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“Farming looks mighty easy when your plow is a pencil and you're a thousand
miles from the corn field.”

Dwight D. Eisenhower (September 11, 1956)






Voorwoord

In november 2001 ben ik bijna klaar met mijn studie Energie en
Milieuwetenschappen bij de IVEM, als Sanderine Nonhebel vraagt of ik geen Aio
wil worden. Het betreft een onderzoek naar de duurzaamheid van dierlijke
voedselproducten en ligt qua onderwerp in het verlengde van mijn leeronderzoek
‘Vlees: een duurzame eiwitbron?’. Het onderwerp spreekt me intrinsiek erg aan,
maar Aio worden? Op dat moment is mijn voorstelling van een Aio een soort
monnik die vier jaar lang op zichzelf en teruggetrokken in een bedompt kantoor
met één specifiek onderzoek bezig is. Het interessante van dit onderzoek is echter
dat het onderdeel uitmaakt van een project waarin drie Aio’s en één Postdoc van
vier verschillende universiteiten en onderzoeksdisciplines samen gaan werken aan
een gezamenlijke vraagstelling. De multidisciplinaire aanpak, de beoogde
intensieve samenwerking met de andere onderzoekers en de interessante
vraagstelling maakt dat ik weinig bedenktijd nodig heb. In februari 2002 ga ik aan
de slag.

Nu, ruim zeven jaar later is het proefschrift klaar en kijk ik met veel plezier terug op
mijn tijd als Aio. Het gezamenlijke project is wel anders gelopen dan beoogd.
Samenwerking tussen verschillende disciplines geografisch verdeeld over vier
universiteiten is erg lastig, helemaal wanneer blijkt dat de Aio’s bij aanvang van
hun onderzoek eigenlijk elkaars eindresultaten nodig hebben. Uiteindelijk wordt je
dan toch die monnik. Maar die vierjarige periode waarin je eigen onderzoek doet
en je verdiept in één specifiek onderwerp heb ik als erg enerverend en bijzonder
ervaren. Op de eerste plaats door de unieke werksfeer bij de IVEM en de
begeleiding door mijn copromotor en promotores. Op de tweede plaats door het
uitdagende onderzoeksveld en de complexiteit van het voedselproductiesysteem
met als zijn facetten.

Toen in 2006 mijn contract afliep waren de vijf kernhoofdstukken van dit
proefschrift gereed. Daarna volgde de geboorte van Vince en later Nikita, een
fantastische baan bij CLM en een verhuizing naar Culemborg. Het afronden van
het proefschrift kreeg zijn beslag toen ik in rustiger vaarwater terecht gekomen was.






Contents

B I [0 (oo (U 1T o ISR 1
1.1, General iNtrodUCHION .......c.coi i 1
1.2. Animal source food CONSUMPLION ..........ovviieeeiiiiiiiiiie e 1
1.3.  Future transitions affecting the demand for animal source food................ 2
1.4. Dutch animal source food production system .........cccccceeviciiiieeee e, 4
1.5. Environmental issues related to animal source food production ............... 6
1.6.  NAtUral FESOUICE USE ...ccoiieieiiie ettt 7
1.7.  Scope of the thesiS........ccciiiii e 8
1.8.  Structure of the thesiS .......ceoeiciii i 9

2. Variations in land requirements for meat production...........cccccceveiiieeiniinenn. 11
2.1, INTrOAUCTION.....ciiiiieee e 11
2.2.  System desCriplioN ........uiiiiieie e 12
2.3, MENOG ... s 13
2.4. Determining land requirements of meat..........cccoocoeviiiiii i 14
2.5. The effect of system changes on the land required for meat production. 18
2.6, RESURS oo 18
P A B = Tor U =T o] o RS 23
P2 S T e o Tod (V1= o o USSR 25

