tmeanufacturinghan

meatless meals and so this stage is represented the same for both meal types

This stage includes an approximation of the extent of energy used in food processmegagigor the US,

which is derived based on the following set of information andiagsions.

1 A 2012 poll by Gallup identified that the average American spends $151 per week on food
expenses. Assuming 3 meals per day, this is $7.19 per(atbp 2012)

9 Carnegie Mellon UniversiCMU 2015provides an environmentalgxtended economiiput-
output database linking purchases and expenses for >400 economic sectors in the US to

environmental activities, such as emissions and energy use. Their data indicates that each dollar

recorded in these databases disappear. For example, consumption by children or animals are likely to also be
responsible for some of the disappearance of these materials.
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spent in the food sector results in rougtilyds to 0.1 MJ of totdenergy uset the manufacturing
stage, depending on the stdector.

1 Combining theabove, we conclude that theeal averagewill require approximately 0.®1J of
total energy use in manufacture. We have represented this energy use here as being drawn from
the US grid.

Packaging fameatlessand meat-containingmeals

The UEEnvironmental Protection Agency (BBAreports the amount of packaging disposed of in the US

to be 75 milliontons (USEPAR011), with differentiation of the amounts of paper, plastiesd other
materials contained within this. A 1990 study Hynt et al.reported that 2/3 of packaging waste in the

US was food related/Vith no more recent statistic available, we have assumed that this ratio is still
reasonably correct, even if the totamount of packaging may have changed, such changes are assumed
to be distributed equally among food packaging and packaging of other types of products. We therefore
FLILJX @ GKS Hko NIGA2 (G2 GKS 9t! Qa (20l dalscohséinied ISy S|
by the US population (319 million people x 3 meals x 365 days = 349 billion meals) to derive an estimate
of the amounts of materials used in packaging fobkiis total packaging also includes packaging for snacks
and beverages, each of whiahe categories that are expected to contribute a relatively high amount of
packaging in comparison to their weight. Approximately 25% of US caloric intake is through snacks and
20% through nordairy beverage§Sebastien at al. 2011 and US Beverage GugBaoel 2015)We have
therefore divided the result described above by a factor of 2 to arrive at the amount of packaging

average, per meal consumed.

Retail and distribution faneatlessandmeat

containingmeals
Drawing on the Carnegie Mellon UnivigysElOLCA.nadatabase(CMU 2015)it is identified that each

purchase of a $7.19 average meal cost from the retail sector will result in approxirdddedyMJ of total
energy use in the retail operation and in purchased transportation services, whickssiene here is
drawn from the US electrical gridhe environmental impact of retailing is based on the generation of

these0.014 MJ of energy as purchased electricity from the US electrical grid.
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Food product use faneatlessandmeatcontaining
meals

Food is stored and prepared in a wide variety of ways with few statistics available or identified to
characterize the average among meals. We have therefore used the energy use values from the product
comparisons sectio of this report as a reasonab#&proXmation of the energy used in storing, cooking

and cleaning up for meal The energy, water and materials used in cooking and cleaning from the product

comparison are applied herscaled by the overall meal weight

Waste management faneatlessandmeatcontaining

meals

Table7 shows the amounts of food assumedtoresulgiht 3 0 S | i (KS O®ReddUBUDNDE K2
et al. 2014) We have assumed here that this food is sent to landfill and handled there as an organic waste.
Theabove mentioned packaging is assumed to be disposed of by a combination of recycling and municipal
waste disposal based on materspecific recovery percentages published by the USERAughout the

study, all eneof-life processes are representedbased ¢ KIF G A& 2FN¥SRLILNE I OBl Y
that the impact of operating the recycling processes is included, but any benefits associated with recovery

of recycled materials are not consideradd are assumed to be a part of the next product systhasée

materials enter This issue is not expected to have a large enough impact on the study conclusions to

warrant considering alternative approaches as scenarios.

