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Executive Summary  
Meeting the growing food demands of a population expected to grow to nearly 10 billion by 2050 requires 

solutions that provide ŜŀŎƘ ǇŜǊǎƻƴΩǎ ŘƛŜǘŀǊȅ ƴŜŜŘǎ with substantially less use of resources and impact on 

the environment. The present assessment has used the Life Cycle Assessment (LCA) methodology to 

address the question of whether (and how much) environmental benefit might be obtained by American 

adults shifting their food consumption toward plant-based options on a meal-by-meal and product-by-

product basis.  

In particular, the LCA has two components: one focused on a comparison of reported meat-containing 

meals and meatless meals, and the second focused on comparisons of MorningStar Farms® veggie 

products against comparable meat products. The meal comparisons combine dietary recall data from the 

National Health and Nutrition Examination Survey (NHANES) with agriculture/resource data from the 

United States Department of Agriculture (USDA) Economic Research Service (ERS) and the National 

Marine Fisheries Service (NMFS), and nutrient data from the USDA Agricultural Research Service (ARS) 

National Nutrient Database. Data from lifecycle inventory (LCI) databases (e.g. Ecoinvent, Agri-footprint) 

are used to calculate the potential environmental impact of the meals.  The meat-containing and meatless 

meals (NHANES 2011-2012) have been scaled to ensure the same amount of food (by weight) has been 

present in each1, and additionally, food groups within both meal types have been scaled to account for 

food waste. The product comparisons have been based on a detailed assessment of the full life cycle of 

six example MorningStar Farms® veggie products, as compared to fresh ground beef, frozen burgers or 

patties of beef, pork or chicken, each based on a 60-gram portion. Meals were not balanced for nutrient 

content because nutrition was not the primary focus of the LCA. Attempts are not made here to 

characterize the benefits of wholescale shifts in the overall diet of individuals or of the wider population.   

Despite the assumptions made and limitations, these assessments have taken advantage of the best 

available LCA-related information on food production and have been externally reviewed to validate their 

conformance with the ISO 14044 standard. The following are among the key findings from this work, 

where environmental impacts have been put into the categories of Carbon Footprint, Water Use, 

Resource Consumption, Health Impact of Pollution and Ecosystem Quality:  

                                                             

1 In the original data, meals without meat contain less total weight 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. In essence, the dietary data is used to 
identify proportionately what food products Americans eat when eating meatless and meat-containing 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 American adult chooses to consume a meatless breakfast, lunch or dinner rather than one that 

contains meat2, the decreased environmental impact of the meatless meal is a reduction on average of at 

least 40%, across impact metrics, compared to the meat-containing meal over the entire cycle of 

producing the raw materials and consuming that meal. The directional trend indicating environmental 

savings is very consistent and in most cases indicated an improvement greater than the 40% mentioned 

above. With regard to Carbon Footprint, a switch to a meatless meal results in a 58%, 74% and 77% 

reduction compared to a meat-containing meal for breakfast, lunch and dinner, respectively. For Water 

Use, the reductions are 64%, 81% and 84% for breakfast, lunch and dinner. Meatless dinners show the 

highest amount of environmental savings among all the impact categories, followed by lunches and then 

breakfasts, primarily because meat-containing dinners contain more meat than breakfast or lunch 

occasions, as well as the fact that meatless breakfasts were reported to contain 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 meat-containing meals is calculated using data for beef, chicken, pork, and fish. The amounts of each food 
category per meal (NHANES) are shown in Table 6 and how these meals are represented for environmental impact 
calculations are shown in Table 8.  
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In comparing specific products, it was found that consuming the MorningStar Farms® veggie products, in 

comparison to a comparable beef, pork or chicken product, results in a reduction ranging from a few 

percent (considered an indeterminate result) to in some cases more than 90% reduction, across the full 

product life cycle, depending on the products compared and the environmental indicator in question. 

Comparison of MorningStar Farms® veggie products to beef products generally result in the most extreme 

benefits (often in the range of 80% or 90% improvement or more across environmental impact metrics), 

with the results for pork and chicken products ranging from 15% (in the case of the Resource Consumption 

comparison with breaded chicken patties) to a more than 75% improvement (in the case of the Water Use 



 

 Page vi 

comparison with pork sausage patties), when compared on a weight basis. A sensitivity analysis examined 

comparison based on other units such calories or protein content and found the results to be similar 

 

 

In both the meal and product comparisons we find that the main driver for environmental impacts takes 

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 materials being 

responsible for >50% of the Carbon Footprint of meatless meals, >80% of the Carbon Footprint of meat-

containing meals, and >99% of the Water Use of all meal types. The majority of the difference between 

meat and non-meat products happens in producing the feed that the animals consume, with the 

additional point that the high level of Carbon Footprint impact 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 than if humans consume more of the 

vegetable material directly rather than raising the meat. This simple underlying trend explaining the 

results gives a relatively high confidence to the direction of the conclusions, despite the uncertainty and 

variability inherent 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, particularly regarding the Carbon Footprint and Resource Consumption indicators.  

Across the set of comparisons made here, it has been found that choosing to substitute meat-containing 

meals with meatless meals is likely to lead American adults, on average, to achieve a lesser environmental 

impact of that selected meal. The extent of the improvement will vary widely, but an overall reduction on 

average, of at least 40% environmental impact when switching away from meat, appears to be a good 

estimate when looking across most set of environmental impact categories examined here, which 

encompasses a wide range of environmental issues.  
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CDC Centers for Disease Control 
CH Switzerland 
DALY Disability Adjusted Life Years 
EURO4 Fourth generation auto emission standards of the European Union 
Eq. Equivalents 
ERS Economic Research Service 
GLO Global 
IPCC 
ISO 

Intergovernmental Panel on Climate Change  
International Organization for Standardization 

kg 
km 

Kilogram = 1,000 grams (g) = 2.2 pounds (lbs) 
Kilometer = 1,000 meters (m) 

kWh Kilowatt-hour = 3,600,000 joules (j) 
L Liter 
Lb. Pound 
LCA Life Cycle Assessment 
LCI Life Cycle Inventory 
LCIA Life Cycle Impact Assessment 
LLDPE Linear low-density polyethylene (plastic) 
m3 Cubic meter 
MJ 
MSF 

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

MMBTU Million BTUs 
NOAA 
NHANES 
NMFS 

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

OPP Oriented polypropylene (plastic) 
PDF Potentially Disappeared Fraction 
PDF*m²*y 
RGQ 
RER 
SBB 

Potentially Disappeared Fraction per Square Meter for the duration of one Year 
Roasted Garlic & Quinoa 
Europe 
Spicy Black Bean 

T Metric tonne 
Tkm Tonne-kilometer (transporting one metric tonne for one kilometer) 
PET Polyethylene terephthalate (plastic) 
U Unit 
US United States 
USDA US Department of Agriculture 
USEPA 
WHDPE 

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 grow to nearly 10 

billion by 2050, the food sector is becoming an increasing focus of concern regarding whether current 

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 supply food production, as well as concerns about whether the 

impact of our production systems will exceed the planetΩs 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 adding as many 

as 50% more people between now and 2050 requires reconsideration of how we produce the full range 

of goods and services that define our economy. Looking specifically within the food system, one can 

consider how this core human need could be met with substantially less impact 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 aspects: what people eat and how what people eat is 

produced. Into the first aspect would fall such questions as dietary choice, amounts consumed and also 

amounts wasted. Into the second aspect would fall questions about agricultural practices and technology 

and the efficiency with which materials are brought from the farm to the table. The present assessment 

deals primarily with this first aspect and in particular will evaluate the question of to what extent 

incremental shifts toward plant-based dietary choices (as opposed to meat-based choices) can be a 

ǎƻƭǳǘƛƻƴ ǘƻ ǇǊƻǾƛŘƛƴƎ ƘǳƳŀƴƛǘȅΩǎ ƴŜŜŘ ŦƻǊ ŦƻƻŘ ŎƻƴǎǳƳǇǘƛƻƴ ǿƛǘƘ ŀ ƭŜǎǎŜǊ ƛƳǇŀŎǘΦ  

There is relatively little research published that looks specifically at the question of meat-containing versus 

plant-based diets, meals or products using a life cycle assessment (LCA) methodology.3  LCA is an 

                                                             

3 Compared to prior efforts to answer similar questions, the present study adds significant added detail at the stage 
of characterizing the meal, the association of food types with meal choices and the representation of the 
environmental impact of each food type. For example, Pimentel and Pimentel (2003) make a comparative 
environmental evaluation of plant-based and meat-based diets. In comparison, their characterization of the diets 
includes relatively few categorizations of food types, considers only energy input and land use as indicators of 
environmental impact and they are unable to draw on the significant advances in availability of food-related LCA 
data from the following decade. Further, they consider only food raw material production and not the full food life 
cycle, as done here. Many others, such as Mogensen et al. (2012) compare results of life cycle inventory data of 
many food types side-by-side on a comparative basis such as mass or calories. However, such efforts generally do 
not put these data into 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 here. Examples are somewhat more numerous when focusing on the carbon footprint of food. Haalstrom 
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internationally-recognized approach that evaluates potential impacts of products and services throughout 

their life cycle, beginning with raw material extraction and including all aspects of transportation, 

manufacturing, use, and end-of-life treatment. LCA methods are defined by the International Organization 

for Standardization (ISO) 14040-14044 standards (ISO 2006a; ISO 2006b) and the ISO 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 on overall environmental performance. Two key tenets of this methodology are: 1) to consider as 

wide a range of potential environmental impacts as may be potentially important for a given question, 

and 2) to include as wide a view as possible of the systems that are affected by a given change or decision. 

Over recent decades, LCA has become a principal approach to evaluate a broad view of environmental 

problems and to help make decisions within the complex arena of environmental sustainability and is 

being used by corporations and governments around the world to identify opportunities to improve the 

environmental performance of products, inform decision-making on strategy and policy issues, support 

communication and educational efforts, and much more. 

The present assessment uses the LCA methodology to address the question of whether (and how much) 

environmental benefit might be obtained by Americans shifting their food consumption toward plant-

based options on a meal-by-meal and product-by-product basis. The variety of both meat-containing and 

meatless meals and diets is enormous and the comparison between 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 the meal pattern averages of Americans when they choose meals (breakfasts, lunches and/or 

dinners) that contain meat and meals that contain none; the second is to consider specific comparisons 

of common meat products and alternative veggie products. 

Through these assessments, it is intended to be able to draw conclusions about whether encouraging 

Americans to eat more meatless meals in exchange for meat-containing meals would result in an 

environmental benefit, as well as about whether the specific veggie alternative products offer a relative 

environmental benefit to meat. This assessment has been sponsored by MorningStar Farms® brand, part 

of The Kellogg Company, with the intention to: a) learn more about environmental impacts associated 

with meatless versus meat-containing meals; b) to learn more about environmental 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 of plant-based 
and meat-based diets (all but one reference is based on European dietary data). 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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communication regarding the environmental benefits of plant-based dietary choices. The results may also 

be used within The Kellogg Company to inform future product and supply chain innovation. 

 

2. Goal of the study 

2.1 Objectives 

This study evaluates the potential net environmental benefit or impact of using meatless versus meat-

containing as a criterion for selecting among meals and products. This includes evaluating comparisons of 

meal choices between meat-containing and meatless meals for American adults, as well as a specific 

comparison of the veggie foods made by MorningStar Farms® and equivalent meat products.  

Regarding the comparison of meatless and meat-containing meals, it is not the intention to evaluate or 

reach a conclusion that all possible meals in one of these categories has environmental benefits compared 

to all possible meals in the other category, both because this is likely not true and also because the effort 

needed to evaluate all possible meals would be extraordinary. Rather, the current assessment considers 

whether the use of meatless as a basis for meal selection would lead American adults, on average, to 

reduce or increase the environmental impact of their meal selection (breakfast, lunch or dinner) and by 

what margin.  

The comparison of meals made here is intended to compare meat-containing meals with meatless meals, 

including differentiation for breakfasts, lunches and dinners on a meal-by-meal basis. It is not 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 diets. The scale of such a change 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 implications (positive or negative) on nutrition and health that are not addressed in this study, 

which looks at single meals and products rather than the complete diet and nutritional requirements of 

an individual.  

To provide more detailed examples of the potential benefits of plant-based dietary choices, this study also 

assesses several specific product comparisons. These involve the switch from common meat-based 

products, involving primarily portions of beef, pork, or chicken to alternatives for these products made 
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primarily from vegetables, legumes and grains and containing no meat. The objective of these 

comparisons is to provide a few specific examples to complement the more generic assessment of meat 

substitution in meals. These specific product comparisons address the comparative benefit or impact of 

these veggie products, which are made by the sponsor of this assessment.  

In summary, the specific goals of this study are as follows: 

Á To identify the difference in potential environmental impacts of meatless meals and meat-

containing meals. 

Á To identify the difference in potential environmental impacts between consumption of beef, pork 

or chicken products and a selection of six products made by MorningStar Farms®. 

2.2 Intended audiences  

This project report is intended to support MorningStar Farms® communication of the comparative 

environmental performance of these products and meal choices to internal and external audiences. 