3. Variation in energy use of animal source foods ...........cccceeiiiiieiiiiieee e 27
3.1 INTrOAUCTION. ... e 27
3.2.  Methods and materials ...........cccooooieei e 28
3.3, INveNtory Of ENErgy USE......cccueiiiiiiieiiiee e 30
3.4.  COMPAriSON ON ENEIJY USE ....eereiiiieeeiiiieeeeiieeaeesieeeessbeeesssreeesssnseeessnnnes 34
3.5. Evaluating the differences in energy use per sector..........cccceeevvieeeenee 37
TG TR B = Tor U =] T o U 38
G T AR o o To1 (V1= o o USRS 40

4. Does the Amazon suffer from BSE prevention? ..........cccoceiininiiniien e 41

5. Feeding livestock on human inedible residues and the consequences for the
environmental impact of Meat.......cccccoo o 45
5.1, INtrOAUCTION.....coiiieeee e 45
5.2, MEINOG ... s 46
5.3. Qualifying animal protein production............cccccevriieiiiniee e 48
5.4.  Quantifying human inedible residues............ccccoovviriniie i, 49
5.5.  Animal protein production from human inedible residues....................... 50
5.6. The environmental impact of pork by different allocation methods.......... 51
LI A B o U =T o] o PR 53
LIS T 0 o Tod (V1= o o USRS 56



6. Resource use in animal production; should feed of parental animals be included?

......................................................................................................................... 59

(ST IR 01 0 o 1§ [ 1 o o N 59
6.2.  System desCriplioN ......c.uuiiieeee e 61
LSS TN 1Y/ =1 o Yo I 62
(ST S o (=TT U (= 66
(ST B =T o 1=1=1 (0] o [ 70
(SIS TR 070 o o] (V1] o) o TSR 72
7. DiscusSioN and CONCIUSION ......cuuuiiiei et e e e e e e e e e s aae e e eeaaaas 75
7% T [ 0140 o 18 [ 1 o o N 75
7.2.  SYSIEM @NAIYSIS .oovveiiieeeeee e 75
7.3. Natural resource use of animal source foodSs ............covvvreeeeiiiiiiieveneennnn. 76
A N O 1YY= | I oo o To] [VE] o o [N 79

(R TEY (=] (=] LoT< T T 81
SUMMIEIY ittt b e e bt e e e te e s abe e e be e e sabeeebeeesneeesabeeesaneasareas 91
SAMENVATING .....eeiiie ettt rae e s be e sar e sareas 95
D F=Y 1 QT Yo (o R 101



1. Introduction

1.1. General introduction

Food consumption generates the highest environmental impact per person.
(Nijdam, 2005). Within the food domain, food products of animal origin have a
particularly high environmental impact (Kramer, 2000; Goodland, 1997; Smil, 2002).
Animal source foods — meat, milk and eggs — are a part of the human diet which
provides metabolic energy, amino acids, vitamins and minerals. To produce animal
source foods, vast amounts of natural resources are required, such as energy, land
and water. However, the availability of natural resources is limited. Furthermore,
natural resource use is associated with environmental degradation. Given this
environmental impact and the increasing scarcity of natural resources, reduction in
the consumption of such products is a challenge for the future. An often mentioned
possible strategy to reduce the demands on natural resources of food production
and consumption is moving to a more vegetarian diet. However, consumers will be
very reluctant to give up the consumption of animal source foods (Hoogland, 2006).
A consumer shift to a vegetarian diet is therefore not likely to occur in the near
future. Forecasted demographic and socioeconomic transitions on a global level
will result in an even greater demand for livestock products (Steinfeld, 2006). This
makes the reduction challenge even more complex and urgent. According to the
Food and Agriculture Organization of the United Nations (FAO), satisfying the
increasing and changing demand for animal source foods while at the same time
sustaining the natural resource base is one of the major challenges facing world
agriculture (Steinfeld, 2006).

This thesis aims to provide an insight into the natural resource use of livestock
products and to identify reduction options. There are, however, numerous livestock
systems that produce an equally large number of livestock products and
environmental impacts. Focus is therefore required. In the following we will define
this study in greater detail.