Meat product packaging
The meat products are assumed to be frozen in individual servirtppsrand then packaged in a flexible
plastic packaging, composed primarily of polyethylene (25% by weight) and paper dividers between
patties (75% by weight). The following amounts of materials are assumed to be used for packaging each

functional unit ofthe meat products:

Table9: Amounts of packaging used for mgabducts(per 60y of meat product)

Input \ Mass (kg) Process LCI data used (from the Ecoinvent 3.1 database)
. Lowdensity 0.000721 Polyethylene, LLDPE, granulate, at plant/RER U

Primary
packaging polyethylene foam

Paper 0.00217 Kraft paper, bleahed, at plant/RER U

Cardboard case 0.00191 Packaging, corrugated board, mixed fibre, single wall, at plant /RH
Tertiary Pallet 0.0000013 | EURflat pallet/RER U
packaging Plastic wrap 0.0000213 | Polyethylene, LLDPE, granulate, at plant/RER U

Extrusion, plastic film/RER U
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MorningStar Farms@w material inputs and delivery

This section provides details of the materials, energy and processes that are identified as ravalmateri
inputs to theMorningStar Farms® veggie producthe sixMorningStar Farms® veggie produbting
assessed are listed below, followed by a table identifying the list of ingredients within each product. Most
of these ingredients arrive at the productidacilities as part of a mixture of materials from thepplier.
Appendix Gshows the breakdown of the specific foatgredientswithin each product. Nat that this
appendix is shown in the external review version of this report but removed in the publiailable
version due to the proprietary nature dflorningStar Farms®eal composition dataln conducting the
assessment, a more specific list of ingredient composition, accurate to 1% for each ingredient, has been

provided and used.

The transportationprocesses required to deliver these raw material commodities from their points of
origin to the manufacturing plants are also included within this stage. For each material, the knowledge
about the location of origin and mode of transport is identifiedTiable 10. This table covers those
ingredients that contribute to the majority of the product by mass and that are therefore most important
for characterizing the impact of the material delivery network. All other products arecsemted as
originating from within the US and are shipped to manufacturing via truck. For all products originating
from within the US a fixed transport distance of 930 miles has been assumed, which corresponds to
approximately oneghird the breadth of thecontinental United States, whereas for quinoa, produced in
Bolivia, transport to the production site has been modelled through truck transport within South America,

ocean transport to the US and truck transport for the shipping within the US to the poimé&ioufacture.

Tablel0: Countries of origin and transportation modes for key MorningStar Farms® ingredients

Ingredient Sourcing Country Mode of Transportation

Corn and corn derivatives us truck
Soy and soy derivatives us truck
Wheat and wheat derivatives US or Canada truck
Dairy and derivatives us truck
Egg us truck
Quinoa Bolivia truck, ship truck
Canola oll us truck
Oats us truck
Barley us truck
Beans (black beans and lentils) us truck
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Note that whereas the meals cqrarison considers waste at retail and the consumer, the products
comparison does not. It is challenging to apply the waste data from B{2f#/)data to the veggie
products, as they do not fall squarely into one category (they contain legumes, graiesyvagetales
and oils). It has been decided to leave both types of productadjusted for waste to avoid biasing the

comparison in the way this data is applied.

MorningStar Farms@®anufacturing

The raw material ingredients are mixed and processed thw finished product at two UBased
manufacturing facilities. These facilities produce primarily these products and similar products. It is
assumed that all aspects of manufacture can best be allocated to each unit of product produced based on
its mass. Mat is, that each equivalent mass of product leaving the facility has an equivalent responsibility
for the overall use of electricity, fuels, water, emissions and waste generation at the facility. These aspects
of production are therefore assigned to egafoduct system based on the mass of the product and based

on the data for these facilities provided MorningStar Farms@nd presented irmablell.

Tablell: MorningStar Farms® manufacturing informatio12 data)

Metric Facility A ‘ Facility B

Production (pounds) 24,541,935 48,838,460
Electricity (kwh) 10,461,000 21,208,400
Electricity Source grid grid
Naturalgas (MMBTU) 58,536 77,751
Water Usggallons) 53,887,000 64,186,109
Wastewater discharge (tfans) 45,505,891 59,059,542
GHGemissions (metric tonnes CO2 eq.) 7,128 18,670
Waste to landfill (metric tonnes) 1,832 548

Waste recycled (metric tonnes) 435 1,383
Waste incinerated (metric tonnes) 125 0

Waste used as animéed (metric tonnes) 661 386

Differences in the values between facility A and Brahlellaredue to a combination of the production
scale in each plant and their operating conditicaared their scale Overall manufacturing consumption
datawas used taalculate the average amount of electricity, heat, water and waste per ktpaiingStar
Farms® veggie produatsade. These values, together with the ingredient lists, were then used for the

modelling of the production of the differeriflorningStar Farms@eggie products

MorningStar Farmsackaging

MorningStar Farms®eggie productsare packaged, as of January 2016, in a flexible plastic primary

packaging, suitable for use in frozen foods applications, and this primary packaging is transported within
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the retail supply chain in corrugated cardboard secondary packaging. The specific weights and materials
used in these packaging systems for theMorningStar Farms® veggie produate shown irlTablel2.

