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Abstract

Food production and consumption are key drivers of environmental pressures and are
essential factors in the promotion and maintenance of health. Production of food
occupies more than 1/3 of global land areas and is estimated to be responsible for
some 30% of global greenhouse gas emissions. At the same time, we live in a world
where nearly one billion people go hungry and even more people suffer from health
problems related to overweight and obesity. This raises the question about the
sustainability of the current food systems.

In this thesis the potential of dietary change as a measure to reduce environmental
impact and increase health is analyzed with special attention to uncertainty aspects in
the data and methods used. The results illustrate that awareness of the variability and
uncertainty in the data and methods used may be crucial for a proper use and
interpretation of results in sustainability studies of food and diets. It is further
suggested that dietary change, in areas with unrestricted diet, could play an important
role in reaching environmental and health goals, with up to a 50% potential to reduce
GHG emissions and land use demand from the diet. The potential to improve
sustainability of the food system through dietary change can be substantial and
mainly depends on the amount and type of meat included in the diet.

Further understanding of dietary change as a measure of more sustainable food
systems requires interdisciplinary and holistic assessments of the diet, including more
sustainability aspects. There is also need for improved knowledge of the
environmental impact of substitutes and complements for meat, of the effect of
dietary change in different geographical regions, of uncertainties in dietary scenario
studies and of policy instruments that can facilitate the transition towards more
sustainable diets.
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Populirvetenskaplig sammanfattning

Vilken typ av mat vi konsumerar och hur den produceras har stor inverkan pa var
miljo och hilsa. Den globala livsmedelsproduktionen ockuperar drygt en tredjedel av
virldens markyta, stir for runt 30 % av den totala klimatpaverkan och ir identifierad
som ett av de storsta hoten mot vir miljo. Vi lever ocksd i en virld dir nistan en
miljard méinniskor gir hungriga och 4nnu fler lider av problem relaterade till 6vervike
och fetma. Mot denna bakgrund idr det ldct att ifrigasitta héllbarheten i dagens
livsmedelssystem.

Malet med det hir arbetet har varit att bidra till ny kunskap om hur hallbarheten i
dagens livsmedelssystem kan forbattras. Avhandlingen innehéller tva artiklar som
fraimst fokuserar pa foljande tvé frigestillningar:

D) Vilka metodaspekter r viktiga vid bedomning av miljo- och hilsoeffeketer av dieter?
1) Hur kan forindrade matvanor piverka dietens klimatpiverkan, markbehov och
ndringsinnehdll?

For att berakna matens miljopaverkan anvinds livscykelanalys medan hilsopaverkan
uppskattas fran niringsinnehéllet i olika livsmedel. Miljo- och hilsopaverkan fran
olika dieter analyseras ddrefter med hjilp av scenarier dd dessa data kombineras med
verkliga och majliga konsumtions- och produktionsménster. Effekten av forindrade
matvanor utvirderas i jimforelse med milj6- och hilsopaverkan fran dagens matvanor
samt uppsatta miljomal och niringsrekommendationer.

For att besvara fragestillning I analyseras hur val av data, metod och antagande kan
paverka berikningar av miljo- och hilsoeffekter frin dieten. Resultaten visar att
medvetenhet om variationer och osikerheter i data och metoder kan vara avgérande
for en korrekt anvindning och tolkning av resultaten. Statistik for hur mycket kote vi
dter kan exempelvis redovisa dubbelt si hoég konsumtion om den beskriver den
tillgingliga mingden rict kote inklusive ben jimfért med om den beskriver den
uppitna mingden tillagat kote.

Analysen av frigestillning II visar att forindrade matvanor kan minska
klimatpaverkan och markbehovet frén vér diet med upp till 50 % och samtidigt bidra
till en bittre hilsa. Enligt resultaten beror potentialen for att minska miljopaverkan
fran dieten fraimst pa hur mycket och vilken typ av kott kosten innehéller men ocksi
pa vilken typ av livsmedel vi viljer att ersitta en minskad kdttkonsumtion med.

iii
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1 Introduction

1.1 Background

Food consumption has been identified as one of the most important drivers of
environmental pressures (EC, 2006) and is an essential factor in the promotion and
maintenance of health (WHO/FAO, 2003). The following sections provide a
background of the impact of food production and consumption on climate, land use,
nutrition and health, the main aspects that form the basis for the research in this

thesis.



1.1.1 Climate change

Due to human activities global greenhouse gas (GHG) emissions per year have
increased by 70% during the past 40 years (IPCC, 2007). To meet international
climate goals, set to reduce the risk of adverse effects from climate change, global
GHG emissions need to be cut by 50% by 2050 compared to levels in 1990 (EC
2007, UNEP, 2010). This will require substantial mitigation efforts on all fronts, not
least in the food sector.

Eating 25%

Shopping 15%

W Travelling 30%

Housing 30%

Figure I. Greenhouse gas emissions from Swedish private consumption in 2003
(80 Mtons of COze, equal to 80% of total consumption based” emissions in Sweden).
(SEPA, 2008).

On the global scale the agricultural sector is estimated to be responsible for 10-12%
of global anthropogenic GHG emissions. If emissions from land use change, e.g.
deforestation due to expanding agricultural areas and emissions produced beyond the
farm gate, the GHG emissions from the food sector account for some 30% of global
emissions, or more (Garnett, 2011). Greenhouse gas emissions embodied in the diet
in developed countries are in the range of 2-3 tons of carbon dioxide equivalents
(CO; eq.) per capita and year (Berners-Lee et al. 2012, Nilsson et al. 2011),
equivalent to about 15-30% of the overall national emissions in high income
countries (Fig I) (Garnett, 2011).

Meat is identified as the food group responsible for most GHG emissions attributable
to the food sector (Carlsson-Kanyama and Gonzalez, 2009, Garnett, 2011). The
livestock sector is estimated to be responsible for 18% of global GHG emissions
(including emissions from land use change), a share bigger than that of transportation

(Steinfeld et al., 20006).



1.1.2 Land use

Population growth in combination with more resource-demanding lifestyles is driving
an increasing competition for global land resources. Pressure on land availability is
associated with various environmental and societal concerns, such as increased risk of
deforestation, land degradation, loss of biodiversity and food insecurity.

Global land areas are used for agriculture (37%, 5000 Mha), forest (30%, 4000
Mha), urban areas (< 1%, 40 Mha) and other land (31%, 4400 Mha) which consists
of land categories such as deserts, polar areas, unvegetated and inhabited land, wet
lands and inland water (FAO, 2006). The largest part of agricultural land globally
consists of permanent meadows and pastures (61%, 3400 Mha) and the remaining

agriculture land consists of cultivated and temporarily fallow land areas (31%, 1500
Mha).

Several of the world’s major crops are used as feedstock in various sectors including
food, feed and fuel production. Data from the literature suggest that globally about 2-
3% of cultivated land areas are used for production of biofuels, one third is used for
feed production and almost two thirds for crops dedicated to direct human
consumption, i.e. plant-based crops that are not used as feed but consumed by
humans directly (Fig IT) (Hallstrom et al., 2011).

‘ ‘ ‘ u Forest

Global land use (%) Agriculture
m Others

B Urban areas

0% 20% 40% 60% 80% 100%

M Pasture

Feed crops

Global agriculture land
(%) B Crops for direct human
consumption

m Crops for other uses

M Crops for biofuel
0% 20% 40% 60% 80% 100% P

Figure II. Distribution of global agricultural land (Hallstrém et al., 2011)



1.1.3 Nutrition and health

Nutrition-related health problems can be due to inadequate, unbalanced or excessive
food consumption. Currently one in eight people in the world do not get enough
food to maintain health (WEP, 2013). At the same time energy-dense diets and
sedentary lifestyles have resulted in a global epidemic of overweight and obesity,
affecting 35% of the global adult population (WHO, 2011).

A healthy diet is characterized by a varied food intake with plenty of vegetables, fruits,
legumes, whole grains, nuts and fish, and a restricted intake of refined grains and
sugars (e.g. cakes, soda and candy), salt, red meat (pork, beef, and lamb) and
processed meat products (bacon, salami, sausages, hot dogs etc.). Furthermore, the

body’s energy balance, i.e. to balance the calories consumed and the calories used, is
an important rule of thumb for healthy food habits (WHO/FAO, 2003,
WCREF/AICR, 2007).

The recommendations for healthy food habits align well with suggested measures for
reducing the environmental impact of the diet, which include eating less meat and
more plant-based sources of protein and eating no more than needed to maintain a
healthy body weight (Garnett, 2011). The synergies suggest that adoption of healthy
diets could offer multiple benefits, including improved health in the population in
general and reduced environmental impact (Fig III). Restricted consumption of meat
in favor of plant-based foods in particular is believed to bring potential benefits in
affluent regions (Friel et al., 2009, Tukker et al., 2011).

LOW HIGH

Sweets, \ —t—— YR
red meat = Red meat
Cheese, egg, Cheese,
white meat, fish
fish, biscuits
White meat,
Milk, yoghurt sweets

Olive oil Legumes, pasta, biscuits,

Bread, pasta olive oil, milk, yoghurt, rice, eggs

rice, potato, Vegetables, bread,

. otato
Fruit, p

vegetables Fruit

HIGH

Figure IIL. Synergies between healthy (food pyramid) and environmentally friendly (environmental
pyramid) food habits. Figure adapted from Barilla Centre for Food & Nutrition (2012)



1.2 Research objectives

The point of departure of this thesis work is the observation that the current food
system is not sustainable, neither from an ecological nor a health perspective. The
hypothesis, which has been the cornerstone and driving force of this work, is that
sustainability in the current food system can be improved through changes in the way
of producing and consuming food.

The overall objective of this thesis is to contribute to the knowledge of how
sustainability in the food system can be improved. The main focus has been on
methodological aspects of importance when integrating environmental, nutritional
and health aspects in sustainability assessments of food and to study the
environmental, resource and health effects of scenarios of dietary change.



1.2.1 Objectives of paper I

In paper I the production, presentation and use of meat consumption statistics is
analyzed. The topic is of interest because consumption statistics are often combined
with data on the environmental impact or nutritional content of food in order to
study the sustainability of different food patterns. The paper describes aspects of
importance for a proper use and interpretation of meat consumption data in such
subsequent analyses.

The objectives of the paper are to i) describe methods for producing meat
consumption statistics and discuss their limitations and strengths, ii) identify
uncertainties in the statistics and estimate their individual impact, iii) outline and
compare how relevant data are produced and presented at the national (Swedish),
regional (Eurostat), and international (FAOSTAT) levels, iv) analyze the
consequences of identified uncertainties and discrepancies for estimating
environmental and health effects of meat consumption and v) suggest improvements
in the methodology for the production, presentation, and handling of meat
consumption statistics.

1.2.2  Objectives of paper 11

Paper II analyzes the implications of limiting Swedish meat consumption in
accordance with dietary recommendations. The potential to reduce the environmental
impact through dietary change as well as the effect on nutrient intake is analyzed in
order to identify beneficial interdisciplinary synergies for more sustainable food
consumption patterns.

The objectives of the paper are to quantify the impact of changes in meat
consumption on i) the dietary contribution of nutrients, ii) GHG emissions and iii)
land requirement.



2 Key concepts and positioning

2.1 Sustainability of food and diet

As pointed out in section 1.2 the overall objective of this thesis is to contribute to
knowledge that can lead to a more sustainable production and consumption of food.
However, the concept of sustainability may vary, which motivates a further
elaboration of how this concept of sustainable food and diet is used and interpreted in
this thesis.

The most generally recognized definition of the sustainability concept was coined in
the UN report “Our Common Future”, better known as the Brundtland report.
Sustainable development can, according to this definition, be described as “a
development that meets the need of the present without compromising the ability of future
generations to meet their own needs” (WCED), 1987). Sustainability is often understood as
a three-dimensional concept that includes ecological, social and economic aspects. In
accordance with this interpretation, sustainable consumption and production of food
reflects a holistic vision in which sustainability within these three aspects is considered
in all phases throughout the food’s life cycle (FAO, 2013). In practice this means that
sustainability of food can be evaluated from several different perspectives, such as on
the basis of its environmental impact, resource requirement, nutritional content,
health impact, acceptability, accessibility and economic value (FAO, 2011):

“Sustainable Diets are those diets with low environmental impacts which contribute to food and
nutrition security and to healthy life for present and future generations. Sustainable diets are
protective and respectful of biodiversity and ecosystems, culturally acceptable, accessible,
economically fair and affordable; nutritionally adequate, safe and healthy; while optimizing

natural and human resources”

In this thesis the intention is not to cover all these sustainability aspects of food and
diet. The focus is instead limited to analyze and discuss the sustainability of food
consumption and production based on its environmental impact and resource
requirements as well as its effect on nutrition and health. To get a complete picture of
the sustainability of food and diets, this thesis, therefore, needs to be complemented
with perspectives from other angles.