1.2. Animal source food consumption

In prehistory humans acquired animal source foods through hunting, fishing and
gathering. Approximately 11,000 years ago, humanity started to domesticate
animals (Gupta, 2004). Domestication enabled the constant access to and full use
of animal products and functions. In addition to meat, milk and eggs, domesticated
animals — or livestock — also produce manure, wool, hair, feathers, leather and fur.
Furthermore, livestock performs several functions: transport, draught, security,
science, recreation, nature conservation and social and financial security.
Depending on their environment and living conditions, the needs of different
societies differ. Therefore, after domestication, people started to influence livestock



evolution to obtain breeds that better suited their needs. These needs evolved in
changing socioeconomic conditions. Livestock production practices changed in
response. The small-scale subsistence agriculture and related animal husbandry
intended to ensure family nutrition developed into large-scale industrial farming to
keep up with the increasing global demand for animal source foods.

Globally, animal source foods provide seventeen percent of dietary energy and
thirty-five percent of dietary protein (Steinfeld, 2006). In developed countries these
proportions are even higher, with animal source foods providing approximately
thirty percent of dietary energy and sixty percent of dietary proteins (FAOSTATS).
Furthermore, animal source foods are an important source of B vitamins, D
vitamins, proteins, iron, sink, copper and selenium. Consumption of animal source
foods is, however, not merely about obtaining nutrition. Other factors also influence
our consumption behaviour of animal source foods. Price, sensory preferences,
health, safety, ethics, religion, social aspects and environmental factors influence
the type and amount of animal source foods consumed (Radder, 2005; Korthals,
2004). Sensory preferences such as taste, smell and texture are the most
important determinants for Western consumers when buying animal source foods
(Radder, 2005). Depending on a person’s sensory preferences, purchasing
behaviour differs.

In the last twenty to thirty years, various food scares have influenced consumer
preferences and have drawn attention to health and food safety. Owing to media
coverage, consumers have become aware of cholesterol, hormones, antibiotics,
dioxins, avian influenza, salmonella, swine fever and Bovine Spongiform
Encephalopathy (BSE). Research indicates that health and safety issues are the
most important reason for consumers to reduce their consumption of meat
(Verbeke, 2001; Gruner, 2006). The BSE scare for instance had a profound effect
on EU meat consumption. Beef consumption dropped by twenty percent in 1996
immediately after the media coverage of the outbreak (Burton, 1996) and was
down by forty percent in 2000 (Morgan, 2001). Over the ensuing months beef
consumption recovered partially. However, it is estimated that beef consumption
has structurally dropped by twelve percent (European Commission, 2005). As beef
consumption dropped, consumption of pork and poultry increased considerably in
the same period.

Tradition and social aspects also influence meat consumption behaviour. Western
food cultures have traditionally viewed animal source foods as the central element
of each meal (McCarthy, 2003; Gruner, 2006). Certain events are related to the
consumption of specific animal source foods. For instance, turkey is consumed for
Thanksgiving in the USA and many Christians consume eggs during Easter.
Animal welfare and the environment are issues that have barely affected
consumers purchasing behaviour. (Harrington, 1991; Gruner, 2006). However,
researchers expect that they will become increasingly important for consumers now
because of greater attention in media and politics on these issues. (Verbeke, 1999;
McCarthy, 2003)

1.3. Future transitions affecting the demand for animal source food

Large increases in the demand for animal source foods are projected to continue
(Bradford, 1999; Popkins, 2001; Steinfeld, 2006). However, in developed countries



animal source food consumption has recently been increasingly influenced by
concerns about health, environment, ethics, animal welfare and development, all of
which combine to exert downward pressure on animal source food consumption
(Steinfeld, 2006). The projected increase is mainly due to transitions in population
size, economic growth and changing diets.

Growing populations

Currently, the global agricultural system is feeding a world population of 6.6 billion.
Forecasts indicate that the world population will grow to approximately 9.2 billion by
2050 (United Nations, 2007). The demand for food will increase accordingly if all
other factors stay unchanged.