The plastic film consistsf@ combination of 48auge Matte PET heat sealable plastic with ink and
adhesivewith 2.5 milWHDPENd100g Matte OP®vith ink and adhesive an2.50 mil WHDPE

Tablel2: Specific materials for MorningStar Farms® packaging

# of packages/  Weight of Weight of Weight of

MorningSar Farms®product description

case closure (g) film (g) case (g)
Grillers® CrumblesYy  y Q8zdzy (= wm 6 1.977 10.53 276.7
Grillers®0riginal Burgersl2 count,9 oz. 8 2.183 7.72 167.8
Spicy Black Bean Berg 12 count,9.50z 8 2.183 7.72 167.8
Roasted Garlic & Quinoa BurgeBscount,9.50z. 8 2.183 7.65 181.4
Original Sausage Pattiek? count,8 oz. 6 1.633 8.74 249.5
OriginalChik Patties® count,100z. 8 2.292 8.3 181.4

MorningStar Farms@dmeat product distribution
and retall

It is assumed that both the meat products aktbrningStar Farms®eggie products follow equivalent

LI 6Ka FNRY GKS LRAYyG 2F LINRRdzOGA2Yy G2 NBIFOK GKS 02
the packaged prducts travel by frozen transport to the retail outlets, usually with an intermediary stop

FG GKS NBOGFAfSNDa NBIA2YyLFf RAAGNAROdziAZY OSYUGSNI® ¢f
points of manufacture and the location of the retaibsts and distribution center. The following distances

have been used here, which are assumed to be a reasonable representation of such processes in the US.

The distance between production site and retailer distribution center is taken directly fromexage/
distance provided by Kellogg and applied here to all products, BlatimingStar Farms® veggie products
and the meat products. The distance from distribution centers to retail stores is an assumption, since the

average distance across all US retailensot known.

Tablel3: Transportation distances between stages of the life cycle

Transportation stage ‘ Distance (miles) ‘
Transport from farming to manufacturing 930
Transport from production site to distribution center 292
Trangort from distribution center to retail store 450
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¢CKS GNIYaLRNIIFIGA2Y 2F (GKS LINBPRdzOG FNBY GKS NBGFACT.

on the shopping habits of Americans. The National Household Transportation Survey (latest data
represents 2009) indicates that the average US household travels a total of 2980 miles each year over 470
shopping trips, or an average of 6.4 vehicle miles per trip. The Food Marketing Institute has reported that
US households spent approximately $50 in total geocery shopping trip between 2006 and 2012. The
resulting 0.13 miles of vehicle travel has been assigned to both the product life cycle based on an
assumption of $0.5 paid per 60 g serving for all products, or 0.065 vehicle miles travelled per functiona
unit. This trip is allocated to the products purchased based on their cost.

Similarly, the transport modes (e.g., road, rail, seaway, etc.) and distances of the products being
transported from the retailer to the consumers will vary widely and the agersituation is not known.

The following assumptions have been used here, which are assumed to be a reasonable scenario: a
consumer drives an average of seven miles roundtrip in a compact gapolvered car to purchase a

total of 20 items, among which ¢hpackage oMorningStar Farms@ meat products is one.

The storage of products throughout the food chain is based on an adaptation of the recommendations in
Humbert and Guignard, 2015. The products are assumed to occupy 0.0002 m3 (2cm x 10cm x 10cm box
and are stored with an overall ratio of product volume to storage volume of 1/3 for frozen products and
14 for refrigerated products. The meat products are assumed to be kept frozen at the distribution center
(4 weeks) and at the retailer stores (and adutithl 4 weeks), except for the fresh ground beef, which is
assumed to be at refrigerated temperature and only kept at the distribution center for 1 day and at retail
for 2 weeks. Chilled storage at distribution centers is assumed to use 35 k\Wjl@an3Stoage at retail
assumed 1100 Kwh/m@ear for chilled and 1500 Kwh/mgear for frozen. Note that retail refrigerators

and freezers are highly inefficiency compared to a large distribution center, due both to scale and the
frequent opening or permanent openate of these commercial coolers. The total energy consumption
for storing the frozen products is therefo8e00b4 kWhat distribution and 0.028What retail, while the
energy consumption for the refrigerated product (fresh ground beef is 0.00QM!®at distribution and
0.0085kwh at retail. Note that for all aspects described in this section, with the exception of the
refrigeration of fresh ground beef, the processes taking place for both the meat and veggie products will
be identical and so although senal aspects of this stage are highly variable with uncertain average values,
the extent to which the assumptions here differ from the true average will have no effect on the outcome
of the comparative results. Note also that a scenario is conducted iohwthie transport and storage of

the meat products is at refrigerated rather than frozen temperatures.
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MorningStar Farms®qggie product and meat product
use

