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EDITORIAL

,Milch gibt es im Supermarkt, und der Strom
kommt aus der Steckdose.” Zwei Redeweisen
aus ganz unterschiedlichen Bereichen, die aber
auf etwas Gemeinsames hinweisen: Wir organi-
sieren unsere Versorgung mit Giitern jeglicher
Art immer weitergehend iiber komplexe Infra-
strukturen. So kaufen wir unsere Agrarprodukte
nicht mehr direkt vom Erzeuger, die Lebensmit-
telindustrie verarbeitet die Rohstoffe zu Conve-
nience-Produkten, die Logistikketten werden
komplexer... Statt im eigenen Garten Obst und
Gemiise anzubauen und fiir den Winter einzuwe-
cken, gehen wir fast tdglich in den Supermarkt,
kaufen unsere Lebensmittel ,,on demand‘ und le-
ben ,,von der Hand in den Mund*. Statt Holz zum
Heizen aus dem benachbarten Wald zu organisie-
ren, sind wir an Gasleitungen angeschlossen, die
im fernen Russland befiillt werden, und statt eines
Hausbrunnens haben wir einen Anschluss an die
zentrale Wasserversorgung unserer Gemeinde.
Diese Infrastrukturen fithren zu einer Zwei-
teilung der Welt. Auf der Schaufensterseite, also
z. B. im Supermarkt, sind die Waren in groBer
Vielfalt verfiigbar, wirken wohlsortiert und sau-
ber und werden von der Werbung in Superlativen
angepriesen. Die Riickseite dieser Welt bleibt je-
doch zumeist verborgen. Hier dominieren indus-
trielle Massenproduktion, Lebensmittelverarbei-
tung, Logistik und globale Warenstrome sowie
die Ausbeutung natiirlicher Lebensgrundlagen,
ja teils auch Armut, Unterdriickung und schwe-
re soziale Ungerechtigkeit. Wenn wir Milch im
Supermarkt kaufen, sehen wir nicht, wie diese
Milch dorthin gekommen ist und unter welchen
Bedingungen sie erzeugt wurde. Analog gilt dies
fiir fast alle Waren. Beim Kauf von Textilien neh-
men wir iiblicherweise die Arbeitsbedingungen
nicht wahr, unter denen sie erzeugt wurden, und
der Fleischkonsument hat beim Erwerb eines
Schnitzels nicht den Schlachthof vor Augen.
Diese Zweiteilung in eine Hochglanz-
Schaufensterseite des Konsums auf der einen
Seite und in einen teils schmuddeligen ,,Hin-
terhof™, liber den ungern gesprochen wird, auf
der anderen, gehort wohl zu den Charakteristika
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der Moderne. Thr verfiihrerisches Moment ist,
dass wir uns als Biirger/innen und Konsument/
innen um Produktion und Distribution vermeint-
lich nicht kiimmern miissen, im Vertrauen dar-
auf, dass Wirtschaft und regulierende Politik
das schon tun werden. Im Normalfall, so etwa
beim Kauf von Lebensmitteln oder Textilien, ist
der beschriebene Hinterhof gédnzlich unsichtbar,
zumindest interessiert er nicht. Nur bei ,,Storun-
gen® wie Gammelfieischskandalen, Brandkatas-
trophen in Textilfabriken in Bangladesh oder bei
Kernkraftwerksunfallen richtet sich der Blick auf
die Welt hinter dem Supermarktregal oder hinter
der Steckdose. Dann kommt es zu erschreckten
und erschreckenden Meldungen in den Massen-
medien, dann wird nach Konsumentenverant-
wortung, Unternehmensethik und politischen
Malnahmen gerufen. Aber zumeist beruhigt sich
die Lage alsbald wieder.

Das Leitbild der Nachhaltigkeit fiihrt jedoch
dazu, dass der Scheinwerfer gerade auf die Kehr-
seite der schonen Konsumwelt gerichtet werden
muss. Dort wird maBgeblich {iber Umweltbilan-
zen und Gerechtigkeitsfragen entschieden. Die
Prozessqualitdt von Waren und Dienstleistungen
gerit hier in den Blick. Die Milch beim Bauern
um die Ecke, der personlich fiir Prozessqualitit
geradesteht, statt im Supermarkt zu kaufen, 16st
das Problem nicht. Sondern wir miissen uns da-
mit auseinandersetzen, dass die Welterndhrung
bereits heute, aber verstirkt in Zukunft durch
komplexe Infrastrukturen der Lebensmittelpro-
duktion, -bearbeitung und -versorgung erfolgt.
Die Konsumenten sehen zumeist nur das Ende
dieser Infrastruktur — eben die Milchflasche im
Supermarkt. Das entlastet aber nicht von der Ver-
antwortung, sich auch um das Dahinterliegende
zu kiimmern und die Einhaltung ethischer Prinzi-
pien einzufordern. Der vorliegende Schwerpunkt
geht der Frage nach, wo Schwachstellen des heu-
tigen Erndhrungssystems liegen und zeigt mogli-
che Pfade zu mehr Nachhaltigkeit auf.

Armin Grunwald
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Future Food Systems:
Challenges and Perspectives

Introduction to the Thematic
Focus

by Juliane Jorissen, Rolf Meyer, Carmen
Priefer, and Klaus-Rainer Brautigam, ITAS

Measured against the criteria of sustainabil-
ity, the current food systems fail: They are a
major source of environmental burdens and
resource consumption, increase the need for
transport, promote the wastage of edible food
and cause food scarcity, hunger and malnutri-
tion on the one hand, and obesity and diet-re-
lated diseases on the other hand. Although
the driving forces responsible for this devel-
opment are still active, there are also oppos-
ing trends seeking to overcome the current
failure. These possible pathways towards a
more sustainable food system are at the cen-
tre of this thematic focus. This includes the
concept of sustainable intensification, a radi-
cal change in the prevailing consumption pat-
terns, the reduction of food waste, a rethink-
ing of the role of wholesale/retail, a shorten-
ing of the supply chains in line with a stronger
focus on regional/local food, and a shifting of
funds from direct payments to agro-environ-
mental and animal welfare policies within the
Common Agricultural Policy.