Economic growth

A major determinant of the growth of animal source food demand is the growth in
income. As incomes grow, expenditure on livestock products grows rapidly
(Delgado, 1999). Therefore, a growing per capita income will result in a growing
demand for animal source food. This effect is especially significant in low and
middle-income countries where animal source food consumption is still low. In
these countries the increase in meat consumption usually exceeds the increase in
income. Forecasts produced by the World Bank show higher incomes for all
regions and income groups. Incomes will increase in low and middle-income
countries in particular.

Changing diets

As stated, diets transform as incomes rise and populations age. Other factors that
affect changes in consumption patterns are urbanization and global eating. In the
previous century populations moved away from rural areas and into cities.
Currently, half the world’s population lives in cities. This development will continue
over the coming decades. People in cities have on average a lower rate of physical
activity and therefore lower nutritional needs. This effect reduces the increase in
animal source food consumption. However, urban people also have different
consumption patterns. They consume fewer staples, eat out more frequently and
consume larger quantities of ready-to-heat and ready-to-cook meals and more
snacks. Therefore, urbanization has an influence on the position and function of
animal source foods (Steinfeld, 2006; Rae, 1998).

People from industrialized nations consume particularly large amounts of food
products that are produced in different countries. This global eating is possible due
to technological advances. Technological advances in preservation allow food to
be eaten long after it is grown and harvested. Technological advances in
transportation — such as aircraft, trucks, ships etc. — allow food grown in one place
to be consumed ‘fresh’ on the other side of the world. Technological advances in
agriculture have resulted in a greater diversity of food products and lower relative
prices. This has led to more varied and richer consumption patterns. These
consumption patterns are less monotonous and contain more added fats, sugar,
alcohol and animal source foods.



Increase in population and the per capita increase in consumption will result in
massive increases in animal source food consumption. Delgado (1999) estimate
that the annual world growth rate of animal source food consumption will be three
percent for meat and 1.5 percent for milk. It is expected that in coming decades this
growth will require a ‘livestock revolution’ (Delgado, 1999). To meet the projected
demands will require investments in agricultural production research and
development and the implementation of policies that encourage feed production
and feed conversion efficiency. Protecting the environment will also be essential.

1.4. Dutch animal source food production system

As defined by Peet (1992) ‘A system is a whole that cannot be divided into
independent parts. Each part has properties it loses when separated from the
system and visa versa every system has some essential properties that its parts do
not have.” The most important features of systems are relationships and variety.
The animal source food system is the entire food production and consumption
system from primary production to food consumption, including related branches
that supply resources, goods and services, and that process waste. The animal
source food system is a subsystem of the natural system that depends on natural
resources. For instance, without the direct input of natural resources such as solar
energy, sufficient food production would not be possible. The animal source food
system has many elements and thus many relationships. System analysis
comprises research into the interaction between such relationships with the aim of
understanding how various systems function and how they interact and
subsequently affect their related environments. This thesis predominately focuses
on the Dutch animal source food production system.

The Dutch animal source food production system is part of a global system. Large
quantities of food end-products and raw materials are imported and exported.
Owing to globalization, it is difficult to determine the boundaries of the Dutch animal
source food production system. Does it comprise all animal source food produced
in the Netherlands or all food produced for Dutch consumers or all animal source
food produced by the Dutch? The latter refers to Dutch food companies that own
farms, aquaculture facilities and food processing factories in countries other than
the Netherlands. This thesis focuses on the overall system surrounding animals
kept in the Netherlands. The origin of the resources such as feed,’ agro-chemicals
etc., needed to raise livestock can be anywhere in the world.

Figure 1.1 shows a simplified outline of the animal source food production system.
Crop cultivation produces the crops used by the feed industry. The feed from the
feed industry is fed to livestock to produce eggs, raw milk and livestock which are
processed by the food industry into animal source foods (e.g. sausages and dairy
products). The animal source foods are consumed by consumers.