As with the distribution and retail stage, the default set of assumptions in the product usesstaginilar
between the two sets of products being compared. However, because there could be reasons to assume
some potential differences in food preparation between the products, some scenarios are explored at this
stage to understand how significantlyetbe potential differences may affect the overall environmental
impact of the consumption of these products. The consumer use of the products includes the following
set of activities: storage of the products (in a home freezer or refrigerator), cookitg @roducts (in an

oven, in a microwave, or on a stovetop), and cleaning of the cooking and eating equipment.

Storage of the products is assumed to occur in an average home freezer. It is assumed here that the
products are stored for one month in a freezbat uses 1.3 kWh per liter (volume) per year and that each
serving of product requires around 0.02 liters of storage space in the freezer. Moreover, the burgers need
to be thawed before cooking. Following the cooking indications which can be foundcedhatmingStar
Farms®vebsite, thawing through oneinute operation of a microwave oven at half power has been
assumed. Each burger is thawed individually. Note that variation in any of these aspects would scale the
overall impact of this aspect of produase upward or downward proportionately (e.g., doubling the

storage time would double the impact of storage).

Cooking of all of the meat arfdorningStar Farms@eggie productsre represented here as occurring in

one of two scenarios: stovetop preparatiana frying pan or griddle, or baking in the oven within a larger
prepared dish, such as a casserole or meatloaf. The stovetop preparation is chosen as the default option,
with the oven cooking examined as a sensitivity test. Lacking observational dabasumeer cooking, in

all cases it is assumed that four servings are prepared at once on the stovetop and eight servings in the
oven. That is, in the stovetop preparation, it is assumed that four meat ommeat patties are cooked
simultaneously in the samgan. In the oven preparation, it is assumed that eight servings of food overall
are contained in the recipe being baked, so that-@nghth of the baking is allocated to the meat product

or MorningStar Farmsf@roduct representing the serving in question.

Thawing and cookinig assumed to occur based tire conditions and assumptions listedTablel4.
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Tablel4: Assumptions regarding consumer cooking and clganonditions (applies to one burger or

patty product)
Consumer use process | Characteristic \ Data or assumption \

Device used 1.1 kWh (max) microwaveyeight 15 kg
Life time of microwave 8 years

Thawing ofrozen products | Thawing time 1 min (50% power)
Energy use: 0.00917kWhserving
Frequency buse 5 times/week
Skillet weight 2.2 kg

. ) Life time 8 years

Cooking on skillet Cooking time 0.13 hour
Energy use 0.13 kWh/serving
Times skillet used 500 times
Skillet weight 2.2kg
Cooking time 0.3 hour

Oven cooking Cooking temperature 180°C
Energy use 0.72 kWh/serving
Servings cooked in lifetime of oven 146,000
Washing method Residential dishwasher

Dish washing Each serving occupies 1M0 of a
Usage rate .

dishwasher load

MorningStar Farms@&d meat product loss in
manufacture, retdiand consumer storage

The loss of ingredients during manufacturing process is assumed conservatively to be 5% by weight for all
products(BSR 2013Yhis is assumed to be a conservative assumption, as meat products may be subject
to a higher rate of losi the processing stage as compared to the grains and other ingredients used in
the MorningStar Farms®@eggie productslue to the need to separate the meat from other parts of the
animal (bones, hide, etc.), but no data is available to support usingaaadiffwaste assumption at this

stage for different food types. The spoilage of food at retaled at the consumetevel is therefore not
consideredor the product comparisond his is due to the inability to ensure an accurate representation

of the amouwnt of waste ofMorningStar Farms®eggie productat these stages (they do not fall easily
within one category of the Buzby et al 2014 data and there are not other comparable data sources
available to represent this food category) and because of the pa@katfect on the result of showing a

difference among the product types in the amount wasteithout havingaccurate data tsupport it
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MorningStar Farms@&nhd meat product packaging end
of life

Primary packaging materials (e.g., film and closures)sseraed to be disposed of in the municipal waste
system. The cardboard (part of the tertiary packaging materials) is assumed to be recycled. The other

tertiary packaging materials (e.g. plastic pallet wrap) are assumed to be sent to municipal waste systems.