Audiences could include Kellogg Company employees, business partners, customers, and the public.  

The ISO 14044 standard on LCA includes a set of additional specific requirements of those LCAs whose 

intention is to report specific product-to-product comparisons to a broad audience. It is the intention of 

this assessment to meet those requirements in cases where explicit statements are made comparing the 

environmental impact of various products.  

3. Scope and boundaries  
This section includes the methodological framework of the LCA, a description of the product function and 

product system, the system boundaries, and data sources. This section also outlines the requirements for 

data quality as well 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 dealing with meal averages which are characterized using a combination of 

dietary intake data, nutrient data, and economic data on consumption of beef, chicken, pork, and fish 4 

                                                             

4 Based on 24-hour recall data (NHANES, 2011-2012); Adults 19+) data combined with disappearance data from 
USDA ERS (USDA 2015a) and NMFS (NOAA 2014) and nutrient data from USDA ARS (USDA 2015b). 
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όάǘƘŜ ƳŜŀƭ ŎƻƳǇŀǊƛǎƻƴέύΣ ŀƴŘ ŀƴƻǘƘŜǊ ŘŜŀƭƛƴƎ ǿƛǘƘ ǎǇŜŎƛŦƛŎ ǇǊƻŘǳŎǘ ǎǳōǎǘƛǘǳǘƛƻƴǎ όάǘƘŜ ǇǊƻŘǳŎǘ 

ŎƻƳǇŀǊƛǎƻƴέύΦ !ƭǘƘƻǳƎƘ ƳǳŎƘ ƻŦ ǘƘŜ ǎŎƻǇŜ ƻŦ ǘƘŜ ŀǎǎŜǎǎƳŜƴǘ ƛǎ ǘƘŜ ǎŀƳŜ ŦƻǊ ǘƘŜǎŜ ǘǿƻ ŎƻƳǇƻƴŜƴǘǎΣ ǘƘŜ 

differing objectives and the wide differences in the data sources for each, necessitate some differences in 

the scope of the assessment for these two components. The following sections will identify specific cases 

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

the meal-comparison or the product-comparison are not referenced should be interpreted as applying to 

both.  

Further explained throughout the remainder of this section, Table 1 and Table 2 provide a summary of 

the key assumptions and data sources used throughout the meals comparison and products comparison. 
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Table 1: Summary of key assumptions and data sources supporting the meals comparison 

 

Raw materials Manufacturing Packaging Retail & Dist. Consumer  Waste mgmt. 

Data sources: 
characterizing amounts 

of materials 

Meals from NHANES (2011-2012): Self-reported 24-hour recall data 
was used to find averages of reported intake at breakfast, lunch, 
and dinner, with meals categorized by the presence or absence of 
meat (meat-containing or meatless).Specificity has been added to 
the NHANES food group categories using USDA (2015a)5 and NMFS 
(NOAA 2014) data. Legumes, grains, pasta and dried fruit have been 
scaled from wet weight to dry weight (based on USDA 2015b) to 
match their representation in the LCI data. Amounts of food wasted 
at retail and the consumer are applied based on Buzby et al. 2014.  
Feed materials are sourced locally and transported an average of 
100 km from their point of production to reach the animal raising 
operation All food commodities are transported 500 miles by truck 
to arrive at their next point of processing. 

Mfg. energy based on 
estimation of average 
amount spent to provide an 
American meal and IO-LCA 
data provided by Carnegie 
Mellon University (CMU 
2015). 

Packaging is based on a 
mixture of common 
packaging materials and an 
assumed amount of total 
packaging per meal based on 
estimates of total waste 
generation and the amount 
due to food packaging (US 
EPA 2011 and Hunt et al. 
1990). 

All products are represented 
transported an assumed 
distance from manufacture 
to distribution centers and 
retail. Energy use in retail is 
based on the IO-LCA 
database of Carnegie Mellon 
University (CMU 2015). 

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 
assessment, scaled to the 
weight of meals 

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 EPA (2011) 
statistics. 

Key assumptions 

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

Substituted meals are equivalent on a weight basis. 
 
The production of turkey meat is adequately represented by the 
production of chicken meat and a mixture of beef, chicken, pork, 
and fish adequately represent the <1% of meat consumption that is 
not beef, pork, poultry or fish.  

Plant-Based food requires no 
systematic difference in 
manufacture, per weight of 
food compared to meat 
food. 

Plant-based food is not 
packaged in a significantly 
different way, on average, 
than meat-food. 

 Plant-based food does not 
differ materially in average 
transport logistics;  
All products except for 
ground beef are sold frozen. 

Cooking a meatless meal 
does not systematically differ 
from how one cooks meat-
containing meal  

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

Environmental impact 
data sources 

Impact of raw food ingredients: Ecoinvent (v3.1, SCLCI 2015)6, Agri-
footprint (Blonk 2014) and other databases, with some adaptations 
made to best reflect other available information. 

 
Beef, chicken, pork and fish modeled directly for this project based 
on best available references. 

Ecoinvent v 3.1 used for 
energy, fuels and other 
inputs 

Ecoinvent v 3.1 used to 
represent packaging material 
production 

Ecoinvent v 3.1 used for 
energy, fuels and other 
inputs 

Ecoinvent v 3.1 used for 
energy, fuels and other 
inputs 

Ecoinvent v 3.1 used to 
define waste processes 

                                                             

5 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 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 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 for some of the disappearance of these materials. 

6 References throughout the report to thŜ 9ŎƻƛƴǾŜƴǘ ǾоΦм ǊŜŦŜǊ ǘƻ ǘƘŜ άŎǳǘ-ƻŦŦ ǎȅǎǘŜƳ ƳƻŘŜƭέ ǾŜǊǎƛƻƴ ƻŦ ǘƘƛǎ ŘŀǘŀōŀǎŜΦ 
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Table 2: Summary of key assumptions and data sources supporting the products comparison 

 
Raw materials Mfg. Packaging Retail & dist. Consumer  

Modelling assumptions ς 
Meat products 

Beef, Chicken and Pork meat product ingredients are based on 
assumptions about typical burger, sausage and patty 
composition, including similarities in formulation to 
MorningStar Farm® products (e.g., similar amount of breading, 
spices). Feed materials are sourced locally and transported an 
average of 100 km from their point of production to reach the 
animal raising operation. All food commodities are transported 
500 miles by truck to arrive at their next point of processing 

Manufacturing energy 
taken from an available 
source of hamburger 
production facility 

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.g., plastic 
pallet wrap) are sent to 
municipal waste 
systems. 

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

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

Data sources ς MSF products 
comparison 

Inputs of raw materials are based on product ingredient lists 
provided by MorningStar Farms®. Meat products are 
represented as ground meat, with spices and breading added 
where appropriate in the same proportions as in the MSF 
database.  
 
Transportation data based on actual origin countries and 
transportation modes reported by MorningStar Farms®, along 
with assumptions about distances from these points of origin 

Mfg.  data from two of 
MorningStar Farms® 
production facilities 
 
All information is 
allocated to products 
based on weight 

Based on MorningStar 
Farms® updated flexible 
film packaging, including 
weights and materials, as 
well as palletization 
configuration 

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

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. 

Environmental impact data 
sources 

Impact of raw food ingredients from Ecoinvent (v3.1, SCLCI 
2015)7, Agri-footprint (Blonk 2014) and other leading 
databases, with some adaptations made to best reflect other 
available information 
 

Some commodities, such as beef, chicken, and pork modeled 
directly for this project based on best available references. In 
particular, Eshel et al. (2014) is used to characterize feed 
intake and content.  
 
5ŀǘŀ ŦƻǊ ǉǳƛƴƻŀ ǿŀǎ ƎŀǘƘŜǊŜŘ ŘƛǊŜŎǘƭȅ ŦǊƻƳ YŜƭƭƻƎƎΩǎ ǉǳƛƴƻŀ 
supplying farm 

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

Ecoinvent v 3.1 used to 
represent packaging 
materials 

Ecoinvent v 3.1 used to 
represent electricity, 
fuels and transport 

Ecoinvent v 3.1 used to 
represent electricity and 
fuel 

                                                             

7 wŜŦŜǊŜƴŎŜǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǊŜǇƻǊǘ ǘƻ ǘƘŜ 9ŎƻƛƴǾŜƴǘ ǾоΦм ǊŜŦŜǊ ǘƻ ǘƘŜ άŎǳǘ-ƻŦŦ ǎȅǎǘŜƳ ƳƻŘŜƭέ ǾŜǊǎƛƻƴ ƻŦ ǘƘƛǎ ŘŀǘŀōŀǎŜΦ 
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3.1 General description of the systems studied  

In addition to the general descriptions below, specific data pertaining to the data and assumptions used 

to characterize each system can be found in the Appendices. The sections below first characterize the 

subjects of the meals comparison and the latter sections characterize the subjects of the products 

comparison.  

Meal Systems 
Meatless and meat-containing meal classifications and characterization 

Food group composition for meat-containing and meatless meals in the LCA have been sourced from the 

dietary component of the National Health and Nutrition Examination Survey (NHANES) and complimented 

with (disappearance) data from the United States Department of Agriculture (USDA) Economic Research 

Service (ERS) and the National Marine Fisheries Service (NMFS), and nutrient data from the USDA 

Agricultural Research Service (ARS) National Nutrient Database. NHANES 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 goal of evaluating the health and nutrition status of the noninstitutionalized 

civilian population of the United States (CDC 2015a). The food groups reported through the NHANES have 

been made more specific where possible by using agriculture/resource data from the USDA ERS (2015a) 

and the NMFS (NOAA 2014).8 In addition, when needed, USDA ARS data have been utilized to convert 

cooked ingredients to their raw form. See Table 6 and Table 8 for further details on how these data sources 

and other assumptions 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 analysis; self-reported 

dietary data from 4,948 male and female adults (19+ years) in the 2011 ς 2012. NHANES utilizes a 24-hour 

recall to collect dietary data; participants are asked to provide a detailed description of foods consumed 

in the previous 24-hour period and self-define the associated eating occasion during which the foods were 

consumed (CDC 2015b, ARS 2014). Therefore, it is possible to capture information about foods reported 

to be consumed at breakfast, lunch, and dinner (it is also possible to capture snacks and other eating 

                                                             

8 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 has been used (USDA 2015a 
and NOAA 2014), as this is the best know 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 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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occasions, however, these data were not captured for this report). This allows the food production portion 

of the meal life cycle to be characterized.   

Because the dietary data from NHANES is self-reported, under-reporting or over-reporting may influence 

the estimated intakes. In addition, 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 occasions and 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 represented by meals constructed with 

NHANES/USDA/NMFS data has not been considered in the choice of this data source because the purpose 

of this report is to assess environmental impact of dietary changes, rather than the nutritional adequacy 

of those changes.   

For the LCA analysis, we used the intake of reported food groups based on the following NHANES 

classifications: 

¶ meat, poultry, fish and mixtures;  

¶ milk and milk products;  

¶ eggs;  

¶ legumes, nuts and seeds;  

¶ grain products;  

¶ fruits;  

¶ vegetables;  

¶ fats, oils, and salad dressings; and  

¶ sugars, sweets, beverages 

All groups are quantified in grams for each meal occasion. A meat-containing meal included any of the 

following sub-categories within the meat, poultry, fish and mixtures food group, whereas meatless 

meals did not contain any of the following:  

¶ meat, nonspecific as to type;  

¶ beef;  

¶ pork;  

¶ lamb, veal, game, other carcass meat;  

¶ poultry;  

¶ organ, sausages, lunchmeats, spreads;  

¶ fish and shellfish; 

¶ meat, poultry, fish with nonmeat items;  

¶ frozen shelf-stable plate meals, with 

meat;  

¶ vegetables with meat, poultry, fish 

 

Within the meat category of the NHANES data, there are three sub-categories whose descriptions imply 

ŀ ƳƛȄǘǳǊŜ ƻŦ ƳŜŀǘ ŀƴŘ ƻǘƘŜǊ ŦƻƻŘ ǇǊƻŘǳŎǘǎΦ ¢ƘŜǎŜ ǘƘǊŜŜ ŎŀǘŜƎƻǊƛŜǎ ŀǊŜ άaŜŀǘΣ ǇƻǳƭǘǊȅΣ ŦƛǎƘ ǿƛǘƘ ƴƻƴƳŜŀǘ 

ƛǘŜƳǎΣέ άCǊƻȊŜƴΣ ǎƘŜƭŦ-stable plate mŜŀƭǎΣ ǿκ ƳŜŀǘΣέ ŀƴŘ ά±ŜƎŜǘŀōƭŜǎ ǿƛǘƘ ƳŜŀǘΣ ǇƻǳƭǘǊȅΣ ŦƛǎƘΦέ !ǎ ǎƘƻǿƴ 
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in Table 8, for calculations these categories are represented here as mixtures of meats, vegetables and 

grains.  For categories described as meat and vegetable mixtures, 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 

ǘƘǊŜŜ ŎŀǘŜƎƻǊƛŜǎ ƻŦ ƳƛȄǘǳǊŜǎ ŎƻƴǘŀƛƴƛƴƎ ƳŜŀǘ ŀǊŜ ƎǊƻǳǇŜŘ ǘƻƎŜǘƘŜǊ ŀǎ άmixtures with meatέ ǘƻ ǇǊƻǾƛŘŜ ŀ 

transparent view of their influence on the results. For calculations of environmental impact, the meat in 

the following categories is considered to be a combination of meat types (meat, nonspecific as to type; 

lamb, veal, game, other carcass meat; organ, sausages, lunchmeats, spreads; meat, poultry, fish with 

nonmeat items; frozen shelf-stable plate meals, with meat; vegetables with meat, poultry, fish). We 

classified these meat mixtures as a combination of beef, chicken, pork, and fish. Disappearance data9 from 

USDA ERS (USDA 2015c) and NMFS (NOAA 2014) was used to specify proportions of these meat types (see 

Table 8 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 NMFS). Of note, all poultry is represented as chicken, based 

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 were used to produce a meal average for breakfast, lunch, and dinner 

within meat-containing and meatless meals, and the weight of each food category within each meal type 

is presented in Table 6, with food categories of meatless meals weight-adjusted (to make total meal 

weights equivalent between meat-containing and meatless meals. Note that food categories for both 

meat-containing and meatless meals are further adjusted to account for waste (see Table 7). As described 

in more detail below, meatless meals have been scaled up to account for their lesser weight.  These meal 

averages do not necessarily represent people who consider themselves vegetarian or intend to choose a 

vegetarian meal option.  An attempt is made to provide a basis for comparison of meat-containing and 

meatless meals.  Because 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 present 

                                                             

9 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 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 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 for some of the disappearance of these materials.  
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assessment is on what food people eat, this removes the confounding effect of how much food they eat10. 

