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Abstract

The challenge of feeding a growing global population while reducing the pressure on climate and
ecosystems has gained much attention in research over the last decades. A crucial yet often
overlooked aspect in research addressing this complex challenge is the efficiency of food production
in meeting nutritional needs within the constraints of global cropland resources.

Addressing this gap requires a perspective on productivity that extends beyond the traditional
metric of yield per hectare to also consider the diverse nutrient needs of a complete diet. An indicator
that effectively capture this aspect is the 'number of people that can be fed per hectare' in terms of
adequate intake of calories, protein and fat. The mission of this thesis is to evaluate if and how this
indicator can offer valuable insights at different levels in the food system. To comprehend the
potential benefits of using the indicator and identify its most suitable area of use, the indicator was
applied at two different levels in the food system. Calculations were conducted at 1) the national
level, focusing on Sweden as a whole, and 2) the individual farm level, applying the indicator to a
selection of real farms in order to explore the strengths and shortcomings of the indicator at different
scales of application. The case farms, consisting of nine livestock farms that started a transition to a
more diversified agriculture, were analysed before and after implemented production changes.

At national level, the indicator proved effective in providing information on the current
utilization of edible nutrients in the food system and by highlighting the supply capacity within
existing agricultural production. The application of this indicator to Sweden’s agricultural output
show that the country's current food production can meet the daily calorie needs of about 5 people
per hectare and slightly fewer in terms of protein and fat. Shifting the crops currently used for feed,
fuel and other uses towards direct human consumption would double calorie provision and increase
protein supply by 50%. Less than half of the edible fat and only around 30% of the proteins and
40% of the calories from crops produced in Sweden 2020 were used as food, with 11% of plant
protein and 10% of edible fat going to biofuel and ethanol production.

Applied at farm level, the indicator can serve as a tool for understanding the performance of
individual farms, providing insights into how different production decisions affect farm output and
land use efficiency in terms of food supply. Its primary utility at farm level lies in tracking the impact
of agricultural practices on a particular farm over time. However, it is not ideally suited for
benchmarking performance across farms with different natural conditions for agricultural produc-
tion.

Finally, this thesis emphasizes the necessity of adopting a holistic approach in the assessment of
a farm or region. To ensure a multi-dimensional evaluation that captures the complexities and inter-
dependencies inherent in sustainable agricultural systems, the 'number of people fed per hectare'
needs to be integrated with a broader range of sustainability indicators, covering ecological, eco-
nomic, and social aspects.

In conclusion, the 'number of people fed per hectare' indicator demonstrates greater utility when
applied at the national scale than at the farm level. Its application to broader food systems offers
valuable insights into agricultural productivity and food supply capacity of a country, which can be
useful to evaluate the land use efficiency of current production and further to identifying possible
actions to increase the national food supply.

Keywords: Food production, Land use efficiency, Sustainability indicators, Agricultural
productivity
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1. Introduction

1.1 Point of departure

Current food systems are not delivering healthy diets for all and causing serious
environmental pressure and social problems. Food production accounts for 30% of
greenhouse gas emission globally (Crippa et al. 2021) and agricultural expansion is
a major driver of biodiversity loss (Williams et al. 2021). Further, ongoing climate
change and decline of ecosystem services impose negative impact on food security
(Ortiz-Bobea et al. 2021; Farooq et al. 2022). The challenge of feeding a growing
global population while reducing the pressure on ecosystems has gained much
attention in research over the last decades (Godfray et al. 2010; Foley et al. 2011;
Gerten et al. 2020). Numerous studies have mapped the environmental impact of
food products throughout their entire life cycle (Poore & Nemecek 2018; Ahmad et
al. 2019; van Hal et al. 2019). Additionally, there is a growing body of research
focused on potential strategies for more resource-efficient agricultural production,
often referred to as 'sustainable intensification' (Godfray & Garnett 2014; Cassman
& Grassini 2020). However, a mere focus on improvements on the production side
of the food system is not enough to address future challenges of global food supply.
Substantial changes to consumptions patterns, such as shifting diets towards less
animal products in high income countries and reducing food waste is also required
(RO0s et al. 2017; Willett et al. 2019; Webb et al. 2020; IPCC 2023b). In addition,
a limited amount of global cropland is available to nourish the world’s population
(Cassidy et al. 2013) and further expansion of crop land stand in direct conflict with
the urgent need for biodiversity preservation (Zabel et al. 2019). Thus, a responsible
use of the existing crop land, in order to ensure access to nutritious and sufficient
food for all while mitigating the environmental pressure from production is crucial
to reach the global target of zero hunger (United Nations Department of Economic
and Social Affairs 2023).

Currently, a large share of the world’s crops is not utilized as food but is being
fed to animals or turned into fuel. Less than half of the global cereal production and
about a fifth of the soy production is consumed directly by humans, most of the
remaining share is used for animal production and a considerable amount becomes
fuel (Ritchie & Roser 2023). Redirecting edible crops away from human
consumption entails a substantial loss of food, which is why several authors
advocate a shift in focus from "yield per hectare' to 'number of people fed per hectare



(Cassidy et al. 2013; Ro0s et al. 2021). Focusing solely on yield levels neglects key
aspects of food system productivity: the overall quantity of food produced and its
capacity to meet the population’s nutritional needs. To address this gap, Cassidy et
al. (2013) introduced the indicator 'number of people that can be fed per hectare'
which offers an alternative measure of agricultural productivity, capturing these
crucial factors. However, the practical application of this indicator across varying
scales, ranging from individual farms to a broader food system, requires further
exploration. At farm level, this raises central questions: How can a farm take on
global food responsibility? And how might individual farmers assess their farm's
capacity to contribute to the global food equation, that is, to produce sufficient food
for a growing population within the constraints of existing cropland?

Numerous studies have focused on the environmental impact at the farm level,
but few of these studies investigate how much food the farm contributes (Repar et
al. 2017; Lampridi et al. 2019; Soulé et al. 2021; Kokemohr et al. 2022). This
represents an important area for further research, to gain better understanding of
how different production strategies at the farm level can contribute to global food
security. Assessing farm-level production in terms of its contribution to global food
supply is challenging due to various factors like biophysical conditions and the
organization of local food systems and resource supplies. Previous research by Elin
Ro0s et al. (2021) utilized the indicator 'number of people that can be fed per
hectare' in terms of calories and protein, to assess the contribution of a single farm
to global food security. Although this indicator does not capture the full extent of
what a farm produces in terms of nutrition and other values, it serves as a
straightforward tool to obtain information on a farm’s food production output.
Further, it can serve as a method for evaluating how changes in the production, in
terms of distribution of different crops and livestock products on a particular farm,
affect the land use efficiency linked to food security. However, the farm may not
be the appropriate scale for applying this type of indicator, given that individual
farms have different conditions for agricultural production. It might be more
relevant to apply this indicator at a national or regional level to capture how a
specific country or region utilizes its agricultural production capacity and to
identify potential strategies for increasing the national food supply.

1.2 Study aims an research questions.

This thesis aims to explore the applicability of the number of people fed per hectare
of cropland' indicator as a tool to evaluate agricultural production systems at two
different levels: 1) the national level, focusing on Sweden as a whole, and 2) the
individual farm level, applying the indicator to a selection of real farms in Sweden.
The objective is to evaluate and discuss the performance of these agricultural
systems in terms of food supply and to discuss the utility of this indicator when
applied at these various scales.



Research questions include:

e How can the indicator be used at farm level to provide farmers with
insights into the impact of their production changes or strategies on their
contribution to global food supply.

e [s this indicator effective in evaluating a country's capacity to supply
food when applied to national agricultural production data?

e What is the most useful level of application of this indicator: at the
individual farm level or across a broader food system?

e What are the potential possibilities and limitations of using this indicator
to evaluate the effects of various strategies and changes in agricultural
production on food supply?

The indicator was applied to nine livestock farms that have begun a transition to a
more diversified agriculture by growing a greater proportion of crops intended for
human consumption. Calculations were made on the farm's total production before
and after implemented changes. In addition, calculations were made on Swedish
food production, based on the official agricultural statistics for the production year
2020, to evaluate and compare the applicability at different levels in the food
system.
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2. Background

2.1 The global food system

2.1.1 Agricultural land use

The global use of agricultural land has expanded substantially over the past three
centuries (Ramankutty et al. 2018) and is today the largest biome on the planet
(Foley et al. 2011). Global food production utilizes 4.8 billion hectares of land
worldwide which constitutes around one third of the global terrestrial land surface
(Silver et al. 2021; Conchedda et al. 2023) This agricultural land contributes the
main part of the global food supply. It has been estimated that around 90% of
available food calories (Cassidy et al. 2013) and 80% of the protein and fats
(Steinfeld et al. 2006) are produced on agricultural land.

One third of the global agricultural land is used as cropland, while the remaining
two-thirds are utilized as meadows and pastures for animal production (Conchedda
et al. 2023). Out of the 1.6 billion of hectares of cropland available worldwide, 88%
was estimated to be arable land in 2021 (ibid.). Arable land is defined by FAO as
land used for temporary crops, temporary meadows, and temporary fallow. The
main part of the arable land was used for annual crops such as rice, wheat, and
maize. The remaining 12% of the cropland was used for permanent crops such as
cacao, coffee, fruit trees and palm plantations in 2021. The area used for permanent
crops increased by 40% since 2020 (Conchedda et al. 2023). Further, about a fifth
of the total global crop land area is equipped for irrigation, of which 40% is in Asia
(ibid.)

The global expansion of cropland has accelerated over the past two decades,
primary driven by agricultural growth in Africa and South America. According to
a study by Potapov et al. (2022) there was a 9% increase of global cropland area
between 2003 and 2019. Half of this newly established cropland replaced
grasslands and forests, contradicting the goal of preserving terrestrial ecosystems
(ibid.). As cropland expansion is a major driver of biodiversity loss, the scope for
increasing the area of global cropland is severely restricted (Molotoks et al. 2018;
Zabel et al. 2019).

Globally available cropland per capita has decreased over time along with
population growth. In year 2021, the available cropland per person worldwide was
estimated to 0.2 hectare (Conchedda et al. 2023), which is less than half of the 0.45
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hectares available per person in 1961 (FAO 2020). During the same period there
has been a substantial increase in the annual net primary productivity (NPP) per
hectare of cropland due to agricultural intensification (Potapov et al. 2022).
However, there is a growing consensus that agricultural intensification alone is
insufficient to sustainably meet the future demand for food on current cropland area
(Beltran-Pena et al. 2020).

The largest per-capita cropland area is found in Oceania, which has 0.8 hectares
of cropland per person, followed by Europe and America. In Asia, the per-capita
cropland is 0.1 hectares, making Asia the region with the least available cropland
per person (Conchedda et al. 2023). Conversely, Asia holds the largest share of crop
land, accounting for 38% of the global total, followed by America and Europe
whereas Oceania has the smallest proportion of cropland, making up only 2% of
the total global cropland area (ibid.).

The per capita cropland differs considerably across countries within regions, due
to variations in population density, land use patterns, and agricultural practices. In
2021, the average cropland area per person in Europe was 0.4 hectare, with the
lowest per capita crop land found in the Northern and Western Europe (0.2
hectare/capita) and the largest in Eastern Europe (0.7 hectare/capita) (Conchedda
et al. 2023).

2.1.2 Global food production

The agricultural production efficiency has accelerated rapidly since 1960’s, with a
threefold increase in crop production, due to developed technologies and purchased
inputs that enabled higher yield and intensified use of the crop land (Pellegrini &
Fernandez 2018). The strive to feed a growing world population has led to a
transformation of the global food system from being predominately rural and local
into todays intensified and industrialized agricultural system. However, the
pathways for increased food production have differed geographically. While
increased yields has driven the productivity in regions with irrigated agriculture
(such as Europe and Asia), land expansion has been the most prevalent driver for
increased/enhanced food production in large parts of Africa (Giller et al. 2021). The
transition towards intensified agriculture has contributed more food to the global
food system. However, it has also resulted in a decline in food diversity and less
diverse agricultural landscapes, which has implications for the global availability
of nutrients and future food security (Campi et al. 2021). Currently, the global food
system is dominated by four major staple crops (maize, soy, rice and wheat) which
are widely traded between regions (Silver et al. 2021). As a result, national food
supply worldwide has become more interdependent and more homogeneous in
composition (Khoury et al. 2014).

The structure of agricultural production varies geographically in terms of diversity,
farm sizes, and food commodities. Large farms dominate food production in North
America, South America, and Oceania, whereas small farms predominate in South
Asia, China, and sub-Saharan Africa. Very small farm, with less than 2 hectares of
agricultural land, provide the main part of the local food supply in some parts of the
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world and account for roughly 30% of the world’s total food production (Herrero
et al. 2017). Research indicates that nutrient diversity decreases with increasing
farm size (Ricciardi et al. 2018) and that regions with greater agricultural diversity
tend to produce more nutrients overall (Herrero et al. 2017). Most of the global
production of fruits, vegetables, pulses, cereals, roots, and tubers comes from farms
smaller than 50 hectares located in regions with high agricultural diversity.
Conversely, sugar and oil crops are often produced in monocultures on large farms
(ibid.).