Gemessen an den Kriterien der Nachhaltigkeit
versagen die heutigen Erndhrungssysteme: Sie
stellen eine der Hauptquellen fiir Umweltbelastun-
gen und Ressourcenverbrauch dar, steigern die
Notwendigkeit von Transporten, foérdern die Ver-
schwendung essbarer Lebensmittel und fiihren
zu Lebensmittelknappheit, Hunger und Unterer-
néhrung auf der einen Seite sowie zu Ubergewicht
und erndhrungsbedingten Krankheiten auf der
anderen Seite. Obwohl die treibenden Kréfte, die
fur diese Entwicklung verantwortlich waren, wei-
terhin wirksam bleiben, gibt es auch gegenléufige
Trends, die auf die Uberwindung der bestehenden
Probleme ausgerichtet sind. Diese méglichen Pfa-
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de zu einem nachhaltigeren Erndhrungssystem
stehen im Zentrum dieses Schwerpunkts. Dazu
gehdren: das Konzept der nachhaltigen Intensivie-
rung, ein radikaler Wandel der vorherrschenden
Ernéhrungsmuster, eine Reduktion der Lebensmit-
telverschwendung, ein Uberdenken der Rolle des
Handels, eine Verklirzung der Versorgungsketten
verbunden mit einer Konzentration auf regional er-
zeugte Lebensmittel sowie eine Umschichtung der
EU-Férdermittel von Direktzahlungen auf umwelt-
und tierschutzbezogene Belange im Rahmen der
Gemeinsamen Agrarpolitik.

1 The Challenge of Ensuring Future Food
Security

The United Nations’ mid-range projection for
global population growth suggests that the num-
ber of people will reach 9.3 billion by 2050 (UN
2011). The increase in population will be accom-
panied by a significant shift away from a predom-
inantly grain-based diet towards the consumption
of animal-based products, when nations become
more affluent. This will exert increasing pressure
on natural resources and global food supply. Ac-
cording to the results of the Food and Agriculture
Organization of the United Nations food balance
projections (FAO 2009), agricultural production
needs to increase by 70 percent in order to feed
the world in 2050. However, the question of how
much and what kind of growth is needed, is highly
controversial and the projection of the FAO is sub-
ject to considerable criticism (Tomlinson 2013;
Grethe et al. 2011). There are certainly opportuni-
ties to further increase yields, but they are limited
by global environmental change, including land
degradation, global warming, changes in hydrol-
ogy, water scarcity, loss of biodiversity, and finite
fuel resources (Ericksen 2009). The land available
for food production will be further threatened by
growing competition from other land use demands
(e.g. biofuels). Against this background, the ques-
tion arises whether the current food systems will
be capable to meet the future demand and to en-
sure global food security in the long run.

The term “food system” is not restricted to
the production of food, but covers all activities
along the entire supply chain, from production
through processing, packaging, distribution and
retail up to final consumption, including aspects of
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e.g. food security (in terms of availability, accessi-
bility and affordability), environmental protection
and social welfare. The food systems approach
highlights the full range of socio-economic and
environmental outcomes of food-related activities
and helps to identify the specific interactions be-
tween bio-geophysical and human environments
(Ericksen 2009; HLPE 2014, p. 29). Over the last
decades, European food systems have undergone
far-reaching changes. A better supply in terms of
quantity and diversity has been associated with a
strongly increased use of resources, serious envi-
ronmental impacts and social distortions. Some of
the most important characteristics of the current
food systems will be sketched below.

It was a concern of the editors of this the-
matic focus to address the major problems of the
current food systems, following the individual
stages of the food supply chain and taking into
account different viewpoints. In order to cover
the full range of relevant opinions, experts from
different scientific disciplines as well as stake-
holders were invited to contribute.

2 Characteristics of Current Food Systems

Food production is one of the industries with the
highest consumption of resources and the largest
environmental footprint. The Intergovernmental
Panel on Climate Change (IPCC) estimates that the
agricultural sector is responsible for about 14 per-
cent of global greenhouse gas emissions. When
adding to the direct emissions also indirect effects
through land use changes (e.g. deforestation of pri-
mary forests), this figure amounts to 30-35 percent
(West et al. 2014). Direct emissions from agricul-
ture occur particularly in the form of methane and
nitrous oxide, whose climate change effect is much
more pronounced than that of carbon dioxide. The
main sources of agricultural greenhouse gas emis-
sions are the use of mineral fertilisers, animal hus-
bandry and the cultivation of rice. Also the con-
version of grassland into cropland can lead to the
release of significant amounts of greenhouse gases
(SRU 2012). Agricultural irrigation accounts for
about 70 percent of global fresh water withdraw-
als and is frequently a driver of water stress and
scarcity (Gleick et al. 2014). Depending on how
food is produced in the future and on the validi-
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ty of forecasts for population growth, the global
demand for water in food production could reach
10 to 13 trillion m® per annum by mid-century.
This is 2.5 to 3.5 times greater than the total hu-
man use of fresh water today (IMECHE 2013).
The application of fertilisers and pesticides and
soil compaction from the use of heavy machin-
ery have negative effects on soils and ground-
water. The expansion of intensive agriculture, an
increase in monocultures and the penetration of
agricultural production in environmentally sensi-
tive areas will result in a loss of biodiversity and
a decline of ecosystem services (SRU 2012).

Advances in agricultural science and new
technologies have enabled massive increases in
productivity and falling food prices due to im-
provements in plant breeding, rationalisation and
specialisation. But the benefits of this development
are not distributed equally (Watson 2012). Approx-
imately 800 million people globally, especially in
sub-Saharan Africa and South East Asia, lack ac-
cess to safe and sufficient food and suffer from
hunger and malnutrition. At the same time, more
than one billion people, mainly in industrialised
countries, are overweight and suffer from diet-re-
lated health problems like cardiovascular diseases
and diabetes (Reisch et al. 2013). The increase in
diet-related diseases is attributed to a change in
food consumption patterns, referred to as “nutri-
tion transition”. This includes a shift in the struc-
ture of diets towards a higher energy density with
greater shares of saturated fat (mostly from animal
sources) and added sugars, reduced intake of com-
plex carbohydrates and dietary fibres, as well as re-
duced intake of fruit and vegetables. These dietary
changes are compounded by changes in lifestyle
characterised by reduced physical activity at work
and during leisure time. The pace of this develop-
ment seems to be accelerating, mainly in low- and
middle-income countries.!