Most importantly, it avoids the potential that if a benefit is to be identified for one meal type over another 

that it might be explained by the overall quantity of food eaten.  Following this adjustment, the meatless 

meal averages represented here contain the same weight of food as the reported meat-containing meal 

averages, but the proportionate distribution of food types within the meal is based on the reported 

meatless meals. Food 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 sweetened 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 the beverage consumption would not vary if one switched from a meat-

containing to a meatless meal. 

NHANES, USDA, NMFS data has been selected as the best available source of data to provide basis for this 

assessment due to the belief that they provide that best available basis for evaluating the question of to 

what eȄǘŜƴǘ άƳŜŀǘƭŜǎǎέΣ άǇƭŀƴǘ-ōŀǎŜŘΣέ ƻǊ άveggieέ ŀǊŜ ǳǎŜŦǳƭ ǎŜƭŜŎǘƛƻƴ ŎǊƛǘŜǊƛŀ ŦƻǊ ŀǘǘŜƳǇǘƛƴƎ ǘƻ ǊŜŘǳŎŜ 

the environmental impact of food consumption, which is the goal of this analysis. However, NHANES, 

USDA and NMFS are not perfect sources of data for such a comparison and in particular the following 

necessary assumptions should be noted: 

1. It is assumed this intake data, scaled to account for food waste, is sufficiently accurate and 

representative of actual behavior. 

2. It is assumed that the combination of food types and amounts represented in 

NHANES/USDA/NMFS meal constructs is appropriate for a population-based comparison.  

3. It is assumed that the population from whom the information is drawn represents well the 

population or people to whom the results would be applied.  

4. It is assumed that beverage consumption is the same in meat-containing and meatless meals. 

                                                             

10 Although the data used here do show that meals containing no meat weigh less than those containing meat, it 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 vegetarianism and smaller meals beside gender, but that are not causal relationships. It is 
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 any bias that applying this adjustment creates in favor of meat-
containing meals.  
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5. It is assumed that the location at which meals are eaten (e.g., at home versus out of home) does 

not have an effect on the comparison of meat-containing and meatless meals, as location is not 

distinguished here. 

6. It is 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 NHANES/USDA/NMFS meal 

constructs. See for example the representation for meat categories in Table 5. 

Representation of meals life cycle  

The scope of the meal systems includes all activities needed to provide a meal to an American adult, from 

άŦŀǊƳ ǘƻ ŦƻǊƪΦέ  !ǎ ŘŜǘŀƛƭŜŘ ƛƴ Figure 1, this includes the growing or production of all the products, their 

harvesting, processing, transport, manufacturing processes, packaging, food preparation and disposal of 

all packaging and food wastes.  

Figure 1: Stages of the life cycle of the meat-containing and meatless meals 

 

Regarding the raw material stage, Table 8 provides a summary of how each of the food categories 

described in the above section are represented by pre-existing or adapted life cycle inventory (LCI) data 

to represent the production of food raw materials within these categories. All stages downstream of raw 

material production are represented in a similar way for the meat-containing and meatless meals. While 

the proportion of various food commodities within the two meal categories do in fact differ and in more 

complicated ways than simple substitution, the remaining stages of the meal life-cycle are assumed to be 

nearly identical between these meal types. Many 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 each meal type. As shown in Table 6, the weights of food in the 

meals reported by NHANES have been adjusted so that for each of breakfast, lunch and dinner, the 

meatless meals have the same total weight as the meat-containing meals. However, breakfasts, lunches 

and dinners have not been adjusted to achieve an equal weigh among these three meal types, each being 

assigned the weight of meat-containing meals for that meal occasion as reported by NHANES.  
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In the case of fish-containing meals, it is noted that the activities of catching wild-caught fish (e.g., boat 

operation) are included; however, the implications for sustainability of fisheries are not able to be 

addressed in this assessment.11  

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 meat-containing 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, rather than a mixture of each based on the average 

within the reported meals. In these cases, the total mass of all meat within the meat-containing meal 

average is represented as all beef, all chicken, all pork or all fish. Results of these scenarios are presented 

in Appendix E. 

In identifying the best source of data to represent meatless and meat-containing meals, other data 

sources were considered. In particular, the Dietary Guidelines for Americans (USDA 2010) were evaluated. 

However, these were determined not to be the right source of data for the purpose of this study because 

they do not help represent what Americans actually eat or report to eat, but rather what Americans would 

eat if they followed dietary guidelines, and it has been reported that most Americans do not meet federal 

dietary recommendations (Krebs-Smith 2010). In addition, the meal composition in this source is a less 

specific categorization, which limits our ability to associate the food intake with production of specific 

types of food.  

Product systems 
MorningStar Farms® veggie products 

MorningStar Farms® makes a wide range of foods, many of which fall into the category of meat substitutes, 

implying that these products are intended to be able to be included in recipes and meals as direct 

substitutes for a meat food product such as a hamburger patty, pork or chicken sausage patties, or other 

                                                             

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

ƻŦ ŦƛǎƘ ŎƻƴǎǳƳǇǘƛƻƴ ƻƴ ǘƘŜ Ǿƛŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǎƘŜǊƛŜǎΣ ǿhich is an important concern regarding the impact of 

catching and consuming wild-caught fish. This additional issue should be considered when evaluating the 

environmental impact of fish consumption and that the LCA-based methods used here do not consider it. 
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primarily meat-based products. These products are made primarily of various grains, legumes and 

vegetables and include smaller amounts of other ingredients intended to season the products, provide 

texture or serve other purposes.  

These products are manufactured by MorningStar Farms® in their US locations, where the products are 

also packaged and prepared for shipment to the market. These foods are kept frozen from the stage of 

manufacture through the distribution and retail network and are intended to be stored frozen in the 

ŎƻƴǎǳƳŜǊΩǎ ƘƻƳŜΦ ¢ƘŜ ǇǊƻŘǳŎǘǎ Ƴŀȅ ōŜ ŎƻƻƪŜŘ ƛƴ ŀ ǾŀǊƛŜǘȅ ƻŦ ǿŀȅǎΦ aƻǎǘ ƻŦ ǘƘŜ products resemble a 

meat patty and would most likely be heated in a pan on the stove or heated in the microwave. One of the 

foods resembles ground meat and is likely to be prepared in a wider variety of ways. Although the above 

describes the most typical use patterns, there is a wide range of ways in which any of the products might 

be prepared.  After product use, the packaging is typically disposed of in the municipal waste system. 

As detailed below and shown in Figure 2, the product system includes all aspects of production of the raw 

material ingredients, manufacturing and 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 material ingredients and food product between these activities. Note 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 materials at the product end-of-life is the packaging materials and 

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

The six MorningStar Farms® veggie products being assessed are listed in Table 3 below, which also 

illustrates which of the MorningStar Farms® veggie products are compared to which meat alternative 

product. All products are compared on the basis of a 60-gram portion. 

Figure 2: Represented stages of the life cycle of MorningStar Farms® veggie products 
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Table 3: The MorningStar Farms® and meat products compared in the assessment (all are compared on 

60g basis12) 

MorningStar Farms® products (all frozen) Meat products for comparison 

Grillers® CrumblesTM  Ground beef (fresh) 

Grillers® Original Burgers  

Beef burgers (frozen) Spicy Black Bean (SBB) Burgers  

Roasted Garlic & Quinoa (RGQ) Burgers  

Original Sausage Patties Pork sausage patties (frozen) 

Original Chik Patties®  Breaded chicken patties (frozen) 

 

Meat products 

The meat products considered here include beef burger patty, pork sausage patty and chicken sausage 

patty. Although meat products may be distributed and sold to consumers in a wide range of forms, to 

reflect the most common distribution method in the US, as well as to maintain as similar of a comparative 

function with the MorningStar Farms® veggie products (which are sold frozen), the meat products are 

assumed to be sold in frozen format, divided into individual serving portions that can be cooked from 

frozen. The only exception to this is the ground 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 temperatures from the stage of manufacture through the time of preparation (Nielsen 2015).  

Details of the representation and underlying data sources for the representation of the beef, pork and 

chicken products is provided in Appendices I, J and K. The production of the meat products begins with 

the production of animal feed, which is in most cases grown elsewhere and transported to the animal 

raising operation, usually by truck. Note that some meat farms may grow some portion of their feed on-

site. Table 13 contains assumptions about transportation stages throughout the life cycle and shows the 

assumptions about average feed transport.  

                                                             

12 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 weight of 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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The meat products are derived from conventional animal raising operations, where 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 various meat products and in some cases other products (for example hides 

to be used for leather). The representation of beef in this study is not intended to reflect, Ψnatural and 

grass-fed ƻƴƭȅΩ beef, but rather the most typical beef production practices within the US. For all meats, in 

addition to being separated into various sections (i.e., butchering), the meats may also be further 

processed, such as grinding, at this stage. In all 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 recipes. 

Meat products are then frozen or refrigerated and packaged, where they enter a similar distribution and 

retail network as for the MorningStar Farms® veggie products. Note that refrigerated meat products will 

typically move much more quickly through distǊƛōǳǘƛƻƴΣ ǊŜǘŀƛƭ ŀƴŘ ǘƘŜ ŎƻƴǎǳƳŜǊΩǎ ƘƻƳŜ than frozen 

products and so the assumed storage times for refrigerated meat products (ground beef in this case) is 

less than for frozen products.  

As with the MorningStar Farms® veggie products, the meat products may be ŎƻƻƪŜŘ ŀǘ ǘƘŜ ŎƻƴǎǳƳŜǊǎΩ 

homes in a variety of ways. We assume here the same set of cooking conditions for both the meat 

products and the MorningStar Farms® veggie products. Because there is no basis for assuming the cooking 

conditions would differ systematically for the meat products and MorningStar Farms® veggie products, 

we have used the same set of assumptions regarding cooking for both. 

The primary packaging for meat products is represented as consisting of plastic film, which is packed for 

distribution within cardboard cases. Meat products in the categories represented are packaged in a wide 

variety of ways and a packaging system has been chosen here to be very similar to the MorningStar Farms® 

veggie products, as the assessment is not intended to be a comparison of packaging. After consumption, 

primary packaging materials (e.g., film and closures) are disposed of in the municipal waste system. The 

cardboard used in product distribution is assumed to be recycled. The other tertiary packaging materials 

(e.g., plastic pallet wrap) are sent to municipal waste systems.  

As detailed below and shown in Figure 3, the product system includes all aspects of production of the raw 

material ingredients, manufacture and packaging of the product, 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 activities. The consumer stage includes the storage and cooking of the products 

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

in the packaging stage in the meals comparison. In addition to each of the meat products mentioned 

ŀōƻǾŜΣ ǿŜ ŀƭǎƻ ŀǎǎŜǎǎ ŀƴ άŀǾŜǊŀƎŜέ ƳŜŀǘ ǇǊƻŘǳŎǘΦ ¢Ƙƛǎ ŀǾŜǊŀƎƛng is done by weighting each of the beef, 

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 calculated 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. 