Further, biophysical conditions for food production, including soil quality and
climate, exhibit great variations across different regions worldwide. Thus, global
trade plays a critical role in ensuring food security, especially in regions such as
Africa and Southeast Asia, where the estimated capacity for food self-sufficiency
is notably low (Silver et al. 2021). Approximately one quarter of the global food
production is traded internationally (D’Odorico et al. 2014). The intensified
production of high yielding crops provide a surplus of nutrients accessible on the
global market (Herrero et al. 2017) but the production is often associated with an
excessive use of chemical fertilizers and exploitation of ground water with great
implications for sustainability (Wang 2022). The importance of smallholder
systems in global food security has been highlighted in several studies (Herrero et
al. 2017; Giller et al. 2021). Smallholder farms produce about 50% of the global
food supply (Samberg et al. 2016; Ricciardi et al. 2018) on 40% of the global
agricultural land area (Silver et al. 2021). However, the productivity of these
agricultural systems is often limited by yield gaps and economical constraints
(ibid.).

2.1.3 Sustainability of food systems

Enhanced global trade and increased agricultural efficiency has made diets of
higher quality accessible for an increasing number of people around the world.
However, this development has come at a great environmental cost and the current
food systems fail in delivering nutritious diets for all (Ramankutty et al. 2018;
Ambikapathi et al. 2022). There is more calories per capita produced than ever
globally (Cassidy et al. 2013) and enough to feed the global population (D’Odorico
et al. 2014). Yet, the vast majority of the world’s population living in rural and
developing countries, in total around three billion people, cannot afford a nutritious
diet (Ambikapathi et al. 2022) and the number of people suffering from hunger and
malnutrition is rising worldwide (FAO et al. 2022; IPCC 2023a).

In addition, a vast part of the produced food is never consumed, it is estimated
that one third of all food produced in the world is wasted annually which accounts
for 8-10% of the global greenhouse gas emissions (United Nations Environmental
Programme 2021). In addition, climate change poses serious threats to global food
security (IPCC 2023a). Extreme weather events, changing rainfall patterns, rising
temperatures, and increased pest pressures affect agricultural productivity and
disrupt supply chains. Additionally, environmental degradation, land degradation,
and water scarcity further compound the challenges of sustainable food production.
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Global food production accounts for 70% of the water extracted from nature (FAO
2018b) and one third of the greenhouse gas emissions caused by human activity
(Crippa et al. 2021).Further, the food imports of industrialized nations drive
extinctions of species in highly biodiverse regions in the world (Chaudhary &
Kastner 2016).

2.1.4 Changing diets

As incomes rise and societies urbanize, dietary preferences are shifting towards
more resource-intensive food products, such as meat and dairy. It has been
estimated that as much as 40% of the calories imbedded in global crop production
is used for animal production (Pradhan et al. 2013). An increasing proportion of the
calories, proteins and fats consumed on a global scale derive from energy dense
foods and animal products, which has caused a rise in diet related diseases, such as
obesity and heart disease (Khoury et al. 2014). This shift in consumption patterns
poses a great challenge to food security and puts pressure on natural resources and
eco systems as animal-based foods require more land, water and energy compared
to plant based alternatives (Chaudhary & Kastner 2016; Willett et al. 2019; Viana
et al. 2022) However, there is a stark contrast between low-income and high-income
regions in the world regarding the proportion of crops used for human consumption.
In high-income regions, approximately 20% of the cereal is used for food, while
low-income countries allocate a much higher proportion — on average 80%- for
human consumption (Ritchie 2021).

Numerous studies highlight the extensive food loss (Pradhan et al. 2013; Shepon
et al. 2018; Silver et al. 2021) and environmental impacts (Clark & Tilman 2017;
Chaudhary et al. 2018; Gerten et al. 2020; Hayek et al. 2021; Xu et al. 2021; Gibbs
& Cappuccio 2022) associated with consuming resource intensive animal foods
compared to if the crops were used directly for human consumption.

Although these findings put light on the crucial need of diet changes to meet
food security goals, particularly in industrialized countries, the value of using crops
for direct human consumption varies greatly between different regions and food
systems in the world due to different conditions for food production. Further, with
optimized feed provision strategies, animal production has the potential to
contribute to a sustainable food system by converting unutilized resources into
nutritious food. In addition, livestock can serve as promoters of ecosystem services
by managing agricultural landscapes (Karlsson 2022).

2.2 Future food demand

The world's population is projected to increase by nearly 2 billion people by 2050,
predominantly in developing countries (United Nations 2022). This population
growth poses a major challenge to food production, as a substantial increase in ag-
ricultural output is required to meet the rising demand. There are various projec-
tions concerning the extent of future food demand based on different assumptions
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concerning sustainability, technological development, and diets. A meta-analysis
by van Dijk et al. (2021) that reviewed 57 studies on future food security suggests
that the global demand of food is expected to increase somewhere around 35-56%
between 2010 and 2050. Another study predicted future food demand to increase
threefold by the year 2100 (Beltran-Pefia et al. 2020).

Global cropland has been projected to expand by 7% by 2030 (Alexandratos &
Bruinsma 2012) although research suggests that further expansion would imply ad-
verse damage of ecosystem functions due to extensive biodiversity loss and a re-
duction of carbon storage both in soil and vegetation (Molotoks et al. 2018).
Multiple studies indicate that meeting the increasing food demand on current
cropland while safeguarding the ecosystem is possible, but would require substan-
tial changes in farming practices and consumption patterns. This includes imple-
mentation of efficient farming techniques to minimize yield gaps, such as enhanced
water management strategies. Additionally, it involves the spatial reallocation of
cropland, a considerable reduction of food waste, and substantial shifts towards less
resource-intensive diets, specifically by reducing meat consumption (Mauser et al.
2015; Erb et al. 2016; Springmann et al. 2018; Beltran-Pena et al. 2020; Gerten et
al. 2020).

Agroecological farming methods, such as increased on-farm diversity (agricul-
tural diversity), has been highlighted as a potential pathway to enhance food secu-
rity (FAO 2019; Bezner Kerr et al. 2021) by mitigating the pressure on biodiversity
in food systems (Jones et al. 2021) and enhance food production by increasing
ecosystem services (Palomo-Campesino et al. 2022). However, an increase in crop
yields and biodiversity alone is not sufficient to address future global food security
challenges, a food system transformation that also tackle poverty and inequalities
of access to food is needed to reach these goals (D’Odorico et al. 2019).

2.3 Swedish Agriculture

Sweden has a total land area of approximately 41 million hectares (Statistics
Sweden 2023), of which around 70% are covered by forests. Forests play a crucial
role in Sweden's economy and is primarily utilized for timber production and other
forestry products. Cropland and pasture make up a smaller portion of the available
land. Cropland in Sweden covers approximately 2.5 million hectares while pasture
occupies almost 0.5 million hectares (The Swedish Board of Agriculture 2023a).
Sweden’s per capita cropland is approximately 0.28 hectares, which is slightly
above the global average of 0.2 hectare/person (Statistics Sweden 2023). The Swe-
dish diet on the other hand, is highly land demanding, requiring 0.4 hectares per
capita and year (Sonesson & Ostergren 2019).

The use of crop land in Sweden has decreased sharply in the last 100 years, from
3.8 million hectare in 1922 to the current cropland area of roughly 2.5 million hec-
tare (The Swedish Board of Agriculture 2021a). Swedish agriculture has since the
post war period transitioned from a predominantly subsistence-based system to
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more large scale and specialized industry. Historically, agriculture in Sweden has
played a crucial role in providing sustenance for the population, with small-scale
farms practicing a mix of crop cultivation and livestock rearing. However, changes
in the competitive landscape, political decisions, technological advancements, and
mechanization have led to a shift towards larger and fewer agricultural enterprises,
often specializing in either one types of animals or crop cultivation (Jansson &
Marald 2005).

The main crops grown on Swedish cropland are grass-clover leys and cereals.
Around 44% of the total available cropland is utilized for temporary grazing and
cultivation of ley and forages while cereal cultivation makes up approximately
38%. Further, oil crops are cultivated on 5% of the total cropland area, while 6% is
dedicated to other edible crops, with grain legumes accounting for around 2%. The
domestic consumption of cereals and oil crops is allocated between food, animal
feed and biofuel purposes. A large share of the cereals is exported (The Swedish
Board of Agriculture 2023a).

Agricultural land is mostly concentrated to the southern parts of Sweden, alt-
hough agricultural land exists over almost the entire country, with the exception
from parts of Norrland. Major crop producing regions are found in the southern
parts of Sweden, particularly Skine, Halland, Vistra Gotaland and Ostergdtland
(The Swedish Board of Agriculture 2020¢). These regions have favorable climatic
conditions and fertile soils that support the cultivation of a wide range of crops with
high yields. Swedish horticulture is concentrated in Skéne, where over 70% of all
vegetables, fruit and berries are grown (LRF 2022).

Common beans for human consumption are mainly cultivated in Gotland, Oland
and the Kalmar region, where the crops benefit from many hours of sunshine and
calcareous soils (ibid.). Other regions, such as Véstergotland, have a large presence
of dairy farms (The Swedish Board of Agriculture 2020a), while Norrland, in the
northern part of the country is dominated by extensive forests and forestry industry
(SCB 2023).

Large parts of Sweden are primarily suitable for cultivating forage crops
(Statistics Sweden 2023). Therefore, milk and meat production traditionally
dominate in these regions, where forage can be converted into high-quality food.
This is partly why Swedish food production has historically relied largely on
'processed grass', meaning milk and meat from animals that can convert non-edible
biomass into high-value food (Leibring & Svanberg 2020).

Sweden has witnessed a decrease in pork production, resulting in a shift from
being a net exporter to a net importer. This is largely due to increased price
competition in connection with Sweden’s entry into EU but also due to an increased
consumption of pork (Nordin 2020; The Swedish Board of Agriculture 2023c).

Moreover, Sweden's degree of self-sufficiency for beef and dairy has decreased
over the past 30 years. Population growth and changing diets explains parts of this
decline. However, milk production has seen a steady decline also in terms of
volume over the last decades (ibid.).
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Approximately 44% of the food calories in Sweden 2020 was imported, as
reported by the Federation of Swedish Farmers (LRF 2021)

Out of the food products currently produced within the country, Sweden is only
self-sufficient in cereals and relatively self-sufficient in eggs, sugar, carrots,
potatoes. However, Swedish agriculture heavily relies on imported inputs,
including pesticides, fertilizers, feed and fuel. Without these imported inputs, the
agricultural production would be lower (The Swedish Board of Agriculture 2023b).

Further, LRF (2022) emphasize the potential to increase Swedish production of
livestock as well as fruit and vegetables, through more efficient use of cropland and
natural pasture.

2.4 Ways of monitoring impacts from food systems

The food system has profound effects on the sustainability of our planet and effec-
tive monitoring of its impact is crucial to guide decision-making towards more sus-
tainable production systems. Various methods are employed to assess impacts from
the food system, providing valuable data and insights into environmental, social,
and economic aspects. However, assessing sustainability of a food system or a farm
is a complex task, and the selection of a suitable method relies on the specific ques-
tion and context being examined.

Life Cycle Assessment (LCA) is a widely used method that assess environmental
burden of a product associated with production, processing, transportation, con-
sumption, and waste (Muralikrishna & Manickam 2017). LCA is a useful tool to
identify what stages in the life cycle of a product or process that cause the most
environmental burden, considering environmental factors such as greenhouse gas
emissions, water use, land use and energy consumption. This data can be utilized
to find efficient measures to lower the environmental impact of a product. LCA can
also be used to compare the environmental burden per unit of different food prod-
ucts, e.g., one kg of meat compared to one kg of grain legumes (ISO 2006).

Although LCA provides quantitative and valuable insights into a product's envi-
ronmental sustainability, it alone is not a sufficient tool to evaluate the overall sus-
tainability of a food system. This task requires additional tools that can also capture
the socio-economic aspects. There are numerous multi-indicator sustainability as-
sessment tools that take a broad food system approach by combining different
aspects of economic, social and environmental sustainability (Schader et al. 2014;
Arulnathan et al. 2020; Chopin et al. 2021). These tools are useful to conduct a
holistic assessment of a farm or a food system. There are several such sustainability
frameworks that cover a wide range of different quantitative and qualitative
indicators grouped by themes. The result of these frameworks is often presented in
a spider diagram showing how the production system is performing in each
sustainability theme. An example of such a method is SMART, which include more
than 350 indicators gathered in 21 themes, based on SAFA indicators (FAO 2013),
making it one of the more comprehensive sustainability frameworks (Arulnathan et
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al. 2020). The existing sustainability frameworks can serve as useful tools to obtain
a wide set of data to provide an overall picture of a system's sustainability
performance. However, there is currently a lack of consensus on the most effective
approach for evaluating sustainability in agricultural systems (de Olde et al. 2017).
And an important aspect is often overlooked when assessing food system
sustainability: the amount of food or edible nutrients produced.