2.1.1 Environmental perspective

The food we eat and waste is associated with various negative effects on the
environment, for example, eutrophication, acidification, loss of biodiversity, spread of
toxins and increased global warming. In Sweden, a distinction is made among sixteen
different environmental quality objectives, of which several can be linked to the
production and consumption of food (SEPA, 2013). This thesis analyzes the
environmental impact of food only with respect to emissions of GHG. The climate
impact can serve as an indicator for other environmental impacts for some foods (e.g.
monogastric meat). However, there are also cases in which the climate impact is in
conflict with other environmental goals (e.g. pasture-based ruminant meat) (R66s et
al., 2013a). In order to assess the overall environmental impact of changes in the food
system a broader analysis, including more environmental impact categories, is thus
required.

The climate scenarios set up by the Intergovernmental Panel on Climate Change
(IPCC) (IPCC, 2007) can be used to assess what can be considered as an acceptable
level of emissions of anthropogenic GHG. According to the IPCC scenarios a
temperature rise greater than 1.5-2°C compared to pre-industrial levels may result in
adverse effects on the environment as well as future availability of food and water.
Over recent centuries the average world temperature has increased by 0.7 degrees.

To avoid an increase in temperature above 1.5-2°C, global GHG emissions will have
to be cut substantially, probably by at least 50% by 2050 compared to levels in 1990.
In a long-term perspective, this requires that global average emissions of GHG
stabilize at a level in the range of one to two tons of CO; eq. per capita per year (EC,
2007, UNEP, 2010). Based on this, the GHG emissions from the food are here
evaluated against a theoretical level of sustainable emissions set to one and a half tons
of CO;eq. per capita per year, which should cover all emissions from foods and other
activities such as housing, transportation and other consumption. It should, however,
be remembered that scenario studies analyzing the effects of increased GHG
concentrations in the atmosphere, and what it takes to avoid or minimize them, are
associated, as all future studies, with large uncertainties.



2.1.2 The resource perspective

Sustainable food production and consumption also implies that the demand of food
is adapted to the available supply of natural resources. Already in the eighteenth
century Robert Malthus expressed his concern for the ability to feed the world’s
growing population within the global resource limits (Malthus, 1798). How to use
and distribute finite natural resources is an issue that has been on the agenda in
sustainability discussions ever since (Meadows, 1974, Rockstrom et al., 2009). In the
production of food and other agricultural products, the availability of land, fresh
water, phosphorus and fossil energy are examples of limited resources of importance.
In this thesis the use of natural resources for food production is, however, assessed
based only on the demand for agricultural land.

The use and distribution of agricultural land is of importance both from a resource,
food security and environmental perspective. Global agricultural lands should provide
the growing population with enough food but also contribute to the production of
raw materials for other uses, such as bioenergy, fibers and chemicals. Land use change,
mainly due to expansion or intensification of agricultural lands, is also linked to
environmental impacts, for instance through deforestation and its effects on climate

and biodiversity.

According to Rockstrém et al. (2009) no more than 15% of the global land surface,
equivalent to approximately 2000 Mha, should be converted to cropland for a land
system change operated within the planetary boundaries. Based on this and assuming
that the world population will be nine billion by 2050 (UN, 2010), available land
areas for long-term, sustainable cropping will be about 0.22 ha per person, which is
the area used for comparison in this thesis.



2.1.3 The health perspective

Health is defined as a state of complete, physical, mental and social well-being
(WHO, 1948). This thesis analyzes the nutritional aspects of food consumption, one
of several parameters influencing health. Food and nutrition have a direct impact on
physiological and mental functions but also affect the long-term risk of developing
several non-communicable diseases. Nutritional requirements differ between
population groups and individuals, and for this reason it is difficult to determine the
nutritional status or give nutritional advice on an individual level without performing
biochemical measurements. Therefore, a public health perspective rather than an
individual perspective is applied to analyze and discuss the requirements and health
impacts of food and nutritional intake. The nutritional and health effects of food
consumption are analyzed on the perspective of high-income countries and therefore
mainly refer to populations with unrestricted diet.

To evaluate the sustainability of dietary intake from a nutrition and health
perspective, nutritional recommendations are used. Nutritional recommendations are
intended for healthy persons and their main objective is to ensure a diet that provides
energy and nutrients for long-term health (NCM, 2004). Three types of nutritional
recommendations exist, recommendations on macronutrients, micronutrients and
dietary guidelines, all of which are used here. Recommendations on macronutrients
provide information on the proportions of energy that should be derived from fat and
fatty acids, carbohydrates and protein to prevent nutrition-related diseases and are
expressed in percentages of energy intake (E%). Recommendations on micronutrients
are based on biochemical analyses and correspond to the physiological requirements
of minerals and vitamins in different population groups. In addition, there are dietary
recommendations for some specific food groups and nutrients which are based on
observed relationships between diet and health in clinical and epidemiological studies
(NCM, 2004).

To evaluate the probability of adequate nutrient intake, levels of minerals and
vitamins the intake is evaluated against reference values, provided as the lowest intake
level (LI), average requirement (AR) and recommended intake (RI) of nutrients. For
some nutrients there are also reference values on upper levels of intake (UL). The LI
corresponds to a level which could lead to nutrient deficiency in some populations,
the AR to the amount representing the average nutrient requirement for a defined
group and the RI to the amount of nutrients believed to maintain a good nutritional
status among practically all healthy individuals. The percentage of a population that
has an intake below the AR indicates the proportion at increased risk of inadequate
intake, i.e. if intake levels correspond to the AR, the risk of inadequacy is 50%. A
safety margin of usually two standard deviations is added to RI in order to account for

individual variations (NCM, 2004).

10



3 Methodology

3.1 Interdisciplinary research

In this thesis an interdisciplinary research approach has been used to study the
sustainability of current and future food systems from the perspectives of the
environment and health.

The traditional approach for analyzing complex systems is by breaking down the
system into smaller research topics that are studied in detail within different
disciplines. As environmental and societal problems in practice often cut across the
borders of many disciplines, the need for bridge-building between different,
interrelated disciplines has become increasingly acknowledged.

In the literature there are various ways of describing interdisciplinary research
(Aboelela et al., 2007). A definition that is well consistent with the approach used in
this thesis is that presented by the National Academy of Sciences (2005):

“Interdisciplinary research is a mode of research by teams or individuals that integrates
information, data, techniques, tools, perspectives, concepts, andfor theories from two or more
disciplines or bodies of specialized knowledge to advance fundamental understanding or to solve

problems whose solutions are beyond the scope of a single discipline or area of research practice.”

Depending on the level of integration, a distinction can be made between
mulddisciplinary,  interdisciplinary = and  trans-disciplinary  research.  In
multidisciplinary research the same issue or problem is studied by different disciplines
which work in parallel without integrating methods and knowledge. Interdisciplinary
research brings together insights produced from different perspectives and disciplines
to enable an integrated analysis of a research topic. At an even higher level of
integration, trans-disciplinary research is a problem-based approach which combines
knowledge, theories and methods that span over several disciplines within both the
academic and non-academic sector (Frodeman et al., 2010).

Traditionally, environmental and health aspects of food and diets have been treated as
two separate fields. In order to identify and take into account interactions and
synergies, the fields have been increasingly integrated in both the research and policy
area. The research approach in this thesis ranges from interdisciplinary to trans-
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disciplinary. To meet the research objectives (1.2), methods originating from the field
of environmental system analysis (e.g. life cycle assessment and scenario analysis) are
integrated with methods and data from the field of nutrition and health (e.g. nutrient
calculation, nutrient requirements and consumption and production data). A more
detailed description of the methodological approach used in paper I and II is found in
paragraph 3.6.
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3.2 Life cycle assessment

Life cycle assessment (LCA) is a methodological framework for calculating the
environmental impact of a product, process or service for all stages throughout its life
cycle (ISO, 2006a, ISO, 2006b). In 1969 Coca Cola was among the first to use the
life cycle concept to explore the resource and environmental profiles of different
packaging materials for their products (Hunt, 1974). In the 1980’s a framework for
LCA was developed by the Society for Environmental Toxicology and Chemistry
(SETAC) and in 1997 the methodology was standardized by the International
Organization of Standardization (ISO) (Huppes, 2012).

The life cycle concept implicates a holistic approach by which the whole system is
included in the assessment rather than individual parts being studied separately. Life
cycle assessment can be used to explore the environmental improvement potential of
products and processes, in decision making, for example for strategic planning and
prioritizing in the industry, for marketing, such as eco-labeling of products, and to
compare the environmental impact of different products or processes with similar
functions (ISO, 2006a). A distinction is made between accounting, also called
attributional LCA, and consequential LCA. An accounting LCA aims to quantify the
environmental impact of a specific product or process from a known system, whereas
a consequential LCA evaluates the consequences of decisions on changes in a system
(Baumann, 2004).

According to the ISO standards 14040 and 14044 (ISO, 2006a, ISO, 2006b) a LCA
consists of four steps (Fig IV). The first step is the goal and scope definition which
describes the purpose of the study and for what purpose the results are to be used.
The object and system to be studied are specified by defining the functional unit and
system boundaries. In step two, the life cycle inventory (LCI) analysis, data are collected
to quantify the amount of resources used and emissions produced in activities within
the system studied. The environmental impact of the system studied is evaluated in
step three, the /life cycle impact assessment (LCIA), by first classifying the LCI data into
different impact categories (classification) and thereafter calculating the relative
contribution to each type of environmental impact, meaning that emissions affecting
the climate, for example, will be converted to CO: egs. (characterization). Step four is
the interpretation phase which aims to analyze the results, evaluate limitations of the
study, draw conclusions and make recommendations. In this step uncertainty and
sensitivity analyzes can be performed to assess the uncertainty in the input data and
the reliability of the results.
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Figure IV. Steps included in life cycle assessment, adapted from ISO (2006b)

Parameters of particular importance in the LCA methodology are the functional unit,
the system boundaries and the allocation procedure. The functional unit is the reference
base to which input and output flows can be related. It describes the function of the
object studied and enables comparison between different systems (ISO, 2006b). In
LCAs of food it is common that the environmental impact is expressed in relation to
a functional unit based on the quantity or volume consumed or produced (Schau and
Fet, 2008), for example per kilogram, liter, serving portion or meal. The functional
unit can also be based on the economic value of the food (e.g. profit or price) or
demand for resources (e.g. land area). In order to account for the quality of food it
has become increasingly common to use functional units which relate to the
nutritional content, for example to the energy or protein content or the
recommended daily intake of nutrients (Schau and Fet, 2008).

The system boundaries specify which processes are included or excluded in the
assessment. Boundaries can also be set against the life cycles of other products and to
define the natural system as well as the geographical and temporal coverage of the
study (ISO, 2006b). Ideally, LCAs should include all phases of the life cycle of the
product, from the cradle to the grave. In the case of food this means that all activities
from the primary production of raw materials to the waste handling are accounted
for. In practice, it is common to exclude activities deemed to have a negligible impact
on the results. Many LCAs on foods include only activities up to the farm gate, since,
in general, the agricultural production is responsible for the largest share of the total
environmental impact of food products (Schau and Fet, 2008, Sonesson et al., 2010).
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Allocation is applied if a system generates more than one product. In the dairy sector,
for example, the environmental impact must be allocated between the production of
milk and meat. If possible, allocation should be avoided by system expansions,
meaning that by-products are assumed to substitute equivalent products whose
environmental impact is subtracted from the overall environmental impact of the
system studied. If system expansion is not applicable, allocation is normally based on
physical properties, e.g. energy content, weight and volume, or economic value (ISO,
2006b). When comparing different products it is important that the choice of
functional unit, system boundaries and allocation procedure are comparable.

In the research field of the environmental impact of food, LCA has evolved from
primarily being used to analyze separate foods to quantify the impact of complete
meals and diets. In several studies, the environmental impact of food is quantified for
an entire nation or region by combining LCA food data with production and/or
consumption statistics for the given population (Berners-Lee et al., 2012, Tukker et
al., 2011, Wallen et al., 2004).
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3.3 Nutrient Calculation

To calculate the intake of nutrients in the diet of a population or a person,
information is required about the quantity and type of food consumed as well as
about the nutritional content of the food consumed. In the past, nutrient calculation
was a difficult and time-consuming method, which was performed by looking up the
nutrient content of each food in a book or list, multiplying the nutrient content by
the quantity of the food consumed and manually documenting the results. Today,
nutrient calculation is in general performed by using computerized food consumption

databases and software (Willet W., 2013).