" In this thesis a distinction is made between food and feed. Foods are consumed
by humans while feeds are consumed by livestock. Animal source foods are,
therefore, foods of livestock origin such as meat, milk and eggs, and livestock feed
is for instance the roughage and concentrates fed to livestock.
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Figure 1.1 Schematic representation of the animal source food system

The Netherlands produces approximately one percent of the world’s animal source
foods. Pigs, chicken and cattle are quantitatively the most important livestock in the
Netherlands. These animals produce different kinds of food products. Cattle
produce beef and milk, chickens produce meat and eggs, and pigs produce pork.
In the Netherlands in 2006, four million cattle, eleven million pigs, over one
hundred million chickens and five million animals of other species produced three
billion kilograms of meat, over ten billion eggs and eleven billion kilograms of milk
(LEI/CBS, 2007). However, less than half of this production is consumed within the
Netherlands. The remainder is exported mainly to other EU countries. To feed all
the livestock in the Netherlands requires over twenty-one billion kilograms of feed.
The bulk of the raw materials required to produce feed is imported. (LEI/CBS,
2007).

In the Netherlands livestock can be kept according to different types of
management schemes. Examples of management schemes are conventional,
ecological, free-range, organic and organic-dynamic. There are differences within
these management scheme types. For instance, free-range can be indoors,
outdoors, partly outdoors, outdoors on grass and with or without an enhanced cage.
Owing to this large variety, a common simplified distinction is drawn between
intensive and extensive production. Intensive production is an agricultural
production system which is not land bound, meaning that the required crops for
feed are not grown on the same farm. Furthermore, intensive production has a



relative high input per hectare of materials such as pesticides, antibiotics, fertilizer
and water. On the other hand, intensive production has a high yield per hectare or
animal. Intensive livestock production is associated with industrial or conventional
farming. Extensive farming means that all or a large part of the feed crops are
cultivated on the same farm; the input of materials is relatively low compared to
intensive farming, as is usually its yield. Extensive farming usually entails the non-
conventional management types such as ecological and organic. In 2004 2.5
percent of livestock farms in the Netherlands were classified as ecological or
organic (Statistics Netherlands, 2009). In this thesis we focus preliminarily on
intensive farming.2 This includes conventional dairy farming. Although dairy farming
in the Netherlands uses grassland, a large part of the fodder required is purchased
and significant amounts of fertilizer and antibiotics are used.

1.5. Environmental issues related to animal source food production

Numerous environmental impacts are directly or indirectly related to animal source
food production. In addition to its consumption of finite natural resources, animal
source food production contributes to climate change by emitting greenhouse
gases; eutrophication through the loss of nutrients; acidification by emitting NH,;
pollution through the use of pesticides, antibiotics and herbicides; loss of
biodiversity through deforestation, pollution and monoculture agriculture; and
various other kinds of environmental degradation of air, land and water.
Furthermore, the environmental impact of livestock production can have effects at
different levels: local, regional and global. Climate change affects the entire world
while eutrophication has an effect at a local or regional level. Because animal
source food production has an impact on almost all aspects of the environment
(Steinfeld, 2006), a large number of indicators are required to monitor all these
aspects. These indicators generate large amounts of data that often provide no
additional information on environmental sustainability (Gerbens, 2003). Food
production requires three essential finite natural resources: arable land, fresh water
and energy. Therefore, Gerbens (2003) proposed using three global environmental
performance indicators — energy use, land use and water use — to understand
environmental impacts and interactions with the food production system (Gerbens,
2003). Furthermore, energy use, land use and water use are closely related to the
most important environmental problems.

The use of energy from fossil fuels is the most important source of anthropogenic
greenhouse gases. Greenhouse gases such as carbon dioxide (CO,), nitrous oxide
(N2O) and methane (CH,) contribute to climate change, currently perceived as the
most important environmental problem.

Agriculture accounts for the largest proportion of human land use, seventy percent
of which is required by livestock, or in other words thirty percent of the land surface
of the Earth (Steinfeld, 2006). Furthermore, food production has to compete for
land with other anthropogenic land users such as urban expansion. This limits the
available arable land. Therefore, in the near future more food has to be produced
on less available land. Already, the land required for animal source food production

? The terms conventional, industrial and intensive are used interchangeably in this
thesis.



is a key factor in environmental problems. For instance, land degradation such as
deforestation, desiccation and soil loss, has been directly linked to the land
required for animal source food production (Steinfeld, 2006).