As the global food system faces the task of feeding a growing population on
limited cropland resources, it’s essential to find a relevant metric that emphasize
productivity in terms of food supply. The commonly used metric to demonstrate
agricultural productivity is 'yields per hectare'. While this metric effectively
evaluates the pure agricultural productivity within farming systemes, it falls short in
highlighting the actual amount of food produced.

However, there are several examples of studies that have combined existing
sustainability frameworks with additional indicators encompassing the farm or food
system's output in relation to food and nutrition to reach a more comprehensive
sustainability assessment (Chaudhary et al. 2018; Sonesson et al. 2019; Grassauer
et al. 2021). Cassidy et al. (2013) introduced an indicator that effectively captures
the efficiency of a food system by measuring the number of people whose
nutritional needs can be met per hectare of cropland. Subsequent studies have built
onto this research by utilizing this indicator, in conjunction with other assessment
tools to estimate the overall sustainability on an individual farm e.g. R6s et al.
(2021) and Resare Sahlin et al. (2022). To get a realistic picture of food supply
however, this indicator should not be limited to calories alone, but also encompass
the various macronutrients required for a sufficient diet, such as proteins and fat
(Cassidy et al. 2013). To achieve an even more sophisticated estimate the protein
quality should also be considered since animal products, unlike crops, provide
complete protein (i.e. include all essential amino acids).
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3. Methods

The previous sections outlined the challenges confronting the food system and em-
phasized the imperative of sustainably producing enough food on limited global
cropland resources. A crucial yet often overlooked aspect in research addressing
this complex challenge is the efficiency of food production related to nutritional
need and available cropland resources. Further, there is a call for emphasizing out-
put in terms of food supply when assessing the overall sustainability of an agricul-
tural system. One way to capture this aspect is to employ the indicator 'number of
people that can be fed per hectare of cropland' based on the daily recommended
intake of calories, protein, complete protein, and fat.

To comprehend the potential benefits of using the indicator and identify its most
suitable area of use, the indicator was applied at two different levels in the food
system. Calculations were conducted at both farm and national levels to explore the
strengths and shortcoming of the indicator at different scales of application.

The upcoming sections begin by describing the case study objects and subse-
quently delve into the technical aspects of the indicator. This includes a detailed
account of the underlying calculations encompassing data sources, reference values
and assumptions integrated into the analysis.

3.1 Case study description

3.1.1 The case farms

In order to evaluate the applicability of the indicator at the farm-level, assessments
were conducted for nine case study farms. All farms included in this study are Swe-
dish cattle farms featuring a spectrum of sizes distributed across the country in areas
with various biophysical conditions for agricultural production. Both conventional
and organic farms are represented. The farms exhibit diverse production systems,
yet they all have in common the rearing of ruminants. Two farms are specialized in
dairy production, involving the sale of surplus calves for meat production. Six of
the farms are exclusively focused on meat production, while one farm engages in
both dairy production and the rearing of fattening calves for meat production. Feed
practices vary among farms, with silage derived from ley grown on cropland serv-
ing as the primary source across all. Most farms incorporate additional feedstuffs
like cereals and concentrates, while some achieve self-sufficiency in feed, and
others opt for purchased feed concentrate as a supplement.
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All farms involved in this study were participants in the UNISECO project, a
European research project that aims to increase knowledge about the drivers and
barriers for further development of agroecological farming practices in the EU.

The farms participated in the Swedish case study which was focusing on the
diversification of farming systems for enhanced sustainability (see https://uniseco-

project.eu/case-study/sweden). The farms actively sought participation in the pro-

ject and were purposedly chosen to represent a spectrum of milk and beef producing
farms. As part of the project, the farmers undertook to diversifying their production
systems by incorporating more crops for human consumption.

Table 1 presents relevant information and characteristics of the case farms. The
farms' anonymity has been taken into account in the selection of the data presented.

Collection of data concerning the farm production, such as yield, number and
weight of slaughtered animal, cropland area and purchased feed were collected
from the farmers. The farmer also declared if the crop was sold as food or feed or
used as feed on own farm. All data related to on-farm production were collected
during the base year i.e. before introduction of diversification measures (hereby
referred to as Year 1) and for the year after diversification measures were imple-
mented (hereby referred to as Year 2).

Further details on the data collection process can be found in the supplementary
material accompanying the article ‘Delivering “less but better” meat in practice —
a case study of a farm in agroecological transition’ by Resare Sahlin et al. (2022).

The referenced article is based on a comprehensive sustainability assessment of
one of the case farms incorporated in this thesis. It encompasses, among a range of
other aspects, results derived from the work conducted and presented within this
thesis.
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Table 1. Characteristics of the Swedish case study farms

Farm

Farm

Farm

Farm

Farm

Farm

Farm

Farm

Farm

Cropland Area of Ley Cereals Oil Grain Other Animal

(ha) natural (ha) (ha) crops Legumes crops production
constraints (ha) (ha) (ha)
Year 1 48 10 28 10 Meat
Year2 63 No 23 27 13 Meat
Year1 80 55 25 Meat & dairy
Year2 90 Yes 47 39 4 Meat & dairy
Year1 111 68 33 10 Meat
Year2 121 Yes 65 45 56 Meat
Year1 53 33 20 1 Meat
Yes
Year2 67 41 26 Meat
Year1 27 12 15 Meat
Year2 55 No 28 26 1 Meat
Year1 519 191 279 49 Meat
Year2 485 Yes 163 322 Meat
Year1 147 113 34 Meat & dairy
Year2 140 Yes 100 40 Meat
Year1 27 16 9 2 Meat
Yes
Year2 23 16 4 3 Meat
Year1 204 121 60 23 Meat & dairy
Year2 260 Yes 142 60 44 14 Meat & dairy

3.1.2 Sweden’s total food production 2020

An assessment was made based on Sweden’s food production in 2020, in order to
evaluate the applicability of the indicator at national level. Data on total agricultural
and horticultural production in 2020 and total cropland area (including fallow
cropland) were obtained from the National Statistics Database (The Swedish Board
of Agriculture 2020d). The specific year was chosen on the basis that it was esti-
mated to be most representative of the recent five years (2017-2021) in terms of
yield levels. Total production of lupine beans, brown beans and other grain legumes
that is not presented in the national official statistics was calculated based on re-
ported cultivation areas multiplied by reported median yields (references in
Appendix 1).

Total yields were used from agricultural and horticultural production (fruit and
vegetables) and statistics on total produced quantity of meat (slaughter weight),
eggs and milk were used for animal production.

Information on the proportion of the total yield of edible crops used for food,
feed, industrial purposes or export was obtained for each crop individually, drawing
from various sources (Table 6). The intended use of exported crops, whether for
food, feed, or industrial purposes, was considered. In case where a proportion of
the exported quantity of a specific crop (e.g., rye) was designated for food use, that
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quantity was incorporated into the total share of the yield used for food for that
specific crop. In case where exported crops were used as animal feed, these were
accounted for in terms of estimated animal production from exported feed (more
detailed information is found in section 3.3.4 and 3.5.

Accounting for micronutrients

The Swedish production of fruits and vegetables was included to address the micro-
nutrient requirements. Data on the total horticultural production was taken from
Sweden’s official agricultural statistics database (The Swedish Board of
Agriculture 2020d).

In addition, to gain a more comprehensive perspective on the underutilized
capacity for providing micronutrients from Swedish land, calculations were
extended to also include the total production of berries from Swedish forest land.
This data was sourced from official statistics on forest production in Sweden,
specifically blueberry and lingonberry for the year 2020 (Nilsson et al. 2021).
Although it is not realistic to assume that all berries are harvested and consumed, it
offers an insight into the untapped resources within Swedish forests.

3.2 Indicator: Number of people fed per hectare

Macronutrients

Yields of crops and animal products were recalculated into the edible amounts of
energy (kcal) protein (g), complete protein (g) and fat (g) in each specific crop or
product. Complete proteins refer to proteins that contain an optimal composition of
all the essential amino acids required by the human (refer to 3.3.4 for further
details).

Nutritional content in crops was calculated based on assumptions on how the
crop is normally consumed as food, e.g., as whole grain or converted to cooking
(see section 3.3.3 for more details).

The indicator ‘number of people fed per hectare’ for energy and macronutrients
was calculated according to following formulas:

PfEnergy = (TEnergy /NREnergy)/haTot

PfProtein = (TProtein /NRProtein)/haTot
PfC.Protein = (TC.Protein /NRC.Protein)/haTot

PfFat = (TFat /NRFat)/haTot

Where:
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Tenergy/protein/c.protein/rar = Total production of energy/protein/complete

protein/fat in tonnes/year of edible part of crops and animal products (see section
3.3)

NRgnergy/protein/rar = The yearly nutritional requirement of energy (in kcal),
protein (in tonnes) and fat (in tonnes) per person minus the amount of nutrients
assumed to be provided by seafood (see section 3.4)

har,: = the total area of cropland in hectares (see section 3.5)

Pfenergy/protein/c.protein/far = Number of people fed per hectare in terms of
energy, protein, complete protein and fat.

Micronutrients

The Swedish horticulture production was included in the calculations based on
macronutrient content according to the formula above. Since the Swedish
production of fruit, berries and vegetables contribute a relatively small amounts of
macronutrients, additional calculations were applied separately to this production
to also capture its contribution of micronutrients. To get an idea of the micronutrient
supply in Sweden, the indicator was calculated based on the recommended intake
of 500g of fruits and vegetables per person and day (Nordic Council of Ministers
2014), instead of macronutrient content. Theoretically, a more precise analysis
could have been achieved by considering the specific micronutrients embedded in
the fruit and vegetables produced in Sweden, but this approach was dismissed since
it would require excessive workload. It was reasoned that the recommended intake
of 500g of fruits and vegetables per day serves as a sufficient reference point,
offering insights into the capacity of Swedish food production to meet the
population's micronutrient needs.

The indicator 'number of people fed per hectare' for fruit, berries and vegetables
was calculated according to following formulas:

PfFruits and vegetables — (Tfruit and vegetables /RIFruit and vegetables)/haTot

Where:

Trruit and vegetables = Total production of fruit, berries and vegetables in

tonnes/year.

Rlpryits and vegetables = The yearly recommended intake of fruit and vegetables in
tonnes per person, based on the reference intake value of 500 g per person and day.

har,: = The total area of cropland in hectares.
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3.3 Total production

3.3.1 System boundaries and methodological approach

This section describes the application of the 'number of people fed per hectare'
indicator. At both farm and national levels the indicator was applied to 1) the total
food production and 2) the potential edible part of the total crop production. At
national level, the total food production (1) was elaborated further into three sub
categories (a, b ¢) with various system boundaries and assumptions regarding crops
exported for feed use, which is detailed below. In addition, the indicator was applied
to two hypothetical scenarios (3,4).

External meat production refer to the meat production that is assumed to take
place on other farms from the crops that are sold as feed (farm level) or in other
countries from crops exported for feed use (national level). Calculations
encompassing external meat production cover both the edible macronutrient
content of the meat produced and any additional land use required to produce this
meat. See sections 3.3.4 and 3.5 for more information on the calculations of external
meat production.

Farm level application:

1) Total food production - includes the edible portion of both crop and animal
production intended for human consumption plus external meat production from
crops sold for feed use

2) Total edible crop production - includes the potential edible portion of all crop
yields at the farm, regardless of their actual use as food or feed. It also include the
edible part of any purchased feed.

National level application:

1) Total food production - includes the edible portion of crop and animal
production used for human consumption. This category was further divided into
three sub-categories with various system boundaries and assumptions regarding
external meat production:

a) Excluding external meat production from exported feed - this approach does
not take into account the meat produced from the crops exported for feed use.
However, land use from these crops is included in the calculations.

b) Including external meat production (beef) - in this approach, the crops
exported for feed use are assumed to be used for beef production in other countries.

¢) Including external meat production (chicken) - in this approach, the crops
exported for feed use are assumed to be used for beef production in other countries.

2) Total edible crop production - includes to the potential edible portion of all
crops grown on Swedish cropland.

Additionally, the indicator was applied to two hypothetical national-level scenarios,
each based on the 1(b) approach, which involved modifications to crop utilization:
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3) Barley used for food instead of beer - scenario assuming that the barley
currently used for beer production was instead consumed as whole grain.

4) Crops for food instead of biofuel and spirits - scenario assuming that all crops
currently used for biofuel and ethanol production (including hard liquor) were
redirected for food use.