The consumption of animal-based products
involves much higher environmental impacts
than carbohydrate-rich diets. This is because the
use of crops for animal feed with the ultimate
intention to produce meat and dairy products
for human nutrition is correlated with a substan-
tial loss of caloric efficiency. It is estimated that
about 70 percent more calories would be avail-
able, potentially enough to meet the basic needs
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of additional four billion people, if the share of
current crop production used for animal feed and
other non-food uses (including biofuels) would
be targeted to direct human consumption (West et
al. 2014). Due to this efficiency gap, meat eaters
have a much larger ecological footprint than veg-
etarians. Assuming an average caloric intake of
2,000 kcal per day, Scarborough et al. (2014) es-
timate that a meat diet produces 35 percent more
greenhouse gas emissions than a vegetarian diet.

Over the last decades, the food supply chain
has become longer and increasingly complex due
to market globalisation, higher consumer expecta-
tions regarding the variety of choices and increas-
ing migration of population from rural to urban
areas. This involves growing distances between
producer and consumer, longer cold chains, more
intermediaries and increased risks of losses. It is
estimated that almost one third of the food pro-
duced for human consumption — approximately
1.3 billion tonnes per year — is either lost or wast-
ed globally. In developing countries, most food
losses occur at the earlier stages of the supply
chain as a result of limited harvesting technolo-
gies, inadequate storing facilities, adverse climate
conditions, poor infrastructure, and badly func-
tioning markets. In industrialised countries, food
is wasted mainly at the later stages due to a lack of
coordination between different actors of the sup-
ply chain and consumer behaviours (see the con-
tribution of Priefer et al. in this issue). The issue
of food losses and waste is seen as a symbol of the
inefficiency, unfairness and unsustainability of the
current food systems. Many experts agree that re-
ducing wastage could be as important to meet the
future food demand as increasing yields (HLPE
2014; Tomlinson 2013; FAO 2013).

Agriculture and food trade have always been
subject to political intervention and governmen-
tal regulation. The multilateral WTO negotiations
over the last decades were focused on liberalisa-
tion, but to varying degrees. On the one hand, they
put forward little change to the current system that
allows rich countries to continue to broadly sup-
port their farmers, thus exposing poor countries to
subsidised agricultural imports from Europe and
the United States, which undermines the compet-
itiveness of local products (Pritchard 2012). On
the other hand, they fostered liberalisation of the
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agricultural sector in the developing world. This
process has triggered a shift away from tradition-
al crops suited to local ecological conditions and
farmers’ knowledge towards cash crops that rely
on purchased inputs. Small-scale and subsistence
farmers have come under increasing pressure,
whereas larger and more globally acting compa-
nies have benefited. The cultivation of cash crops
(also for non-food uses) for export has been ex-
panded using the most productive land to grow
these crops, while staple foods are increasingly
imported from abroad (Tomlinson 2013). This de-
velopment has been accelerated by the phenom-
enon of “land grabbing” which was intensified
by the declining trust in the stability of the global
agricultural market after the global food price cri-
sis of 2007/2008. As a result, many governments
and private commodity traders purchase or rent
land abroad, either directly or through sovereign
wealth funds or publicly-owned companies. The
motivation for these acquisitions is either to en-
sure a continuous supply of the own population
or speculation on rising prices for farmland and
agricultural commodities. All in all, the liberalisa-
tion of markets contributes to a weakening of local
economies, increasing rural poverty and worsen-
ing the availability of food (De Schutter 2011).

Another consequence of the opening of mar-
kets since the start of the millennium is that farm-
land and agricultural commodities have increas-
ingly become subject to international financial
speculation. With the liberalisation of financial
markets, different kinds of financial investment
products were offered by banks and financial
companies, including funds investing in farmland
and agricultural firms located in Asia and Latin
America (Clapp 2013). Also large food retailers
launched a diversification strategy to enter the
financial business, while financial actors started
to play a more important role in food sales. This
development has blurred the line between the fi-
nancial and the retail sector (Isakson 2013).

The opening of markets, the deregulation of
international trade and the increasing freedom to
move capital, goods and services around the world
has also increased the influence of the European
food sector on a global level. The food industry is
the second largest industry in EU-27 (after metal),
employing about five million people and achiev-
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ing a manufacturing turnover of more than 900
billion € per year. Nevertheless, the European food
industry is highly fragmented. The vast majority
of companies (99 %) are small and medium-sized
enterprises with less than twenty employees, while
only very few are multinational companies that
participate in the global market.? In contrast to the
food industry, the retail sector is characterised by a
high level of concentration, with a few large inter-
nationally operating retail chains sharing the mar-
ket and competing primarily on the basis of pric-
es (see the contribution of Hallier in the thematic
focus). Retailers such as Walmart in the United
States, Carrefour in France, Tesco in the UK, and
Metro Group in Germany rank among the largest
companies in their home countries. Due to their
market power, they exert significant influence on
the upstream players in the supply chain, such as
agricultural producers and food processors. Under
the given conditions, farmers are more likely com-
pelled to deliver their products to large retail chains
rather than to local markets (see the contribution of
Albrecht et al. in the thematic focus).

3 Requirements of Sustainable Food
Systems

Measured against the criteria of sustainability, the
current food systems fail: They are a major source
of greenhouse gas emissions, nutrient loading,
land degradation, water stress, and loss of biodi-
versity. They increase the need for transport with
the accompanying adverse environmental effects
and promote the wastage of edible food. They
lead to a loss of income for farmers and to the pro-
gressive disappearance of smallholders and sub-
sistence farmers. Although they produce enough
food to feed the world, measured in calories per
capita, the unfair distribution evokes food short-
age, hunger and malnutrition on the one hand,
and escalating rates of obesity and diet-related
diseases on the other hand (SDC 2009). Efficient,
well-managed und sustainable food systems are
seen as essential to stop hunger and malnutrition
as well as to protect the natural resource base
and maintain its long-term production capacity
(HLPE 2014; Freibauer et al. 2011, p. 120).