Figure 3: Stages represented in the life cycle of meat products 

 

3.2 Comparative basis: Functions and 

functional unit 

[ƛŦŜ ŎȅŎƭŜ ŀǎǎŜǎǎƳŜƴǘ ǊŜƭƛŜǎ ƻƴ ŀ άŦǳƴŎǘƛƻƴŀƭ ǳƴƛǘέ ŀǎ ŀ ǊŜŦŜǊŜƴŎŜ ŦƻǊ ŜǾŀƭǳŀǘƛƴƎ ǘƘŜ ŎƻƳǇƻƴŜƴǘǎ ǿƛǘƘƛƴ ŀ 

single system or among multiple systems on a common basis. It is therefore critical that this parameter is 

clearly defined 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 interactions, and other psychological reasons), as well as the difficulty of quantifying how 

many of these needs are met. As noted below, both the meals and product are compared here on a per-

weight basis. To explore the dependence of results on the functional unit, comparisons for the products 

have also been made on the bases of equal energy (calories) and equal protein content to allow evaluation 

of the importance of this selection of the functional unit basis. The results of these comparisons are shown 

in Appendix C. 
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The functional unit for the comparison of meals is providing a US consumer with a meal at their home.  

In particular, the meals to be compared are considered to be comparable or interchangeable based on 

the total weight of food they contain. The size of the meals to be compared is based on the composition 

of meat-containing meals reported by American adults surveyed in NHANES (2011 ς 2012). These meals 

contain 366 grams of food in the case of a breakfast, 412 grams in the case of a lunch and 496 grams in 

the case of a dinner. The composition of the meals to be compared is based on the combination of 

NHANES, USDA and NMFS data.  

The functional unit for the comparison of MorningStar Farms® products and meat products is providing 

a US consumer with 60 grams of meat patty or alternative at their home.  

The alternatives are considered to be functionally equivalent on the basis of equal mass and a serving size 

of 60 grams is used here. Note that this 60 gram amount may differ from the serving size in which products 

ƻǊ ǎƻƭŘ ƻǊ ǿƘƛŎƘ ǘƘŜ ǇǊƻŘǳŎǘΩǎ ǇŀŎƪŀƎƛƴƎ ŘŜŦƛƴŜǎ ŀǎ ŀ ǎŜǊǾƛƴƎ ƻŦ ǘƘŀǘ ǇǊƻŘǳŎǘΦ For example, the energy 

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 amount of product to-be-ŎƻƻƪŜŘ όάƛƴ ǘƘŜ ǊŜŎƛǇŜέύ ǊŀǘƘŜǊ ǘƘŀƴ 

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 cooking method.  

bƻǘŜ ŀƭǎƻ ǘƘŀǘ ǘƘŜ ŦǳƴŎǘƛƻƴ ƻŦ ǘƘŜ ǇǊƻŘǳŎǘǎ ƻǊ ƳŜŀƭǎ ƛǎ ƴƻǘ ƛƴǘŜƴŘŜŘ ǘƻ ǇǊƻǾƛŘŜ ŀƴ άƻǇǘƛƳŀƭέ ǎŜǘ ƻŦ 

nutrients. Consideration of the nutritional benefits of food choices is highly complex and is highly 

dependent on the individual and their lifestyle choices. Functional unit comparisons based on nutrition 

are outside the context of this LCA. Beyond nourishment, any other functions of the products are not 

considered here. For example, taste, enjoyment, relief of psychological stress, providing a basis for social 

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 to be able to equally meet such functions. 

Scenarios are conducted in Appendix C to consider a comparison of products on the alternative basis of 

calories or protein.  

3.3 System characterization and data sources 

To fulfill the functional unit, different quantities and types of materials and other processes are required 

for each product or meal. TƘŜǎŜ ƭƛǎǘǎ ƻŦ ƛƴǇǳǘǎ ǘƘŀǘ ǇǊƻǾƛŘŜ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭ ǳƴƛǘ ŀǊŜ ƛŘŜƴǘƛŦƛŜŘ ŀǎ άǊŜŦŜǊŜƴŎŜ 
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Ŧƭƻǿǎέ ŀƴŘ ŘŜŦƛƴŜ ǘƘŜ ǘƻǘŀƭ ŘŜƳŀƴŘ ŦǊƻƳ ŘƛŦŦŜǊŜƴǘ ŜŎƻƴƻƳƛŎ ŀŎǘƛǾƛǘƛŜǎ ǘƘŀǘ ŀǊŜ ǊŜǉǳƛǊŜŘ for each system. 

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 include amounts 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 

ōŜŜƴ ōŀǎŜŘ ƻƴ ǘƘŜ άBeef cattle for slaughter, at beef farmέ ƳƻŘŜƭ ŦǊƻƳ ǘƘŜ !ƎǊƛ-footprint database (Blonk 

2014), one of several data sources used as a reference for the modeling of the meat products. See 

Appendices I through K for more information on the modeling of the animal raising operations.  

Table 4: Energy and Water Used on the cattle farm (For 11,700 kg of cattle, Blonk 2014)) 

Input Value Process LCI data used (from the Ecoinvent 3.1 database) 

Transportation of feed to animal farm 37280 tkm  Transport, truck>20t, EUOR4, 80%, default/GLO Economic 

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 are listed 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 animal raising operation.13  

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 processing, 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 to include the energy and water used 

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

                                                             

13 The distance feed typically travels from feed production to animal raising operations in the US is not a well-
documŜƴǘŜŘ ǾŀƭǳŜΦ Lƴ ǊŜǾƛŜǿƛƴƎ ŀ ŦŜǿ ƻǘƘŜǊǎΩ ŀǘǘŜƳǇǘǎ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘƛǎ ǾŀƭǳŜ ƛƴ ǎƛƳƛƭŀǊ ǎǘǳŘƛŜǎ ǿŜ ŦƛƴŘ ǘƘŀǘ /ŀǎǘŜƭƭƛƴƛ 
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 of 500 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 values used in these other studies.  



 

/ 35 /  

Verheijen 1996). The underlying data for the processing of each of beef, pork and chicken are shown in 

Appendices I, J and K. 

Raw material production and delivery for meat-
containing meals and meatless meals 

The raw materials stage is defined here as the processes necessary to produce agricultural and other raw 

material ingredients as supplies for food product manufacture and/or other processes to prepare food to 

be distributed to the market. The composition of the meat-containing meals and the meatless meals is 

based on meals developed using NHANES, USDA and NMFS data, with considerations made for waste. See 

section 3.1 for more information about NHANES, USDA, NMFS and associated dietary data.  

Table 6 shows the resulting composition of meatless and meat-containing meal averages. Note that the 

contents of the meatless meals have been scaled upward to achieve the same overall mass of food as is 

present in the reported meat-containing meals. All food categories shown are represented in the 

environmental assessment of the meals. 

To arrive at the final calculation of the environmental impact of producing the food raw 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 availability 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 categories where 

matches are not perfect, the best effort is made with available data to provide a complete and accurate 

assessment. Table 5 illustrates the types of data used and steps made in making this calculation, using 

types of meat products as an example food category. Details of how all food categories have been 

represented are shown in Table 8. 
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Table 5: Calculations and data used to represent the environmental impact of producing raw materials 

for the meals, example using the meat category. 

  

Amount of raw materials 
produced to provide meal 

x 
Environmental impact per 
amount of raw material 

= 
Environmen
tal impact 
to provide 

raw 
materials 
for meal 

Primary data 
sources 

 

The NHANES USDA (2015c) and 
NOAA (2014) are used to represent 

the amounts of food categories 
consumed, 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 sources 
are summarized in Table 8. These are 

primarily the Ecoinvent database (v31., 
SCLCI 2015) and Agri-footprint (Blonk 

2014). 

 

How beef is 
represented 

 
!ƭƭ ŦƻƻŘ ŎŀǘŜƎƻǊƛȊŜŘ ŀǎ άōŜŜŦέ ƛǎ 

grouped together 
 

Environmental impacts are represented 
by the beef LCI dataset, as summarized 

in Appendix I 
  

How pork is 
represented 

 
!ƭƭ ŦƻƻŘ ŎŀǘŜƎƻǊƛȊŜŘ ŀǎ άǇƻǊƪέ ƛǎ 

grouped together 
 

Environmental impacts are represented 
by the pork LCI dataset, as summarized 

in Appendix J 
  

How chicken 
/ poultry is 

represented 
 

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

together 
 

Environmental impacts are represented 
by the chicken LCI dataset, as 

summarized in Appendix K 
  

How fish / 
seafood is 

represented 
 

All food categorized as fish, shellfish 
or other seafood is grouped together 

 

Environmental impacts are represented 
by the fish LCI, which is a mixture 

(50%/50%) of farmed and wild-caught 
fish, as summarized in Appendix L 

  

How other 
meats are 

represented 
 

All other meat products or 
unspecified meat products are 

grouped together 
 

Environmental impact of all other or 
unspecific meats are represented by a 

mixture of LCI data for beef, pork, 
chicken and fish, based on a weighted 
average of these meats according to 

their relative consumption in the US as 
reported by USDA (2015c) and NOAA 

(2014). 

  

How 
mixtures 

with meats 
are 

represented 

 

Three sub-classifications of meat 
under NHANES are mixtures of meat 
with non-meat products. These are 

represented as mixtures of meat with 
vegetables and grains (see Table 8). 

 
See Table 8 for a description of the 
representation of each category. 
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Table 6: Composition (grams) of the original NHANES meal data and the weight-adjusted14and waste-adjusted meatless and meat-containing 

meals15 (based on NHANES 2011-12, USDA 2015b, Buzby et al. 2014) 

 Meat-containing meals Meatless meals 

 Data from NHANES Adjusted for waste Data from NHANES 
Scaled to equal meal 

weight 
Adjusted for waste 

Commodity B
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Milks and milk drinks 41.63 15.92 21.12 61.21 23.42 31.05 88.13 34.02 37.72 119.13 41.05 43.32 175.19 60.37 63.71 

Cream and cream 
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 4.57 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 

Beef 4.05 11.07 20.43 5.54 15.17 27.99 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Pork 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 21.63 15.72 7.61 29.64 21.54 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 25.49 74.93 78.46 34.91 102.64 107.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

                                                             

14 The meal-filtered data taken from NHANES shows a weight of 270.5, 341.1 and 342.1 grams for meatless breakfasts lunches and dinners in comparison to 
365.6, 411.6, and 496.2 grams for meat-containing meals. The meatless meals have been adjusted to have equal weight to the meat-containing meals by 
increasing all meal components proportionately.  
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 Meat-containing meals Meatless meals 

 Data from NHANES Adjusted for waste Data from NHANES 
Scaled to equal meal 

weight 
Adjusted for waste 
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Frozen, shelf-stable 
plate meals, w/ meat 10.74 19.20 22.54 14.72 26.30 30.88 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Vegetables with meat, 
poultry, fish 0.00 0.95 0.35 0.00 1.36 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Eggs 13.56 1.43 1.00 18.83 1.98 1.39 3.95 2.29 1.63 5.34 2.76 1.87 7.41 3.84 2.60 

Egg mixtures 29.57 2.38 1.62 41.07 3.31 2.24 11.65 7.94 5.81 15.75 9.58 6.67 21.88 13.31 9.27 

Egg substitutes 0.45 0.10 0.00 0.63 0.14 0.00 0.19 0.07 0.00 0.25 0.08 0.00 0.35 0.11 0.00 

Legumes16 4.29 8.49 12.32 1.83 3.62 5.25 1.75 15.88 19.40 2.36 19.17 22.28 1.01 8.16 9.49 

Nuts, nut butters, and 
nut mixtures (with 
carob) 0.31 0.95 0.63 0.36 1.12 0.74 1.83 3.11 1.71 2.47 3.75 1.97 2.91 4.42 2.32 

Seeds and seed 
mixtures 0.06 0.04 0.10 0.07 0.05 0.12 0.09 0.07 0.14 0.12 0.09 0.16 0.14 0.10 0.19 

Yeast breads, rolls 25.19 22.65 16.34 36.51 32.83 23.68 16.42 13.56 12.60 22.20 16.37 14.47 32.17 23.72 20.97 

Quick breads 8.54 4.00 7.29 12.37 5.79 10.56 2.97 2.82 4.16 4.01 3.40 4.78 5.81 4.93 6.93 

Cakes, cookies, pies, 
pastries 3.91 7.16 9.26 5.66 10.38 13.42 6.63 6.01 6.30 8.97 7.25 7.23 13.00 10.51 10.48 

Crackers and salty 
snacks from grain 0.27 2.08 1.67 0.39 3.01 2.43 0.77 3.84 3.06 1.04 4.63 3.52 1.51 6.71 5.10 

Pancakes, waffles, 
French toast, other 9.30 0.78 0.57 13.48 1.13 0.83 3.78 1.26 1.11 5.11 1.52 1.27 7.41 2.20 1.84 

                                                             

16 The weight of legumes shown here is cooked weight. These value were divided by 2.76 to arrive at the dry weight of beans consumed, based on the ratio of 

ŎŀƭƻǊƛŜǎ ƻŦ ŎƻƻƪŜŘ ŀƴŘ ŘǊȅ ōŜŀƴǎ ŦǊƻƳ ǘƘŜ ¦{5!Ωǎ ƴǳǘǊƛŜƴǘ ŘŀǘŀōŀǎŜ όнлмрōύΦ 

 



 

/ 39 /  

 Meat-containing meals Meatless meals 

 Data from NHANES Adjusted for waste Data from NHANES 
Scaled to equal meal 

weight 
Adjusted for waste 
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Pasta, cooked cereals, 
rice17 30.64 24.03 30.30 18.91 14.83 18.70 26.68 14.17 17.01 36.06 17.10 19.53 22.26 10.56 12.05 