Food Intake (g)
Yoghurt, fat 3% 200
Banana 105
Whole grain muesli 40
Zinc 1.7 mg
Iron 1.4mg
Dietary fiber 5g
Fat 9g % of RDI
Carbohydrates 6lg
Protein 11g
Energy i 1585 kJ
0 20 40 60 80 100 120

Figure V. Schematic illustration of the procedure of nutrient calculation. Nutrient intake from food
intake is evaluated against the level of recommended daily nutrient intake (RDI).
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Nutrient calculation makes it possible to calculate the nutritional content of different
diets and relate them to nutrient requirements and recommendations. It is an
important tool used, for example, by nutritionists to develop nutritional and dietary
recommendations, by dietitians to counsel patients in dietary changes, by researchers
and epidemiologists to correlate food components with causes or prevention of
diseases and by food service managers to plan healthy menus for the public sector

(Schakel et al., 1997).

The nutrient content of food in nutrient databases is either based on chemical analysis
or estimated values. Estimated values of nutrient content are used because the
chemical analyzes are often too costly, especially for foods that are rarely consumed or
for nutrients insignificant. There are various procedures to estimate the nutrient
content of food. For example, the estimated values can be based on the nutrient
content of other components from the same food (e.g. chicken wings and chicken
breast), on the nutrient content of similar foods (e.g. peach and nectarine), on defined
algorithms (e.g. energy from protein, fat and carbohydrates = total energy content) or
conversion factors (e.g. retention factors for nutrient losses during cooking). In some
cases the nutrient content in a special food is estimated to be zero, for example, for
the case of cholesterol and vitamin By, in plant-based foods or dietary fiber in animal
products. The nutrient content of foods containing several components can be
calculated by summing the nutrients of all ingredients (Schakel et al., 1997).

In sustainability assessments of diets nutrient calculation can be used to design the
dietary scenarios to be studied, to choose an appropriate functional unit for the
system to be studied or to quantify the effect on nutrient intake of dietary change. To
increase the comparability of the dietary scenarios, it is, for example, common that
the energy and/or protein content are standardized for all dietary scenarios analyzed
or that all dietary scenarios are required to meet specific nutritional
recommendations. In order to account for the function, LCAs of food and diets can
choose a functional unit related to the content of a specific nutrient or to an index
which reflects the content of several nutrients. Nutrient calculation can also be used
to evaluate the effects of dietary change on nutritional status and health by comparing
the quantified nutrient intake from different dietary scenarios with nutrient
recommendations and requirements for different groups of the population.
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3.4 Scenario analysis

The use of scenarios to study a possible future course of events and consequences of
strategic decisions dates back to the fifties when Herman Kahn at Rand Corporation
introduced the method for use in military planning (Kahn, 1967). Since then,
scenario analysis have been used for a wide range of purposes in both the private and
public sector, not least as a common and useful tool in environmental science and
policy (Rothman, 2008). The GHG emission scenarios (SRES) set up by the IPCC
(IPCC, 1990) and world energy outlooks published by the International Energy
Agency (IEA, 2013) are examples illustrating how scenarios are used in the context of
sustainability.

There are different definitions of the meaning of scenarios. According to the IPCC,
scenarios can be described as “images of the future, or alternative futures that are neither
predictions nor forecasts” (Nakicenovic, 2000). The definition of scenarios by the United
Nations Environmental Programme (UNEP) is “descriptions of journeys to possible futures.
They reflect different assumptions about how current trends will unfold, how critical uncertainties
will play out and what new factors will come into play” (UNEP, 2002). Scenario analysis is
further described as the process of developing scenarios, comparing their results and
evaluating their consequences (Alcamo, 2009).

There are also different approaches for performing scenarios analysis. Scenarios can be
quantitative or qualitative, simple or of very complex character to be analyzed in
computer models (Glenn, 2003). A distinction can also be made between exploratory
(forecast) scenarios and anticipatory scenarios. Exploratory scenarios, also called
descriptive scenarios, start in the present and explore possible developments in the
future based on a set of assumptions. These types of scenarios typically answer the
question “what if...?” and are used to explore the consequences of future trends or
measures. Anticipatory scenarios, also called prescriptive or normative scenarios, are
instead premised on a predetermined future vision and simulate what it takes to get
there. These types of scenarios answer the question “how could...?” and can, for
example, be used to develop a strategy for how to reach environmental goals (Alcamo,

2009, Swart, 2004).

Although no standard procedure exists for scenario analysis, four steps are typically
included in the method. Step one clarifies the purpose and structure of the scenario
analysis by defining the scope, target, indicators and potential policies. Step two lays
the foundation of the scenarios by identifying drivers, critical uncertainties and
creating the scenario framework. In step three the scenarios are developed and
analyzed and step four involves the communication and spreading of results (UNEP,
2013). A more thorough description of methods used in scenario analysis can be
found in Alcamo (2009).
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Scenario analysis is also used for studying the effects of consumption on nature and
society, for example, to evaluate the environmental or health impact of different
dietary patterns (Berners-Lee et al., 2012, Scarborough et al., 2012, Tukker et al.,
2011). With this approach the scenarios typically represent different types of diets,
varying in amount and content of food or production method or origin, etc. In order
to evaluate the effect of the different scenarios the results are compared to a reference
or baseline scenario often based on the current dietary patterns of the population
being studied. The impact of different scenarios is assessed by combining food
consumption or production data with environmental, economic or nutritional data

(Risku-Norja, 2011).

Possible future situations

Current situation

O

O

Figure VI. Schematic illustration of scenario analysis
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3.5 Handling uncertainty

A key concern in the methodological approach of this thesis has been how to handle
uncertainty in data, methodologies and results. Life cycle assessment, nutrient
calculation and scenario analysis are methods used to describe and evaluate possible
consequences of alternative actions. The methods include simplifications,
assumptions and uncertainties that must be accounted for when interpreting the
results. In this thesis uncertainty in methods and results is handled by aiming for high
transparency in the presentation of the data, methods and assumptions used and by
incorporating the estimated uncertainty in the analysis and interpretation of the
results.
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3.5.1 Uncertainty in life cycle assessment

In the discussion of uncertainty, a distinction should be made between uncertainty
and variability. Uncertainty arises due to an incomplete knowledge of the true value,
whereas variability is caused by the heterogeneous nature of data. Uncertainty in LCA
results can be reduced by improving the performance and thereby the accuracy and
quality of the study. Variability is instead handled by improving the knowledge of
variability in input parameters and their overall impact on the results (Bjorklund,
2002, Huijbregts, 2002).

Uncertainty in GHG data for food has been estimated to be + 10-30% or more
(Roos, 2013b). Uncertainty factors in LCA can broadly be categorized as
uncertainties in data and uncertainties due to methodological choices. Data
uncertainties can be due to the use of inaccurate or unrepresentative data or that data
are unavailable or missing. Methodological choices that can affect reliability are for
instance the choice of functional unit, system boundaries, allocation procedure and
characterization method. Variability in results can also be due to geographical,
temporal or technological variability in input data (Bjorklund, 2002, Huijbregts,
2002)

According to the ISO standard, the interpretation step of LCAs should include an
evaluation of the completeness, sensitivity and compliance of the analysis (ISO,
2006b). The control of completeness assesses whether all information required to
draw conclusions from the results is available and complete. Guidelines are also
provided for how to address potential gaps in data. In the sensitivity analysis the
reliability is evaluated by varying factors identified as having a large impact on the
outcome of the assessment, e.g. choice of functional unit or system boundaries. The
consistency in assumptions and quality of data should be evaluated for different
processes/activities and between different production systems before multiple
products or processes are compared.

Monte Carlo analysis is a statistical method commonly used as a tool to handle the
variability in LCA (Rubinstein, 2007). With Monte Carlo analysis the variability in
input data is illustrated by presenting the results as a distribution of possible
outcomes, rather than a single value. The overall variability in results is simulated,
based on a large number of random samples from the probability distributions of each
input parameter.
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3.5.2 Uncertainty in nutrient calculation

As previously stated, calculation of the nutrient intake from a diet requires
information on how much and what type of food is included in the diet as well as
data on the nutritional content of all reported food items. The quantity and type of
food eaten can be obtained from data based on agricultural supply statistics,
household-budget surveys or individual dietary surveys (see paper I) and data on the
nutritional content of food is provided by nutrient databases and software (see section
3.3). Both types of data are associated with uncertainties and variability that affect
their accuracy and reliability.

To examine or calculate food consumption in an accurate and reliable way is difficult
and generally, the data produced suffer from large uncertainties. Sources of
uncertainties related to different types of consumption data, and how these
uncertainties can be minimized or handled is thoroughly analyzed in paper I
Uncertainties related to data of the nutrient content of food can broadly be
categorized as uncertainties due to variability of nutrient content in food, the quality
and completeness of nutrient databases and discrepancies in methods to produce and
categorize nutrient data (Willet W., 2013).

Nutrient databases typically contain one value indicating the nutrient content for
each food. In some cases, data are available for the nutrient content of both the raw
and cooked food item, for different cuts of the meat or for different cooking methods.
However, in reality there are many more parameters which can affect the nutrient
content. The size, growing and harvesting conditions, feed composition (animal-
based food), degree of maturity (plant-based food), procedure for processing, storage
and cooking, are just a few of the reasons why the nutrient content of a food item
may vary (Willet W., 2013). The nutrient intake may also depend on eating habits,
for example, whether there is a preference for eating chicken with or without skin.
Due to the variability, nutrient values in databases and software should be interpreted
as mean values rather than precise values (SFA, 2013).

To ensure the quality and reliability of the data provided by nutrient databases regular
updating, quality control and validation of data selection and calculation methods are
required. Over time, improved technology and methods for nutrient analysis will
become available and the composition of food will change. In addition, there are
constantly new food products available on the market (Schakel, 2001, Schakel et al.,
1997). The completeness of a nutrient database depends on the availability of both
food items and nutrients. The food items included in the database should reflect the
foods which are major contributors to nutrients in the population studied (Willet W,
2013). The number of nutrients covered depends on the aim of the nutrient
calculation, but it is important to remember that a missing value will be treated as
zero, which may affect the results of the calculation (Westrich et al., 1994).
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In order to combine and compare the nutrient data of different foods and nutrients,
methods to produce and categorize data should ideally be harmonized within and
between different databases (SFA, 2013, Westrich et al., 1994). Because nutrient
databases are developed for different purposes and with different economic and time
budgets, and due to the fact that all foods and nutrients cannot be analyzed by the
same methods, this is unfortunately not the case. The lack of harmonization within
and between databases adds to the overall uncertainty in the data for the nutritional
content of food.
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3.5.3 Uncertainty in scenario analysis

The future is uncertain and thus impossible to predict. As described earlier, the goal
of scenario analysis is therefore not to make predictions, but rather to present
alternative possible images of the future. In this way, scenario analysis in itself is a
method used to handle uncertainties in the future.

In general, uncertainty is a bigger problem in long-term studies than in short-term
studies. The reliability in long-term scenario analysis is dependent on the
completeness and quality of input data, knowledge of the system and the drivers of
change and the occurrence of unexpected events and novel behavior (Reilly and
Willenbockel, 2010). However, due to the uncertainty in food consumption statistics
(paper I) and in data for the environmental impact of food, there can be large
uncertainties also in short-term scenario analysis.

To identify, characterize and reduce uncertainty in scenario analysis it is suggested
that uncertainty assessment is carried out at all stages throughout the analysis
(Refsgaard et al., 2007). Uncertainty assessment can be done by various methods. To
present the results of the scenario analysis with uncertainty intervals rather than as
precise values can facilitate the evaluation of the reliability of results. Uncertainty can
also be managed by performing multiple scenarios representing different input data
and assumptions and by sensitivity analysis where uncertain input data are varied
while all other inputs are held constant. As shown in Figure VI, the different scenarios
in this way provide a range of possible outcomes which illustrate the inherent
uncertainty of the analysis.
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3.6 Methodological approach in paper I and II

3.6.1 The method used in paper I

In order to study uncertainties in the production and use of meat consumption data
and their potential consequences, a systematic analysis of the reliability, discrepancy and
transparency of meat consumption statistics is performed in paper .

The analysis is based on a literature review of data and information derived from
scientific articles, statistical reports, online databases, as well as personal
communication with authorities in the field. The information on meat consumption
statistics collected is categorized and analyzed based on the methods used to produce
meat consumption data, how consumption of meat is defined in different types of
data and how statistical sources at a national, regional and international level produce
and present meat consumption data.

The first part of the study analyzes the implications of using meat consumption
statistics based on agricultural supply, household-budget surveys or individual dietary surveys.
Here, the different methodological procedures and how these affect the quality of the
generated data are described. Strengths and weaknesses of the respective methods are
addressed as factors of importance for a correct use and interpretation of the data.