Up to now, a generally accepted defini-
tion of sustainable food systems does not exist.
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However, there is a broad variety of approaches
which illustrate that the term “sustainable food
systems” refers to a complex framework of un-
derstanding, encompassing different societal,
economic and environmental factors, both inside
and outside the food systems. Closely following
the definition of sustainable development provid-
ed by the Brundtland Commission, the High Lev-
el Panel of Experts on Food Security and Nutri-
tion (HLPE) defines “sustainable food systems”
as “a food system that ensures food security and
nutrition for all in such a way that the economic,
social and environmental bases to generate food
security and nutrition of future generations are
not compromised” (HLPE 2014, p. 31).

Under this definition, the most important cri-
terion of sustainable food systems is their ability
to provide food security. But ensuring food secu-
rity and nutrition today would not be sufficient for
a food system to be called sustainable. The objec-
tive not to compromise the ability of future gener-
ations to satisfy their own needs entails the neces-
sity to address numerous issues in the economic,
social and environmental dimension, at different
geographical and time scales. There can be trade-
offs between the three dimensions of sustainabil-
ity, and these trade-offs can manifest themselves
differently at different scales. Thus, priorities in
determining what makes a sustainable food sys-
tems sustainable will depend on the specific con-
text of each country or subsystem (ibid.).

The definition of the Sustainable Develop-
ment Commission of the UK is also based on the
overarching principles of sustainable develop-
ment, transferring them to the food sector. Starting
from this perspective, sustainable food systems
include the following needs (SDC 2011, p. 13):

e respect the limits of the planet’s resources and
address environmental impacts such as green-
house gas emissions, climate change, loss in
biodiversity, water scarcity, waste and land
use competition, as well as other productive
assets on which food depends,

e contribute to human health by preventing
food-related diseases due to either malnutri-
tion or overconsumption,

e deliver good quality of food in order to meet
consumer and cultural aspirations,
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e embody appropriate social values such as
fairness and animal welfare,

e provide decently rewarded employment across
the supply chain, with skills and training,

e promote the above-mentioned aspirations
through good governance.

The Sustainable Development Commission em-
phasises that the challenge of the 21st century
is how to meet this broad range of requirements
in synergy rather than trading off gains in some
fields for losses in others. According to the Com-
mission, a sustainable food system should aim to
develop a continuous cycle of improvement to-
wards sustainability (ibid.).

4 Possible Pathways to More Sustainable
Food Systems

It is rather unlikely that the forces previously
driving towards less sustainable food systems
will simply fade away in coming years. Addi-
tionally, new uncertainties resulting from climate
change, resource scarcities, land use competi-
tion, and economic as well as political instabil-
ities could emerge in the future. Thus, societal
conflicts on food and how to shape food systems
can be expected to increase. Nevertheless, there
are also tendencies pointing in the direction of
more sustainability in the food systems, which
are in the focus of this issue.

One possible pathway is provided by the
concept of ‘“‘sustainable intensification”, first
introduced by the Royal Society in 2009. Sus-
tainable intensification is understood as produc-
ing more food from the same area of land while
maintaining soil fertility and reducing environ-
mental impacts. The concept is focussed on crop
production, chiefly arable crops. The contribu-
tion of Rolf Meyer deals with different pathways
to enhance crop productivity, all falling under
the umbrella of sustainable intensification. High-
tech approaches focus on increasing the efficien-
cy of external inputs (synthetic fertiliser and pes-
ticides), scientific advance in precision farming,
plant breeding and genetic engineering, acceler-
ated adoption of new technologies by farmers,
and removal of trade barriers. Agro-ecological
approaches, on the other hand, are targeted at the
reduction of external inputs based on a better un-
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derstanding of ecological interrelations, the use
of natural biodiversity, and a case by case adap-
tation of technologies and farming practices to
local conditions. These include abandonment of
tillage, cover cropping, crop rotation, intercrop-
ping, and new strategies for water conservation,
nutrient management and integrated pest man-
agement. Given the great heterogeneity of Euro-
pean agriculture, the author highlights that these
approaches are not equally suitable for the dif-
ferent farming systems in the EU and are associ-
ated with specific opportunities and limitations.
Agro-ecological approaches do not only require
changes on farm level, but also a move away
from the predominant technological paradigm
and the development of new business models.

Another route to ensure future food security
and to reduce environmental risks is to make better
use of the food already produced under the current
system. Using the available food more efficient-
ly, means to exhaust all possibilities for reducing
food waste along the supply chain. The UK fore-
sight report (2011, p. 18) estimates that halving the
total amount of food waste by 2050 could reduce
the food required in 2050 by an amount approxi-
mately equal to 25 percent of today’s production.?
Although the estimates of global losses along the
supply chain are based on highly uncertain data,
there is no doubt that considerable quantities are
involved which would be sufficient, measured in
calories per capita, to curb global hunger. The con-
tribution of Carmen Priefer, Juliane Jorissen and
Klaus-Rainer Brdutigam gives an overview on the
scale, patterns and impacts of food wastage in EU-
27 and addresses appropriate prevention measures.
The focus is on instruments that are considered
particularly useful in the current debate or that
have already proven their effectiveness in prac-
tice. The authors come to the conclusion that, up
to now, mainly soft instruments such as awareness
campaigns, round tables and information platforms
have been implemented, whereas more rigorous
approaches like amendments to EU regulations
and financial incentives have been bypassed.

A radical change in the prevailing food con-
sumption patterns is seen as a third important path-
way towards more sustainability in the food sys-
tem (see the contribution of Ulrike Eberle). Since
the beginning of the 1950s, the intake of carbohy-
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drate-rich food like cereals, roots and tubers has
declined and the intake of animal derived products
has increased, mainly in industrialised countries.
With rising prosperity, this dietary shift can also
be seen in developing countries and is predicted to
continue. In parallel to dietary patterns, also eating
habits have changed a lot in recent years. For ex-
ample, the demand for convenience food, fast food
and out-of-home consumption has significantly
increased as a result of societal developments like
urbanisation, rising employment of women, and
shrinking household size. The dietary transition is
not only accompanied by negative health impacts,
but also by much higher environmental burdens.
The author stresses that, despite the global spread
of Western diet patterns, also opposite trends can
be observed, such as the growing demand for or-
ganically grown food, the slow food movement,
vegetarianism and veganism, which contribute to
more sustainability. Up to now, these trends are
rather a niche phenomenon. Whether they will be
powerful enough to slow down or even stop the
current nutrition transition, remains to be seen.