Cereals, not cooked or 
not specified18 1.09 0.06 0.14 0.56 0.03 0.07 11.40 1.83 1.82 15.41 2.21 2.09 7.95 1.14 1.08 

Grain mixtures, frozen 
plate meals, soup 9.60 35.29 43.99 13.91 51.14 63.75 14.43 125.40 194.72 19.51 151.33 223.62 28.27 219.32 324.09 

Meat substitutes, 
mainly cereal protein 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.04 0.00 0.03 0.05 0.00 0.04 0.07 0.00 

Citrus fruits, juices 36.40 7.68 8.96 51.27 10.82 12.63 25.05 9.02 7.10 33.87 10.89 8.15 47.70 15.34 11.48 

Dried fruits19 0.09 0.11 0.09 0.58 0.71 0.58 0.72 0.21 0.27 0.97 0.25 0.31 6.08 1.56 1.97 

Other fruits 11.63 13.65 11.28 16.37 19.23 15.89 22.02 20.64 20.13 29.76 24.91 23.12 41.92 35.08 32.56 

Fruit juices and nectars 
excl. citrus 8.94 7.80 8.92 12.60 10.99 12.56 8.04 10.13 6.80 10.87 12.22 7.81 15.31 17.21 11.00 

White potatoes, starch 
veg. 16.95 23.15 33.51 24.22 33.07 47.87 3.15 7.62 9.84 4.25 9.20 11.30 6.07 13.14 16.15 

Dark-green vegetables 0.49 5.85 10.84 0.70 8.36 15.49 0.36 3.29 5.48 0.49 3.97 6.30 0.70 5.67 9.00 

Deep-yellow 
vegetables 0.17 2.72 5.03 0.24 3.88 7.19 0.84 2.52 2.67 1.14 3.04 3.07 1.63 4.34 4.38 

Tomatoes and tomato 
mixtures 6.53 12.39 13.07 9.33 17.70 18.66 2.35 10.55 13.82 3.18 12.73 15.87 4.54 18.19 22.67 

                                                             

17 The weight of pasta shown here is cooked weight. These value were divided by 2.35 to arrive at the dry weight of pasta consumed, based on the ratio of 
calorƛŜǎ ƻŦ ŎƻƻƪŜŘ ŀƴŘ ŘǊȅ Ǉŀǎǘŀ ŦǊƻƳ ǘƘŜ ¦{5!Ωǎ ƴǳǘǊƛŜƴǘ ŘŀǘŀōŀǎŜ όнлмрōύΦ 
18 The weight of grains shown here is cooked weight. These value were divided by 2.81 to arrive at the dry weight of grains consumed, based on the ratio of 
calories of cooked and dry ricŜ όǿƘƛǘŜύ ŦǊƻƳ ǘƘŜ ¦{5!Ωǎ ƴǳǘǊƛŜƴǘ ŘŀǘŀōŀǎŜ όнлмрōύΦ 
19 The weight of dried fruit shown here is dried. These value were multiplied by 4.46 to arrive at the wet weight of fruits consumed, based on the ratio of calories 
ƻŦ Ǌŀƛǎƛƴǎ ŀƴŘ ƎǊŀǇŜǎ ŦǊƻƳ ǘƘŜ ¦{5!Ωǎ ƴutrient database (2015b). 
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 Meat-containing meals Meatless meals 

 Data from NHANES Adjusted for waste Data from NHANES 
Scaled to equal meal 

weight 
Adjusted for waste 
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Other vegetables 4.93 31.68 46.91 7.04 45.25 67.01 3.80 29.37 38.21 5.14 35.44 43.88 7.34 50.63 62.68 

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 

Oils 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 

Salad dressings 1.10 4.61 4.75 1.77 7.44 7.66 0.13 1.67 1.93 0.18 2.02 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 the 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 data from Buzby et al. (2014), which are shown in Table 7 

Table 7: Loss of foods at the retail operations and consumer (Based on Buzby et al. 2014) 

Food commodity group Loss at retail level (%) 
Loss at consumer level 

(%) 
Total loss, retail and 

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 other 
meats20 

4 23 
26.1 

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 

 

The raw material production and delivery stage also includes the transportation of these commodities 

from their point of production (e.g., a farm) to the relevant processing or manufacture location. The 

distribution of each of the commodities will vary widely throughout the food system. Lacking a specific 

source of data on the average distance of products from production to processing, a general assumption 

is applied here that all food commodities are transported 500 miles by truck to arrive at their next point 

of processing. Note also that some products will not undergo additional processing and will be transported 

fresh to the marketplace. It can be considered that this lack of additional transport is accounted for in 

arriving at the average distance mentioned above. 

Representation of food raw materials within meals 
Table 6 presents the weights of food raw material categories present within each of the meal types 

represented. Table 8 summarizes how each food group from Table 6 has been represented by life cycle 

inventory data characterizing the set of environmental emissions and uses of resources as part of the raw 

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

                                                             

20 ¢ƘŜ .ǳȊōȅ Ŝǘ ŀƭΦ нлмп ǊŜǇƻǊǘ ǳǎŜǎ ǘƘŜ ǘŜǊƳ άƳŜŀǘέ ǘƻ ŀǇǇƭȅ ǘƻ ŀƭƭ ƳŜŀǘ ǇǊƻŘǳŎǘǎ ŜȄŎŜǇǘ ŦƻǊ ŦƛǎƘ ŀƴŘ ǇƻǳƭǘǊȅΦ Lǘ Ƙŀǎ 
ōŜŜƴ ǊŜƴŀƳŜŘ ǘƻ άǊŜŘ ƳŜŀǘΣ ǇƻǊƪ ŀƴŘ ƻǘƘŜǊ ƳŜŀǘǎέ ƘŜǊŜ ǘƻ ƳŀƪŜ ƛǘ ŎƭŜŀǊŜǊ ǘƻ ǘƘŜ ǊŜŀŘŜǊ ǘƻ ǿƘƛŎƘ ŦƻƻŘ ŎŀǘŜƎƻǊƛŜǎ 
we have applied this waste value in the present assessment 
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detail on sub-categorization and/or adequate differentiation within life cycle inventory (LCI) data do not 

allow for finer differentiation, one or a few components of a category have been used to represent the 

production of all products in that category on a per-weight basis. Where it is feasible to do so and where 

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

has been added where possible to allow for a more detailed representation of what is consumed within 

ŜŀŎƘ ŎŀǘŜƎƻǊȅΦ ²ƘŜǊŜ ǘƘƛǎ ƛǎ ŘƻƴŜΣ Řŀǘŀ ŦǊƻƳ ǘƘŜ ¦{5!Ωǎ 9ŎƻƴƻƳƛŎ wŜǎŜŀǊŎƘ {ŜǊǾƛŎŜ ό9w{ύ ƛǎ ǳǎŜŘ ό¦{5! 

2015). These data characterize the proportional consumption of various food commodity categories 

within the United States. Legumes, pasta, grains, and dried fruit are scaled from wet weight to dry weight 

to account in differences in how these commodities are represented in the 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 the USDA ARS National Nutrition Database (USDA 2015b)  

Because of the central role of meat in the comparison of meals, it is worth taking note that all meats that 

cannot be classified as specifically beef, pork, poultry or fish/shellfish have been represented as a mixture 

of these four categories, based on the assumptions that much of the meat in the 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 approximation of the production of these additional meat types. 

Of note, approximately 7% of total meat consumption in the US is turkey (UDSA 2015c and NOAA 2014) 

and all poultry has been represented here based on the production model for chicken.  According to the 

¦{5!Ωǎ 9ŎƻƴƻƳƛŎ wŜǎŜŀǊŎƘ {ŜǊǾƛŎŜ όнлмрŎύΣ ǎǳǇǇƭŜƳŜƴǘŜŘ ǿƛǘƘ ǘƘŜ Řŀǘa on seafood from NOAA (2014), 

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 other 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 2015a). The need to add greater specificity arises 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) and Agri-footprint (Blonk 2014). Whereas the NHANES 

represents food cƻƴǎǳƳǇǘƛƻƴ ǿƛǘƘƛƴ ǊŜƭŀǘƛǾŜƭȅ ōǊƻŀŘ ŎŀǘŜƎƻǊƛŜǎ όŜΦƎΦΣ άŘŀǊƪ ƎǊŜŜƴ ǾŜƎŜǘŀōƭŜǎέΣ άŎƛǘǊǳǎ 

ŦǊǳƛǘǎάύΣ ǘƘŜ Řŀǘŀ ŦǊƻƳ ǘƘŜ [/L ŘŀǘŀōŀǎŜǎ ŀǊŜ ǘȅǇƛŎŀƭƭȅ ŦƻǊ ŀ ǎǇŜŎƛŦƛŎ ŦƻƻŘ ŎƻƳƳƻŘƛǘȅ όŜΦƎΣ άǎǇƛƴŀŎƘέΣ άƴŀǾŀƭ 

ƻǊŀƴƎŜǎέύΦ ²ƘŜǊŜ ƎǊŜŀǘŜǊ ǎǇŜŎƛŦƛŎƛǘȅ ƛǎ ƴŜŜŘŜŘΣ ǘƘŜ ǇŜǊŎŜƴǘŀges of food disappearance within a given 

commodity category were used to apportion the NHANES category amounts to these more specific 

commodities. LCI data are not available for all food commodities, and so the availability of representative 

data was also taken 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 production. 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 has been used, 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 databases disappear. 

Table 8: Representation of each food category by life cycle inventory 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 All items in this category are represented as whole 
fluid milk, based on the following dataset from 

Ecoinvent v3.121, which represents whole fluid milk: 
ά/ƻǿ Ƴƛƭƪ ϑD[hϒέ 

Cream and cream substitutes Fluid dairy 

Milk desserts, sauces, gravies Fluid dairy 

Cheeses Cheese 
Based on dataset ŦǊƻƳ 9ŎƻƛƴǾŜƴǘ ǾоΦмΥ ά/ƘŜŜǎŜΣ 

ŦǊƻƳ Ŏƻǿ ƳƛƭƪΣ ŦǊŜǎƘΣ ǳƴǊƛǇŜƴŜŘ ϑD[hϒέ 

Meat, Poultry, Fish and Mixtures  

Meat, NS as to type Meat mixture Represented as 25.1% beef (See Appendix I), 21.5% 
Pork (see Appendix J), 46.6% Poultry (see Appendix K) 
and 6.8% Fish (See appendix L)22. Percentages are 
based on USDA (2015c) and NOAA (2014) and 
representing 2014 consumption. All poultry is 
represented here as chicken23. The following are the 
annual consumption statistics used for this 
calculation (all units are in pounds per capita): beef = 
54.1, Pork = 46.4, Poultry = 100.3, Fish = 14.6. 
All meats which are not beef, pork, poultry or fish are 
included in the assessment and are represented as a 
mixture of these 4 meats based on their proportion 
of consumption in the US diet. This is due to not 
having applicable data available for raising of other 
types of meats and that the level of specificity here 

Lamb, veal, game, other carcass meat Meat mixture 

Organ, sausages, lunchmeats, spreads Meat mixture 

                                                             

21 wŜŦŜǊŜƴŎŜǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǊŜǇƻǊǘ ǘƻ ǘƘŜ 9ŎƻƛƴǾŜƴǘ ǾоΦм ǊŜŦŜǊ ǘƻ ǘƘŜ άŎǳǘ-ƻŦŦ ǎȅǎǘŜƳ ƳƻŘŜƭέ ǾŜǊǎƛƻƴ ƻŦ ǘƘƛǎ ŘŀǘŀōŀǎŜΦ 
22 Numbers used to calculate these percentages are (all in units of pounds annually per capita): beef 54.1, pork 46.4, poultry 

(100.3), and fish (14.6). 

23 Given 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. This is based 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 amount of 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 cases 
from these four common meat categories. 

Beef Beef See Appendix I 

Pork Pork See Appendix J 

Poultry Chicken 
See Appendix K; note poultry is represented as 
chicken for environmental impact calculations. 

Fish and shellfish Fish See Appendix L 

Meat, poultry, fish with nonmeat items 

Mixture of 
meat and 

vegetables 

Based on the description of this category, it is not 
clear how much of the food represented is meat or 

vegetables. Lacking any other basis, it has been 
represented here as an even split, half each of the 

category of meat mixture as described above, 
vegetable mixture as described below. This 50/50 

split is chosen as the point of minimal potential 
error or bias in the absence of any better 

information. Vegetables with meat, poultry, fish 

Mixture of 
meat and 

vegetables 

Frozen, shelf-stable plate meals, 
w/meat 

Mixture of 
meat, 

vegetables 
and grains 

Based on the description of this category, it is not 
clear how much of the food represented is meat or 

vegetables. Making an assumption of even 
distribution of this weight among the major 

categories that are expected to be included, it has 
been represented here as an even split, equal parts 

(1/3 each) of the category of meat mixture as 
described above, vegetable mixture as described 

below, and grains as described below. This 33/33/33 
split is chosen as the point of minimal potential 

error or bias in the absence of any better 
information. 