3.4 Temporal and geographic boundaries

This assessment is intended to bepresentativeof food production and consumption conditions in the
USat the time the study isonducted (20%). Dataand assumptions are intended to reflect current
equipment, processs, and market condition®ata has been selected where possible to best match these
geographic and temporal conditions, although data from the relevant geography is not always available
and data for most aspects of the system are at minimum a year oldramdny cases several years old.
Main databasesand keyreports used in this study arall from 2010 or laterwhich is casidered to

representcurrent conditiorsin the industry.

It should be noted that some processes within the system boundaries nnidatt take placeanywhere

in the world and overm much wider range of time than the current ye&or example, the processes
associated witlproducing food consumeith mealsin the US ke placéothin the US as well as in a wide
variety of other countgs. The information to represent food production in this assessment has been
selected with a preference for data representing US production. To the extent that such data is not
available in all cases, it is hoped that the use of data from other geograp¥tiea needed balances in

part the actual sourcing gdfroductsfrom both within and outside the US.

Regarding the temporal boundariesgrtain processes may generate emissions over a longer period of
time than the reference yeaRegardless of such codsrations, all data has been selected to as closely

represent conditions in 2015 as is practical.

3.5 Cutoff criteria

t NBPOS&aasSa vYle 068 SEOtdZRSR AF GKSANI O2y i bibentddi A 2 y &
to beless than 1%Materials thatare less than 1% by mass are assumed to also contribute less than 1%
of the environmental impagtexcept in cases where there is a reason to expect otherwise, such as with

hazardous substancedespite this criterion for allowing components to be excludeldl,product
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components and production processes are included when the necessary information is readily available
or a reasonable estimate can be madieshould be noted in particular that thBlorningStar Farms®
veggie productgontain many ingredients ithe range of 1% by mass and all such ingredients have been

included in the modeling.

It should be noted that the capital equipment and infrastructure available irEtt@nvent3.1database
(SCLCI 2018)eincluded in the background data for this stuith order to be as comprehensive as possible.

Thefollowing are just a few examples of itenexcluded from the study duw lack of reliable datand
expected contribution lower than the cwdff criteria: seals andstickers on packagingr used in retail

production of eating utensilshipping mllets

4 Assessment methodology

4.1 Allocation methodology

A common methodological decision point in LCA occurs when the system being studied produces co
products. When systems are linked in this manner, the boundarigbe system of interest must be
widened to include the systemmsing all ceproducts or the impacts oproducing thdinked productmust

be distributed or allocated across the systems. While there is no clear scientific consensus regarding
an optimal mehod for handling this in all caséReap et al. 2008jnany possible approaches have been

developed, and each may have a greater level of appragmiggs in certain circumstances.

ISO 14044 prioritizes the methodologies related to applying allocatiois. liest to avoid allocation
through system subdivision or expansiwhen possiblelf that is not possible, then one should perform
allocation using an underlying physical relationshipallbcation using a physical relationship is not

possible or does rtanakes sense, then one can use another relationship.

Many of the processes in thecoinventdatabasg(SCLQ015) which has been used as a primary source
of data in this assessmeralso provide multiple functions, and allocation is required to prouwentory
data per function (or per process). This study accepts the allocation method usthdsl\atabase for

those processes.

156/



Transportallocation

Transport vehicles have both a weight capacity and a volume capacity. These are important aspects to
condder when allocating the impacts of an entire transportation journey to gqmeduct. Vehicles
transporting products with a high densifpigh massper-volume ratio) will reach their weight capacity
before reaching their volume capacity. Vehicles transpgrproduds with a low density (low magser-

volume ratio) will reach their volume capacity before reaching their weight capacity. Therefore, the
density of the product is critical for determining whether to model transportation as vollimiéed or
weight-limited. In this study, all transport is assumed toWweightlimited and the transportation of the

cargo within the vehicle is therefore allocated based on its weight.

4.2 Impact Assessment

Impact assessment method and indicators

Impact assessment classgiand combines the flows of materials, energy, and emissions into and out of
each product system by the type of impact their use or release has on the environment. The method used
here to evaluate environmentdmpact is the peereviewed and internationidy-recognized life cycle
impact assessment (LCIA) method IMPACT 2002+ vQ2.2 (Humbert et al. 201R8)ethbis assesses
seventeendifferent potential impact categories (midpo#)# and then aggregtes them intoendpoint
categories.