A further route to overcome the problems of
the current food system, presented in the contribu-
tion of Stephan Albrecht, Susanne Stirn and Rolf
Meyer, might be the shortening of food supply
chains in line with new patterns of distribution and
a stronger focus on regional/local food. Shortening
the supply chain by opening more direct market-
ing channels offers the opportunity to reduce the
number of intermediaries, to establish a closer link
between producers and consumers and to improve
the income situation of farmers. Examples of direct
marketing systems are farm shops, farmers’ mar-
kets, farm-based delivery schemes, Community
Supported Agriculture, and food cooperatives. Lo-
cal food systems or networks that restrict produc-
tion, processing and retail to a limited geographical
area are seen as counterbalance to industrialised
mass production and uniformed food products.
They re-link agricultural production to the region-
al social, cultural and ecological particularities that
have often been the origin of special traditional and
artisanal processing modes. Furthermore, locally
sourced food meets consumer demands for better
traceability and transparency of food production
and for products with distinct qualities. The au-
thors conclude that supporting policies on national
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and international level are required to facilitate and
promote sustainable and vibrant food cultures.

The contribution of Bernd Hallier deals with
the dramatic changes in the wholesale/retail sec-
tor over the last decades. These changes manifest
themselves in increasing store sizes, broadening
of the range and diversity of the assortment which
is increasingly based on highly processed food,
shifting of the procurement from local and na-
tional to global sources, number of stores run by
the same retailer, and absolute sizes of individual
companies, ranging from regional and national up
to multinational levels. Also the character of dis-
tribution has changed towards the reintegration of
production and marketing by the setting of bench-
marks and standards that are accepted along the
whole supply chain from farm to fork. The author
highlights the important role of technologies in
this development. Examples are improvements in
cooling and freezing as well as innovations in the
packaging and manufacturing industry (e.g. long
shelf products) that help keep products fresh for
a long time. Innovations in IT technologies, such
as barcode scanners and QR codes, have enabled
retailers to steadily improve their internal organisa-
tion process and to introduce new marketing mod-
els (e.g. internet shopping). Due to the high level of
concentration and the absolute size of big players,
retail business has achieved an outstanding posi-
tion in the supply chain, also politically. This is re-
flected, inter alia, by the strong influence of private
norms set by retail in the field of food safety which
is a genuine responsibility of the state.

As mentioned above, the agricultural sector
in Europe is a highly regulated market which has
been, at least in earlier times, primarily targeted
to foster productivity and augment production.
However, environmental objectives have become
more prominent over time. The contribution of
Andre Deppermann, Harald Grethe and Jonas
Luckmann gives an overview of the development
of the Common Agricultural Policy (CAP) from
its beginnings in the 1960s up to now and anal-
yses key policies regarding their performance in
triggering a shift towards more sustainable food
systems. Environmental sustainability requires
overcoming market failure, inter alia by the in-
ternalisation of positive (e.g. provision of public
goods) and negative (e.g. wastage of food) ex-
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ternal effects. Regulatory instruments as well as
financial incentives such as environmental taxes
and subsidies can play an important role in this
process by providing for a fair burden-sharing
among the involved stakeholders along the food
supply chain. Other instruments like education,
awareness campaigns, consumer information and
research can help to overcome market failure re-
sulting from incomplete information. The authors
call for a substantial re-allocation of EU funds
among different policy domains: firstly, within the
CAP, from direct payments to agro-environmental
and animal welfare policies, and secondly, from
the current measures available under the CAP to
policies aiming at more sustainable consumption
patterns. Finally, the current bioenergy policy
should be revised and financial support of biofuels
should be phased out over the next few years.

5 Outlook

As demonstrated by the contributions in the the-
matic focus, the current food systems are char-
acterised by a variety of competing trends: lim-
ited corrections to the production system against
in-depth transformations of the prevailing eco-
nomic and technological paradigms, industrial
versus agro-ecological crop production, global
versus local food procurement, complex ver-
sus short supply chains, standardised industrial
foods versus traditional artisanal processed prod-
ucts, global spread of the “average western diet”
versus more varied, healthier and environmental
friendly nutrition. These opposing tendencies get
mixed up at different points of the food chain and
influence each other. It will remain a continuous
challenge for sustainability research and technol-
ogy assessment to analyse the impacts and trade-
offs of different development pathways and to
provide sound policy options in order to achieve
more sustainable food systems.

Notes

1) WHO: Global and regional food consumption
patterns and trends; http://www.who.int/nutrition/
topics/3_foodconsumption/en/ (download 25.9.14)

2) EU-Commission, DG Enterprise and Industry:
EU food market overview; http://ec.europa.eu/
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enterprise/sectors/food/eu-market/index _en.htm
(download 25.9.14)

3) The actual saving will depend upon a number of un-
certain factors, not least the size of demand in 2050.
However, the figure of 25 % is considered to give an
approximate estimate of the magnitude of savings
that may by achieved, based on the current estimate
of 30 % food waste (Foresight 2011, p. 19).
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Diversity of European Farming
Systems and Pathways to
Sustainable Intensification

by Rolf Meyer, ITAS

European agriculture is confronted with a
number of ongoing and new challenges. At
the level of crop production, sustainable in-
tensification is proposed as the way forward.
Two different pathways for improvement of
crop production are grouped under the um-
brella of sustainable intensification: high-
tech approaches and agro-ecological ap-
proaches. Because of the high heterogeneity
of agriculture in the EU, these approaches are
not equally appropriate for all European farm-
ing systems and are associated with specific
opportunities and limitations. Agro-ecologi-
cal approaches of sustainable intensification
demand not only changes at farm level but
also include a transition of the currently dom-
inating technological paradigm and develop-
ment trajectory.