The second part of the study analyzes discrepancies and uncertainties in meat
consumption statistics due to assumptions regarding bone weight, food losses and waste,
weight losses during cooking and non-meat ingredients. Procedures for handling these
uncertainty factors depending on the context and method used to produce meat
consumption statistics are described. To illustrate the possible implications of
discrepancies for subsequent use of data the individual impact of the uncertainty
factors is estimated on the basis of information derived from the literature review.

The procedure of producing and presenting meat consumption data in Swedish
statistics, Eurostat and FAOSTAT (EC, 2010, FAO STAT, 2011, SBA, 2011) is
described in the third part of this study. Transparency and discrepancy in how data
are produced and what they refer to in the statistics at the different levels is evaluated,
with special emphasis on the uncertainty factors identified in part two.

The consequences of variability in the data for a correct choice of input data,
functional unit and system boundaries in the application of LCA and nutrient
calculation are illustrated by quantitative examples of the environmental and health
impact of meat consumption.
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3.6.2 The method used in paper 11

In paper two the impact of changes in meat consumption on the dietary contribution
of nutrients, GHG emissions and on land requirement is analyzed by the use of
exploratory, quantitative scenario analysis. Uncertainty and variability in nutrient
content, GHG emissions and land use are captured by using Monte Carlo simulation.

The scenarios analyzed represent three different variants of meat consumption in
Sweden. The reference scenario (REF) refers to the current per capita meat
consumption in Sweden (2009) (SBA, 2011), while NUTR-1 and NUTR-2 are
hypothetical scenarios in which the amount and type of meat correspond to Swedish
and international dietary recommendations for healthy meat intake (Enghardt
Barbieri, 2003, WCRF/AICR, 2007). In NUTR-2 the type of meat consumed is, in
addition, adjusted to optimize land use efficiency.

The contribution of nutrients from meat consumption is quantified for energy,
protein, total fat, saturated fat, iron and zinc. Meat consumption in the scenarios is
allocated to either consumption of beef, pork, chicken, mixed charcuteries and
unmixed charcuteries, based on the above criteria. Trade data on the average sale of
meat in Sweden (SFA, 2012, SPMA, 2012) are further used to divide the
consumption among 37 different meat products with varying nutrient content. The
nutrient content is quantified by combining the amount of each meat product
consumed with the respective nutrient content based on data (uncooked weight) from
the Swedish Food Agency’s food data base. The results are presented as the average
contribution of nutrients per capita and day and are evaluated in relation to the mean
recommended daily intake of nutrients for adults (NCM, 2004).

Based on previous LCA data the environmental impact of the production of meat
consumed in Sweden is quantified with respect to GHG emissions and land demand
and reported per bone-free weight at the farm gate. The scenarios represent
conditions in a near-time perspective, meaning that the production systems
correspond to today’s performance without any assumptions on technical
development. The amount of bone-free meat produced is calculated based on national
statistics on average meat consumption. The categorization of origin and production
system of the beef, pork and chicken consumed in Sweden is based on a literature
review of trade and agricultural data.

The climate impact of domestic meat production is calculated based on data from a
study which describes GHG emissions of Swedish meat production in 2005 with a
life cycle perspective up to the farm gate (Cederberg, 2009). Average values of GHG
emissions for pork and chicken described in Cederberg et al. (2009) are used as
averages in this study, while for beef new values are specified for five different
production systems. An uncertainty range for GHG emissions in meat production is
established based on an uncertainty-importance analysis where realistic, minimum
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and maximum values are set for parameters with the greatest influence. Greenhouse
gas emissions for imported meat are approximated to the Swedish production
systems. The results are presented as the average emissions of GHGs per capita per
year and are evaluated in relation to a theoretically sustainable level of total GHG
emissions, here set to 1.5 tons of CO; eq. per capita per year (EC, 2006, UNEP,
2010).

Land use for meat production is reported as the total area demand for feed
production, including both cropland and pasture land. The area is calculated by
dividing the amount of feed needed per kg of meat in different production systems by
the yield per hectar for different types of feed. The results are presented as the average
land demand per capita per year and are evaluated in relation to a theoretical limit for
sustainable expansion of global cropland (Rockstrom et al., 2009) here set 0.22 ha per
capita.
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4 Results and Discussion

4.1 Paperl

4.1.1 Differences in statistical methods and definitions

Three main methodological approaches exist to produce consumption statistics.
Consumption data can either be derived from statistics of agricultural supply,
household budget surveys, or individual dietary surveys. Being aware of the method
used to produce consumption statistics is important because the definition of
consumption varies, which has consequences for how the data should be interpreted
and used in an appropriate manner.

Meat consumption statistics based on the agricultural available supply describes the
average quantity of meat available for human consumption within a country. This
type of data is useful to study consumption trends over time and for comparing
consumption in different countries. As the data refer to the average consumption for
the whole population and as household waste is not accounted for it is not suitable for
studying consumption characteristics in different socioeconomic groups or individuals
or to describe what people actually eat. Factors that are important to consider in the
use of meat consumption data based on agricultural available supply includes how the
consumption of non-commercial meat, meat in processed and prepared meals as well
as food losses and waste are accounted for.

Meat consumption statistics based on household budget surveys provide information
on the amount of money spent on meat per household and sometimes also on the
quantity of meat purchased per household. The data can be used to study and
compare consumption in different regions and socioeconomic groups. As the data do
not describe what happens to the meat after purchase they are more suitable for
studying meat consumption in populations than in individuals. The procedure for
categorizing different types of meat, accounting for food waste and for food
consumed outside the household are factors that may affect the reported amount of
meat purchased.

Individual dietary surveys provide data which refer to the actual amount of meat
eaten by individuals and groups and is thus the most accurate method for obtaining
data on food consumption. These data offer the possibility to study dietary habits and
their consequences at an individual level, and to match dietary habits to different
characteristics within the population. When data based on individual dietary surveys
are presented and used, it should be clear whether they refer to raw or cooked meat,
and whether household waste is accounted for.
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4.1.2 Main uncertainty factors

Depending on the methodology used to produce meat consumption statistics the data
may refer to the available supply, the purchased, the consumed or the eaten amount
of meat. In order to facilitate a correct interpretation and use of meat consumption
data, four main uncertainty factors to be considered are identified.

Bone weight

Depending on whether meat consumption statistics are presented as with or without
bones the data may vary by about +25-40%. Consumption statistics based on
agricultural supply often, but not always, refer to meat including bone weight,
whereas data based on household budget surveys and individual dietary food surveys
refer to the amount of meat purchased at retail and/or the amount actually eaten,
indicative to bone-free meat.

Food losses and waste

Whether losses and wastage in the different stages of the supply chain are accounted
for or not may affect meat consumption data by +/- 15-20%. Meat consumption data
based on agricultural available supply do not account for household wastage, whereas
post-farm losses up to retail may be included. Meat consumption data based on
household budget surveys and individual dietary surveys rarely or only partially
account for food waste in the household.

Raw or cooked weight

Meat consumption statistics can be presented either as raw or cooked weight.
Depending on how the data are presented the reported amount of meat consumed
may vary by +/- 20-50%. Meat consumption data based on agricultural available
supply and household budget surveys in general refer to raw weight, whereas data
based on individual dietary survey as well as nutritional recommendations can be
reported either as raw or cooked weight, depending on the method used.

Mixed meat products and prepared meals

Meat consumption statistics may vary by about +/- 40-55 % depending on whether
the data refer to the total weight or only the meat content in mixed meat products
and prepared meals. Meat consumption data based on agricultural data often but not
always refer to only the meat content of such products whereas data based on
household budget surveys and individual dietary surveys in general refer to the total
weight including non-meat components.
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4.1.3 Need for transparency

The review of meat consumption statistics provided by Sweden, Eurostat and
FAOSTAT show a lack of accessible and transparent descriptions of underlying
assumptions and procedures used to generate meat consumption data. Information
on assumptions regarding bone weight, food losses and meat content in mixed and
prepared meals is in particular difficult to find.

sincluding
bone weight?
+/-30%

sincluding
postfarm
losses?

sincluding non-
meat content?
+/-20-50%

< ________________________________

*Cooked or
raw weight?
+/-30%
sIncluding
household
waste?
+/-5-10%

Data may vary

by a factor two

\%

Figure VIL. Schematic illustration of factors causing variability in meat consumption data
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4.1.4 Implications of findings

Due to the use of different methodologies and definitions to produce and present
consumption data, the meaning of one kg of meat can differ substantially. The
problem is reflected by the divergent information in circulation in the literature and
in the media on how much meat is eaten.

The findings of this paper demonstrate that per capita meat consumption levels can
vary by a factor of two or more due to inconsistencies in the way statistics are
produced and presented (Fig VII). In subsequent calculations of environmental and
health effects of meat consumption (e.g. in LCA, nutrient calculation and scenario
analysis) there is an obvious risk that consumption data are misinterpreted and used
for the wrong purpose. An incomplete understanding of meat consumption data can
thus have widespread implications for research findings and recommendations based
on these.

This paper emphasizes the importance of being aware of what the data represent
when meat consumption data are interpreted and used for further calculations. Meat
consumption statistics based on the agricultural available supply of raw meat,
including or excluding bones, are often the basis for environmental assessments of
dietary patterns, whereas data on the actual intake of meat, expressed as uncooked or
cooked meat, are generally employed to study the nutritional and health effects of
diets. If consumption data are to be combined with data on the environmental impact
or nutritional content expressed per kg of meat it is critical that the functional units
correspond to each other. The uncertainty factors described in this paper can be used
as a check list to evaluate the equivalence between the data.

A prerequisite to avoid misinterpretation of meat consumption statistics is that
accessible and transparent information about the data is provided. Currently,
descriptions of the methodology and assumptions used for producing consumption
statistics are often inadequate or difficult to find and interpret. We believe that a
more straightforward, complete and transparent documentation of consumption
statistics would increase their usefulness and facilitate a proper use of the data.
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4.2 Paper Il

4.2.1 Meat consumption in the scenarios studied

Swedish per capita consumption of bone-less, uncooked meat in 2009 (REF) is
estimated to be 170 g per day or 62 kg per year, of which almost one quarter is
estimated to consist of charcuteries. Charcuteries consumed are estimated to consist
to 62% of meat, of which most is pork (83%) and a smaller share is beef (17%). If the
total weight of consumed charcuteries, including the non-meat content, is accounted
for, per capita consumption of meat increases to 190 g per day or 70 kg per year. To
meet Swedish and international guidelines for a healthy meat intake (NUTR-I1,
NUTR-2) the current consumption of pure, uncooked meat is reduced by
approximately 25%, to 125 g per capita and day, and intake of charcuteries by 100%.
The proportions of beef, pork and chicken in NUTR-1 and NUTR-2 are 24%, 24%
and 52% and 10%, 0% and 90%, respectively.

4.2.2 FEffect on nutritional contribution

The reduction in meat consumption required to meet guidelines for a healthy meat
intake (NUTR-1, NUTR-2) reduces the contribution of total and saturated fat by
about two thirds, of energy, iron and zinc by about half and of protein by about a
quarter, in comparison with current meat consumption (REF). For most nutrients
uncertainty intervals are in the range of +/- 50% but for some they are even larger.
Current Swedish meat consumption (REF) contributes about 14% of the
recommended daily energy requirement, about one third of the maximum RDI of
total fat and saturated fat and between approximately one and two thirds of the RDI
of protein, iron and zinc. In NUTR-1 and NUTR-2 the contribution of energy,
protein and iron is, on average, equivalent to 7%, 40% and 14% of the RDI,
respectively. The corresponding contribution of total fat, saturated fat and zinc is
between 8-11%, 8-14% and 29-38% of RDI, respectively (Fig VIII).

4.2.3 Effect on greenhouse gas emissions

The production of meat currently consumed in Sweden (REF) emits about 0.6 tons
of CO; eq. per capita and year, representing approximately 40% of the total budget
for sustainable GHG emissions. A dietary change towards healthier meat
consumption would reduce the GHG emissions to approximately 0.4 and 0.2 tons of
COseq. per capita per year in NUTR-1 and NUTR-2, respectively. Meat
consumption would in these scenarios account for some 15-25% of the GHG
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emission budget (Fig VIII). Uncertainty intervals for GHG emissions in the scenarios
studied range from approximately -15% to + 85%.

4.2.4 Effect on land use requirement

Meat production in REF demands 0.11 ha per capita per year, representing half of
the theoretically available cropland in 2050. A dietary change towards healthier meat
consumption would reduce the demand for agricultural land to 0.07 and 0.04 ha per
capita per year in NUTR-1 and NUTR-2, respectively. This would reduce the share
of global, available cropland for meat production per capita to about 20-30% (Fig
VIII). The uncertainty intervals for land requirement in the scenarios studied range
approximately from -25 to +110%.