Freshwater is scarce in many world regions, therefore, to serve the water needs of
a growing world population with a diminishing freshwater supply is a major
challenge for the coming century (Rosegrant, 2002). Agriculture is the largest
consumer of fresh water (Turner, 2004). The animal source food production system
uses water for drinking and servicing the animals, irrigation of crops and for
production processes. Reducing the use of the natural resources required for
livestock production will have a positive effect on most environmental impacts —
local, regional or global — related to animal source food production. According to
the FAO ‘responsible management of natural resources is the key to attaining
sustainable agricultural and rural development’ (Steinfeld, 2006).

1.6. Natural resource use

The animal source food production system requires direct or indirect natural
resources such as energy, water and land. Although all production steps require
natural resources, their respective shares differ greatly. For instance, food
processing plants require land for buildings. Due to the large amount of animal
source food products processed and their relatively small footprint, the contribution
of food processing plants to the total land use is negligible. Figure 1.2 shows the
significance of energy, land and water to each production step. In this thesis the
focus is predominantly on energy and land use.

Production chain Energy Land Water
Crop cultivation X X X
Feed production X
Livestock keeping X X X
Food processing X X
& trade
¥ Food consumption X X

Figure 1.2 Inventory of the production steps within the animal source food
production system which contribute significantly to the use of natural resources



1.7. Scope of the thesis

Human activities generally require natural resources to meet their needs.
Production of animal source food is not an exception. The analysis in the preceding
sections shows the following:

e Land, water and energy are the primary inputs for animal source food
production and the use of these resources generates all kinds of
environmental impacts

e Current and future developments in food demand require more natural
resources while simultaneously stretching the environmental capacity of
the planet to its limits

Therefore, in terms of sustainability and equity to current and future societies, the
natural resource requirements of animal source food production have to be
reduced. One possibility is to reduce the current heavy animal source food
consumption in Western societies to subsistence levels. Owing to low consumer
willingness, the reduction of consumption for environmental reasons is, however,
limited (Hoogland, 2006). Furthermore, the financial and political interests of animal
source food production are tremendous. This makes an imposed reduction unlikely.
An under-explored option is the possibility of optimizing the natural resource use of
the animal source food production system.

This thesis aims at providing options for reduction of the consumption of natural
resources by animal source food production and consumption. To formulate
options for reducing the natural resource use of animal source food production
systems, insight into how these systems function and knowledge of their natural
resource use is required. The research goals of the thesis originate from this
understanding.

+« To gain insight into the natural resource use of animal source food
production systems.

+ To identify possibilities and options to reduce the natural resource use of
animal source food production.

Assessing all the animal source food production systems in the world is not
possible, owing to time and data availability constraints. It is also not necessary for
understanding reduction options and their implications. All animal source food
production systems require the same commodities, use roughly the same types of
animals and function according to the same principle — the conversion of vegetable
products into livestock. Therefore, this thesis uses the Dutch animal source food
production system as a case study. The computer model MODIAS (Elferink, 2009)
was developed to determine natural resource use and to assess reduction options.
The findings of this thesis can be used to determine the effect of transitions in
population size, population composition, economic growth and changing diets on
the environmental impact of animal source food production and consumption.
Furthermore, the findings can be used to analyse criteria for a more
environmentally friendly food production and consumption system.



1.8. Structure of the thesis

The land requirements of beef, chicken and pork are determined in Chapter 2.
Furthermore, the effect of system changes on the land requirement for meat is
analyzed. The various factors that affect land requirements for meat production are
identified.

Chapter 3 analyses the energy use in the animal source food production systems
for chicken, pork, eggs and milk. Results are compared on the basis of fresh weight
and on their nutritional value as protein sources. The chapter identifies multiple
options for reducing the energy use of animal source food products.