Vegetables   

White potatoes, Puerto Rican starch 
veg. 

Starchy 
vegetables 

Represented based on the dataset άtƻǘŀǘƻΣ ¦{έ 
from Ecoinvent v3.1 (SCLCI 2015) 

Dark-green vegetables 
Dark green 
vegetables 

Represented based on the dataset ά{ǇƛƴŀŎƘΣ D[hέ 
from Ecoinvent v3.1 (SCLCI 2015) 

Deep-yellow vegetables 
orange/yellow 

vegetables 

Represented based on the dataset ά/ŀǊǊƻǘΣ D[hέ 
from Ecoinvent v3.1 (SCLCI 2015) 

Tomatoes and tomato mixtures 
Vegetable 

mixture 

Represented by the following datasets from 
Ecoinvent v3.1 (SCLCI 2015): 4% cruciferous 

ǾŜƎŜǘŀōƭŜǎ όάŎŀǳƭƛŦƭƻǿŜǊΣ ǿƘƛǘŜΣ D[hέύΣ о҈ ōǊƻŎŎƻƭƛ 
όά.ǊƻŎŎƻƭƛΣ D[hέύΣ н҈ ŎŀǊǊƻǘǎ όά/ŀǊǊƻǘǎΣ D[hέύΣ м҈ 
ŎŜƭŜǊȅ όάŎŜƭŜǊȅΣ D[hέύΣ р҈ ŎƻǊƴ όάƳŀƛȊŜ ƎǊŀƛƴΣ ¦{έύΣ 

м҈ ŎǳŎǳƳōŜǊ όάŎǳŎǳƳōŜǊΣ D[hέύΣ р҈ ƭŜŀŦȅ 
ǾŜƎŜǘŀōƭŜǎ όάǎǇƛƴŀŎƘΣ D[hέύΣ п҈ ƭŜǘǘǳŎŜ όάƭŜǘǘǳŎŜΣ 

D[hέύΣ о҈ ƻƴƛƻƴǎ όάƻƴƛƻƴǎΣ D[hέύΣ н҈ ǇŜŀǎ όάǇǊƻǘŜƛn 
ǇŜŀǎέύΣ н҈ ǇŜǇǇŜǊǎ όάƎǊŜŜƴ ōŜƭƭ ǇŜǇǇŜǊΣ D[hέύΣ но҈ 
Ǌƻƻǘ ǾŜƎŜǘŀōƭŜ όάǎǳƎŀǊ ōŜŜǘΣ /IέύΣ нн҈ ǇƻǘŀǘƻŜǎ 

όάǇƻǘŀǘƻΣ ¦{έύΣ м҈ ǎǘǊƛƴƎ ōŜŀƴǎ όάȊǳŎŎƘƛƴƛέύ ŀƴŘ нн҈ 
ǘƻƳŀǘƻŜǎ όάǘƻƳŀǘƻΣ D[hέύΦ ¢ƘŜ ōǊŜŀƪŘƻǿƴ ƛǎ ŦǊƻƳ 
¦{5!Ωǎ 9ŎƻƴƻƳƛŎ wŜǎŜŀǊŎƘ {ŜǊǾƛŎŜ ό¦{5! нлмрh).  

Other vegetables 
Vegetable 

mixture 

Mixtures mostly vegetables w/o meat 
Vegetable 

mixture 

Eggs   
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Category as defined in NHANES Grouped as Represented by 

Eggs Eggs 
Represented by the following dataset from the Agri-
ŦƻƻǘǇǊƛƴǘ ŘŀǘŀōŀǎŜ ό.ƭƻƴƪ нлмпύΥ ά/ƻƴǎǳƳǇǘƛƻƴ 

ŜƎƎǎΣ ƭŀȅƛƴƎ ƘŜƴǎ Ҕ мт ǿŜŜƪǎΣ ŀǘ ŦŀǊƳέ 

Egg mixtures Eggs 

Egg substitutes Eggs 

Legumes, Nuts, and Seeds  

Legumes Legumes 

All legumes are represented by the following 
dataset from the Ecoinvent database (v3.1, SCLCI 

нлмрύ άCŀǾŀ ōŜŀƴΣ ƛƴǘŜƎǊŀǘŜŘ ǇǊƻŘǳŎǘƛƻƴέ 

Nuts, nut butters, and nut mixtures 
(with carob) Nuts 

 All nuts are represented as almonds, based on the 
following dataset from the AusLCI database (AusLCI 

нлммύ ά!ƭƳƻƴŘ ƪŜǊƴŜƭǎΣ ŀǘ ƘǳƭƭŜǊ ŀƴŘ ǎƘŜƭƭŜǊέ Seeds and seed mixtures Nuts 

Grain Products  

Yeast breads, rolls Grains 

Represented as wheat flour, 74% (Ecoinvent v3.1 
άCƭƻǳǊΣ ǿƘŜŀǘΣ ŦǊƻƳ ŘǊȅ ƳƛƭƭƛƴƎΣ ŀǘ ǇƭŀƴǘέύΤ ŎƻǊƴ 

ŦƭƻǳǊκƳŜŀƭΣ мм҈ ό9ŎƻƛƴǾŜƴǘ ǾоΦм άaŀƛȊŜ ŦƭƻǳǊΣ ŦǊƻƳ 
ŘǊȅ ƳƛƭƭƛƴƎΣ ŀǘ ǇƭŀƴǘέύΣ ǊƛŎŜΣ мм҈ ό9ŎƻƛƴǾŜƴǘ ǾоΦм 

άwƛŎŜΣ ¦{έύ ŀƴŘ ƻŀǘǎΣ п҈ ό9ŎƻƛƴǾŜƴǘ ǾоΦм άhŀǘ ƎǊŀƛƴΣ 
dried, at farm). The breakdown is from ¦{5!Ωǎ 

Economic Research Service (USDA 2015h, 2015i). 

Crackers and salty snacks from grain Grains 

Pasta, cooked cereals, rice Grains 

Pasta, cooked cereals, rice Grains 

Pasta, cooked cereals, rice Grains 

Cereals, not cooked or NS as to cooked Grains 

Grain mixtures, frozen plate meals, 
soup Grains 

Quick breads Cakes Represented as one-ǘƘƛǊŘ ŦƭƻǳǊ όōŀǎŜŘ ƻƴ ά²ƘŜŀǘ 
ŦƭƻǳǊΣ ŦǊƻƳ ŘǊȅ ƳƛƭƭƛƴƎΣ ŀǘ Ǉƭŀƴǘέ ŦǊƻƳ !ƎǊƛ-footprint, 
.ƭƻƴƪ нлмпύΣ ƻƴŜ ǘƘƛǊŘ ōǳǘǘŜǊ όōŀǎŜŘ ƻƴ ά.ǳǘǘŜǊΣ 
ŦǊƻƳ Ŏƻǿ Ƴƛƭƪέ ŦǊƻƳ 9ŎƻƛƴǾŜƴǘ v3.1, SCLCI 2015) 
ŀƴŘ ƻƴŜ ǘƘƛǊŘ ǎǳƎŀǊ όōŀǎŜŘ ƻƴ ά{ǳƎŀǊΣ ŦǊƻƳ ǎǳƎŀǊ 

ōŜŜǘέ ŦǊƻƳ 9ŎƻƛƴǾŜƴǘ ǾоΦмΣ {/[/L нлмрύ  

Cakes, cookies, pies, pastries Cakes 

Pancakes, waffles, French toast, other Cakes 

Meat substitutes, mainly cereal protein 

Veggie 
protein 
product 

Represented based on the model of MorningStar 
Farms® Griller Original Burger from this assessment 

Fruits  

Citrus fruits, juices Fruit mixture wŜǇǊŜǎŜƴǘŜŘ ŀǎ мт҈ ŀǇǇƭŜǎ ό9ŎƻƛƴǾŜƴǘ оΦм ά!ǇǇƭŜǎΣ 
D[hέύΣ у҈ ōŀƴŀƴŀǎ ό9ŎƻƛƴǾŜƴǘ оΦм ά.ŀƴŀƴŀǎΣ D[hέύΣ 
3% berries ό9ŎƻƛƴǾŜƴǘ оΦмΣ ά{ǘǊŀǿōŜǊǊƛŜǎΣ D[hέύΣ т҈ 
ƎǊŀǇŜǎ ό9ŎƻƛƴǾŜƴǘ оΦм άDǊŀǇŜΣ D[hέύΣ у҈ ƳŜƭƻƴǎ 

ό9ŎƻƛƴǾŜƴǘ оΦм άaŜƭƻƴΣ D[hέύΣ пф҈ ŎƛǘǊǳǎ ό9ŎƻƛƴǾŜƴǘ 
оΦм ά/ƛǘǊǳǎΣ D[hέύΣ о҈ ǎǘƻƴŜ ŦǊǳƛǘ ό9ŎƻƛƴǾŜƴǘ оΦм 

άtŜŀŎƘŜǎΣ D[hέύΣ ŀƴŘ р҈ ǘǊƻǇƛŎŀƭ ŦǊǳƛǘ ό9ŎƻƛƴǾŜƴǘ оΦм 
άtƛƴŜŀǇǇƭŜΣ D[hέύΦ 

¢ƘŜ ōǊŜŀƪŘƻǿƴ ƛǎ ŦǊƻƳ ¦{5!Ωǎ 9ŎƻƴƻƳƛŎ wŜǎŜŀǊŎƘ 
Service (USDA 2015d).24 

Dried fruits Fruit mixture 

Other fruits Fruit mixture 

Fruit juices and nectars excl. citrus Fruit mixture 

                                                             

24 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 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 the US, 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 

Fats and oils 

Represented as 3% animal fats (Ecoinvent 3.1, 
ά¢ŀƭƭƻǿΣ ǳƴǊŜŦƛƴŜŘέύΣ нл҈ ƳŀǊƎŀǊƛƴŜ ό9ŎƻƛƴǾŜƴǘ оΦмΣ 
ά±ŜƎŜǘŀōƭŜ ƻƛƭΣ ǊŜŦƛƴŜŘέύΣ рм҈ ŎƻƻƪƛƴƎ ƻƛƭ ό9ŎƻƛƴǾŜƴǘ 
ǾоΣ ƳƛȄǘǳǊŜ ƻŦ άŎƻǘǘƻƴǎŜŜŘ ƻƛƭέΣ άǎƻȅōŜŀƴ ƻƛƭέ ŀƴŘ 
άǊŀǇŜ ƻƛƭέύΣ нл҈ ǎƘƻǊǘŜƴƛƴƎ ό9ŎƻƛƴǾŜƴǘ оΦмΣ ƳƛȄǘǳǊŜ 
ƻŦ άǎƻȅōŜŀƴ ƻƛƭέ ŀƴŘ άǇŀƭƳ ƻƛƭέύ ŀƴŘ с҈ ƻǘƘŜǊ ƻƛƭǎ 
ό9ŎƻƛƴǾŜƴǘ оΦм άwŜŦƛƴŜŘ ŎƻŎƻƴǳǘ ƻƛƭΣ ŀǘ ǇƭŀƴǘέύΦ The 
ōǊŜŀƪŘƻǿƴ ƛǎ ŦǊƻƳ ¦{5!Ωǎ 9ŎƻƴƻƳƛŎ wŜǎŜŀǊŎƘ 

Service (USDA 2015e). 

Oils 

Salad dressings 

Sugars and Sweets  

Sugars and sweets Sugar 

Represented as the following break-down of sugar 
types, with the LCI datasets in parenthesis: Beet 

ǎǳƎŀǊΣ ол҈ ό9ŎƻƛƴǾŜƴǘ оΦмΣ ά{ǳƎŀǊΣ ŦǊƻƳ ōŜŜǘέύΤ /ŀƴŜ 
ǎǳƎŀǊΣ нн҈ ό9ŎƻƛƴǾŜƴǘ ǾоΦмΣ ά{ǳƎŀǊΣ ŦǊƻƳ ŎŀƴŜέύΤ 

High fructose corn syrup, 35%; Glucose syrup ,9%; 
5ŜȄǘǊƻǎŜΣ н҈Τ ŀƴŘ ά9ŘƛōƭŜ {ȅǊǳǇέ, 1% (all 

ǊŜǇǊŜǎŜƴǘŜŘ ŀǎ 9ŎƻƛƴǾŜƴǘ ǾоΦм άDƭǳŎƻǎŜ ǎȅǊǳǇέΦ 
Honey (1%) is omitted. The breakdown is from 

¦{5!Ωǎ 9ŎƻƴƻƳƛŎ wŜǎŜŀǊŎƘ {ŜǊǾƛŎŜ ό¦{5! нлмрg.   

 

Food product manufacturing for meatless and meat-
containing meals 

As with the transport of the food commodities, the variety of circumstances of manufacturing and 

processing is very broad. There is not any information available to support an assumption that meat-

containing meals have either more or less environmental impact associated with the manufacturing than 

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 processing per meal for the US, 

which is derived based on the following set of information and assumptions. 

¶ 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 meal (Gallop 2012). 