4.2.5 Implications of the findings

The results on nutritional contribution indicate that a 25% reduction in current
Swedish meat consumption would have a minor effect on nutritional status
concerning energy and protein intake, whereas the intake of total fat, saturated fat,
iron and zinc is reduced more strongly. The decrease of saturated fat in NUTR-1 and
NUTR-2 corresponds to a 20-25% reduction of total saturated fat in the Swedish
average diet. The reduction is assumed to bring positive health effects in the majority
of the population as average intake levels in Sweden are higher than recommended
(Amcoff, 2012) and is associated with increased risk of cardiovascular disease
(WHO/FAO, 2003). The need to replace nutrient losses from a reduced intake of
meat depends on the nutritional status of the individual as well as the amount and
content of the rest of the diet. The need to replace nutrient losses in NUTR-1 and
NUTR-2 by an increased intake of other foods appears to be greater for (fertile)
women than for men and to be most critical in the case of iron. When interpreting
the results it should be considered that meat consumption in the scenarios refers to
per capita consumption, which may hide large variations between different groups in
the population

A dietary change towards healthier meat consumption (NUTR-1, NUTR-2) would,
according to the results, reduce per capita GHG emissions from meat by about half,
compared to current meat consumption (REF). The change in diet would reduce the
per capita emissions of Swedish food consumption and private consumption by about
10-20% and 3-5%, respectively. However, despite the lower climate impact in
NUTR-1 and NUTR-2, meat consumption in these scenarios accounts for some 10-
25% of the required emission target, which also needs to cover emissions from other
foods and other activities such as housing, transportation and other consumption. To

33



achieve sustainable levels of GHG emissions would thus require either more drastic
changes in the diet, in combination with improved production systems, or that other
sectors need to bear a greater share of emission reduction.

The availability globally of agricultural land may not be as critical but is largely
dependent on agricultural intensity, soil fertility, changing climatic conditions and on
future demand for agricultural products for purposes other than food. Current
Swedish meat consumption (REF) occupies an area representing half of the area
estimated to be available for sustainable cropping per capita, in 2050. In NUTR-1
and NUTR-2 the proportion of this area used for meat production is reduced to
about 20-35%, which releases land that could be used for production of other types
of food or for the production of for example bioenergy. The proportion of available
cropland taken up for feed production in the different scenarios is somewhat
overestimated, as part of the agricultural land used consists of grazing land. A
transition towards more pasture-based beef production could reduce the competition
for cropland but would instead result in a larger absolute requirement of agricultural
land. An increased consumption of meat coming from monogastric animals (i.e. pork
and chicken), as in NUTR-2, would instead further increase the pressure on cropland
for feed production (e.g. soy). Such a development could be a driving force for
increased deforestation in some areas and competes for cropland for direct human
consumption.

Energy
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Sat fat

Protein

Iron m REF

Zinc NUTR-1

0% 20% 40% 60% 80% 100%

NUTR-2
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Land use

Figure VIII. Effect on nutrient contribution, GHG emissions and land use from changes in meat
consumption, expressed in relation to nutritional recommendations (% of RDI), international
climate goals (% of 1.5 tons of CO: eq./year) and theoretical capacity for sustainable expansion of
global cropland (% of 0.22 ha/year).
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5 Zooming out — The larger picture

5.1 Potential of dietary change

Since different studies use different methods and assumptions for assessing the
sustainability, e.g. environmental and health effects, of food habits, the results may
differ. To understand which measures can contribute to better eating habits and
estimate the potential for increasing sustainability by dietary change thus requires that
the results of several studies are analyzed and weighed up. In this chapter the effect of
dietary change on climate, land use and health will be discussed based on the findings
of a literature review of dietary scenario studies published between 2005 and 2013.
The results of the studies are summarized in Table I. Additional information on the
articles included in the review is found in Appendix.

Table I. Summary of results from review of dietary scenario studies

SCENARIO GHG emissions (%) Land use demand?
Vegan diet -55 to -25% (n=5) -50% (n=2)
Vegetarian diet -25 t0 -20% (n=5) -50 to -5% (n=3)
Meat partially replaced by -20 to +5% (n=3) -40 to -5% (n=5)

plant-based food

Meat partially replaced by -5 t0 0% (n=2) -
dairy products

Ruminant meat replaced by -35 t0 -10% (n=2) -40% (n=1)
pork or poultry

Meat partially replaced by -5% (n=2) -
mixed food

Balancing energy intake -10 to 0% (n=2) -

and expenditure

Healthy diet -35 to 0% (n=16) -20 to +10 (n=5)

n= number of scenarios. 'Effect of dietary change on GHG emissions from the diet, in % of GHG emissions of
current average diet. “Effect of dietary change on demand of land, in % of total demand of agricultural land of the
average diet.
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5.1.1 Effect on climate

The literature review of scenario studies investigating the effect of dietary change on
GHG emissions from a LCA perspective resulted in 10 articles covering 38 different
dietary scenarios (Fig. IX). The majority of the studies focus on the effect of reducing
or changing the consumption of meat and animal-based foods. The dietary scenarios
can be categorized into diets defined as healthy, mainly characterized by a reduced
intake of meat and increased intake and fruit and vegetables, diets in which the energy
intake equals the energy expenditure, diets in which the meat consumption is reduced
or changed, vegetarian and vegan diets. The effect on GHG emissions of the diet is
expressed in comparison to the average diet in the population studied. In all the
articles, the populations studied are European with unrestricted diets. Additional
information on the study design and scenarios used in the articles reviewed is found
in Appendix, Table VI.

According to the results the most effective measures to reduce the climate impact of
the diet is to avoid meat and animal-based products. Based on the results avoidance of
all animal products (vegan diet) could reduce the climate impact of the average
European diet by about 25-55% (n=5). Five scenarios showed that a transition to a
vegetarian diet could reduce the GHG emissions by about 20-25%. To completely
avoid all meat and animal products would not be accepted or beneficial to all in the
population. Dietary scenarios in which the effect of partially replacing meat by other
foods is analyzed are therefore also of great interest. A change towards healthier eating
habits could, according to the results, reduce the climate impact of the diet by about
0-35% (n=16). In the majority of the healthy diet scenarios (n=11) the reduction
potential is between 10-35% while five scenarios showed a smaller potential of zero to
five percent. Also the scenarios in which meat consumption is reduced or changed
show a potential to reduce the GHG emissions of the diet by 0-35%, depending on
the amount and type of meat which is modified as well as the type of food which
substitutes the meat. In one of the scenarios, in which meat is partially substituted by
a self-selected vegetarian diet, GHG emissions increase by about 5%. Furthermore,
two scenarios showed that balancing the energy intake and expenditure could reduce
the GHG emissions by 0-10% depending on the physical activity level assumed.
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Figure IX. Estimated effect of dietary change on GHG emissions from the diet, in % of GHG
emissions of the average diet in some European countries/regions with unrestricted diet. The data
presented are based on results of 38 scenarios included in 10 articles. For references see Appendix,
Table VI.
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5.1.2 The effect on land use

The literature review found five articles, presenting 16 dietary scenarios, which
analyzed the effect of dietary change on current demand for agricultural land (Fig. X).
In addition, three articles, including nine dietary scenarios, with projections for 2030
and 2050 were found. Also in the scenario studies focusing on the diets” demand for
land, the majority of the scenarios analyzed the effect of changed consumption of
meat and animal-based foods. In Figure X the effect of dietary change on per capita
land use demand is illustrated, expressed in comparison to the average diet in the
studied population which in all studies consists of European populations with
unrestricted diets. The results of the long-term scenarios are summarized in Table II
and are expressed in relation to reference scenarios based on global average diets
according to FAO projections. Additional information on the study designs and
scenarios used in the reviewed articles is found in Appendix, Table VII.

According to the results the most effective measure to reduce the per capita land
demand of the diet is partially, or completely, replacing the consumption of meat and
animal-based products by plant-based foods. According to four studies, a shift to
vegan or vegetarian diet could reduce the demand for agriculture land by about half
and 25-50%, respectively. Another study estimated that an organic vegetarian diet
could reduce the demand for agricultural land by about 5%. In the scenarios where
meat is only partially replaced by plant-based food, limitation of the total meat
consumption has the greatest potential to release agricultural land (-45% to - 15%,
n=4). A clear difference in land demand can be noted between the consumption of
ruminant and monogastric meat. One study estimated that replacing 75% of the
ruminant meat by pork and poultry could reduce the land demand by 40%.
Replacing half of the consumption of pork and poultry by plant-based food, however,
would reduce the land demand by only 5%. Four of five studies showed that a
healthy diet could reduce the demand for land by about 15-20%. A healthy diet based

on organic production would instead increase the demand for land by about 10%.

Few of the studies found distinguish between different types of agricultural land. The
studies which report the difference between cropland and pasture land indicate that
reduced meat intake in particular has the potential to reduce the demand for pasture
land. Only 5-10% (n=8) of the observed reductions in land demand consist of
cropland, and to replace beef by pork and poultry may even increase the total demand
for cropland. The results of the long-term scenario studies further indicate that both
improvements in the production and changes in consumption will be needed to
reduce future demand for agricultural land.
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Figure X. Estimated effect of dietary change on demand for land, in % of total demand for
agricultural land of the average diet in some European countries/regions with unrestricted diets.
The data presented are based on results of 16 scenarios included in 5 articles. For references see

Appendix, Table VIL
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Table II. Effect on land use change of dietary change, summary of future scenario studies

REFERENCES,
DESCRIPTION

(Stehfest et al.,
2009)
Global, 2050

(Powell and
Lenton, 2012)
Global, 2050

(Wirsenius et al.,
2010)
Global, 2030

(Stehfest et al.,
2009)
Global, 2050

(Stehfest et al.,
2009)
Global, 2050

(Stehfest et al.,
2009)
Global, 2050

LAND USE CHANGE (Mha, (%))

SCENARIO PASTURE

LAND

ARABLE/

HEALTHY DIET

-1350 (-42%)  -150 (-9%)

CHANGED MEAT
CONSUMPTION

High meat
consumption,
low agricultural
productivity

High meat
consumption,
high agricultural
productivity

Low meat
consumption,
high agricultural
produtivity

Low meat
consumption,
low agricultural
productivity

Ruminant meat -930 (-26%) -60 (-3%)
partially replaced by

pork and poultry,

increased agricultural

productivity

Ruminant meat -2700 (-84%) -100 (-6%)
replaced by plant-

based food

VEGETARIAN
DIET

-2700 (-84%)  -150% (-9%)

VEGAN DIET -3200 (-100%) -150% (-9%)

CROPLAND

TOTAL

AGRICULTURAL

LAND

-1500 (-30%)

+3950 (+81%)

-60 (-1%)

-750 (-15%)

+2420 (+50%)

-990 (-19%)

-2800 (-57%)

-2850 (-58%)

-3350 (-68%)
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5.1.3 The effect on health

To study the dietary effects on nutrition and health is a well-established area of
research in medicine and public health. Within the area of sustainability, however, it
is a relatively new concept to include nutrition and health aspects in studies of the
sustainability of food. Therefore, there are only a few articles available in which both
the environmental impact of the diet and its effect on nutrient intake or health have
been analyzed. In the literature review four articles were found, including eight
dietary scenarios, which quantified both environmental and nutritional and/or health
effects of the diet (Table IIT). Seven of the scenarios study the effect of dietary change
in European countries with unrestricted diets, whereas one scenario studies the effect
of changed dietary habits in Sio Paulo. The effect on nutrient intake or risk of disease
is expressed in comparison to reference scenarios based on the average diet in the
populations studied.

The association between meat intake and increased risk of chronic diseases (e.g.
coronary heart disease, stroke, diabetes type II and certain cancers) has been mainly
linked to the consumption of red meat, processed meat, fatty meat and meat cooked
at high temperatures (Ferguson, 2010, Micha et al., 2010). Increased intake of
energy, cholesterol, fat, saturated fat and trans-fatty acids as well as carcinogens
formed during the cooking or processing may partly explain the association between
meat consumption and increased disease risk. Meat is, however, a good source of
many minerals (iron, zinc and selenium) and vitamins (vitamin D, riboflavin, Bi,)
and contains all essential amino acids (Millward and Garnett, 2010, Wyness et al.,
2011).