As presented above, the system boundaries for the category Total edible crop
production (2) differ between farm level and national level. At the national level,
unlike the farm-level calculations, macronutrients embedded in imported feed
(corresponding to purchased feed at farm-level) are not included. This distinction
was made because, on a national level, it was deemed more relevant to make visible
how many people the production from Swedish cropland alone can feed rather than
to highlight the total food loss in the broader food system. Choosing this approach,
the indicator can contribute insights into the potential of domestic agricultural
production.

On both farm and national level, the total production of each macronutrient was
obtained by calculating the edible content of energy, protein and fat respectively
for each crop separately. The calculation of the number of people who can be fed
per hectare is based on the total cropland area, including the cropland used for
fallow and ley cultivation.

The edible yield of each crop was derived by multiplying the net yield (section
3.3.2) by a factor representing the edible share of the specific crop based on
assumptions on how the crop is normally consumed (section 3.3.3). The edible
content of macronutrients was then obtained by multiplying the edible yield with
the nutrient content of the specific crop (section 3.3.4).

The total food production (1) was obtained by multiplying the edible yield of
each crop with the proportion of the crop declared to be used as food (section 3.3.5).

The following sections describes the technical details and data sources underly-
ing the calculations of the total edible production.
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3.3.2 Net yield

Net yield was calculated by subtracting the farmers use of seed from the total yield
according to the percentages presented in Table 2.

Table 2. The factors representing the percentage of the crop yield used for seed, for each crop. Data
on seed use taken from Lantmdnnen Lantbruk (2023) unless otherwise stated

Factors for seed

Oats! 4.0%
Barley! 3.6%
Rye; 2.6%
Triticale! 3.1%
Rape 0.4%
Turnip rape 0.4%
Peas’ 8.8%
Field beans 8.4%
Brown beans® 6.7%
Lupines* 5.7%
Potatoes® 4.7%
Maize 0.4%
Mixed grains! 2.6%
Sugar beets® 0.0004%

1. Swedish Board of Agriculture (2022).

2. The Swedish Board of Agriculture (2004).

3. Fogelberg (2008).

4. Moller & Sjoberg (2019).

5. Lyckeby (2022).

6. Calculated based on 100,000 seeds per hectare and a seed weight of 3 mg. Seed weight taken from
Holmberg (2016).

3.3.3 Edible content — utilization rates for crops and meat

The edible yield was obtained by multiplying the yield of each crop by a factor
representing the share of the crop that can be utilized for human consumption (Table
3). All cereals were assumed to be consumed as whole grain products except barley,
that was assumed to be consumed as beer (see Alcoholic beverages in section 3.3.4
for further details). Rape and turnip rape seed were assumed to be consumed as
cooking oil, starchy potatoes as potato starch and sugar beets as granulated sugar.
Green fodder maize was recalculated into estimated yield of maize kernels (calcu-
lations is presented in Appendix 1). The utilization rate for all horticultural produc-
tion (fruits and vegetables) was assumed to be 100%.
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Table 3. Percentage of the crop that can be utilized for human consumption

Utilization rates for crops

Oat 67%!'
Barley 97%?
Rye 97%?
Triticale 97%?
Wheat 97%?
Rape/Turnip  42%?
Peas & 100%
Beans
Maize 100%
Green 53%*
fodder
maize
Starchy 25%>
potato
Cooking 100%
potato

Sugar beet  16%°
1. Information from Oatly, 200605.
2. Information from Saltd Kvarn, e-mail 200315.

3. Utilization rate for rapeseed oil, taken from (Landquist & Nordborg 2019).
4. Estimated content of maize kernels, refer to Appendix 1 for calculations.
5. Information from Lyckeby, e-mail 230405.

6. Sugar content in sugar beets, taken from Dansukker (2023).

The utilization rates for meat, presented in Table 4, is based on conversion factors
taken from EU Commission (2019) and refers to the percentage of bone free meat
in carcass weight.

Table 4. Percentage of bone free meat in the carcass weight of different animal species. Data taken
from European Commission (2019).

Utilization rates for animal products

Sheep, ewe, lamb 88%
Cattle, calves 70%
Pig 78%
Poultry 88%

3.3.4 Nutritional content

The amount of energy, protein and fat provided by the production system was ob-
tained by multiplying the edible net yield by the amount (per kg) content of energy,
protein and fat for each specific crop separately.

Data on nutritional content was taken from the Swedish Food Agency food
database (2023) when available, and from other sources when necessary. The
nutritional content in food crops and animal products is presented in Table 5.

The milk yield was converted to Energy Corrected Milk (ECM), which means
that the amount of milk produced was adjusted to an energy content of 750 Kcal
per kg corresponding to 3.3 % protein and 4% fat in accordance with a formula
taken from Sjaunja et al. (1990).
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The protein and fat content of the milk produced on the case study farms was
provided by the farmer. For the national milk production, the average protein and
fat content of the milk delivered to dairies in Sweden year 2020 were taken from
the official agricultural statistics (The Swedish Board of Agriculture 2020b).

Table 5. References for energy, protein and fat content in food and feed. Data taken from the
Swedish Food Database (SLV, 2020a) unless otherwise is stated

Crop/food/feed Energy content Protein content Fat content
(Kcal/kg) (kg protein/ kg) (kg fat/kg)
Oat 3750 0.095 0.07
Barley 3510 0.092 0.031
Barley for beer brewing 400 0.004 0
Rye 3230 0.092 0.015
Wheat 3280 0.102 0.02
Rapeseed oil 8840 0 1
Peas 3170 0.215 0.01
Peas for canning 600 0.04 0.04
Field beans 3180 0.25 0.017
Lupine beans' 3055 0.356 0.066
Other grain legumes * 3172 0.22 0.015
Potato 790 0.017 0.001
Starch potato® 3460 0 0.004
Maize 3540 0.127 0.067
Sugar beet* 4050 0 0
Meat from sheep and lambs® 1660 0.190 0.113
Pork meat’ 1546 0.192 0.087
Meat from cattle and calves’ 1638 0.214 0.066
Milk (ECM)° 750 0.033 0.044
Egg 1370 0.123 0.097
Meat from poultry>!' 1150 0.215 0.031
Milk replacer’ 3941 0.215 0.16
Soy meal/expeller® 3370 0.49 0.02
Soybeans 3980 0.34 0.17
Sunflower seeds 6180 0.206 0.56
Whole grain silage, Cereals’ 3442 0.095 0.034

1. Average value of nutrient content in the varieties Lupine mirabor and Lupine Regent, taken from Nordisk
Révara.

2. Nutritional content for Brown beans.

3. Nutritional content for potato starch.

4. Nutritional content for granulated sugar.

5. Data provided by Elin R66s, Department of Energy and Technology, SLU.
6. Sjaunja et al. (1990).

7. Nutritional content of Bastant Kalvndiring, Lantménnen.

8. USDA (2019).

9. Average value of the nutrient content for wheat, oats, rye and barley.

10. Includes meet from chicken and turkey.
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Complete protein

Complete protein refers to high quality protein, i.e. protein that contains all the es-
sential amino acids required by the human body in the appropriate proportions.
Essential amino acids cannot be produced by the body and must be obtained through
diet. Foods that are considered complete proteins include various animal-based
sources such as meat, fish, poultry, eggs, and dairy products (EFSA Panel on
Dietetic Products, Nutrition and Allergies (NDA) 2012). A complete amino acid
profile can also be attained by combining grain legumes and cereals, as these crops
together contains all the essential amino acids in sufficient amounts (ibid.).

The total production of complete protein in this study includes all protein from
animal production and all protein from grain legumes plus the equivalent amount
protein from cereals. For example, if a farm produces one tonne of protein from
grain legumes and five tonnes of protein from cereals, the total amount of complete
protein produced is one tonne (from legumes) + one tonne (from cereals) + the
amount of protein produced from animal products.

Alcoholic beverages

Barley used for human consumption in Sweden is almost exclusively utilized as
brew malt for beer production. The production of 5 kg of beer requires 1 kg of
barley (Ingvarsson 2012), therefore, the total production of barley used for human
consumption was multiplied by 5 and the macronutrient content was then calculated
based on the nutritional content of beer.

The calculations regarding the potential edible content in the total crop produc-
tion is made on the assumption that barley is consumed as whole grain and is based
on the nutritional value for barley in Table 5.

Cereals used for production of hard liquor are not included as food, since alcohol
has no relevant nutritional value. Cereals used for alcohol production includes ex-
ported rye used for whiskey production and wheat used for ethanol (beverage) pro-
duction (see Table 7).

Meat production from sold and exported feed.

The nutritional content of the estimated meat production from the crops that the
farms sold as feed was calculated based on a mean value of chicken and beef pro-
duction and based on the mean value of the nutritional content in poultry and cattle
(Table 5).

The nutritional content in the estimated meat production from crops that was
exported from Sweden for feed use was calculated for chicken and beef production
separately and based on the nutrient content for cattle and poultry (Table 5).

3.3.5 Utilization of crops produced at Swedish cropland

Information on whether the crops were used as feed, food, fuel or hard liquor was
drawn from several sources and the data was recalculated from quantity to percent-
age of the total national yield when needed.
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The percentages in Table 6 and Table 7 include both domestical use and intended
use of exported crops. Seed use is not deducted from the percentage unless other-
wise stated. All horticultural production was assumed to be used for human con-
sumption. The area of use for the exported cereals was based on the estimated per-
centage distribution between feed and food for each crop in a typical year, for more
information see table 19 in Appendix 1.

Table 6. Percentage of Swedish grown crops used for food and feed

Crop Human Feed
consumption
Oat' 44% 51%
Barley! 40% 55%
Rye! 55% 9%
Wheat! 37% 38%
Triticale! - 80%
Peas? 28% 72%
Field beans® 1% 99%
Cooking potato 100% -
Starch Potato* 60% -
Green fodder maize 0% 100%
Maize 100% -
Mixed grains - 100%
Rape and Turnip rape®  65% 15%
Sugar beet 100% -

Other grain legumes® 100% -
1. Cereals used for food or feed in Sweden taken from Swedish Board of Agriculture (2022), seed use is
excluded. Cereals exported for food or feed use is based on information given by Per Gerhardsson,
purchasing manager for cereals at Lantménnen, by e-mail 230503 (See Appendix 1).
2. Peas used for food or feed in Sweden was taken from Blom (2022). Peas exported for food use is based on
information on quantity regarding the year 2019, given by Elisabeth Alstromer at Lantménnen, by e-mail
200416.
3.(Blom 2022)
4. Based information given by Lyckeby, e-mail 230405.
5. Based on information given by Per Gerhardsson, purchasing manager for cereals at Lantménnen, by e-mail
230507 and information given by Charlotte Elander, Energifabriken, phone call 230502.
6. Including brown beans, peas for canning, lupine and other grain legumes for human consumption.

Table 7. Percentage of Swedish grown crops used for fuel and ligour

Crop Fuel Liquor
Rye' - 26%
Wheat? 22% -

Rape and Turnip Rape® 20% -

1. Exported rye used for whiskey production. Information from Per Gerhardsson, purchasing manager at
Lantménnen, e-mail 230503.

2. Information from Svebio (Andersson 2022) and Swedish board of Agriculture (2022).

3. Information from Charlotte Elander, VD at Energifabriken, phone call 230502.
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3.4 Daily nutritional requirements

The daily required intake of energy, protein and fat were based on the Nordic Nu-
trition Recommendations (Nordic Council of Ministers 2012). The daily require-
ment varies depending on gender, level of activity and weight. The daily reference
intake values are calculated as presented in Table 8.

Table 8. Calculations of daily reference intake values for energy, protein, and fat. Data taken from
Nordic Nutrition Recommendations (2014)

Macro Nutrient Daily reference intake  Reference

Energy 2550 kcal Mean value of the daily requirement of
energy for men and woman 18-30
years!.

Protein 84.7 ¢ Based on a protein intake of 15E%,

which corresponds to 1.1 g protein per
kg body weight multiplied by the
average weight in Sweden 2018-2019
(77kg)>.

Fat 80 g Based on a fat intake of 33E% which
corresponds to 80 g per day (average of
men and women)

1. Physical Activity Level (PAL) 1,6
2. Average weight in Sweden 2018-2019 is taken from Statistics Sweden (SCB).

The proportion of the annual nutritional requirement assumed to be supplied by
consumption of seafood is considered in the calculations of 'number of people fed
per hectare' Nutrient content in a 'global fair share of wild-caught fish' (3.5 tonnes
per person and year) introduced by Karlsson et al. (2017) were subtracted from the
daily reference intake of each macronutrient. Energy, protein and fat content in the
assumed seafood consumption per person per day (Table 9) was calculated using
mean values for nutritional content in different type of seafood by data taken from
the Swedish Food Database.