The main body of thiseport will consider most heavily the five indicators shoand describedn Figure
4. The endpoint indicators fdtdealth Impact ofPollution, Ecosystem Qualitgnd Resource Consumption
are each comprised okseral midpoint indiators.AppendixFincludes the contribution of each of these
midpoint indicators, as illustratedn Figure5, in determining the overall result for thesen@point
indicators for themeat products This set of five indicators ailks an overview of the results, while

maintaining a simple enough list of indicators to identify and understand the main trends.

Figure4 provides a summary of thedeve environmental impact categories given primary focGarbon
Footprint and Water Use are given additidfiacus in addition to thendpoint indicators because of the

25The Human dxicity midpointcategory is divided between carcinogenic and wancinogenic effects, hence a total
of 17 midpoint indicators (Humbert et al. 2012).
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strong interest in these issues, as well as the important role food systems are known to play in these issue

areas.

Figured: Description of the five environmental impact indicators given primary focus in this assessment
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Figureb: IMPACT 2002+ midpoint and endpoint categories
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No normalization of the resultis carried out with the exception of results presented on a relative basis
(%) compared to the reference for each system. No weighting céid@ointcategoriesisdone; theyare

presented individually and not as a single sca®here is no objective method by which to achieve this.

LCA results estimate the potential that environmental impacts will occur and does not represent a
measurement ofactual environnental impactghat have occurredThey are relative expressions, which
are not intended to predict the final impact or risk or whether standards or safety margins are exceeded.
Additionally, these categories do not cover all the environmental impacts iaésdavith human activities.

For example,mpacts such as noise, odoamd electromagnetic fields are not included in the present
assessmentas he methodological developments regarding such impacts are not sufficient to allow for

their consideration wiin life cycle assessment.

4.3 Calculation tool

SimaPro 8.0.3 software, developed BRé Consultant2Q15)was used to assist the LCA modelingk li
the reference flows with the life cycle inventodatabase, and aopute the complete inventory of the
systems The finalresult was calculated combining foreground data (intermediate products and
elementary flows) with generic datasets providing cramieyate background elementary flows to create
a complete inventory ofhe two systems Microsoft Excel was usdd help with processing the results
from the LCA.

4.4 Uncertainty analysis

We identify and discusdelow two types of uncertainty related to the LCA maddeveloped here
uncertainty in inventory dataand wcertainty in the impact characterization modglshich translate
inventory into environmental impact®Vith assessment of comparative results, it is important to note the
difference between the uncertainty in the impact of a given product and the uncertainty in the direction
of difference in impact betweetwo products. It is very possible for the uncertainty in the absolute impact
of two given products to each be relatively high and yet the uncertainty of how they compare to be very
low. In particular, the more similar two products are in terms of the psses and materials that comprise
them, the more the factors that contribute to the uncertainty in the absolute impact of each will cancel

each other out when comparing them.
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Inventory data uncertainty analysis

An analysis of the uncertainty due to theriability of inventory datéhas beerperformed. SimaPro 8.8
software (PR¢ 2015)includes a module for Mont€arlo simulation, which allows assessment of the
uncertainty andvariability embedded in inventoryata. The great majority of the data here isdmn from

the Ecoinventlatabase, which has a thorough characterization of the uncertainty for most of the flows of

energy and material within the life cycle inventory data that it provides.

Monte Carlo analysis was used here to understand the uncertaiiihyin the product systems assessed
here, usingLOO iteratiors for each product systemo understand the range in outcomes when the data
within the product model is represented as probabilistic rather than as fixed veafoeshe assessment

of meals, a sgarate Monte Carlo simulation has not been performed due to the added variability of the
types of food present within specific meals, which adds a further degree of uncertainty/variability. It is
believed that theuncertainty assessment for the product sgms provides some context for the size of

the uncertainty regarding specific food items within the meals assessment, even if these are not assessed

specifically.

Monte Carlo simulation has been applied to the product models but not to the meal modedsisThie

to an expectation that the Monte Carlo results for meals would give a significant underestimation of the
uncertainty among individual comparative meal choices. There are a very wide range of possible meals
within both the meatless and meantaining cdegories. It is certaithat among thesaneak exist some

that are much more extreme than the average result shown here in both directions, including both
comparisons that would show the opposite directional results and some that would show a mueh mo

extreme result in a consistent directiot.is expected that showing results for a Monte Carlo on the LCI

RFEGF NBLINBaSyldAy3a GKS YSIEE @SN 3IS gAGK2dzi | OO02 dzy i
sense of confidence that all or neadll possible meal comparisons would find a consistent direction as

the results shown here, when this may not be the case.