Based on the few studies in Table III, the greatest health gain comes from replacing
red and processed meat by plant-based food, while scenarios in which either ruminant
meat is replaced by pork, or poultry is replaced by plant-based food seem to have a
negligible effect on health. To replace meat with plant-based food is also beneficial
due to the relationship between consumption of fruit and vegetables and reduced
prevalence of obesity, cardiovascular disease, cancer and overall mortality (Berkow
and Barnard, 2006, Craig, 2010, Fraser, 2009, Li, 2011). Replacing red meat by
plant-based foods may, however, reduce the intake of certain nutrients, e.g. of iron
which is often inadequate in fertile women and whose bioavailability is lower in
plant-based foods. More studies are needed to evaluate the amount and type of meat
that should preferably be eaten from a health perspective, as well as what should
replace the reduced intake of meat.
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Table III. Effect on nutrition and health of dietary change

REFERENCES

(Temme et al.,
2013)

(Scarborough et al.,
2012)

(Aston et al., 2012)

(Friel et al., 2009)

(Friel et al., 2009)

SCENARIO

Ref: Average Dutch diet of young
women in 2003

30% of dairy and meat replaced by
plant-based food

100% of dairy and meat replaced by
plant-based food

Ref: Average UK diet in 2005

50% of meat and dairy replaced by
plant-based food

Ruminant meat partially replaced by
pig and poultry

Pork and poultry partially replaced by
plant-based food

Ref: Average UK diet in 2000/2001

Doubled proportion of vegetarians,
reduced consumption of red and
processed meat in remaining
population?

Ref: Average intake of saturated fat
and cholesterol in UK  based on
dietary surveys from 1998, 2000 and
2003

30% reduction of saturated fat and
cholesterol from livestock products
replaced by polyunsaturated fats

Ref: Average intake of saturated fat
and cholesterol in Siao Paulo based on
a dietary survey from 2006

30% reduction of saturated fat and
cholesterol from livestock products
replaced by polyunsaturated fats

EFFECT ON
NUTRITION/HEALTH

Average intake of iron 9.5' mg/d,
average intake of saturated fat 13.2 E%

Average intake of iron 10.2 mg/d,
average intake of saturated fat 12.1 E%

Average intake of iron 12.0* mg/d,
average intake of saturated fat 9.2 E%

16% reduction of total deaths from
CHD?, stoke and diet-related cancers

<1% reduction of total deaths from
CHD?, stroke and diet-related cancers

4% reduction of total deaths from
CHD?, stoke and diet-related cancers

6.4 - 9.7% reduced risk for CHD?,
7.5-12.0% reduced risk for diabetes
mellitus, and 7.7-12.2% reduced risk
for colorectal cancer (women-men).

15% reduced risk of ischaemic heart
disease

16% reduced risk for ischaemic heart
disease

"Of which 10% was from haem iron,  Of which most was non-heam iron, *Coronary heart disease, “Consumption of

red and processed meat adapted to the dietary pattern of the lowest fifth of the non-vegetarian population. Average

intake of red and processed meat reduced from 91 to 52 g/d in men and 54 to 30 g/d in women.
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5.2  How much meat can we eat to sustain a healthy life
and planet?

5.2.1 The environmental and resource perspective

There are no general proposals on the share of the GHG budget (in this study
assumed to be 1.5 tons CO; eq. per capita per year) that should be allocated to food-
related or individual food items, e.g. meat, or how a sustainable distribution of global
land resources, between crops for food and non-food uses and between crops for feed
and direct human consumption, should be.

Due to the high share of emissions from biological processes in agriculture, the
technical potential of reducing GHG emissions from the agricultural sector, and
especially the livestock sector, is limited compared to many other sectors (EC, 2011,
SEPA, 2012). The potential to reduce GHG emissions from meat production in the
EU, through agricultural improvements, energy and resource efficiency throughout
the supply chain, is for example estimated to be approximately 25% (Weidema et al.,
2008). This means that GHG emissions from livestock production would remain
substantial even if improvements in production were to be implemented successfully.
To meet climate targets and simultaneously feed the world’s growing population thus
requires dietary change towards food patterns with less climate impact or/and that
other sectors, such as housing and transportation, need to bear a larger share of the
global emission reduction.

From a resource and food security perspective the most efficient way to produce
dietary energy and nutrients is generally to use the agricultural land to produce crops
for direct human consumption. However, grazing on lands that are not suitable for
farming and livestock production where the feed is based on waste products are
resource efficient ways of producing animal-based food of high nutritional value.
Grazing animals can also contribute to increased biodiversity by keeping landscapes
open.

From a climate perspective an average global per capita consumption of 25-35 kg of
meat per year (70-90 grams per day), of which not more than 18 kg per year (50
grams per day) from ruminants, has been suggested as a goal to maintain the current
levels of livestock related GHG emissions until 2050 (Garnett, 2008; McMichael et
al., 2007). The amounts refer to the average per capita available supply expressed in
raw weight including bones, corresponding to approximately 15-25 kg/year (50-65
g/d) of bone-free meat or 10-15 kg/year (35-45g/d) of bone-free cooked meat. A
sustainable consumption of meat can also be discussed based on the target of limiting
GHG emissions to 1-2 tons of CO; eq. per capita (Ro6s, 2013c). The limitations in
the technical potential of reducing GHG emissions from the agricultural sector could
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mean that a greater share of the emission budget should be allocated to the
agricultural and food sector. Assuming that food consumption, for example, is
allowed to account for halve of the total GHG emissions budget (0.5-1 t CO, eq./cap,
year), of which meat is responsible for half of the emissions (0.25-0.5 t CO; eq./cap,
year), per capita consumption would have to be limited to a maximum of 100-160 kg
of raw, bone-free meat per year (290-430 g/d) if the consumption is based on only
chicken and a maximum of 10-20 kg raw, bone-free meat per year (30-60 g/d) if the
consumption is based on only meat from ruminants (R66s, 2013c).

From a resource perspective, similar calculations can be based on the world’s
availability of cropland. Today, about a third of global croplands (about 500 Mha)
are used for feed production (Hallstrom et al., 2011, Steinfeld et al., 2006). Based on
average data on land demand for meat production (de Vries and de Boer, 2010,
Hallstrom et al., 2013b), and a world population of nine billion in 2050 (UN, 2010),
the area of cropland available for feed production will be about 550 m? per person in
2050, assuming that the current area of cropland for feed production has reached its
maximum from a sustainability perspective. This land could provide approximately
15-55 kg of beef (excluding feed from pasture land) or 45-60 kg of pork or 55-70 kg
of chicken per person (expressed in kg of raw, bone-free meat). Other ways to
evaluate what is a sustainable consumption of meat from a resource perspective is to
relate the production of animals to the national or regional availability of natural
pasture lands, the consumption of dairy products or the amount of waste available to
use for feed (Hallstrom et al., 2013b, R66s, 2013c).

44



5.2.2 The nutrition and health perspective

Moderate meat consumption in a well-balanced diet can be a good source of energy
and nutrition. High intake levels of, particularly red meat, fatty and processed meat
products is, however, associated with an increased risk of several common, non-
communicable diseases (Ferguson, 2010, Micha et al., 2010, Miles, 2008, Sinha et
al., 2009).

From a nutritional point of view there are no general recommendations of how much
meat is considered to be optimal for health. Existing dietary guidelines are instead
usually based on levels that ensure sufficient intake of critical nutrients without
exceeding upper intake limits of nutrients associated with negative health effects.
Because of this, the amount of meat that can be considered healthy depends to a large
extent on the composition of the overall diet.

To decrease the risk of cancer the World Cancer Research Fund (WCRF)
recommends that consumption of cooked red meat (e.g. beef, pork, lamb) should be
restricted to a maximum of 500 g per week (25 kg/year, 70 g/d) on an individual level
and to a maximum of 300 g per week (15 kg/year, i.e. 45 g/d) from a public health
perspective. In addition, consumption of processed meat, such as bacon, salami,
sausages etc., is recommended to be very limited or completely avoided

(WCRF/AICR, 2007).

A healthy meat intake can also be estimated from the nutritional requirements, for
example, of protein (Aiking, 2010). Based on WHO recommendations, the daily
intake of protein should be 0.8 g per kg of body weight (WHO, 2002), equivalent to
approximately 50-70g of protein per day. Assuming that one third of the protein is
supplied by meat and that the content of protein in meat is 20%, the daily intake of
meat for most people should be between 80-120 g of raw meat (e.g. 50-80 g of
cooked meat).

To illustrate the quantities of foods which correspond to the nutritional
recommendations, health organizations also provide food-based dietary guidelines.
The proportions between different food groups (e.g. amount of meat) in such
guidelines vary (Hallstrom et al., 2011) as they are often influenced by the typical
dietary pattern in the country or region in question (Enghardt Barbieri, 2003), which
in turn may be influenced by culture and religion. Table IV shows suggestions of
healthy meat intake based on food-based dietary guidelines in different countries and
parts of the world. The guidelines for meat intake vary from a completely vegetarian
diet (e.g. India) (NIN, 2010), which can be supplemented with meat, up to an intake
of 100 g of cooked meat per day.
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Table IV. Food-based dietary guidelines on meat consumption
COUNTRY RECOMMENDED DAILY MEAT SOURCE
INTAKE (cooked amounts, g/d)

Sweden 100 Swedish Food Agency
(Enghardt Barbieri, 2003)

China 50-1007 Chinese Nutrition Society
(Ge, 2011)
USA 100? U.S. Department of Agriculture,

U.S. Department of Health and
Human Services (2010)

Schweiz 70-85' Swiss Society of Nutrition
(Walter et al., 2007)

Germany 40-90 German Nutrition Society (2008)

Spain 60-100 g' lean meat per day + La Sociedad Espafiola de Nutricién
occasional intake of charcuterie and fatty Comunitaria (2007)
meat
Average meat per capita consumption in Sweden is estimated to be 110 g per day (Amcoff, 2012). 'Weight reduction
by cooking was assumed to be 30% of raw weight. “No information was given on whether the data refers to raw
weight or cooked weight.
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5.2.3 Current and future demand for meat

The global available supply of meat is approximately 280 Mtons, corresponding to an
available per capita supply of 42 kg per year (raw meat including bones). In reality,
meat consumption varies by a factor ten among people in different regions of the
world (Fig XI). In North America per capita available supply of meat is 120 kg per
year (320 g/d) while the average available supply in Africa is less than 20 kg per
person per year (50 g/d) (FAOSTAT, 2013).

A high proportion of meat in the diet has a long tradition in many wealthy countries.
In North America, for example, the per capita available supply of meat surpassed 100
kg per year already in 1970 (FAOSTAT, 2013). In many affluent countries, the rise
in meat consumption has started to stagnate. However, in the last decades a strong
trend of increasing production and consumption of livestock products has been seen
in the developing countries, especially in East and Southeast Asia and Latin America

(FAO, 2009).

Globally, the fastest growing sub-sector has been the poultry sector followed by the
pork meat production, which since the 1960s increased tenfold and fivefold,
respectively. During the same period the global production of ruminants
approximately doubled. The increase in livestock production is the result of an
increased number of animals and increasing yields. Technological development in the
livestock sector has enabled increased output per animal, especially in poultry and egg
production, as well as in the pork and dairy sector. In general the number of livestock
increased faster than the yields during the past decades, meaning that the major

increase in production can be attributed to a rise in the numbers of animals (FAO,
2009).

Projections indicate that the global demand for meat will continue to increase. FAO
scenarios until 2050 estimate that global per capita consumption of meat will rise
from about 40 kg at present to 52 kg in 2050 (Bruinsma, 2009). To meet such an
increase in demand for meat, global meat production would need to increase by about
70% in the coming 35 years.
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Figure XI. Per capita available supply of meat in 2009 (kg/year). Amounts of raw meat including
bones are adapted from FAOSTAT (amounts without bones and after cooking are rough estimates

based on the conversion factors in paper I).
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5.2.4 Sustainable meat consumption

The evaluation of what can be considered sustainable meat consumption must
include many different perspectives as it is a complex issue with multi-dimensional
impact on the environment and society. Here, only three important aspects are
considered.

From a health perspective it seems difficult to say how much meat is optimal. A
healthy diet can contain more, less or no meat depending on the overall composition
of the diet. However, based on the recommendations to prevent the risk of cancer the
intake of cooked red meat should be less than 500 g per week (26 kg/year) per person
and include none or only a small portion of processed meat. Based on the food-based
dietary guidelines the total intake of cooked meat should further be limited to about
40-100 g per day (15-35 kg/year) in order to get enough nutrition from other food
groups without having an excessive energy intake.

Also from a climate- and land-use perspective, the type of meat has a large impact on
the sustainable levels of meat consumption. If the consumption is based on
monogastric meat, a higher consumption is possible than if it is based on ruminant
meat. To meet climate targets and avoid further expansion of global cropland, global
per capita consumption may need to be limited to about 20-300 g/d (5-110 kg/year)
and 30-130g (10-50 kg/year) of cooked meat per day, respectively, depending on the
proportions of different types of meat (i.e. the ratio of poultry, pork and ruminant
meat).