Table 9. Macronutrients assumed to be provided from the consumption of fish and seafood

Contribution of nutrients from seafood consumption per person and day
Kcal Protein Fat
11.3 1.8 0.4

The daily recommended intake of fruit and vegetables used in the study is 500 g per
person and day, based on the Nordic Nutrition Recommendations (Nordic Council
of Ministers 2014).

3.5 Total land use

For each case farm, the land use was calculated by summing the total hectares of
cropland utilized for that year's crop production (including ley) and the estimated
hectares required for producing purchased feed (refer to section 3.5.1).
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Additionally, the land needed for estimated meat production from crops sold as feed
was included (see section 3.5.3).

The calculations for total crop production, regardless of whether the crops were
sold as feed or food, include the cultivated cropland on the farm and the additional
hectares for producing purchased feed (see section 3.5.1).

The calculation of land use for Sweden’s total food production in 2020 includes
all available cropland as reported by Sweden’s official statistics (Statistics Sweden
2023) plus the additional hectares used for producing imported feed (refer to section
3.5.2), and the extra land required for estimated meat production from crops
exported as feed. The calculations for total crop production include solely the avail-
able cropland in Sweden.

The official statistics on cropland in Sweden include also land used for fallow.

3.5.1 Land use from purchased feed at the farm level

Purchased feed concentrate used at the farms is associated with external land use.
Calculations were made to account for the external cropland embedded in pur-
chased feed based on the contents and proportions of ingredients in each feed mix
and based on the hectare yields presented in Table 11. All ingredients in the pur-
chased feed, except for soy, was assumed to be grown in Sweden. Information on
feed mix composition were obtained from the feed supplier.

Only the ingredients which made up 70% of the feed were considered in the
calculations to make the calculations manageable and since the remaining 30% of
the feed usually consist of a range of smaller amounts of ingredients such as salts,
minerals, fibres and molasses, which are not directly relevant for calculation of land
use. The ingredients constituting 70% of the total quantity in the feed mix were then
scaled up to 100 %.

Since feed often consists of by-products from the food industry, the ingredients
were allocated based on mass (Table 10). Land use was calculated for each of the
included ingredients, mainly based on average crop yields taken from national crop
statistics provided by the Swedish Board of Agriculture (Table 11).

Table 10. Mass allocations factors for ingredients in purchased feed (by-products).

Feed Mass allocation factor
Soybean meal 71%!

Rapeseed cake 0%

Agrodrank 49%?

Wheat Bran 15%?

Wheat feed flour 6%"°

Malt sprout pellets 0%

Rapeseed oil 100%

1. Mogensen et al. (2018).
2. Flysjo et al. (2008).
3. Cederberg et al. (2008).
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Table 11. Crop yields used in the calculations of land use from purchased feed on farm level.

Unless otherwise is stated, the hectare yields are Swedish standard yields for year 2020, taken
from Swedish agricultural statistic database (The Swedish Board of Agriculture 2020d)

Crop yields in purchased feed kg/ha
Oat 4220

Wheat (incl. wheat feed flour and wheat bran) ~ 5529!
Barley 54732
Soy 32753
Rape seed 2656%
Cereals 5083°
Field beans 3266

1. Average of spring wheat and winter wheat.

2. Average of spring barley and winter barley.

3. Average soybean yield in Brazil year 2020 (FAOSTAT 2023).
4. Average of spring rape and winter rape.

5. Average of wheat, barley, oats and rye.

Milk replacers were used as feed at the dairy farms. Milk replacer for calves is
normally made up of milk powder, whey, vegetable fats, minerals, and vitamins,
with some variation in content but often with milk powder being around or just
under 50% of the ingredients (Kalvportalen 2017). The exact type or brand of milk
replacement used at the case study farms was not known at the time of data collec-
tion. For simplification, calculations of the land use associated with milk replace-
ment are thus based on milk powder. The average land use for Swedish milk was
in this study estimated to be 1.7 m? per kg of ECM milk, based on Henriksson et al.
(2014). According to information from Arla (2022) it takes 8-10 kg milk to produce
1 kg of powder milk which, based on the abovementioned milk yield, gives
approximately 590 kg milk powder per hectare.

The land use for milk replacer was calculated based on the estimated yield of 590
kg of milk replacer per hectare of cropland.

3.5.2 Land use from imported feed at the national level

Land use associated with imported feed was calculated based on estimated feed
import for different feed stuffs in Sweden (Table 12) and average hectare yields for
the feed crop (Table 13).

The estimations of the amount of imported feed in Sweden (Table 12) were cal-
culated based on net import shares of different feed stuffs and the total feed use in
Sweden (in weight) taken from a study by Einarsson et al. (2022) This feed data
(ibid.) represents average values for the years 2015-2017, which was considered
sufficiently representative to be used in the current study as livestock production in
Sweden in the years 2015-2017 did not differed substantially in composition and
quantity compared to year 2020.

Hectare yields (Table 13) were taken from FAOSTAT (2023) and represents the
average hectare yield in the country from which the feed crop is most commonly
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imported in Sweden, according to Per Gerhardsson at Lantminnen'. The source of
imported fat for feed use is unknown and was assumed to consist of rape seed oil.

No land use was allocated for by-products if the main product is food, such as
rapeseed cake, beet pulses, molasses and wheat bran. Land use for Soybean meal
and rapeseed oil was allocated in accordance with Table 10.

Table 12. Estimated quantity of imported feed (excluding by-products from food production) used
for calculations of land use from imported feed. Estimations based on data from Einarsson et al
(2022).

Imported feed Tonnes
Rapeseed 12724
Soybean meal/expeller 182111
Soybean 19349
Sunflower seed 124

Fat 8512

Table 13. Hectare yields used for calculations of land use from imported feed.
Average yields year 2020 taken from FAOSTAT (2023).
Crop yields for imported feed kg/ha

Rape 3683!
Soy 3275%
Sunflower seed 20233
Fat (rape seed oil) 3683!

1. Average rapeseed yield in Germany.
2. Average soybean yield in Brazil.
3. Average yield of sunflower seeds in Ukraine.

3.5.3 Estimated land use in animal production from sold an
exported feed

The crops that the farmers sold as feed and the Swedish-grown crops that were
exported for feed use were assumed to be used for meat production elsewhere. To
account for the external land use associated with sold and exported crops used for
feed, calculations were made to obtain the additional cropland (ha) required to pro-
duce silage or cereals for a complete feed ratio.

At farm level, the assumed production of meat from crops that were sold as feed
was based on a mean value for chicken and two types of beef production systems
as presented in Table 14. The external land use from sold feed were calculated for
each of the meat production systems separately and then presented as a mean value
of the additional hectares obtained from each system.

At national level, the crops that was exported from Sweden for feed use was
calculated separately for chicken production and beef production to make visible
how different assumptions about external neat production affect the results.

Usually, chicken feed rations contain a certain proportion of soybeans or other
protein crops. To simplify the calculations, it was assumed that the entire amount

! Per Gerhardsson, Purchasing manager of cereals at Lantminnen. E-mail 230414.
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of feed (in kg) included in the feed ratio consists of cereals. Consequently, chicken
production involves no external land use in the calculations. The yield levels for
soybean and cereals differ slightly, which may affect the accuracy of the calculation
to some extent, but is likely to have a marginal impact on the results.

Table 14. Feed ratio of the production systems used in the calculations of land use associated with

the meat production from crops that were sold (at farm level) or exported (at national level) for feed
use

Food ratio of the kg silage/ kg cereals/ Kg cereals/
production systems kg meat kg meet kg carcass weight
Beef pr?ductlon 103 136

(steers)

Beef production (bulls)!  7.66 8.21

Chicken production? 2.52

1. Data representing a Swedish production system, taken from Mogensen et al. (2018).
2. Data provided by Elin R66s, Department of Energy and Technology, SLU.
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4. Results

4.1 Farm level

The number of people that can be fed per hectare varies greatly across the case
farms, as shown in Figure 1. The solid bars in Figure 1 show the total food produc-
tion including external meat from crops sold as feed. The transparent bars show the
edible content of the total production of crops plus purchased feed. Blue colour
shows production for the base year and red colour shows production the second
year, i.e. after diversification measures have been implemented.

After implementing diversification strategies in the second year, most farms
saw an increase in the number of people that can be fed per hectare in terms of
calories. However, this increase was less pronounced for protein and fat, with only
a smaller proportion of farms showing improved figures.

As seen in Figure 1, if all edible crops on the farms (including those in purchased
feed) were utilized for human consumption a vast majority of the farms would sub-
stantially increase the number of people fed per hectare with calories in both years
1 and 2, compared to the current food production. However, this trend is less evi-
dent concerning fat and proteins. These nutrients show more variability among the
farms, with some even showing a decrease in the number of people fed per hectare
when all edible crops are used for food.

No complete protein is provided by edible crops year 1, while three of the farms
grow leguminous crops that provide complete protein year 2.

Figure 2 illustrates the 'Total loss of edible calories' as the difference between
the total amount of edible crop calories produced by the farm and the actual amount
delivered to the food system. Furthermore, the majority of farms reduced the pro-
portion of land allocated for feed production in year 2 compared to the previous
year (refer to Appendix 2).
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(a) Keal

Number of people fed per hectare

(=2

Farm 1 Farm2 Farm3 Farm4 Farm3 Farm6 Farm7 Farm8 Farm9

(b) Protein

Number of people fed per hectare

Farm1 Farm2 Farm3 Farm4 Farm5 Farm6 Farm7 Farm8 Farm9

(c) Complete protein

Number of people fed per hectare

Farm1 Farm2 Farm3 Farm4 Farm5 Farm6 Farm7 Farm8 Farm9

(d) Fat

m Total food production, year 1
&1 Total edible crop production, year 1
m Total food production, year 2

Number of people fed per hectare

Farm1 Farm2 Farm3 Farm4 Farm5 Farm6 Farm7 Farm8 Farm9 & Total edible crop production, year 2

Figure 1. Number of people that the total food production (filled bars) and the edible
macronutrients embedded in the total crop production (transparent bars) on each farm can feed in
terms of daily recommended intake of (a) energy, (b) protein, (c) complete protein and (d) fat in
the first and second years respectively.
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100%
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-100%

-125%
Farm1 Farm2 Farm3 Farm4 Farm5 Farm6 Farm7 Farm8  Farm9

Figure 2. The percentage losses of (a) edible calories, (b) edible proteins and (c) edible fat in the
production intended for human consumption at each farm compared to if all edible crops at the
farm (including purchased feed) were used for food.
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4.2 Swedish food production

4.2.1 Macronutrients

The following tables present data on the number of people that can be fed from
Sweden's total production in 2020, both in total (Table 15) and per hectare (Table
16). These tables include the macronutrient content of the total food production (1)
under various assumptions about meat production from exported feed (scenarios a,
b, ¢), and the edible portion of the total crop production (2). Additionally, the results
are analysed under two hypothetical scenarios (3,4) each based on assumptions
about alternative crop use. Scenario 3 refers to the total production for human con-
sumption assuming that all cereals used for beer production instead would be used
for food. Scenario 4 refers to the total production for human consumption, assuming
that all crops used for biofuel, ethanol and beer production would instead be used
for food. The results show that by redirecting all crops produced in Sweden in 2020
to direct human consumption, instead of their current use in feed, biofuel, and
alcoholic beverages, the food supply could theoretically be substantially enhanced.
According to Table 16, this change would almost double the food calorie capacity
per hectare. Additionally, it could provide about 50% more people per hectare with
their daily recommended protein intake. However, this scenario would fall short in
producing enough complete proteins.

According to Table 15, redirecting the barley presently used for beer production
to direct consumption as whole grain could potentially fulfil the daily caloric needs
of an extra million people. Additionally, this shift could satisfy the daily protein
and fat requirements of approximately half a million individuals.
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Table 15. Number of people whose recommended daily intake for each macronutrient can be met
from (1) the total production of crops and animal products for human consumption in Sweden 2020
and (2) the total production of edible crops on Swedish cropland. Presented by different assumptions
of exported feed (a, b, c) and hypothetical scenarios regarding crop use (3, 4)

Millions of people that the total
production can feed

1a) Total food production, excluding external
meat production from exported feed.

1b) Total food production, including external
meat production (beef)

1¢) Total food production, including external
meat production (chicken)

2) Total edible crops produced on Swedish
cropland.

3) Total food production, barley used for food
instead of beer.!

4) Total food production, crops for food instead
of biofuel and spirits.

Energy  Protein Fat Complete
(Kcal) protein
12.9 11.7 10.0 6.9

13.1 12.1 10.2 7.3

13.0 12.2 10.0 7.4

24.1 17.2 10.4 1.9

14.0 13.5 10.8 7.3

16.8 15.5 12.3 7.3
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Table 16. Number of people that can be fed per hectare and year by (1) the total production of crops
and animal products for human consumption in Sweden 2020 and (2) the total production of edible
crops on Swedish cropland (2). Presented by different assumptions of exported feed (a, b, ¢) and

hypothetical scenarios regarding crop use (3, 4)

Number of people that the total
production can feed per hectare and year.