Characterization models uncertainty analysis

In addition to the inventory data uncertainty described above, there ai@ tiypes of mcertainty related

to the LCIA method. The first is about the characterization of the LCI results irmoimidndicators, and

the second is about the subsequent characterization of those midpoint scores intpantdindicators.

The uncertainty rangeasssociated with characterization factors at both levels vary from onepoint or
end-point indicator to anotherTheaccuracy of characterization factors depends on the ongoing research

in the many scientific fields behind life cycle impact modelingwel as on the integration of current
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findings within operational LCIA methodBhere are presently no systematic methods available for
guantifying or evaluating the influence of the uncertainty in these characterization models within the
comparative assesnents made heréVithout consideration of the uncertainty in LCIA characterization
factors, the uncertainty assessment results derived here should be seen as something like a lower bound
on the level of uncertainty in the systems and the uncertainty wdaddhigher if considering also the

uncertainty in these characterization factors.

4.5 Critical Review

A criticalreview has been conductelly an independent panelThis panel was chaired vlichael
Hauschild, PhD, ofechnical University of Denmadnd inclucgkd as panelists Greg Thoma, PhD, of
University of Arkansas and Joan Séb&hD of Loma Lila University.Thisreview process was intended

to validate that the study follow¢he stipulations set forth in the ISO 14040 and 14044 standards (ISO
2006a, 2006 Theexternal critical review reportr & ¢ St f  tommentsiznge$porises to the
review report,are presented inSection 9.

5 Results

The following sections present study resultbthe assessment, first focusing on the comparison of

meatlessand meat-containingmeals and then focusing on the comparisons of products.

5.1 Environmental impact oheatlessandmeat-
containingmeals

Figure6 showsCarbon Footprint result faneatcontaining and meatlesaeals.The results foboth meal
types for the Carbon FootprintWater Use Resource Consumptioiijealth Impact of Pollutionand

Ecosystem Quality indicators are showTablel5.

For both meat-containing and meatlessmeals, lunches shova larger environmental impact than
breakfasts, and dinners show a larger environmental impact than lunches, following the directional trend
in overall weight of food among the meals. The relatively high impact ofnteatlessbreakfast in
proportion to its ratio of weight is primarily due to the higinoportionalintake of dairy products within

the meatlessbreakfasts, as is evident in the detailed results shown further below.
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Carbon footprint per meal (kg CO2eq)
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Figure6: Carbon Footprint aheat-containingand meatessmeals

Meat-containing  Meatless  Meat-containing Meatless lunch Meat-containing Meatless dinner

breakfast breakfast lunch dinner
B Raw materials B Manufacturing M Packaging
B Retail and distribution B Consumer B Waste management

Note: Meatis represented herasbeef, chicken, pork arfitsh. Meat does not include eggs or dairy.
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Tablel5: Environmental impacts of meatless and meantaning?® meals by life cycle stadpertype ofmeal)

Impact Retail and
category Raw materials| Manufacture Packaging distribution Consumer use| management
Breakfast with meat 2.118 0.164 0.051 0.033 0.117 0.087 2.569
Carbon Meatles§ breakfast 0.624 0.164 0.051 0.033 0.117 0.001 1.080
Footprint (kg Lunch with meat 3.344 0.164 0.067 0.033 0.117 0.094 3.819
Meatless lunch 0.503 0.164 0.067 0.033 0.117 0.099 0.983
SCCLLV Dinner with meat 4.245 0.164 0.084 0.033 0.117 0.115 4.757
Meatless dinner 0.570 0.164 0.084 0.033 0.117 0.121 1.088
Breakfast with meat 0.409 0.000575 0.000020 0.000115 0.000469 0.000069 0.410
Meatless breakfast 0.145 0.000575 0.000020 0.000115 0.000469 0.000072 0.146
Water Use Lunch with meat 0.685 0.000575 0.000026 0.000115 0.000469 0.000075 0.686
(m3) Meatless lunch 0.129 0.000575 0.000026 0.000115 0.000469 0.000079 0.130
Dinner with meat 0.952 0.000575 0.000032 0.000115 0.000469 0.000091 0.953
Meatless dinner 0.151 0.000575 0.000032 0.000115 0.000469 0.000096 0.152
Breakfast with meat 12.58 2.63 1.18 0.527 1.923 0.063 18.91
Resource Meatles§ breakfast 4.28 2.63 1.18 0.527 1.923 0.066 10.62
Consumption Lunch with meat 19.38 2.63 1.55 0.527 1.923 0.068 26.09
Meatless lunch 3.89 2.63 1.55 0.527 1.923 0.072 10.60
(MJ) Dinner with meat 24.82 263 1.94 0527 1.923 0.083 31®
Meatless dinner 4.46 2.63 1.94 0.527 1.923 0.087 11.57
Breakfast with meat 0.00000246 0.000000099 0.000000050 0.000000020 0.000000084 0.000000004 0.00000272
Health Impact Meatles§ breakfast 0.00000077 0.00000@99 0.000000050 0.000000020 0.000000084 0.000000004 0.00000103
of Pollution Lunch with meat 0.00000366 0.000000099 0.000000065 0.000000020 0.000000084 0.000000004 0.00000393
Meatless lunch 0.00000058 0.000000099 0.000000065 0.000000020 0.000000084 0.000000004 0.0000085
(DALY) Dinner with meat 0.00000463 0.000000099 0.000000081 0.000000020 0.000000084 0.000000005 0.00000492
Meatless dinner 0.00000063 0.000000099 0.000000081 0.000000020 0.000000084 0.000000005 0.00000092
. Breakfast with mea 6.911 0.052 0.011 0.010 0.031 0.001 7.017
Ecosystem Meatless breakfast 1.996 0.052 0.011 0.010 0.031 0.001 2.101
Quality (PDF Lunch with meat 10.444 0.052 0.014 0.010 0.031 0.002 10.553
Meatless lunch 1.476 0.052 0.014 0.010 0.031 0.002 1.585
m2-yr) | Dinner with meat 12.988 0.052 0.018 0.010 0.031 0.002 13.101
. Meatless dinner 1.417 0.052 0.018 0.010 0.031 0.002 1.530