This interdisciplinary analysis with regard to nutrition, health, climate and land use
(Table V) suggests that sustainable meat consumption, in perspective from the
developed country/region, is characterized by a large proportion consisting of poultry,
limited amounts of red and ruminant meat, avoidance of processed meat and a total
meat intake which is in the range of 75 + 55 grams of cooked meat per day (27+ 20
kg per year)(excluding deductions for potential losses), depending on the type of meat
included in the diet and the sustainability perspective considered. Further research is
required to evaluate whether these preliminary results are consistent with
sustainability criteria from other perspectives. Important aspects to consider are,
among others, biodiversity, animal welfare and other social and ethical dimensions.

A rough comparison with current meat consumption levels in different parts of the
world (Fig. XI) indicate that meat consumption in North America, Oceania, Europe
and South America have reached a maximum or need to be reduced in order to be
sustainable, whereas there is still a potential to increase the average consumption in

Asia and Africa.
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Table V. Suggested meat consumption levels from a climate-, land use- and health perspective

TYPE OF MEAT SUGGESTED MEAT CONSUMPTION LEVEL
Kg/year g/d
Raw, bone- Cooked Raw, bone- Cooked
free weight weight free weight weight
CLIMATE
PERSPECTIVE

Current livestock-
Ruminant meat 13 9 35 25 related emssions are

maintained to 2050

Total meat 15-25 10-15 50-65 35-40 Current livestock-
related emissions aer
maintained to 2050

Only chicken 100-160 70-110 290-430 200-300  Climate targets' are

met

Only ruminant 10-20 7-15 30-60 20-40 Climate targets' are
meat met

LAND USE
PERSPECTIVE
Only chicken 55-70 40-50 150-190 105-130 No expansion of
cropland for feed
production to 2050

Only beef 15-55 10-30 50-150 30-105 No expansion of
cropland for feed
production to 2050

HEALTH
PERSPECTIVE

Reduced cancer risk,
Red meat <35 <25 <100 <70 induvidual level

Processed meat 0 0 0 0 Reduced cancer risk

Total meat <20-50 <15-35 < 60-140 <40-100 Nutritional
requirements are

met

Total meat 30-45 20-30 80-120 50-80 Protein

requirementsz are
met

'Assuming meat consumption can be responsible for maximum 0.25-0.5 t CO: eq./cap, year. > Based on a protein
requirement of 50-70g per day (0.8g protein/kg bodyweight), of which one third is supplied by meat. Protein content
in meat is assumed to be 20%.
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6 Future outlook

6.1 Alternatives to meat

A growing body of literature suggests that reduced meat consumption can offer
multiple benefits, including reduced environmental impact and improved public
health, in populations with unrestricted diets. However, the level to which meat
consumption needs to be limited in order to be sustainable, and what should replace
it, is still under discussion.

For individuals for whom a reduced meat intake entails a risk of an inadequate
nutritional intake, the diet needs to be complemented by an increased intake of other
foods. Products that can replace or supplement meat in the diet can be grouped as
follows; plant-based meat substitutes (legumes, cereals, vegetables, nuts), processed
vegetarian meat-substitutes (quorn, tofu, tzai, tempeh etc.), animal-based meat
substitutes (white/lean meat, dairy, eggs, fish). In addition there are alternatives such
as fortification and supplementation.

The majority of studies analyzing the sustainability of diet have so far been focusing
on the effect of replacing parts of the meat consumption by plant-based foods. From a
health perspective, increased intake of legumes, whole grain cereals, vegetables and
nuts would be desirable in most populations with unrestricted diets (Srinivasan et al.,
2006). A combination of these foods provides health promoting fibers, vitamins and
antioxidants and nutrients to adequately meet the requirements, including all essential
amino acids (Millward and Garnett, 2010, Van Duyn and Pivonka, 2000). However,
due to the lower bioavailability of certain nutrients (e.g. iron and zinc), intake levels
of plant-based foods may need to be substantially increased compared to current
average intake, depending on the proportion of meat to be replaced.

To replace meat by plant-based foods has also been proven to be advantageous from
an environmental perspective (Carlsson-Kanyama and Gonzalez, 2009, Gonzdlez et
al., Reijnders and Soret, 2003). Legumes, cereals and vegetables, in many cases have
2-60 times lower climate impact and need 1-20 times less land per kg produced,
compared to meat (de Vries and de Boer, 2010, Gonzélez et al., Nijdam et al., 2012).
There are, however, exceptions, for example diets which to a large extent include
plant-based foods transported by air and/or produced in greenhouses with fossil
heating which can be as climate intensive as meat-based diets (Carlsson-Kanyama,
1998, Jungbluth et al., 2000, Macdiarmid, 2013, Vieux et al., 2012).

As an alternative protein source, there is also a growing range of processed vegetarian
meat substitutes available, typically based on protein from pulses, cereals or fungi
(Asgar et al., 2010, Sadler, 2004). The environmental impact of processed vegetarian
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meat substitutes has so far been investigated only in a limited number of studies
(Blonk et al., 2008, Davis et al., 2010, Finnagan, 2010a, Finnigan, 2010b,
Leuenberger et al. 2010, Nijdam et al., 2012, Nonhebel and Raats, 2007, Xueqin and
lerland, 2004). The results indicate that these products require relatively more energy
due to the higher degree of processing required, but have a lower climate and overall
environmental impact, than most types of meat. The potential and limitations for
increasing sustainability of a diet with consumption of this group of products requires
further analysis. There is also a need for more interdisciplinary and holistic analyzes of
other options to increase sustainability in the diet, such as replacing meat by different
animal-based foods, e.g. healthier meat alternatives, fish, eggs or dairy products, or to
include fortified foods or supplements in the diet to meet requirements of specific
nutrients.
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6.2 Differentiation on the individual, regional and social
level

The general approach in dietary scenario analysis is to base the reference scenario on
the average per capita consumption in the population studied. The diet registered in
the reference scenarios is thereafter modified to examine the impact of different
hypothetical dietary changes on the environment. Since consumption patterns and
nutritional requirements differ depending, among other things, on gender, age and
physical activity level, it would be of value to do more research on specific groups in
the population.

In some studies, the reference scenarios are based on the consumption patterns of a
particular group of the population. For example in the articles by Macdiarmid et al.
(2012) and Temme et al. (2013) the reference scenarios are based on the food
consumption of fertile women. This has the advantage that the nutritional content of
the diet can be evaluated in the group of the population with the highest
requirements of a potentially limited nutrient (e.g. iron). Men generally eat more
meat and their diet has a higher environmental impact than women (Hallstrém and
Borjesson, 2013a, Meier and Christen, 2012). Due to the higher consumption of
meat and the lower requirements of iron, meat consumption could probably be
reduced more in men’s diet than in women’s. This example shows that from an
environmental, health and, not least, policy perspective it may be of interest to adapt
dietary scenarios to specific groups of a population to a higher degree.

The review in paragraph 5.1 makes it clear that dietary scenario studies in general are
designed to study the impact of dietary change in European countries/regions
characterized by having an unrestricted diet. In many parts of the world trends of
rapid changes in diet have had negative (and positive) implications from both health
and environmental perspectives and this trend is predicted to continue as living
conditions of more people improve. To understand the impact of dietary change in a
broader perspective and not only to study how to implement change but how to
prevent unhealthy and resource-intensive food habits, dietary scenario studies are
increasingly required also in developing regions with different habits, cultures and
conditions.
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6.3  Optimization of land use

When discussing the availability of agricultural land it is necessary to distinguish
between different types of land as this will affect the possibilities and consequences of
how the land can be used and how its use can be optimized for food production.

As the major part of the current global food supply is dependent on cultivated land
(Johansson, 2005) pressure on agricultural land is especially intense on cropland.
However, as discussed previously dietary change, above all, has the capacity to release
agricultural land currently used for pasture. Since all pasture land is not suitable for
cultivation a distinction between different types of land is required for an improved
understanding of the potential to reduce land use demand by dietary change. In the
review in paragraph 5.1 such a distinction is made only in two out of five articles.

To avoid a situation in which demand for agricultural land is exported to other
countries and regions where it might lead to deforestation and other negative impacts
associated with increased land use pressure, it may also be of interest to distinguish
between domestically produced food, and imported food in dietary scenario analysis.
Such a distinction is made only in one of the reviewed articles.

The use to which a piece of land is best suited is affected by a variety of factors,
several of which go beyond geographical and ecological considerations. Two
important questions in this context are; who owns the land? And what is its current
use? Ecological and social consequences of land use change may differ depending on
whether a top-down or bottom-up perspective is applied. Today much of the
research, as in this thesis, is done with a top-down perspective by which the use and
availability of land is analyzed from a national, regional or even global perspective.
However, to answer the two previous questions a change of focus is required from a
top-down to a bottom- up perspective, which would account for local effects at the
place where the land use change is actually taking place.

How the livelihood of the people in developing regions is affected by land use changes
is of special concern as it is in these regions (e.g. Africa) the largest potential for
increased intensity in agriculture and expanding land in cultivation is estimated to be.
Poor people in these areas also often rely more heavily on local ecological resources
and surrounding ecosystem services, which makes them particularly vulnerable to
food and energy insecurity as a result of changes in land use.

As a top-down perspective may lead to a loss of information of the effects at the local
level, while a bottom-up perspective may be unsufficient to understand the
dimensions of a problem at a higher level, research from both perspectives is required,
as well as research in which land availability and conflicts are analyzed from an
integrated top-down and bottom-up perspective.

54



6.4  Accounting for uncertainty

In this thesis uncertainty assessment has been emphasized. Despite the knowledge of
the uncertainty related to LCA data of food and dietary scenario analysis the literature
review showed that most articles report the environmental impact of dietary scenarios
in precise numbers without any uncertainty or sensitivity assessment, making it
difficult to determine the reliability of the results.

According to the ISO standard the interpretation phase in LCA should include an
evaluation of the completeness, sensitivity and compliance of the analysis (ISO,
2006b). This is required in order to help the reader to determine which conclusions
can be drawn from the results and is critical also in dietary scenario analysis.

To improve the knowledge of how to reduce the environmental impact of food
consumption and production, researchers should in the future be better able to
analyze, evaluate and report the uncertainty in their methods and results.
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6.5  Sustainable eating habits — How to get there?

High priority should be given to measures for promoting more sustainable eating
habits, which include eating fewer meat and dairy products, avoiding excessive food
intake and reducing food waste (Garnett, 2011). From public health-based
interventions it is well known that implementation of changes in diet is difficult and
that despite knowing what a healthier diet implies people often find it difficult to
change their eating habits (Davies, 2011). Besides increased knowledge of how
consumption (and production) of food can be improved, a better understanding of
how to implement these changes in the society is thus required in order to increase
the sustainability of the food system.

Policies for influencing the sustainability of food systems can be categorized into
information-based (e.g. product labels, marketing, education, campaigns), market-
based (e.g. subsidies, taxes, fees) and regulatory instruments (e.g. laws, policies,
certifications, public procurement) (Reisch, 2011). Information-based instruments
are the cheapest and most widely used measure to influence the eating habits of
general public. Several countries have also developed national polices or guidelines for
sustainable food consumption (e.g. Sweden, Netherlands, UK). However, to meet
environmental goals by raising awareness is unlikely to be sufficient solely. It is more
likely that a combination of several different interventions will be required (Reisch,
2011, SBA, 2013).

One option under discussion is to impose a tax on climate intensive foods such as
meat. To promote a healthier diet, several countries have already implemented such
market-based instruments, for example, by using nutrient- and food-based taxes on
fat, sugar, salt, “junk food”, sweetened drinks and subsidies for fruits and vegetables
(Mytton et al., 2012, Powell et al., 2013). According to Wirsenius et al. (2011) a tax
on animal-based food in the EU, equivalent to 60 euros per ton CO; eq., could
reduce the GHG emissions of current EU agriculture by 7% and release about 11
Mha of permanent pasture and 4 Mha of cropland for other uses. The price elasticity
of meat products has previously been estimated to be 0.7-0.8 (Andreyeva et al.,
2010), meaning that a 10% increase in price, on average, would reduce consumption
by 7-8%.

Which policy instruments that are most effective for a development towards more
sustainable food consumption, from a holistic perspective, and how these can be
successfully implemented, is an area of research that requires further exploration. In
this work, knowledge gained from the area of public health, where experience and a
research tradition in this area is well established, may be useful.
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6.6 Research requirements - Summary

Below identified areas in need of further research are listed:

e Improved knowledge on how much meat, especially red meat, can be
included in a sustainable diet.

e Improved knowledge of the environmental impact of substitutes and
complements to meat.

e Further analysis of the future role of processed vegetarian meat
substitutes, fortified foods and supplements for increased sustainability
in diet.

e Dietary scenario analysis where the scenarios are adapted to different
groups of a population, based on current consumption patterns and
nutritional requirements.

e Improved knowledge of the effect of dietary change in different
geographical regions with different habits, cultures and conditions.

e More research focusing on ways to prevent the development of
unhealthy and resource-intensive food habits in developing
countries/regions.

e  Further analysis on effects of land use of changes in food production
and consumption which distinguish between types of agricultural land
and specify its geographical location.

e Research in which availability of land and conflicts concerning land
use are analyzed by the application of integrated, top-down
(global/regional/national) and bottom-up (local) perspectives.

e Improved knowledge on the impact of uncertainty and variability in
dietary scenario analysis.

e Improved knowledge of policy instruments for more sustainable food
consumption and production and their effectiveness in different
regions.

e Improved knowledge of how policy instruments for sustainable food
consumption and production can be implemented successfully.

e Holistic inter- and trans-disciplinary assessments of food consumption
and production which include more sustainability aspects.