A case study of how a change in policy (the banning of meat and bone meal in feed
as a result of BSE) can affect the environmental impact of animal source food
production is presented in Chapter 4. It also shows the global scale of the animal
source food system and the trade-offs that can occur.

The relationship between food consumption and the availability of human-inedible
residues, feed composition and the environmental impact of meat is analysed in
Chapter 5. This chapter shows the possible effect dietary changes can have on the
environmental impact of meat.

Chapter 6 compares organic and industrial pork production with respect to their
natural resource use for different system settings. This chapter shows the factors
that determine the natural resource use of feed.

Finally, Chapter 7 provides an overview of the natural resource use of the various
animal source food production systems. It discusses the various reduction options
identified in this thesis and presents the main conclusions.
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2. Variations in land requirements for meat
production

Abstract

Production of meat requires substantial amounts of feed crops which in turn require
vast amounts of land. Future population growth and increase in consumption will
raise the demand for meat and with it the land required for meat production. This
paper analyses the various factors that affect land requirements for meat
production. Meat production by Dutch broilers, pigs and beef cattle on their current
feeds are compared and options for change are evaluated with respect to their
nutritional needs. Differences in land requirements of a factor of three were found
between different agricultural production systems and feeds as well as between
types of livestock. It is shown that broilers have the lowest land requirement while
beef cattle have the highest. The variation in feed crop yields between agricultural
systems is discussed. It is concluded that due to the large variation within the
system there is potential for reduction in the land requirement for meat products.

Keywords: Land requirement; Animal production; Livestock; Feed crops; Meat

2.1. Introduction

Various studies to the environmental impact of food production have been
published in the last decade (Bouma, 1998; Bradford, 1999; Gilland, 2002; Mitchell,
1997; Penning de Vries, 1995; Wirsenius, 2003). They show that production and
consumption of food causes a variety of environmental impacts e.g. degradation of
land, use of natural resources, loss of biodiversity and emission of greenhouse
gasses. Results show that especially the production of meat has compared to the
production of vegetables and staple crops a much higher impact on the
environment. Research has been done to lower the environmental impact of food
consumption by adapting the menu (Gerbens-Leenes, 2001; Gerbens-Leenes,
2002). Based on these studies one can conclude that a shift to a menu with less
meat is a good option for reducing the environmental impact of food consumption.
Eating meat is, however, not just seen by consumers as a means to fulfil nutritional
requirements. Social influences, moral aspects, consumer attitudes, food
characteristics and economic incentives determine largely if consumers consume
meat or not (Berndsen, 2004; Berndsen, 2005; Hoogland, 2005; Kenyon, 1998;
Lea, 2001; Povey, 2001; Santos, 1996). Mentioned influences make that

* Published as: E.V. Elferink, S. Nonhebel, Variations in land requirements for
meat production, Journal of Cleaner Production 15 (2007) 1778-1786
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consumers do not easily reduce or replace meat for an environmental friendly
alternative.

Another option to reduce the environmental impact of food is to change the system
in which meat is produced. Changing the production system will, however, affect
different environmental themes. Assessing the effect of system changes on all
environmental themes will lead to trade-offs (Nonhebel, 2004). Taking all trade-offs
into account will make the analysis too complex. Therefore, we will focus on one
environmental theme. Of all natural resources used and environmental impacts
generated the production of food has the largest impact on land quality and
quantity. Currently 40% of the land on earth is used for food production (Nonhebel,
2005). The use of land for food production leads to all types of environmental
degradation, e.g. deforestation, loss of biodiversity and desiccation. Production of
animal source foods require substantial amounts of feed crops which in turn require
large areas of land. It is estimated that over 60% of the arable land is used for the
production of animal feed sources. Projections made by the International Food
Policy Research Institute (Delgado, 1999) and the Food and Agricultural
Organisation of the United Nations (FAO) (FAO, 2003) show an approximate global
doubling of the demand for animal source foods in the period 2000-2020 due to
population growth and increase in consumption in developing countries. Doubling
of the animal production would imply a doubling of the land required for feed crop
production. However, high-quality arable land is becoming scarcer due to ongoing
industrialization, urbanization, infrastructural development and desertification
(Oldeman, 1999). On a global scale, doubling the land required for feed production
is not possible simply because good agricultural soils are lacking (Kendall, 1994).
This forthcoming shortage of land makes it interesting to evaluate first of all if land
requirement for meat production can be reduced by changing the production
system.