1a) Total food production, excluding external
meat production from exported feed.

1b) Total food production, including external
meat production (beef).

1c) Total food production, including external
meat production (chicken)

2) Total edible crops produced on Swedish
cropland.

3) Total food production, barley used for food
instead of beer.!

4) Total food production, crops for food instead
of biofuel and spirits.

Energy Protein Fat Complete
(Kcal) protein
5.0 4.5 3.8 2.7

4.8 4.4 3.7 2.7

5.0 4.7 3.8 2.8

9.5 6.8 4.1 0.8

5.1 4.9 3.9 2.7

6.1 5.6 4.5 2.7
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Figure 3 shows the distribution of edible macronutrients in Sweden's total crop
production for 2020, categorized by their use for food, feed, fuel, and liquor. The
'other use' category encompasses both industrial and unspecified uses.

This data indicates that in 2020, 41% of Sweden's potentially edible crop calories
were used for animal feed, along with 48% of the protein and 34% of the fat from
these crops (Figure 3). Additionally, it was found that 11% of the total edible plant
protein embedded in Swedish crop production was utilized for biofuel and ethanol
production and 10% of the edible fat was allocated to biofuel production.

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

kcal

protein
(kg)

fat
kg

m Food m Biofuel (RME) = Ethanol (fuel and ligour)  mFeed  m Other use

Figure 3. Proportions of the edible content of energy and macronutrients in the total crop
production used for food, biofuel, ethanol production, feed and other use.

As seen in 4, animal production occupied 65% of the total cropland area in 2020
(for feed production and temporary grazing) while contributing a quarter of the
edible calories and about half of the protein and fat produced in the country (Figure
5). These proportions are similar if meat from exported feed and cropland area from
imported feed are included in the calculations.

= Crops used for food
= Animal production

= Other

Figure 4. Proportions of the Swedish cropland used for food crops, animal production and other.
Animal production includes feed and temporary grazing. The category ‘other’ includes e.g. biofuel
and fallow cropland.



(a) calories (b) protein

(c) complete protein d) fat

= Crops for human consumption = Animal production in Sweden

Figure 5. Proportion of the total amount of edible (a) energy, (b) protein, (c) complete protein and
(d) fat in Swedish food production that comes from crop production and animal production
respectively. Refers only to crops and animals produced in Sweden.

4.2.2 Fruit and vegetables

Table 17 shows how many people that can be provided with their daily recom-
mended intake of 500 g fruit and vegetables in total and per hectare in Sweden
2020. The results are divided into two categories: 1) the total production of fruits
and vegetables from Swedish cropland, and 2) the combined total production from
Swedish cropland plus the blueberries and lingonberries available in Swedish
forests in 2020.

Table 17. Number of people that can be supplied with the daily recommended intake of fruit and
vegetables from the total production of fruits and vegetables and from the berries available in
Swedish forests

Total millions of Number of people per
people hectare

1) Total cropland production of

fruit and vegetables 23 0.9

2) Total cropland production of 8.2 3.2

fruit and vegetables and available
berries in Swedish forests
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5. Discussions

5.1 Applicability at the farm level

The results from using the indicator at farm level show that, compared to the base
year, most case farms experienced an increase in the number of people that can be
fed per hectare in terms of calories year 2, while the corresponding increase
regarding fat and protein is smaller and varies more between the farms. This is
explained by the fact that most farmers included in this study chose to grow a
greater proportion of crops for human consumption in year 2, and a majority of the
farms had to some extent decreased the production of meat and/or milk, which is
clearly reflected in the results.

Cereals is the main crop grown for food by the case study farms, which highly
impacts the results concerning calories, with some variations depending on the type
of cereal grown and the current year’s harvest. Meat and milk production on the
other hand contains more fat and protein than the cereals that are grown, which
explains why fat and protein do not increase to the same extent. This is clearly
demonstrated in the results by Farm I that show the highest production of calories
per hectare of all farms, due to the cultivation of high yielding crops rich in carbo-
hydrates, while Farms 2 and 9 have a significant higher production or proteins and
fat due to milk production.

5.1.1 The impact of crop utilization and production strategies

The practice of feeding edible crops to animals is, associated with great food loss.
To quantify this loss of edible nutrients, the indicator was applied to the total crop
production on each farm plus the edible content in purchased feed. The difference
between the quantity of edible macronutrients embedded in all crops on the farm
compared to the total amount of macronutrients in the farm's food production is
presented as percentage food loss in Figure 2. Most farms reduced the loss of calo-
ries, proteins, and fat the second year compared to the base year. The loss of fat,
however, exhibit larger variation across farms, primarily due to the large impact of
changes in milk production on the results. Farm 7 increased the loss of fat by almost
160% year 2, which is mainly explained by the farm ceasing milk production. Since
there was about the same amount of edible fat embedded in feed on the farm both
years, the large amount of fat provided by milk production year 1 made a huge
effect on the results.
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The decreased loss of macronutrients that is seen year 2 can be attributed to a
larger share of crops being sold for human consumption and to a shift in the feed
composition that involved fewer cereal-based feedstuffs. For some farms, the loss
of macronutrients is very small or even negative, indicating a very low content of
edible crops in the feed composition. Farm 3 for instance, produce more calories,
protein and fat during the current food production comparing to if all edible crops
were used for human consumption, implying that livestock add nutrients to the farm
system by acting as converters of non-edible biomass. However, several other case
farms reared their animals exclusively on roughage year 2, but with higher rate of
edible nutrient loss since these farms sold a certain amount of cereals intended for
feed use elsewhere.

The dairy farms included in this study (i.e., Farm 2, Farm 7 and Farm 9) can
serve as an illustrating example of how the indicator can be utilized to highlight the
impact that different production decisions and strategies have in terms of food sup-
ply capacity. All dairy farms reduced their milk production to some extent year 2
compared to the base year, which strongly affects the results both in terms of calo-
ries, fat, and protein for human consumption in different ways depending on the
chosen strategy. Farm 2 grew exclusively crops for its own feed use in year 1 and
added 10 ha of oats for human consumption year 2, which resulted in a raise in
calories but a decrease concerning fat and protein since the type of crops that was
grown didn’t make up for the loss of fat and protein caused by the reduced milk
production. Farm 9, on the other hand, increased the numbers for both calories and
fat year 2, due to an expanded production of rape seed for human consumption. At
the same time, the production of edible protein per hectare decreased, despite a
marginal decrease in the total production of protein, which is mainly explained by
the added hectares of rape seed cultivation (that contribute no edible protein).

Farm 7 exhibits a notable decrease in the number of people that can be fed per
hectare for all macronutrients. This can be attributed to the cessation of milk
production and a reduction in meat production in year 2, while using approximately
the same amount of cropland and having a similar composition of crop production
both years.

When employing the indicator to assess alternative production pathways it is
shown that the calorie loss resulting from the absence of milk production at Farm
7 could be offset by cultivating 6 hectares of grain legumes. This action would also
lead to a twofold increase in the quantity of complete protein produced compared
to year 1.

5.1.2 Complete protein

The production of complete protein decreased for nearly all farms in the second
year, because of decreased animal production. However, several of the case farms
clearly demonstrate the potential of raising the amount of complete protein pro-
duced per hectare by cultivating leguminous crop. As an example, Farm 3 elevated
the number of individuals nourished per hectare in terms of complete protein by
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approximately 400%, year 2 compared to the base year. An upswing in meat pro-
duction accounts for only a minor part of this increase, while the dominant part
resulting from the 6 hectares of grain legumes for human consumption grown at the
farm in year 2. Of the total production of complete protein at this particular farm,
the meat production accounted for 26% using 54% t of the total crop land, whereas
the added hectare of grain legumes together with the amount of cereals needed to
achieve complete protein provided about 74% of the complete protein on 16.5% of
the cropland. In this case, the animal production was limited to forage and pasture,
thus the cropland used for animal production consisted solely of cultivated ley.

The results presented Figure 1 and Figure 2 show that this particular farm
produce more macronutrients during the current food production compared to if all
edible crops were used for human consumption, which imply that the livestock add
nutrients to the farm system by converting inedible biomass into nutrients available
for human consumption. Livestock, in particular ruminants, can form an integral
part of a sustainable farm by providing high-value nutrients and promoting bio-
diversity (De Boer et al. 2014; Dumont et al. 2018). However, the results clearly
demonstrate how the production of complete protein can be sustained with less
cropland resources by replacing reduced livestock production with additional
hectares of grain legume cultivation.

5.1.3 Possibilities and constraints in farm level application

Several parameters affect the results when using the indicator at the farm level, such
as the nutrient composition of the crops grown, the amount and type of feed pro-
duced and the use of purchased feed. Additionally, the natural conditions of the
specific location must be considered if comparing farms situated in regions with
different biophysical circumstances.

Further, the potential impact of ley cultivation on the results needs to be con-
sidered, as this practice adds essential values to sustainable farming, both in terms
of productivity and environmental aspects. Integrating ley into crop rotations can
benefit biodiversity, soil health and carbon sequestration and has shown potential
to reduce the need of pesticide use (Urruty et al. 2016; Prendergast-Miller et al.
2021; Henryson et al. 2022). Since these values are not captured by the ‘number of
people fed per hectare’ indicator, it is necessary to exercise caution when inter-
preting the results to avoid drawing misleading conclusions. A shift in feed compo-
sition towards a higher proportion of ley as a substitute for cereal-based feed stuffs
may reflect negatively in the results due to increased cropland use but still constitute
a beneficial production change.

A high proportion of ley production becomes visible in terms of decreased food
loss (Figure 2). Hence, this parameter should be factored when applying the
indicator at the farm level. However, for a comprehensive and holistic assessment
of a farm's performance, the 'number of people fed per hectare' indicator must also
be integrated with other sustainability frameworks.

Since the case farms included in this study have various conditions and produc-
tion compositions and have implemented different production measures to increase
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food diversity on farm, it is difficult to make a meaningful comparison of the results
between the farms. Hence, a general conclusion of this study is that the indicator is
not particularly useful as a tool for benchmarking between individual farms. For
such a comparison to contribute useful information, the compared farms must have
similar conditions for agricultural production.

However, the difference in performance within each case study farm between
year 1 and year 2 gives an idea of how different production strategies affected the
farm output, in terms of food supply per hectare. A second finding of this study is
therefore that the indicator can provide valuable information when used on an indi-
vidual farm to monitor its performance over time. In that way, it can serve as a tool
to gain understanding on how various production measures affect farm output in
terms of food supply and further, to identify agricultural activities that have a
particularly large impact in relation to this aspect.

In addition, the indicator could hold potential value for a farmer who wants to
get a better understanding of how the farm is performing in relation to the shared
responsibility for global food supply. It gives an idea of the farm's performance, but
it is important to keep in mind that one individual farm does not necessarily need
to produce all nutrients needed for a complete diet. As part of a larger food system,
there may be advantages to specializing in the foods most suited to produce in the
given location.

Intensified and specialized production of high yielding crops can play an im-
portant part in the global food system by enabling a surplus of macronutrients on
the global market (Herrero et al. 2017). However, a high level of agricultural con-
centration and specialization at national level has been shown to have negative im-
plications on a countries ability to cope with climatic disturbance and adversely
affects food security (Campi et al. 2021). Although both diverse smallholder farms
and larger specialized production systems can play an important roles in terms of
contributing to global food security, there is a growing evidence that mixed and
diverse farming system, such as agroecological farming practices, can contribute to
improved food security and nutrition (Bezner Kerr et al. 2021). Several authors has
emphasized the potential benefits of on-farm diversity, such as increased resilience,
enhanced nutrient diversity, improve ecosystem services and increased profitability
(D’ Annolfo et al. 2017; Dumont et al. 2018; Rosa-Schleich et al. 2019; Tamburini
et al. 2020; Jones et al. 2021; Palomo-Campesino et al. 2022). However, the unilat-
erally focus on productivity in terms of kg yield per hectare occasionally raise
dubiety regarding the capacity of agroecological and organic farming system to
contribute enough food to feed the world’s population. This narrow emphasis on
yield levels can potentially overlook or even compromise the environmental bene-
fits these systems offer (R60s et al. 2018).

The relatively lower average yields associated with organic farming compared
to conventional methods have fuelled debates against its large-scale adoption. Crit-
ics, like Kirchmann (2019), argue that a widespread transition to organic farming
would require substantially more land to meet the global food demand. A frequently
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overlooked aspect in these discussions however is the impact of production choices,
on the capacity to meet the population's nutritional needs.

Farming systems with relatively moderate crop yields could potentially sustain
enough people per hectare by redirecting production toward nutrient dense crops
designated for human consumption. Although such a shift in production may re-
quire substantial changes in food consumption patterns, this perspective offers im-
portant and often disregarded opportunities for increased food supply.