7 Concluding remarks

There is an urgent need for action to reduce environmental pressures from the food
sector and improve global health. In this thesis the potential of dietary change as a
measure to reduce environmental impact and increase health is analyzed with special
attention to uncertainty aspects in the data and methods applied. The findings can be
used to improve the performance and interpretation of interdisciplinary, sustainability
assessments of food and can contribute to a better understanding of the
environmental and health effects of dietary change.

The results illustrate that awareness of the variability and uncertainty in the data and
methods used can be crucial for a proper use and interpretation of results in
sustainability studies of food and diets. It is further suggested that dietary change, in
areas with unrestricted diets, could play an important role in reaching environmental
and health goals, with a potential of up to 50% to reduce GHG emissions and land
use demand from the diet. The potential to improve the sustainability of the food
system through dietary change can be substantial and depends mainly on the amount
and type of meat included in the diet.

The meaning of the term “sustainable meat consumption” is still under discussion.
According to this thesis sustainable meat consumption in a developed country/region
perspective, with regard to nutrition, health, climate and land demand is
characterized by a large proportion of white meat, limited amounts of red and
ruminant meat, avoidance of processed meat and a limitation in total meat intake to
about 75 + 55 grams of cooked meat per day (27+ 20 kg per year), depending on the
type of meat included in the diet and the sustainability perspective considered.
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Appendix Dietary scenarios

Table VI. Effect on GHG emissions on dietary change

REFERENCE, SCENARIO GHG emissions (tCO:
description eq./person per year)
(Saxe et al., 2013) Ref: Average Danish diet 2.0
Cradle-retail

Healthy diet according 1.9

to NNR!

Healthy and local diet 1.8

according to OPUS?

Healthy, local and 1.9

organic diet according

to OPUS?

Healthy, local and 1.8

organic diet according to
OPUS?, red meat
partially replaced by

chicken?®

Healthy, local and 1.7
organic diet according to

OPUS?, red meat

partially replaced by

chicken*

Healthy and local diet 1.5
according to OPUS?,

red meat partially

replaced by chicken?

Lacto-ovo vegetarian 1.5

and local diet

(Meier and Christen,  Ref: Average German 2.1
2012) diet in 2006
Cradle-retail

Change compared to

reference scenario

7%

-12%

-5%

-14%

-19%

-26%

-27%
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(Berners-Lee et al.,
2012)
Cradle-retail

(Vieux et al., 2012)
Cradle-retail

Healthy diet
according to D-A-C-H’

Healthy diet
according to UGB®

Lacto-ovo vegetarian
Vegan

Ref: Average UK diet in
2009

Vegetarian  diet, meat
replaced by  dairy
products

Self-reported vegetarian
diet’

Healthy vegetarian diet®

Vegan diet, no health

considerations
Self-reported vegan diet®
Healthy vegan diet

Ref: Average French diet
in 2006-2007

Balancing energy intake
and expenditure,
assuming low physical
activity

Balancing energy intake
and expenditure,
assuming moderate
physical activity

20% of meat intake
(min 50g meat) replaced
by self-selected®  fruit
and vegetables

1.8

1.8

1.6

1.0

2.7

2.1

2.2

2.0

1.9

2.1

2.0

1.5

1.3

L.5

L.5

-11%

-12%

-24%

-53%

-22%

-18%

-25%

-31%

-23%

-25%

-11%

2%

0%
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(Macdiarmid et al.,
2012)
Cradle-farm gate

(Aston et al., 2012)
Cradle-retail

(Tukker et al., 2011)
Cradle-retail

20% of meat intake
(min 50g meat) replaced
by self-selected® milk
and dairy products

20% of meat intake
(min 50g meat)
replaced by self-selected’
mixed foods

Reduced meat intake to
50g/d and removal of
deli meat replaced by
self-selected’ fruit and
vegetables

Reduced meat intake to
50g/d and removal

of deli meat replaced by
self-selected® milk and
dairy

Reduced meat intake to
50g/d and removal of

deli meat replaced by
self-selected’ mixed

foods

Ref: Average UK diet of
women in 1990

Healthy and sustainable
diet"

Ref: Average UK diet in
2000/2001

Doubled proportion of
vegetarians, low
consumption of red and
processed  meat  in
remaining population’

Ref: Average diet in five
EU27 regions in 2003

1.5

1.5

1.5

1.4

1.4

1.4

0.9

1.4

1.3

2.6

-2%

-3%

+3%

-4%

-7%

-36%

-12%
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(Fazeni and
Steinmiiller, 2011)
Cradle-farm gate

(Audsley et al.,
2010)
Cradle-farm gate

(Risku-Norja et al.,
2009)
Cradle-farm gate

Healthy diet based on
European dietary
guidelines™

Healthy diet with less
than 300g red meat per
week and avoidance of
processed meat

Mediterranean diet with
reduced intake of red
meat

Ref: Average Austrian
diet in 2001-2006

Healthy diet"

Healthy® and local'
diet

Ref: Average UK diet in
2005

50% of meat and dairy
replaced by plant-based
food

75% of ruminant meat
replaced by pig and

poultry
50% of pig and poultry

replaced by plant-based
food

Ref:  Average Finnish
diet

Healthy diet"
No dairy products,
ruminant meat replaced

by pork and poultry

Vegan diet

2.6

2.4

2.4

0.9

0.6

0.6

1.3

1.0

1.2

1.2

1.7

1.4

1.1

0.9

0%

-7%

-6%

-32%

-35%

-19%

-9%

-3%

-16%

-33%

-48%
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REFERENCE, FUTURE GHG emissions Change compared to

description SCENARIO (MtCO: eq/year) reference scenario
(Popp et al., 2010) Ref: Average regional 8700
Global scenario, diets in 2055 kept at
cradle-farm gate, 1995 levels. Cropland
Non GHG expansion of 3.5% per
emissions only decade between 1995
and 2055.
Increased energy intake 15000 +76%

and share of

livestock products'®

Increased energy intake, 4300 -51%
reduced share of
livestock products'”

Increased energy intake 9800 +13%
and share of livestock
products'®, technical
mitigation in agriculture

Increased energy intake, 2500 -71%
reduced share of
livestock products/,

technical mitigation in
agriculture

"Healthy diet according to Nordic Nutrition Recommendations. *Nordic diet containing locally produced foods of
which 75% is organically produced. Meat is partially replaced with fruit and vegetables. *Average intake of chicken,
beef and other types of meat is multiplied by the factors 2.0, 0.5 and 0.67, respectively. *Average intake of chicken,
beef and other types of meat is multiplied by the factors 3.0, 0.2 and 0.2, respectively. *Official dietary
recommendations of the German Nutrition Society. Dietary recommendations by the Federation for Independent
Health Consultation. "Self-selected diets based on food choices of American vegetarians and vegans. *Meat is replaced
by plant-based food categories considered to be healthy (e.g. pastas, rice, pulses, cereals, breads, salads, vegetables,
fruit, nuts, seeds), dairy consumption remains unchanged. *Self-selected diets based on food choices of a sample of
adults living in France. "’Diet fulfilled nutrient requirement of fertile women, contained 190 g of cooked red meat per
week and 555 g fruit and vegetables per day, and was created to minimize food waste and greenhouse gas emissions.
""Consumption of red and processed meat adapted to the dietary pattern of the lowest fifth of population. Average
intake of red and processed meat reduced from 91 to 52 g/d in men and 54 to 30 g/d in women. "“Dietary
recommendations based on Health Council of the Netherlands and the WHO/FAO. "Based on DGE
recommendations including reduced meat intake (-60%, all meat types decrease to the same extent), increased intake
of fruit, vegetables and cereals and reduced intake of fish and sugar. "“Food consumption is based on Austrian
agriculture production. "*Based on national health impact dietary recommendations, including increased share of
plant based food, reduced share of animal based food and 60% share of present milk consumption. '“The energy
intake and share of livestock products are given by a regression model which links food consumption against predicted
GDP. "Livestock products share of energy intake decrease by 25% per decade between 1995 and 2055.
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Table VII. Effect on land use of dietary change

REFERENCE,
description

(Temme et al.,
2013)

(Meier and
Christen, 2012)

(Audsley et al.,
2010)

SCENARIO

Ref:  Average
Dutch diet of
young women in
2003

30% of dairy
and meat
replaced by
plant-based food

Vegan diet

Ref: Average
German

diet in 2006
Healthy diet
according

to D-A-C-H!
Healthy diet

according
to UGB?

Lacto-ovo
vegetarian

Vegan

Ref: Average UK

diet in 2005
50% of meat
and dairy

replaced by
plant-based food

75% of
ruminant
replaced by pig
and poultry

meat

Total land use
demand
(m?*/person,
year)

1400

1100

700

2100

1800

1700

1500

1100

3300

1900

2000

Change
compared
to reference
scenario

-16%

-51%

-15%

-17%

-27%

-50%

-42%

-39%

Pasture

land

2100

800

700

Arable/
cropland

1200

1200

1300
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(Arnoult et al.,
2010)

(Risku Norja,
2008)

50% of pig and
poultry replaced

by plant-based
food

Ref: Average UK
diet in 2003-
2004

Healthy die¢®

Ref: Average
Finnish diet in
2002,
conventional
production

Healthy diet,
local
conventional
production

Mixed diet with
no pork and
poultry, limited
beef intake®,
local
conventional
production

Vegetarian diet,
local
conventional
production

Average Finnish
diet in 2002,
local organic
production

Healthy diet?,
local organic
production

Mixed diet with
no pork and
poultry, limited

3200

1700

1500

3300

2600

1900

1700

4900

3700

2700

-4%

-17%

-21%

-42%

-48%

+48%

+12%

-18%

2100

1100

800

1100

700

700
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REFERENCE,
description

(Powell and
Lenton, 2012),
Global scenario

(Wirsenius et al.,
2010)
Global scenario

beef intake®,
local organic
production

Vegetarian diet,
local organic
production

FUTURE
SCENARIO

Ref: dietary
scenarios in
2050 based on
FAO projections

High® meat
consumption,
low” agricultural
efficiency

High® meat
consumption,
high?®
agricultural
efficiency

Low’ meat
consumption,
high?®
agricultural
efficiency

Low’ meat
consumption,
low” agricultural
efficiency

Ref: dietary
scenario for
2030 based on
FAO predictions

3100

Total land use
(Mha, year)

4900

8800

4800

4100

7300

5300

-6%

Land use
change
compared
to reference
scenario

+81%

-1%

-15%

+50%

Pasture Arable land
land (Mha)
(Mha)

3600 1700
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(Stehfest et al.,
2009)

Global scenario

A. Increased
livestock
productivity

B. A+ 20% of
ruminant meat
replaced by pork
and poultry

C. B+ up to
25% of meat
intake is
replaced by
plant based
food, 15-20%

reduction of
food waste
Ref: global

average diet in
2050 according
to FAO

projections
Ruminant meat
replaced by
plant-based
proteins
Vegetarian diet

Vegan diet

Healthy diet'

4800

4400

4200

5000

2200

2100

1600

3500

-10%

-19%

-22%

-57%

-58%

-68%

-30%

3100

2700

2600

3200

500

500

1900

1700

1700

1600

1800

1700

1600

1600

1600

'Official dietary recommendations of the German Nutrition Society. “Dietary recommendations by the Federation for
Independent Health Consultation with less meat and more legumes and vegetables. “Based on national and
international dietary recommendations including reduced consumption of dairy, red meat and sugar and increased

intake of fish, fruit, vegetables and cereals.”Based on national standard dietary recommendations. > Beef consumption

is limited to be a by-product from milk production. “Average per capita annual meat consumption is expected to rise
from 16.06% to 18.8% of daily caloric intake between 2000 and 2050. "Efficiency in livestock production and
balance between grazing and fodder feeding animals remains at the level in 2000, Yields of vegetal products increase at

current rate of 1% per year. “Increased efficiency in livestock production, shift from grazing animal production

towards pig and poultry production, 20% reduction in food waste between 2000 and 2050. *Average per capita

annual meat consumption is expected to decrease from 16.06% to 15% of daily caloric intake between 2000 and

2050. '“Based on recommendations from Harvard Medical school.

78