Die Landwirtschaft in Europa muss sich einer
Reihe von bereits bestehenden, aber auch neu-
en Herausforderungen stellen. Im Bereich der
landwirtschaftlichen Produktion wird eine ,nach-
haltige Intensivierung* als notwendige Weiterent-
wicklung vorgeschlagen. Unter diesem Begriff
werden zwei verschiedene Wege zur Verbesse-
rung der landwirtschaftlichen Produktion disku-
tiert: hochtechnisierte Ansétze und agrarékologi-
sche Ansétze. Aufgrund der hohen Heterogenitét
der Landwirtschaft in der EU sind diese Ansétze
nicht fiir alle européischen Landwirtschaftssys-
teme gleichermal3en geeignet. Sie sind jeweils
mit bestimmten Chancen und Einschrdnkun-
gen verbunden. Agrarbkologische Ansétze der
nachhaltigen Intensivierung erfordern nicht nur
Verédnderungen in der Praxis der landwirtschaft-
lichen Betriebe, sondern auch einen Wandel des
gegenwaértig vorherrschenden technologischen
Paradigmas und Entwicklungspfads.

1 Introduction

Since the 1950s, the intensification of Europe-
an agricultural production was driven by farm
mechanisation and the strong increase in external
(purchased) input, increasing the dependency on
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non-renewable resources such as fossil fuels. This
was accompanied by a huge simplification of ag-
ricultural systems at all levels, from field and farm
to landscape and region. Agricultural research and
development has led to the availability of larger
machines and buildings which are not only more
efficient in themselves but strongly encourage
the exploitation of economies of scale, i.e. larger
fields and farms, resulting in structural changes in
agriculture (Davidova et al. 2013, p. 30). Environ-
mental impacts of specialisation and increasing
labour productivity through simplification of crop
management and greater use of external inputs in-
clude water contamination, rising greenhouse gas
emissions, soil degradation, and loss of biodiver-
sity. As an alternative, it is proposed that oppor-
tunities should be explored to capture ecological
interactions among different land use systems to
make agricultural production systems more effi-
cient at cycling nutrients, improving soil quality,
preserving natural resources and the environment,
and enhancing biodiversity (Lemaire et al. 2013).

The trajectory of technological develop-
ment, coupled with greater market orientation
of agriculture over time, is driving a process of
structural change towards fewer and larger farms.
Despite this ongoing process, a wide variation in
farm structures across the EU-27 is maintained.
With the accession of the New Member States,
farming in Europe is carried out primarily on
small-scale farms. Consequently, in recent years
small-scale farms have received increased atten-
tion in the political debate, recognising the role
they play in rural areas and the need to improve
their economic and social conditions (EC 2011).

The United Nations declared 2014 the “In-
ternational Year of Family Farming”. Family
farming dominates EU agriculture,' with a vast
diversity in farm size, labour input and produc-
tion approaches. The European Commission or-
ganised a conference in November 2013 entitled
“Family farming: A dialogue towards more sus-
tainable and resilient farming in Europe and the
world” with around 500 participants (EC 2013a),
followed this year by a number of events in Eu-
rope and worldwide. Part of the challenges fam-
ily farming is confronted with is to increase pro-
duction with reduced inputs and environmental
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impacts. Sustainable intensification is proposed
as an answer to this challenge.

2 The Concept of Sustainable Intensification

A prominent starting point in the scientific and
policy development of the sustainable intensifi-
cation concept was the Royal Society (2009) re-
port “Reaping the benefits”.? Therein, sustainable
intensification is understood as producing more
food from the same area of land while reducing
the environmental impacts (Godfray et al. 2010).
The concept focuses on crop production, chiefly
arable crops (Garnett et al. 2013). The need for
sustainable intensification is based on the recog-
nition of the following challenges:

e The global population growing to some 9 bil-
lion people by mid-century and the nutrition
transition associated with wealth growth will
lead to remarkably increased food demand.
But the necessary extend of increased future
food production is challenged (Grethe et al.
2011; Tomlinson 2013). Nevertheless, an
overall increase in production is regarded as
essential (Garnett et al. 2013).

e Yields on existing agricultural land should
be increased instead of expanding the area of
agricultural land to increase gross production
because the latter would result in losses of vi-
tal ecosystem and biodiversity services (Roy-
al Society 2009, p. 7).

e Agricultural production per unit of non-re-
newable inputs and impacts upon ecosystem
services must be improved. It is recognised
that there is a need for agricultural systems
that achieve the necessary levels of produc-
tion with substantially lower reliance on fos-
sil fuels (Royal Society 2009, p. 47). There-
fore, sustainable intensification is also about
relative efficiencies in food production with
respect to environmental resources and im-
pacts (Fish et al. 2014).

e Since the 1990s, growth rates of yields and pro-
ductivity, especially in industrialised countries,
have slowed down (Alston et al. 2009). The
2007/08 food price spike could be the begin-
ning of a period of rising and more volatile food
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prices, indicating mismatching between food
demand and production (Godfray et al. 2010).

The proposed sustainable intensification is not
without controversy. Major critical arguments are
that the goals of intensification and sustainabili-
ty are considered to be incompatible; a marriage
of sustainable agriculture and intensive farming
could only result in a continuation of industri-
alised agriculture which is accompanied by envi-
ronmental harm and reductions in sustainability.
Secondly, sustainable intensification would pri-
oritise market-orientation as crucial to improving
the situation of small-scale farmers, and nearly all
proponents would also heavily promote liberalised
trade. Therefore, the vulnerability of poor farmers
and poor countries would increase. And thirdly, the
openness with regard to technological approaches
would open the door to any technology, includ-
ing those that are specifically adapted to work in
large-scale commercial, intensive agriculture, to be
defined as “sustainable” (Collin/Chandrasekaran
2012; review by Garnett/Godfray 2012).

In reaction, Garnett et al. (2013) emphasise
that sustainable intensification does not mean
business-as-usual food production moderated by
marginal reductions in environmental impacts.
On the contrary, it demands radical rethinking of
food production to achieve major improvements in
sustainability. They propose a more sophisticated
definition, working out the underlying premises.
Additionally, important interfaces with other major
food-system goals and policy areas are discussed
(ibd.). Overall, the concept of sustainable intensi-
fication is still evolving, now also taking into ac-
count social and economic beneficial conditions.