This paper analyses the various factors that affect land requirements for meat
production in detail, taking into account the animal species, their nutritional
requirements, the nutritive value of feed ingredients and the vyield of feed
ingredients. This is done for the present situation in the Netherlands and results of
this analysis provide answers to questions like: what is currently the land
requirement for Dutch meat products, which factors influence the land requirement
of meat? The method applied in this study is subsequently used to identify the
effect of system changes on the land requirements for meat. So next to the present
Dutch situation also the effect of changes in the land of origin of feed ingredients
and the use of individual feed crops on the land requirement are analyzed. Results
from this analysis provide answers to questions as which factors influence the land
requirements of meat most and what is the possible variation within the land
requirement?

2.2. System description

Agricultural systems around the world differ in that they produce different crops and
livestock species using various production techniques. This paper focuses on the
present Dutch system as an interesting case study. Although, the Dutch system is
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quite extreme in some context, it can be compared with other western countries or
regions that import large quantities of feed ingredients. A description of the Dutch
system is given first.

The Netherlands ranks third in the list of countries exporting agricultural
commodities in the world (FAOSTAT). Although it has the highest yield per ha in
the world for certain agricultural commodities, the only 2 million ha of agricultural
land available in the Netherlands does not justify this position. This is mainly due to
the fact that large quantities of agricultural products (e.g. soybeans, tapioca) are
imported and processed in the Netherlands into agricultural commodities (e.qg.
meat). A large part of the agricultural products imported are used for intensive
livestock production, which is a relatively large sector in the Netherlands. In 2002,
around 4 million cattle, 11 million pigs, over 100 million chickens and 5 million other
livestock (horses, sheep, rabbits, turkeys, ducks etc.) produced 3 billion kg of meat,
over 10 billion eggs and 11 billion kg of milk. The national consumption was 1.4
billion kg of meat (47% of production), 3 billion eggs (30% of production) and 7
billion kg of milk (63% of production), while the remainder was exported (LEI/CBS,
2003). Livestock farming in the Netherlands is mainly intensive, i.e. not land bound,
meaning that the required crops for feed are not grown on the own farm. In practice,
livestock is fed with concentrates purchased from the livestock feed industry. The
feed industry formulates concentrates on the basis of least cost. By using the world
market as a ‘shopping mall’ it is possible to obtain feed ingredients with the best
price quality property. The feedstock obtained from the world market, includes
crops (wheat, maize, soybeans, cassava, etc.) but also by-products from the food
industry (oilseed cakes, molasses, potato peels, etc.). Although different feed
ingredients are used, the livestock feed industry is able to supply concentrates with
a constant nutritive value and feed composition. These balanced concentrates are
possible by adding amino-acids, minerals and trace elements to the mixture of feed
ingredients. The variation in feedstock and synthesised feed ingredients makes it
possible to produce a large variety of concentrates based on the nutritional
requirements of the life stages of an animal species.

2.3. Method

Three species of livestock are evaluated in this research for determining the
current land requirement of meat: broilers, pigs and beef cattle kept in the
Netherlands. These animals produce approximately 90% of all meat produced in
the Netherlands (LEI/CBS, 2003). Figure 2.1 shows schematically the method used
in this study for determining the land required to produce the feed ingredients for
meat. Meat products can be obtained from pigs, beef cattle or broilers. Livestock
needs feed to grow. Different ingredients are used to produce feed. These
ingredients originate from different countries with different yields. Through
combining data on feed composition and country of origin the land required to
produce one kilogram of meat can be calculated. This method is described in more
detail in the following paragraphs. The method is subsequently used to analyze the
effect of changes in the agricultural production system on the land requirements for
meat.
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