Consequently, evaluating agricultural productivity by the 'number of people fed
per hectare' can help illuminate alternative pathways to food security, beyond the
current narrative of high-input, intensified agriculture as the only viable way to
manage to feed the world's population.

However, it is important to acknowledge that farm-level production decisions
are largely driven by profitability and market mechanisms. While addressing these
economic drivers is vital in the broader discussion of agricultural production, it falls
outside the scope of this thesis.

5.2 Applicability at the national level

The results from using the indicator at the national level reveal that Sweden's food
production in 2020 was more than sufficient to supply its population of approxi-
mately 10.5 million people with adequate calories and protein intake and nearly
sufficient for the recommended daily intake of fat. (see Table 15).

However, when considering the protein quality, the picture changes: the produc-
tion was only capable of meeting about 65% of the population's needs. The majority
of complete proteins were sourced from animal production, with only 5% coming
from crop-based sources. Of the total amount of edible macronutrients provided by
animal production, dairy accounted for 46% of the protein and 72% of the fat and
calories. Further, poultry was the second largest source of animal protein, providing
19% of the total, followed by pig (16%), cattle (10%) and eggs (8%).

5.2.1 In the lens of global food responsibility

If cropland area is taken into account, the food produced in Sweden 2020 was capa-
ble of feeding approximately 5 people per hectare in terms of calorie content and
around 4.5 people per hectare in terms of protein content slightly less in terms of
proteins, whereas total content of fat in the produced food is only sufficient to sup-
port around 3.8 people per hectare. Thus, according to the current study, the per
capita food supply in Sweden is relatively in line with the global average require-
ment of 5 people per hectare in terms of calories and proteins but is slightly below
this figure in terms of fat.

It's important to note, however, that this value should be considered as an aver-
age rather than a definitive benchmark as the available cropland per capita and the
conditions for food production vary greatly, both within nations and globally (Zabel
et al. 2014; Silver et al. 2021; The World Bank 2021). Furthermore, regions with
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favourable conditions for agricultural production that have the capacity to produce
a surplus will likely need to contribute food to the global market to fill food
shortages in areas with limited cropland resources (FAO 2018a).

Determining what constitutes sufficient food production per hectare for a spe-
cific region is thus not straight forward. Nevertheless, the 'number of people fed per
hectare' indicator can be a valuable tool in assessing the potential supply capacity
of various food systems. When applied on a global scale, Cassidy et al. (2013) dis-
covered that the total global food production could feed an average of 6 people per
hectare. Moreover, their study revealed a large variation in per-hectare food pro-
duction across different countries and made visible key factors affecting the food
supply capacity of different regions. In such way, using the indicator can help to
point to possible routes for a more efficient use of the cropland which is particularly
urgent in light of the growing food demand. The projected global population in-
crease of 2 billion by 2050 poses the challenge of sustainably providing a sufficient
diet for an average of 6.25 people per hectare of cropland worldwide, assuming no
expansion of cropland. Several strategies have been identified as key solutions to
meet this challenge, including improved cropping efficiency, altered dietary pat-
terns and reduced food waste (FAO 2018a; Gerten et al. 2020). Less often addressed
in this context, however, is how the use of cropland — in terms of what crops are
grown and for what purpose - impacts the ability to provide sufficient food. As
previously discussed, highlighting this aspect requires a measure of productivity
that goes beyond kilograms per hectare by also including the needs of different
nutrients in a complete diet.

5.2.2 Feed food competition

As illustrated in Figure 3, 41% of the potential edible crop calories produced in
Sweden year 2020 was utilized for feed, with the proportions being 48% for protein
and 34% for fat. The food loss associated with consuming animal foods instead of
using the edible crops for direct human consumption is emphasized by numerous
studies (Pradhan et al. 2013; Shepon et al. 2018; Drofenik Jan et al. 2021; Silver et
al. 2021). Cassidy et al (2013) found in their study that 36% of global crop calories
were allocated to animal feed. They further estimated that if all crops were grown
exclusively for direct human consumption globally, given the current mix of crop
uses, the available food calories could potentially increase by up to 70%, which
could, in theory, provide nourishment for an additional 4 billion people. Another
study suggest that replacing all animal foods consumed in US with plant based
foods of similar nutritional value would enable up to 20-fold more food produced
per hectare of cropland which would by far exceed the current rate of food loss in
the country (Shepon et al. 2018). However, livestock often play an important role
in food system as providers of complete protein. As shown in Table 15, the total
production of complete protein in Sweden would decrease with almost 75% if all
crops were used for direct human consumption assuming no animal production. By
limiting livestock feed to non-edible biomass, such as by-products from food in-
dustries, permanent pastures and ley, livestock can provide nutrients that would
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otherwise be unavailable for human consumption and form an integral part of sus-
tainable food system (Karlsson & R66s 2019; Wyngaarden et al. 2019; Naderi et
al. 2022).

Figure 4 illustrates that in 2020, animal production utilized 65% of Sweden's
total cropland area for feed production and temporary grazing. Despite this substan-
tial land use, it contributed only a quarter of the country's edible calories and
roughly half of the protein and fat, as shown in Figure 5. Although these figures
highlight the disparity in land-use requirements between animal production and
plant-based food, it’s essential to recognize that a considerable portion of cropland
land in Sweden is dedicated to ley cultivation (43% in 2020). As previously
discussed, ley cultivation serves an important role in sustainable agricultural sys-
tems.

Regarding the production of complete protein, animal production accounts for
as musch as 95% of the total production. However, the production of complete pro-
tein could be achieved with a reduced use of cropland resources, as exemplified by
one of the case farms (Farm 3). This farm illustrates how grain legume production
can substitute animal-based complete protein while decreasing land use require-
ments. These findings are consistent with prior research conducted by Rods et al.
(2020) which indicates the feasibility of generating adequate complete protein in
Sweden while lessening the demand for cropland (ibid.). Their study show that by
replacing 50% of Sweden’s meat consumption with domestically grown grain leg-
umes, the country could sustain the capacity to meet the population's complete
protein needs while reducing cropland use by 23%. This conversion would require
that the area for grain legume cultivation increased to 3.2% of the total cropland
area in Sweden, which would imply that an addition of 1% of Sweden’s cropland
is cultivated with grain legumes. The realization of such a scenario, however, pre-
supposes a major shift in consumption patterns given that the current consumption
of legumes in Sweden is very low (R60s et al. 2020). Nevertheless, these findings
illuminate the potential to provide sufficient complete protein while economizing
cropland resources, by limiting animal production to non-edible biomass.

5.2.3 Possibilities and constraints in national level application

Using the indicator 'number of people fed per hectare' on the Swedish food produc-
tion illustrate how utilization of agricultural production can impact the ability to
enhance food availability from a limited area of cropland. By directing all crops
produced in Sweden 2020 to human consumption instead of the current use for feed,
biofuel and alcoholic beverage, the food supply capacity per hectare would nearly
double in terms of calories (Table 16). In addition, around 50% more people per
hectare would be provided with the daily recommended intake of protein. However,
as previously mentioned, the production of complete protein would be notably con-
strained in such a scenario. The reason for that is attributed to the limited quantity
of grain legumes cultivated in Sweden, amounting to a mere 2% of the total crop
land (The Swedish Board of Agriculture 2023a).
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Less than half of the potential edible fat embedded in crops produced in Sweden
2020 was used as food and as little as 30% of the proteins and 40% of the calories
(Figure 3). If measured in tonnes however, 83% of the edible crops was used for
food, which is due to nutrient-dense crops being utilized for feed and biofuel.

Biofuel and ethanol production (including liquor) accounted for 11% of the total
edible plant protein and 10% of the edible fats inherent in the crops produced in
Sweden 2020.

Barley for human consumption was in this study assumed to be used for beer
brewing, since this is the main area of barley use for human consumption in Swe-
den. If the Swedish barley currently used for beer production were instead eaten
directly as whole grain, it would suffice to provide an additional million people
with the daily requirement of calories and about half a million people with the rec-
ommended intake of proteins and fat (Table 15).

In total, the domestically produced crops that were used for biofuel, ethanol pro-
duction and beer brewing in year 2020 contains enough edible nutrients to feed
about 3.7 million people with their caloric needs (corresponding to 1.3 people per
hectare) and 3.4 million people concerning protein (Table 15). These results put
light on the importance of considering nutrient content of crops and its area of use
when assessing the efficiency of a food system.

As illustrated in the above discussion, the indicator 'number of people fed per
hectare' shed light on the current utilization of edible nutrients in the food system
when applied on a national level. This offers valuable insights into the food supply
capacity within the constraints of limited cropland resources. In conclusion, the in-
dicator holds potential value by providing information on the current utilization of
edible nutrients in the food system and by highlighting the supply capacity within
existing agricultural production in a region or a nation. Information that can be use-
ful in evaluating the land use efficiency of current production and further to
identifying possibly actions to increase the national food supply.

However, envisioning a long-term sustainable food system requires a holistic
approach that extends beyond mere productivity. Agriculture must also generate
additional values, such as carbon sequestration, the promotion of fertile soils
through increased soil carbon, ensuring clean water and air (or minimizing negative
environmental impact), and fostering a diverse and nutritionally balanced diet.
Moreover, the agricultural system needs to be adapted to local needs and must be
robust enough to cope with unexpected events and future conditions, including a
changed climate and reduced access to energy (FAO 2022). Therefore, to provide
a meaningful overall picture of how a farm or region contributes to the global food
supply, the indicator 'how many can be nourished per hectare' should be comple-
mented with other indicators to measure how well the farm or region performs in
terms of ecological, economic and social sustainability. The results should also be
weighted according to the agricultural production capacity of the ecoregion.
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5.3 Fruit and vegetables

To gain insight into the micronutrient supply in Sweden, the application of the
indicator was expanded to also encompass the number of individuals sustained by
domestically produced fruits and vegetables, based on the recommended daily
intake of these foods (500 g per person per day).

The horticultural production in Sweden during the studied year is only enough to
provide approximately 22% of the Swedish population with the daily recommended
intake of fruits and vegetables, which corresponds to 0.9 people per hectare (Table
17). Since Sweden has a very limited production of fruit and vegetables, the
application of the indicator was extended to also include berries from Swedish
forests to highlight the potential for domestic micronutrient supply.

If the blueberries and lingonberries found in Swedish forests in 2020 were fully
utilized for human consumption, and added to the existing cropland, the total pro-
duction of fruit, vegetables and berries (including horticulture production) could
support almost 80% of the Swedish population. Although it may not be realistic to
assume that all forest berries are used for human consumption, these findings shed
light on the extent of underutilized food resources in Sweden.

5.4 Comparison with previous studies and findings

The findings of the current study show general consistency with Linderholm’s
study (Linderholm 2018) that mapped the edible macronutrient content in Sweden's
agricultural production in 2017-2018. However, there are some notable differences.
A key disparity is observed in the amount of edible proteins produced. In
Linderholm's research, the edible protein content in Sweden's total crop production
for 2017-2018 was estimated to be 26% higher compared to the results of the
current study. This discrepancy can be partly attributed to the larger production of
field beans in 2017-2018, contributing to around one-tenth of the difference in pro-
tein supply.

Furthermore, the reference values used to calculate the edible content of various
crops differ between the two studies, which explains part of the discrepancy con-
cerning protein content in the production of edible crops. A large part being at-
tributed to different assumptions regarding utilization of oil crops for human con-
sumption. In the current study, oil crops were assumed to be used primarily for
cooking oil, thereby contributing no edible protein. In contrast, Linderholm (2018)
included the edible protein in oil crops (rape seed), accounting for a considerable
portion of the total proteins reported. Similar outcomes apply to the calculations of
edible protein content in potatoes, which in the current study were presumed to be
used for starch (see Table 3 and Table 5). Linderholm’s aggregation of certain
agricultural production categories also plays a role in the variations observed in
protein content results.

Sweden's degree of self-sufficiency is often stated to be around 50%, a figure
commonly highlighted in communications from the Federation of Swedish Farmers
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(LRF 2022). Further, the Swedish Board of Agriculture regularly compiles statistics
on Sweden's market shares for various food products (The Swedish Board of
Agriculture 2023b). Interestingly, it seems to be a large discrepancy between the
food supply capacity of Swedish food production according to the findings of the
current study compared to the reported market shares and claimed self-sufficiency
rate. However, since Sweden's market share does not take nutrients into account,
these figures offer only a rough comparative picture. In 2020, The Federation of
Swedish Farmers investigated Sweden's net import share of macronutrients and
found that around 44% of the food calories consumed in Sweden were imported,
with similar figures for protein and slightly lower for fat (LRF 2021).