The statement “No techniques or technolo-
gies should be ruled out” (Royal Society 2009,
p. ix) leaves open the question of priorities and
most preferable technology options. A distinction
of different pathways for improving crop produc-
tion is a first step to understand better the diver-
sity of possible approaches. Overall, improved
crop production under changing environmental
conditions can be achieved through improving
yield potential and safeguarding yields by plant
breeding,® and/or introducing upgraded technol-
ogies and management systems of crop produc-
tion. The latter includes different objectives such
as reducing yield gaps, improving input use effi-

Technikfolgenabschatzung — Theorie und Praxis 23. Jg., Heft 3, November 2014

SCHWERPUNKT

ciency, increasing the site-specific yield potential
(Meyer et al. 2013, p. 41).

When identifying technologies or crop pro-
duction systems which can contribute to achiev-
ing these objectives, the diversity of European
farming systems must be taken into account. This
is necessary because the need, the suitability and
the impacts of technologies and management sys-
tems of crop production depend on the specific
configuration of the respective farming system.

3 Diversity of European Farming Systems

European agriculture is characterised by high het-
erogeneity in terms of agro-ecological conditions
and constrains, economic potential and agrarian
structural conditions, production intensity and
environmental performance, and social situation
and cultural environment. As an example, Figure
1 shows the distribution of farms and their share
of total agricultural area by size class of agri-
cultural holdings. The farming system approach
identifies groups of individual farms with broad-
ly similar production systems and practices, en-
terprise patterns, household livelihoods, resource
bases, and external conditions. Depending on the
objective and scale of analysis, a farming system
can encompass a few dozen to many millions of
farms (Dixon et al. 2001, p. 9).

Farm size, production intensity, specialisa-
tion, and integration in food chains are criteria
used to set up a simplified scheme of farming
systems in the EU.* As a result, the following
farming systems were identified for the EU-27
(Meyer et al. 2013, pp. 11-12):

e [Extensive  small-scale, semi-subsistence
farming: Over 40 % of all holdings in the EU-
27 produce food for the family and relatives,
only surplus goes to the market. This farming
system is only of importance in New Member
States and Mediterranean countries, with Ro-
mania being the most important. Small-scale
farms apply extensive production methods,
partly without external inputs. Only a third of
all semi-subsistence farms operate in less-fa-
voured areas. Semi-subsistence farms have
a share of 7.6 % of total utilised agricultural
area in the EU-27 (21.6 % in the New Mem-
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Fig. 1:
European Union (EU-28) in 2010

Share of agricultural holdings and of total agricultural area by size class of holdings in the
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ber States) and 3.9 % of total standard gross
margin in the EU-27 (20.1 % in the New
Member States) (Davidova 2011).
Extensive farming in less favoured areas: 54 %
of all farms in the EU-27 are located in less-fa-
voured areas. Less favoured areas cover over
50 % of the total agricultural area in Austria,
Czech Republic, Finland, Greece, Hungary, Ire-
land, Italy, Malta, Portugal, Slovakia, Slovenia,
and Spain. Farming in less favoured areas is
characterised by extensive production systems
respectively traditional land-use systems, often
based on grazing livestock. But cereal produc-
tion is also important in less favoured areas.

o Medium intensive, mixed farming systems:
Mixed farming systems combine crop and
livestock production in different ways and are
characterised by a relatively low specialisation
level, in contrast to specialised farming sys-
tems such as pure cropping or poor intensive
livestock production systems, which have be-
come dominant since World War II (Lemaire
et al. 2013). Around 13 % of all farms in the
EU-27 are mixed farms. Above-average shares
of mixed farming systems (with over 10 % of
the total agricultural area) can be found in Bel-
gium, Czech Republic, Denmark, Germany,
France, Latvia, Lithuania, Hungary, Poland,
Portugal, Romania, Slovenia, and Slovakia.
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e [ntensive, larger-scale crop farming: The re-
gions with concentrated cereal and specialised
crop production are at the same time the areas
with a high share of larger-scale farms. Larg-
er-scale farming, based on high external inputs,
is concentrated in low-land areas with high pro-
ductivity. High input farm types are predomi-
nant in the Netherlands, Belgium, South-East-
ern England, Northern France, North-Western
Germany, Northern Italy, and Northern Greece.

e Large-scale corporate farming: Large-scale
corporate farming compromises production co-
operatives and various types of farming com-
panies. Overall, they are the result of the tran-
sition process in Central and Eastern Europe
since 1990. In 2010, corporate farms (where
the holder is a legal entity) compromised 2.4 %
and group holdings (owned by a group of nat-
ural persons) 0.6 % of all farms in the EU-27
(EC 2013b). Corporate farms held over 50 %
of the total agricultural area in Bulgaria, Czech
Republic, and Slovakia. Large corporate farms
tend to specialise in cereals and oil crops.

This typology of EU farming systems is centred
on crop production. Further important farming
systems in the EU are intensive horticulture and
intensive livestock farming systems, which oc-
cupy only a small part of the agricultural area but
are important in economic terms.
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4 Pathways to Sustainable Intensification

A broad spectrum of technologies and manage-
ment concepts for crop production can be con-
sidered for achieving the objectives of sustaina-
ble intensification. This chapter assesses overall
approaches to crop production systems and their
appropriateness for the EU farming systems.

4.1 General Approaches

Improving input use efficiency is currently a major
objective in intensive agriculture. The most prom-
inent example is precision agriculture (PA) — the
spatially variable management of crop production.
The aim is to apply the right treatment in the right
place at the right time by taking into account in-
field variations of soil and crop. PA applications
can be found in all the main stages of the crop pro-
duction process, such as nutrient application, ma-
nure application, weed control, disease manage-
ment, and water management. The manifold PA
approaches are in different stages of development,
from research and demonstration to commercial
availability, and they use various new or advanced
technologies such as satellite-supported posi-
tioning systems, yield mapping, remote sensing,
sensor technologies, geo-information systems,
various rate application techniques, and decision
support systems (Meyer et al. 2013).

Information-based crop management (also
called “digital agriculture”) implies a transfer of
standardised management routines and farmers’
knowledge through to automated data collections
and computerised decision support systems. The
dependence on support suppliers tends to be
increasing. Precision agriculture in most cases
only leads to restricted yield increases, in a range
up to 5 %, due to its adoption mainly in highly
productive areas with intensive crop production.
Overall, precision agriculture does not call into
question high external inputs and specialisation
in crop production, but intends to make these
production systems more effective and environ-
mentally friendly (Meyer et al. 2013).