¶ Carnegie Mellon University (CMU 2015) provides an environmentally-extended economic input-

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 roughly 0.05 to 0.1 MJ of total energy use at the manufacturing 

stage, depending on the sub-sector.  

¶ Combining the above, we conclude that the meal average will require approximately 0.7 MJ of 

total energy use in manufacture. We have represented this energy use here as being drawn from 

the US grid. 

Packaging for meatless and meat-containing meals 
The US Environmental Protection Agency (US EPA) reports the amount of packaging disposed of in the US 

to be 75 million tons (USEPA 2011), with differentiation of the amounts of paper, plastics and other 

materials contained within this. A 1990 study by Hunt et al. reported that 2/3 of packaging waste in the 

US was food related. With no more recent statistic available, we have assumed that this ratio is still 

reasonably correct, even if the total amount 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 

ŀǇǇƭȅ ǘƘŜ нκо Ǌŀǘƛƻ ǘƻ ǘƘŜ 9t!Ωǎ ǘƻǘŀƭ ǿŀǎǘŜ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ŘƛǾƛŘŜ ōȅ ǘƘŜ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ Ƴeals consumed 

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 food. This total packaging also includes packaging for snacks 

and beverages, each of which are 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 non-dairy beverages (Sebastien at al. 2011 and US Beverage Guidance Panel 2015). We have 

therefore divided the result described above by a factor of 2 to arrive at the amount of packaging, on 

average, per meal consumed.  

Retail and distribution for meatless and meat-
containing meals 

Drawing on the Carnegie Mellon University EIOLCA.net database (CMU 2015), it is identified that each 

purchase of a $7.19 average meal cost from the retail sector will result in approximately 0.014 MJ of total 

energy use in the retail operation and in purchased transportation services, which we assume here is 

drawn from the US electrical grid. The environmental impact of retailing is based on the generation of 

these 0.014 MJ of energy as purchased electricity from the US electrical grid. 
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Food product use for meatless and meat-containing 
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 section of this report as a reasonable approximation of the energy used in storing, cooking 

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

comparison are applied here, scaled by the overall meal weight. 

Waste management for meatless and meat-containing 
meals 

Table 7 shows the amounts of food assumed to result in ǿŀǎǘŜ ŀǘ ǘƘŜ ŎƻƴǎǳƳŜǊΩǎ ƘƻƳŜ (based on Buzby 

et al. 2014). We have assumed here that this food is sent to landfill and handled there as an organic waste. 

The above mentioned packaging is assumed to be disposed of by a combination of recycling and municipal 

waste disposal based on material-specific recovery percentages published by the USEPA. Throughout the 

study, all end-of-life processes are represented based ƻƴ ǿƘŀǘ ƛǎ ǘŜǊƳŜŘ ǘƘŜ άŎǳǘ-ƻŦŦέ ŀǇǇǊƻŀŎƘΣ ƳŜŀƴƛƴƎ 

that the impact of operating the recycling processes is included, but any benefits associated with recovery 

of recycled materials are not considered and are assumed to be a part of the next product system those 

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 serving portions and 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 of the meat products: 

Table 9: Amounts of packaging used for meat products (per 60g of meat product) 

 Input Mass (kg) Process LCI data used (from the Ecoinvent 3.1 database) 

Primary 
packaging 

Low-density 
polyethylene foam 

0.000721 Polyethylene, LLDPE, granulate, at plant/RER U 

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

Tertiary 
packaging 

Cardboard case  0.00191 Packaging, corrugated board, mixed fibre, single wall, at plant /RER U 

Pallet 0.0000013 EUR-flat pallet/RER U 

Plastic wrap 0.0000213 Polyethylene, LLDPE, granulate, at plant/RER U 
Extrusion, plastic film/RER U 
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MorningStar Farms® raw material inputs and delivery 
This section provides details of the materials, energy and processes that are identified as raw material 

inputs to the MorningStar Farms® veggie products. The six MorningStar Farms® veggie products being 

assessed are listed below, followed by a table identifying the list of ingredients within each product. Most 

of these ingredients arrive at the production facilities as part of a mixture of materials from the supplier. 

Appendix G shows the breakdown of the specific food ingredients within each product. Note that this 

appendix is shown in the external review version of this report but removed in the publicly available 

version due to the proprietary nature of MorningStar Farms® meal composition data. In conducting the 

assessment, a more specific list of ingredient composition, accurate to 1% for each ingredient, has been 

provided and used.   

The transportation processes 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 identified in Table 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 are represented 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 one-third the breadth of the continental 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 point of manufacture.  

Table 10: 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 oil US truck 

Oats US truck 

Barley US truck 

Beans (black beans and lentils) US truck 
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Note that whereas the meals comparison considers waste at retail and the consumer, the products 

comparison does not. It is challenging to apply the waste data from Buzby (2014) data to the veggie 

products, as they do not fall squarely into one category (they contain legumes, grains, nuts, vegetables 

and oils). It has been decided to leave both types of products un-adjusted for waste to avoid biasing the 

comparison in the way this data is applied.  

MorningStar Farms® manufacturing 
The raw material ingredients are mixed and processed into the finished product at two US-based 

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. That 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 each product system based on the mass of the product and based 

on the data for these facilities provided by MorningStar Farms® and presented in Table 11. 

Table 11: MorningStar Farms® manufacturing information (2014 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 

Natural gas (MMBTU) 58,536 77,751 

Water Use (gallons) 53,887,000 64,186,109 

Wastewater discharge (gallons) 45,505,891 59,059,542 

GHG emissions (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 animal feed (metric tonnes) 661 386 

 

Differences in the values between facility A and B on Table 11 are due to a combination of the production 

scale in each plant and their operating conditions and their scale. Overall manufacturing consumption 

data was used to calculate the average amount of electricity, heat, water and waste per kg of MorningStar 

Farms® veggie products made. These values, together with the ingredient lists, were then used for the 

modelling of the production of the different MorningStar Farms® veggie products.  

MorningStar Farms® packaging 
MorningStar Farms® veggie products are 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 the six MorningStar Farms® veggie products are shown in Table 12. 

The plastic film consists of a combination of 48-gauge Matte PET heat sealable plastic with ink and 

adhesive with 2.5 mil WHDPE and 100g Matte OPP with ink and adhesive and 2.50 mil WHDPE. 

Table 12: Specific materials for MorningStar Farms® packaging 

MorningStar Farms®  product description 
# of packages/ 

case 
Weight of 
closure (g) 

Weight of 
film (g) 

Weight of 
case (g) 

Grillers® CrumblesϰΣ у ŎƻǳƴǘΣ м2 oz. 6 1.977 10.53 276.7 

Grillers® Original Burgers, 12 count, 9 oz. 8 2.183 7.72 167.8 

Spicy Black Bean Burgers, 12 count, 9.5oz 8 2.183 7.72 167.8 

Roasted Garlic & Quinoa Burgers, 8 count, 9.5 oz. 8 2.183 7.65 181.4 

Original Sausage Patties, 12 count, 8 oz. 6 1.633 8.74 249.5 

Original Chik Patties®, 8 count, 10 oz. 8 2.292 8.3 181.4 

 

MorningStar Farms® and meat product distribution 
and retail 

It is assumed that both the meat products and MorningStar Farms® veggie products follow equivalent 

ǇŀǘƘǎ ŦǊƻƳ ǘƘŜ Ǉƻƛƴǘ ƻŦ ǇǊƻŘǳŎǘƛƻƴ ǘƻ ǊŜŀŎƘ ǘƘŜ ŎƻƴǎǳƳŜǊΩǎ ƘƻƳŜΦ CǊƻƳ ǘƘŜ Ǉƻƛƴǘ ƻŦ ǇǊƻŘǳŎǘ ƳŀƴǳŦŀŎǘǳǊŜΣ 

the packaged products travel by frozen transport to the retail outlets, usually with an intermediary stop 

ŀǘ ǘƘŜ ǊŜǘŀƛƭŜǊΩǎ ǊŜƎƛƻƴŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ŎŜƴǘŜǊΦ ¢ƘŜ ŘƛǎǘŀƴŎŜǎ ƻŦ ǘƘŜǎŜ ǘǊƛǇǎ ǿƛƭƭ ǾŀǊȅ ǿƛŘŜƭȅ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ 

points of manufacture and the location of the retail stores 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 from an average 

distance provided by Kellogg and applied here to all products, both MorningStar 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 retailers is not known.  

Table 13: 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 

Transport from distribution center to retail store 450 
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¢ƘŜ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ƻŦ ǘƘŜ ǇǊƻŘǳŎǘ ŦǊƻƳ ǘƘŜ ǊŜǘŀƛƭŜǊ ǘƻ ǘƘŜ ŎƻƴǎǳƳŜǊΩǎ ƘƻƳŜ Ƙŀǎ ōŜŜƴ ǊŜǇǊŜǎŜƴǘŜŘ ōŀǎŜŘ 

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 per grocery 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 functional 

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 average situation 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 gasoline-powered car to purchase a 

total of 20 items, among which the package of MorningStar Farms® or 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 

½ for refrigerated products. The meat products are assumed to be kept frozen at the distribution center 

(4 weeks) and at the retailer stores (and additional 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 kWh/m3-year. Storage at retail 

assumed 1100 Kwh/m3-year for chilled and 1500 Kwh/m3-year 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 open state of these commercial coolers. The total energy consumption 

for storing the frozen products is therefore 0.00054 kWh at distribution and 0.023 kWh at retail, while the 

energy consumption for the refrigerated product (fresh ground beef is 0.000019 kWh at distribution and 

0.0085 kWh 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 several 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 in which the transport and storage of 

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

As with the distribution and retail stage, the default set of assumptions in the product use stage are similar 

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 significantly these 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), cooking of the products (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 freezer that 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 found on the MorningStar 

Farms® website, thawing through one-minute 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 product use upward or downward proportionately (e.g., doubling the 

storage time would double the impact of storage). 

Cooking of all of the meat and MorningStar Farms® veggie products are represented here as occurring in 

one of two scenarios: stovetop preparation in a 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 data on consumer 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 or non-meat patties are cooked 

simultaneously in the same pan. In the oven preparation, it is assumed that eight servings of food overall 

are contained in the recipe being baked, so that one-eighth of the baking is allocated to the meat product 

or MorningStar Farms® product representing the serving in question.  

Thawing and cooking is assumed to occur based on the conditions and assumptions listed in Table 14. 
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Table 14: Assumptions regarding consumer cooking and clean-up conditions (applies to one burger or 

patty product) 

Consumer use process Characteristic Data or assumption 

Thawing of frozen products 

Device used 1.1 kWh (max) microwave, weight 15 kg 

Life time of microwave 8 years 

Thawing time 1 min (50% power) 

Energy use:  0.00917kWh/serving 

Frequency of use 5 times/week 

Cooking on skillet 
 

Skillet weight 2.2 kg 

Life time 8 years 

Cooking time 0.13 hour 

Energy use 0.13 kWh/serving 

Times skillet used 500 times 

Oven cooking 

Skillet weight 2.2 kg 

Cooking time 0.3 hour 

Cooking temperature 180 ºC 

Energy use 0.72 kWh/serving 

Servings cooked in lifetime of oven 146,000 

Dish washing 

Washing method Residential dishwasher 

Usage rate 
Each serving occupies 1/10th of a 
dishwasher load 

 

MorningStar Farms® and meat product loss in 
manufacture, retail and consumer storage 

The loss of ingredients during manufacturing process is assumed conservatively to be 5% by weight for all 

products (BSR 2013). This is assumed to be a conservative assumption, as meat products may be subject 

to a higher rate of loss in the processing stage as compared to the grains and other ingredients used in 

the MorningStar Farms® veggie products due to the need to separate the meat from other parts of the 

animal (bones, hide, etc.), but no data is available to support using a different waste assumption at this 

stage for different food types. The spoilage of food at retailer and at the consumer level is therefore not 

considered for the product comparisons. This is due to the inability to ensure an accurate representation 

of the amount of waste of MorningStar Farms® veggie products at 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 potential effect on the result of showing a 

difference among the product types in the amount wasted without having accurate data to support it.  



 

/ 55 /  

MorningStar Farms® and meat product packaging end 
of life 

Primary packaging materials (e.g., film and closures) are assumed 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 be representative of food production and consumption conditions in the 

US at the time the study is conducted (2015). Data and assumptions are intended to reflect current 

equipment, processes, and market conditions. Data 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 old and in many cases several years old. 

Main databases and key reports used in this study are all from 2010 or later, which is considered to 

represent current conditions in the industry. 

It should be noted that some processes within the system boundaries might in fact take place anywhere 

in the world and over a much wider range of time than the current year. For example, the processes 

associated with producing food consumed in meals in the US take place both in the US as well as in a wide 

variety of other countries. 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 geographies, when needed, balances in 

part the actual sourcing of products from both within and outside the US.  

Regarding the temporal boundaries, certain processes may generate emissions over a longer period of 

time than the reference year. Regardless of such considerations, all data has been selected to as closely 

represent conditions in 2015 as is practical.  