Note: Meatis represented here dmef, chicken, pork and fiskleat does not include eggs oaidy.
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Figure7 and Figure8 showthe percent of impact for each impact categohat results from each stage

of the meal life cycle for each of the meals examined. For all impact categories, fanbatitontaining

and meatlessmeals, theraw materialsstage is the most significant contributor to environmental impact
across the life ycle. This dominance of thew materialsstage is seen more forcefully for theeat
containingmeals compared to themeatlessmeals. FoWater Useand Ecosystem Quality, the stages other

than raw materialscontribute only a very small percentage of thaéabimpact, 1% or less in all cases for
Water Useand 10% or less in all cases for Ecosystem Quality. Among the other stages of the life cycle, all
stages other than waste management contribute in a moderate proportion to the impact categories of

Carbon Fotprint, Resource Consumption and Health Impact of Pollution.

Figure7: Environmental impact ofmeat-containingmealsby stage of life cycle
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Note: Meatis represented here deef, chicken, pork and fiskleat does not includeggs or dairy.
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Figure8: Environmental impact ofmeatlessmealsby stage of life cycle
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Note: Meatless refers to a meal that does not contain meat, but may contain eggs or dairy.

To understand further the contribution within thistage of the meal life cycle, the following figures
provide a closer look at the contributions of various categories of food materials to eachypearhe
percent of each meal by mass is also shown in each figure for comparison. Note that these Shltpwe

the proportionate result for food groups within a given meal and comparisons of the overall impact

between meals should not be drawn from these figures.

For meat containing meals, the high proportion of impact contributed byntleat productsis stongly
evident. Dairy and grains are high contributors to the environmental impact ofnatlessmeals, with
dairy being more substantial foneatlessbreakfasts in comparison to other meals.
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Figure9: Contribution ofood cateyoriesto the environmental impact direakfasts
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Nate: Meat refers here tieef, chicken, pork, and fishleat does not include eggs or daidilixtures with Meat RS&ONR 06 Sa O 6 S3I2NASE FNBY bl ! bo{
meats, but whose descriptiondicates that they are likely not entirely meat. As described in Section 3Tlable8, these are represented as a mixture of meat, vegetables and
grains,depending on their description
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Figurel0: Contribution offood categorieso the ervironmental impact ofunches
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and Table8, these are represeat as a mixture of meat, vegetables and grains, depending on their description.
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Figurell: Contribution offood categoriego the ervironmental impact oflinners

Nate: Meat refers here to any item categorized by the NHANESn&sta which includes the flesh of any animal, including fish. Meat does not include eggs aMiatuyres
withMeatt RSAONRO6Sa OIFGSIA2NASA FNBY bl ! b9{ GKIG I NB Of I &4aA TeatiRl mait G dedcybedirSediign 3.1 6 dzii 6 K 2
andTable8, these are represented as a mixture of meat, vegetables and grains, depending on their description.
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