According to the current study, almost a fifth of the food produced in Sweden
2020, measured in tonnes, was exported. When considering the content of edible
macronutrients in the crops exported as food, it appears that this export accounted
for 30% of the calories, 46% of the protein, and 17% of the fat in Sweden's total
production of crops for human consumption. Sweden's export of animal products is
marginal. A rough calculation of the macronutrient content of the animal products
that, according to Swedish trade statistics (The Swedish Board of Agriculture
2021b), were exported in 2020 shows that only about 0,05% of the calories, protein
and fat in the total animal production in Sweden is exported.

If deducting the exported food macronutrients from the total food production in
Sweden 2020, the domestically produced food that remains in the country is suffi-
cient to meet 97% of the population’s calorie needs, 91% of their protein require-
ments, and slightly less for fat (calculated on the population in Sweden in 2020).
These findings present a remarkable contrast to the high import shares of food
macronutrients, as reported by the LRF (The Federation of Swedish Farmers). Food
loss and waste likely contribute to this gap. Swedish Environmental Protection
Agency (Lindow et al. 2021) reported that approximately one million tonnes of
food were discarded in 2020, 70% of which occurred in households (Hultén et al.
2022). Food losses in the production stage constitute a smaller part, but the quantity
is not without significance: around 9% of beef (Lindow et al. 2021), 20% of pota-
toes (Strid et al. 2023), and 33% of carrots (Olsson 2023) never enter the food sys-
tem.

The estimated food loss in Sweden 2020 (Lindow et al. 2021) corresponds to
about 10% of the total amount of food (in tonnes) that, according to the current
study, was produced on Swedish cropland during the same year. Since Swedish
food waste statistics are presented by weight, the extent of nutrient loss is unknown.
However, it is unlikely that food loss alone account for the observed discrepancy
between the supply capacity of macronutrients and the reported import share of
these nutrients. High consumption of meat and energy-dense foods is likely a con-
tributing factor to this gap. Official statistics (The Swedish Board of Agriculture
2020c) estimate the average protein intake per person and day in 2019 to 104 grams,
which is substantially higher than the recommended daily intake of 84.7 grams used
in this study. The average calorie and fat intake in the same year also far exceeded
recommended intake levels by far.
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5.5 Limitations of study

The underlying assumptions and data sources in calculating the number of people
that can be fed per hectare', such as recommended daily intake (Table 8) and edible
shares of different crops (Table 3), likely influence the outcomes to some degree.
Specifically, the decisions regarding the utilization of various crops affect the cal-
culated contribution of macronutrients. For instance, in this study it is assumed that
cereals are consumed as whole grains, which does not reflect the actual consump-
tion patterns in Sweden, but rather shows the maximum potential nutrition these
cereals could offer. As discussed in previous section, these methodological choices
can impact the outcome of edible macronutrient production.

The system boundaries, in terms of inclusion of land use for imported feed and
meat production from exported feed had a marginally impact on the results.

When incorporating external meat production from exported feed into the calcu-
lations, a slightly higher amount of calories and protein is observed, with a minimal
difference between chicken and beef production, as shown in Table 15.

The additional land required for external beef production (accounting for addi-
tional feed production to make up a complete feed ratio) leads to only a slight re-
duction in the number of people that can be fed per hectare (Table 16).

This weak impact on the results is attributed to the small proportion (2.3%) of
Sweden's total crop production that was exported for feed use according to the data
used in this study. Based on the calculations, 17% of the crops produced 2020 was
exported, the main part for human consumption. Information on the area of use for
the exported crops was provided by Lantménnen and was based on an estimated
percentage distribution between food and feed for each exported crop (wheat, rye,
barley etc) in a typical year.

However, exploring hypothetical scenarios sheds light on the distinct outcomes
between beef and chicken production in this context. For instance, assuming that
the amount of crops produced for feed export is tenfold, accounting for about 18.5%
of Sweden's total crop production, the results vary greatly depending on the as-
sumption about the type of livestock feed. When all exported feed is hypothetically
used for beef production in this scenario, the number of people that can be fed per
hectare in terms of protein shows a slight decrease. In contrast, assuming the same
exported feed is used for chicken production would allow nearly two more people
to be fed per hectare of cropland. This disparity is less pronounced in terms of cal-
ories and fat.

Variations in yield levels between different production years have an impact on
the share of imports and exports of different crops in Sweden. For instance, the
production of rye in Sweden in a given year commonly influences its export use,
according to Per Gerhardsson at Lantmiinnen?.Years with high rye production often
see a substantial portion of the rye exported for whiskey production. Conversely, in
years with lower rye yields, the export predominantly targets feed use. This pattern

2 Per Gerhardsson, purchasing manager at Lantménnen, phone-call 230510.
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is largely due to the logistics of whiskey production, which requires large grain
volumes to fill the substantial cargo ships used for transportation.

In addition, the data on feed imports and crop exports were obtained from
various sources, as Sweden's official statistics do not offer the required categoriza-
tion and details required for this study. Some of the crop export data used in this
study were based on expert estimates that might not have been fully accurate for
the current year, which may have influenced the outcome of the indicator.

Further, imported and purchased feed which consist of by-products from the
food industry, such as rapeseed cake, beet pulses and malt sprout pellets, was
allocated completely to the main product and thus did not add any cropland area to
the calculations. From a global perspective, however, it can be debated whether this
type of food production that results in large amount of potentially edible by-
products, is the most efficient use of land, which is an aspect not made visible in
this study.

The Swedish statistics on available cropland exclude agricultural enterprises
with less than 2 hectares of land. Consequently, a small portion of Sweden's avail-
able cropland is not accounted for in our calculations. This exclusion could slightly
impact the accuracy of the study's findings regarding the total cropland area and its
productivity, but this influence is likely to be marginal.
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6. Conclusions

This study evaluated the ‘number of people fed per hectare’ indicator as a metric
for assessing agricultural productivity, using data from a number of real farms in
Sweden as well as from Sweden as a whole.

The analysis at national level revealed that Sweden’s current food production is
sufficient to feed approximately 5 people per hectare with their daily calorie needs,
and slightly less regarding proteins and fat. Currently, a considerable part of edible
macronutrients produced in Sweden are not consumed as food. The findings
indicate that less than half of the total edible fat, approximately 30% of the proteins
and 40% of the calories derived from crops in Sweden (in 2020) were allocated for
human consumption. while 11% of the protein and 10% of the fat being directed
for production of biofuel and ethanol. Shifting crops from feed, biofuel, and ethanol
production towards direct human consumption could substantially increase food
supply capacity per hectare in Sweden, potentially doubling calorie provision and
increasing protein supply by 50%.

At national level, the application of the indicator effectively highlighted the ef-
ficiency of current edible macronutrient utilization in the food system and demon-
strated the supply capacity of existing agricultural production. However, at farm
level, results varied widely and the indicator was found to be less suited for bench-
marking performance across farms, given diverse conditions for agricultural pro-
duction. Its primary utility at this level lies in tracking the impact of agricultural
practices on individual farms over time, providing insight into how different strat-
egies affect food supply which helps to identify agricultural activities that have a
particularly large impact in this regard. Most farms included in the study increased
the the number of people that can be fed per hectare after implemented diversifica-
tion measures, and some farms showed potential to increase the production of fat
and complete protein per hectare, despite reduced meat production.

In summary, the 'number of people fed per hectare' indicator demonstrates great-
est utility when applied at the national scale, offering valuable insights into the
efficiency of current agricultural production and highlights potential pathways for
enhancing national food supply. However, to accurately assess a farm or region's
performance in terms of contribution to global food security the ‘number of people
fed per hectare” indicator must be integrated with a broader range of sustainability
indicators covering ecological, economic, and social aspects.
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Popular science summary

Traditionally, farm productivity have been measured by how much the farm can
produce per hectare of land. But this measure doesn't tell the full story. A large part
of the crops grown aren't eaten by people but are used as animal feed or converted
into fuel. This traditional metric also overlooks the nutrient content of the crops
produced. So, is there a better way to measure agricultural productivity? This thesis
explores an alternative approach: calculating how many people can be nourished
with the daily required calories, protein, and fat from each hectare of cropland. To
investigate the applicability of this indicator at different scale in the food system,
this method was applied to both the agricultural production of nine diverse farms
in Sweden and to Sweden as a whole.

The study found that Swedish food production contributes enough calories and
protein to feed the country's population, with the capacity to feed 5 people per hec-
tare. This number align with the global average requirement of food production per
hectare. Interestingly, if all edible crops were directly consumed by humans, instead
of being used as animal feed or for fuel, twice as many people could be fed. How-
ever, currently, less than half of the edible calories and proteins produced in Sweden
are used for human consumption.

This approach to measuring productivity proved more effective at the national
level than at the farm level. The indicator can be useful as a tool for a farmer who
want to get a better understanding of how different agricultural practices impact the
farm production in terms of food supply and to track changes in performance over
time on an individual farm. However, the method is less suitable for comparing
performance across farms, as different geographical areas have various conditions
for agricultural production.

At a country scale, the indicator offers valuable insights into agricultural produc-
tivity and the food supply capacity. This information can be useful for evaluating
land use efficiency and identifying potential actions to enhance national food
supply. By adopting this new perspective, we gain a clearer picture of a country or
region's food production potential, guiding efforts to enhance national food supply
and illuminating the impact of different production decisions at both farm and
national levels. However, to get an accurate understanding of food supply
efficiency and sustainability, the indicator should be integrated with other measures
that look at environmental, economic, and social factors. This comprehensive view
is important to navigating the complexities of sustainable farming and making
informed choices for our future food supply.
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Appendix 1

Reference data for grain legumes

Total production of lupine beans, brown beans and other grain legumes that is not
presented in the national official statistics, was calculated based on cultivation area
and average yield drawn from several sources.

Table 18. The total production of lupine beans, brown beans and other legumes calculated from
cultivated area and average yield taken from several sources.

Cultivation Average hectare  Total production
area (ha) yields (kg/ha) (tonnes)

Lupine beans 197! 35002 690

Brown beans 765! 1800° 1377

Other peas 4849! 4000* 19 396

Other common beans 174 1800° 315

1. (Karlsson 2021)

2. (Moller & Sjoberg 2019)

3. (Fogelberg 2008)

4. (Carlsson 2018)

5. Assuming same yield as for brown beans.

Information on area of use for exported cereals
The area of use for the exported cereals, presented in table 19, was based on the
estimated percentage distribution between feed and food for each crop in a typical
year, provided by Per Gerhardsson at Lanmitnnen?®. The rye export varies greatly
between different years depending on the total quantity of rye produced in Sweden.
In years when large quantity of rye is exported, most of the rye exports are dedicated
for whiskey production, according to Per Gerhardsson. Since the quantity of rye
exported in 2020 was almost seven times larger than in 2021 (The Swedish Board
of Agriculture 2022), it was assumed that the rye exports in 2020 were exclusively
intended for whiskey production and thus do not contribute any macronutrients to
the calculations. Hard liquor is not included as food in the calculation, hence the
exported rye were excluded from the calculations. Further, barley exported for hu-
man consumption is mainly used as beer brew malt, according to Per Gerhardsson.
The total exported quantity for each cereal in year 2020 (presented in table 19)
is based on net export shares taken from the cereal balance sheet for 20/21 (The
Swedish Board of Agriculture 2022) multiplied by the total production of each crop
2020 (The Swedish Board of Agriculture 2020d).

3 Per Gerhardsson, Purchasing manager for cereals at Lantménnen, interviewed by telephone 230409.

72



Table 19. Total exported quantity of cereals (in tonnes) and percentage of the export distributed by
food and feed use

Total exported Share exported for Share exported for
quantity (tonnes) human consumption feed use

Wheat 862485 80% 20%

Rye 48055 100% (whiskey)' 0%

Barley 384067 90% 10%

Oat 221399 98% 2%

1. Rye used for whiskey production is not included in the proportion used for human consumption presented
in Table 6.

Formula used for calculating the edible content of fodder maize
The utilization factor for green fodder maize presented in Table 3 represent an es-
timate of the edible content in the production of green fodder maize, based on the
average hectare yields reported in the official agricultural statistics (The Swedish
Board of Agriculture 2020d). Since yields of grain maize and green maize is re-
ported with different water content in the agricultural statistics, the average hectare
yield was recalculated into dry matter for both crops.

Unlike green fodder maize, maize kernels are removed in the harvest of grain
maize. Therefore, the edible content of the total production of green maize was
calculated according to the following formula:

UFGreen maize — YGrain maize/YGreen maize

Where:
Yerain maize = Average yields of grain maize, as kg dry matter per hectare
Yereen maize = Average hectare yield og green maize, as kg dry matter per hectare

UF¢reen maize = Edible content in the total production of green fodder maize.
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Appendix 2
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Figure 6. Quantity of edible fat and protein embedded in the total crop production in Sweden 2020,
distributed by area of use.

100%
80%
60%
40%

20%

0%
Farm1 Farm2 Farm3 Farm4 Farm5 Farm 6 Farm7 Farm 8 Farm9

myear 1 myear2

Figure 7. Proportion of cropland used for feed production on the case farms.
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