3.5 Cut-off criteria 

tǊƻŎŜǎǎŜǎ Ƴŀȅ ōŜ ŜȄŎƭǳŘŜŘ ƛŦ ǘƘŜƛǊ ŎƻƴǘǊƛōǳǘƛƻƴǎ ǘƻ ǘƘŜ ǘƻǘŀƭ ǎȅǎǘŜƳΩǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘ ŀǊŜ expected 

to be less than 1%. Materials that are less than 1% by mass are assumed to also contribute less than 1% 

of the environmental impact, except in cases where there is a reason to expect otherwise, such as with 

hazardous substances. Despite this criterion for allowing components to be excluded, all product 
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components and production processes are included when the necessary information is readily available 

or a reasonable estimate can be made. It should be noted in particular that the MorningStar Farms® 

veggie products contain many ingredients in the 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 in the Ecoinvent v3.1 database 

(SCLCI 2015) are included in the background data for this study in order to be as comprehensive as possible. 

The following are just a few examples of items excluded from the study due to lack of reliable data and 

expected contribution lower than the cut-off criteria: seals and stickers on packaging or used in retail; 

production of eating utensils; shipping pallets. 

 

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 boundaries of the system of interest must be 

widened to include the system using all co-products, or the impacts of producing the linked product must 

be distributedτor allocatedτacross the systems. While there is no clear scientific consensus regarding 

an optimal method for handling this in all cases (Reap et al. 2008), many possible approaches have been 

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

ISO 14044 prioritizes the methodologies related to applying allocation. It is best to avoid allocation 

through system subdivision or expansion when possible. If that is not possible, then one should perform 

allocation using an underlying physical relationship. If allocation using a physical relationship is not 

possible or does not makes sense, then one can use another relationship. 

Many of the processes in the Ecoinvent database (SCLCI 2015), which has been used as a primary source 

of data in this assessment, also provide multiple functions, and allocation is required to provide inventory 

data per function (or per process). This study accepts the allocation method used by this database for 

those processes.  
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Transport allocation 
Transport vehicles have both a weight capacity and a volume capacity. These are important aspects to 

consider when allocating the impacts of an entire transportation journey to one product. Vehicles 

transporting products with a high density (high mass-per-volume ratio) will reach their weight capacity 

before reaching their volume capacity.  Vehicles transporting products with a low density (low mass-per-

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 volume-limited or 

weight-limited.  In this study, all transport is assumed to be weight-limited 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 classifies and 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 environmental impact is the peer-reviewed and internationally-recognized life cycle 

impact assessment (LCIA) method IMPACT 2002+ vQ2.2 (Humbert et al. 2012). This method assesses 

seventeen different potential impact categories (midpoints)25  and then aggregates them into endpoint 

categories.  

The main body of this report will consider most heavily the five indicators shown and described in Figure 

4. The endpoint indicators for Health Impact of Pollution, Ecosystem Quality and Resource Consumption 

are each comprised of several midpoint indicators. Appendix F includes the contribution of each of these 

midpoint indicators, as illustrated in Figure 5, in determining the overall result for these endpoint 

indicators for the meat products. This set of five indicators allows an overview of the results, while 

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

Figure 4 provides a summary of these five environmental impact categories given primary focus. Carbon 

Footprint and Water Use are given additional focus in addition to the endpoint indicators because of the 

                                                             

25 The Human Toxicity midpoint category is divided between carcinogenic and non-carcinogenic 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.  

Figure 4: Description of the five environmental impact indicators given primary focus in this assessment 

 

 

Figure 5: IMPACT 2002+ midpoint and endpoint categories 

 

A more detailed description of the impact categories than what is shown in Figure 4 is provided in 

Appendix A. 
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No normalization of the results is carried out with the exception of results presented on a relative basis 

(%) compared to the reference for each system. No weighting of the endpoint categories is done; they are 

presented individually and not as a single score, as there 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 of actual environmental impacts that have occurred. They 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 associated with human activities. 

For example, impacts such as noise, odors, and electromagnetic fields are not included in the present 

assessment, as the methodological developments regarding such impacts are not sufficient to allow for 

their consideration within life cycle assessment.  

4.3 Calculation tool 

SimaPro 8.0.3 software, developed by PRé Consultants (2015) was used to assist the LCA modeling, link 

the reference flows with the life cycle inventory database, and compute the complete inventory of the 

systems. The final result was calculated combining foreground data (intermediate products and 

elementary flows) with generic datasets providing cradle-to-gate background elementary flows to create 

a complete inventory of the two systems. Microsoft Excel was used to help with processing the results 

from the LCA.  

4.4 Uncertainty analysis 

We identify and discuss below two types of uncertainty related to the LCA modes developed here: 

uncertainty in inventory data; and uncertainty in the impact characterization models, which translate 

inventory into environmental impacts. With 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 between two 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 processes 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 the variability of inventory data has been performed. SimaPro 8.0.3 

software (PRé 2015) includes a module for Monte Carlo simulation, which allows assessment of the 

uncertainty and variability embedded in inventory data. The great majority of the data here is drawn from 

the Ecoinvent database, 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 uncertainty within the product systems assessed 

here, using 100 iterations for each product system to understand the range in outcomes when the data 

within the product model is represented as probabilistic rather than as fixed values. For the assessment 

of meals, a separate 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 the uncertainty assessment for the product systems 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 models. This is due 

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 meat-containing categories. It is certain that among these meals 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 much more 

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

Řŀǘŀ ǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ ƳŜŀƭ ŀǾŜǊŀƎŜ ǿƛǘƘƻǳǘ ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ ǘƘƛǎ ƳŜŀƭǎΩ ǾŀǊƛŀōƛƭƛǘȅ ǿƻǳƭŘ ƎƛǾŜ ŀ ŦŀƭǎŜƭȅ ƘƛƎƘ 

sense of confidence that all or nearly all 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 are two types of uncertainty related 

to the LCIA method. The first is about the characterization of the LCI results into mid-point indicators, and 

the second is about the subsequent characterization of those midpoint scores into end-point indicators. 

The uncertainty ranges associated with characterization factors at both levels vary from one mid-point or 

end-point indicator to another. The accuracy of characterization factors depends on the ongoing research 

in the many scientific fields behind life cycle impact modeling, as well as on the integration of current 
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findings within operational LCIA methods. There are presently no systematic methods available for 

quantifying or evaluating the influence of the uncertainty in these characterization models within the 

comparative assessments made here. Without 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 would be higher if considering also the 

uncertainty in these characterization factors.  

4.5 Critical Review 

A critical review has been conducted by an independent panel. This panel was chaired by Michael 

Hauschild, PhD, of Technical University of Denmark and included as panelists Greg Thoma, PhD, of 

University of Arkansas and Joan Sabaté, PhD of Loma Linda University.  This review process was intended 

to validate that the study follows the stipulations set forth in the ISO 14040 and 14044 standards (ISO 

2006a, 2006b). The external critical review report, ŀǎ ǿŜƭƭ ŀǎ vǳŀƴǘƛǎΩ comments and responses to the 

review report, are presented in Section 9.  

5 Results 
The following sections present study results of the assessment, first focusing on the comparison of 

meatless and meat-containing meals and then focusing on the comparisons of products.  

5.1  Environmental impact of meatless and meat-

containing meals 

Figure 6  shows Carbon Footprint result for meat-containing and meatless meals. The results for both meal 

types for the Carbon Footprint, Water Use, Resource Consumption, Health Impact of Pollution, and 

Ecosystem Quality indicators are shown in Table 15. 

For both meat-containing and meatless meals, lunches show a 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 of the meatless breakfast in 

proportion to its ratio of weight is primarily due to the high proportional intake of dairy products within 

the meatless breakfasts, as is evident in the detailed results shown further below.  
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Figure 6: Carbon Footprint of meat-containing and meatless meals 

 

Note: Meat is represented here as beef, chicken, pork and fish. Meat does not include eggs or dairy. 
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Table 15: Environmental impacts of meatless and meat-containing26 meals by life cycle stage (per type of meal) 

Impact 
category Meal Raw materials Manufacture Packaging 

Retail and 
distribution Consumer use 

Waste 
management Total 

Carbon 
Footprint (kg 

CO2 eq) 

Breakfast with meat 2.118 0.164 0.051 0.033 0.117 0.087 2.569 

Meatless breakfast 0.624 0.164 0.051 0.033 0.117 0.091 1.080 

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 

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 

Water Use 
(m3) 

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 

Lunch with meat 0.685 0.000575 0.000026 0.000115 0.000469 0.000075 0.686 

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 

Resource 
Consumption 

(MJ) 

Breakfast with meat 12.58 2.63 1.18 0.527 1.923 0.063 18.91 

Meatless breakfast 4.28 2.63 1.18 0.527 1.923 0.066 10.62 

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 

Dinner with meat 24.82 2.63 1.94 0.527 1.923 0.083 31.92 

Meatless dinner 4.46 2.63 1.94 0.527 1.923 0.087 11.57 

Health Impact 
of Pollution 

(DALY) 

Breakfast with meat 0.00000246 0.000000099 0.000000050 0.000000020 0.000000084 0.000000004 0.00000272 

Meatless breakfast 0.00000077 0.000000099 0.000000050 0.000000020 0.000000084 0.000000004 0.00000103 

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 0.00000085 

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 

Ecosystem 
Quality (PDF-

m2-yr) 

Breakfast with meat 6.911 0.052 0.011 0.010 0.031 0.001 7.017 

Meatless breakfast 1.996 0.052 0.011 0.010 0.031 0.001 2.101 

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 

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: Meat is represented here as beef, chicken, pork and fish. Meat does not include eggs or dairy. 
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Figure 7 and Figure 8 show the percent of impact for each impact category that results from each stage 

of the meal life cycle for each of the meals examined. For all impact categories, for both meat-containing 

and meatless meals, the raw materials stage is the most significant contributor to environmental impact 

across the life cycle. This dominance of the raw materials stage is seen more forcefully for the meat-

containing meals compared to the meatless meals. For Water Use and Ecosystem Quality, the stages other 

than raw materials contribute only a very small percentage of the total impact, 1% or less in all cases for 

Water Use and 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 Footprint, Resource Consumption and Health Impact of Pollution.  

Figure 7: Environmental impact of meat-containing meals by stage of life cycle 

 

Note: Meat is represented here as beef, chicken, pork and fish. Meat does not include eggs or dairy. 
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Figure 8: Environmental impact of meatless meals by stage of life cycle 

 

Note: Meatless refers to a meal that does not contain meat, but may contain eggs or dairy. 

 

To understand further the contribution within this stage of the meal life cycle, the following figures 

provide a closer look at the contributions of various categories of food materials to each meal type. The 

percent of each meal by mass is also shown in each figure for comparison. Note that these figures show 

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 by the meat products is strongly 

evident. Dairy and grains are high contributors to the environmental impact of the meatless meals, with 

dairy being more substantial for meatless breakfasts in comparison to other meals. 
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Figure 9: Contribution of food categories to the environmental impact of breakfasts 

 

Note: Meat refers here to beef, chicken, pork, and fish. Meat does not include eggs or dairy. άMixtures with Meatέ ŘŜǎŎǊƛōŜǎ ŎŀǘŜƎƻǊƛŜǎ ŦǊƻƳ bI!b9{ ǘƘŀǘ ŀǊŜ ŎƭŀǎǎƛŦƛŜŘ ǿƛǘƘƛƴ 
meats, but whose description indicates that they are likely not entirely meat. As described in Section 3.1 and Table 8, these are represented as a mixture of meat, vegetables and 

grains, depending on their description 
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Figure 10: Contribution of food categories to the environmental impact of lunches 

 

 Note: Meat refers here to any item categorized by the NHANES as a meat, which includes the flesh of any animal, including fish. Meat does not include eggs or dairy. άMixtures 
with Meatέ ŘŜǎŎǊƛōŜǎ ŎŀǘŜƎƻǊƛŜǎ ŦǊƻƳ bI!b9{ ǘƘŀǘ ŀǊŜ ŎƭŀǎǎƛŦƛŜŘ ǿƛǘƘƛƴ ƳŜŀǘǎΣ ōǳǘ ǿƘƻǎŜ ŘŜǎŎǊƛǇǘƛƻƴ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜȅ ŀǊŜ ƭƛƪŜƭȅ ƴƻǘ entirely meat. As described in Section 3.1 

and  Table 8, these are represented as a mixture of meat, vegetables and grains, depending on their description. 
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Figure 11: Contribution of food categories to the environmental impact of dinners 

 

Note: Meat refers here to any item categorized by the NHANES as a meat, which includes the flesh of any animal, including fish. Meat does not include eggs or dairy. άMixtures 
with Meatέ ŘŜǎŎǊƛōŜǎ ŎŀǘŜƎƻǊƛŜǎ ŦǊƻƳ bI!b9{ ǘƘŀǘ ŀǊŜ ŎƭŀǎǎƛŦƛŜŘ ǿƛǘƘƛƴ ƳŜŀǘǎΣ ōǳǘ ǿƘƻǎŜ ŘŜǎŎǊƛǇǘƛƻƴ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜȅ ŀǊŜ ƭƛƪŜƭȅ ƴƻǘ entirely meat. As described in Section 3.1 

and Table 8, these are represented as a mixture of meat, vegetables and grains, depending on their description.
































































































