In contrast, various other crop production
systems aim to use and improve the agro-ecolog-
ical conditions of crop production (site-specific
yield potential), with maintenance and enhance-
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ment of soil fertility being an important issue.
Conservation agriculture,’ system of rice intensi-
fication,® agroforestry,” integrated crop-livestock
systems, and organic farming have in common
that they formulate fundamental principles and
highlight key elements. When it comes to concrete
application, the principles have to be translated on
a case-by-case basis into production technologies
and farmer practices adapted to local conditions
(Meyer 2010). This system-based approach tries
to address the specific agro-ecological, social and
economic complexity of farms at their specific
location, including local and indigenous knowl-
edge and participatory approaches. In this context,
organic farming has a specific status as a legally
defined production method of food with interna-
tional standards, labelling and separated markets.
High potential for increasing yields is report-
ed for conservation agriculture and for the system
of rice intensification in developing countries.
There is a mixed picture for organic farming, with
high yield increases for low external input systems
in developing countries and yield reductions in de-
veloped countries. Mixed systems of agroforestry
and integrated crop-livestock farming have the po-
tential to be more productive (Meyer et al. 2013).
Agro-ecologically oriented management sys-
tems imply deeper changes in the current conven-
tional crop production systems (Meyer et al. 2013).
Diversified farming systems at farm and landscape
levels aim to include functional biodiversity at
multiple spatial and/or temporal scales in order to
maintain ecosystem services that provide critical
inputs to agriculture, such as soil fertility, pest and
disease control, water use efficiency, and pollina-
tion (Kremen et al. 2012). In developed countries
with already high land productivity, the challenge
is to replace the reliance on external inputs by
re-establishing ecosystem services generated in
the soil and the landscape, while maintaining high,
stable productivity levels (Bommarco et al. 2013).
Examples for such technologies and practices for
sustainable intensification are seed mixtures, inter-
cropping, diversified crop rotations, plant associa-
tions, green manure and permanent organic-matter
soil cover, biological pest control, integration of
crop and livestock production, hedgerows and/or
buffer strips. It is important to notice that improve-
ments do not result from single measures but from
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locally adapted combinations of elements. Higher
input efficiency is here more an impact from pur-
suing the goal of improving site-specific yield po-
tentials and reducing yield gaps.

4.2 Sustainable Intensification in the EU
Farming Systems

The overall approaches to sustainable intensifi-
cation are associated with different opportunities
and limitations, depending on the farming sys-
tem they are applied to.

The farming system extensive small-scale
semi-subsistence farming is characterised by low
or no use of external inputs and very limited fi-
nancial resources. This represents a good starting
point for agro-ecological approaches but does
not fit with expensive high-tech approaches such
as precision agriculture. The production of certi-
fied organic food is generally not feasible due to
the missing integration into food chains, the small
surplus amounts and the costs of certification. But
elements of organic crop management can well be
used for sustainable intensification. Semi-subsis-
tence farms partly use agroforestry systems and are
often integrated crop-livestock farms, which offer
further potential for sustainable intensification.

Small-scale semi-subsistence farming plays
an important role as part of social safety nets and
in the provision of ecosystem services but is more
or less neglected by agricultural policies. Direct
payments are generally not available due to farm
and plot size thresholds, and measures addressed
to semi-subsistence farming from Pillar II of the
Common Agricultural Policy (CAP) are given
low priority and do not fit well (Davidova 2011;
Csaki/Forgacs 2009, p. 20). Development con-
cepts are still oriented towards the changes in the
farm structures in the old EU from the 1950s to
the 1970s, with the abandonment of small-scale
farming (Souchon 2014). But in the face of re-
stricted employment perspectives outside agri-
culture such a development is unlikely and would
be associated with high social costs. Therefore, a
reorientation of research, extension and support
services is needed to achieve sustainable intensi-
fication adapted to this farming system and sus-
taining the benefits of small-scale farming.
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Less favoured areas are characterised by
relatively low land productivity, and extensive
farming in less favoured areas is dominated by
extensive production systems. Organic farming
in Europe is concentrated on extensive farming
systems because the agronomic and economic
barriers for conversion are relatively low. When
using best organic management practices, the
yields are close to conventional yields. Organic
yields are often low in the first years after con-
version and gradually increase over time due to
improvements in soil fertility and management
skills (Seufert et al. 2012). Organic farming takes
part in the overall yield development, but pro-
ductivity could be further improved.

Traditional agroforestry systems have sur-
vived in a number of less favoured areas so that
there are chances for a revival of agroforestry.
Besides the important extensive livestock systems
based on grazing, integrated crop-livestock farm-
ing is also of relevance (Meyer et al. 2013). This
provides additional potential for sustainable inten-
sification. The introduction of conservation agri-
culture in Europe is lagging behind, but conserva-
tion agriculture is highly relevant to less favoured
areas due the risk of soil degradation by erosion.

Research and development, on-farm testing
and demonstration, extension services, and farm-
er-to-farmer learning for improving crop man-
agement in less favoured areas are still weak in
Europe. For extensive farming in less favoured
areas, the design of agro-environmental support
measures by the Member States within Pillar
IT is crucial for sustainable intensification with
agro-ecological approaches.

Medium intensive, mixed farming systems
are by definition integrated crop-livestock farms
which are mostly located in intermediate areas
(Bonaudo et al. 2013). They range from exten-
sive farms with traditional land-use systems to
modern farms with intensified grassland and fod-
der crop production. There is ongoing econom-
ic pressure to specialise, and support measures
from Pillar II of the CAP still favour investment
in specialisation. This tendency is combined with
farm and land abandonment on the other hand.
Nonetheless, integrated crop-livestock systems
have the potential to improve economic perfor-
mance (e.g., by reducing sensitivity to fluctua-
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tions of input and output prices) and environ-
mental effects (e.g., by reducing chemical inputs,
improving nutrient cycling, increasing diversity
of farm land use) (Ryschawy et al. 2012).

Overall, the prospects of agro-ecological
management systems are good. Mixed farming
is a key element of many organic farms so that
the conversion potential is in many cases high.
Conservation agriculture and agroforestry can
be integrated in mixed farming, restricted by the
already existing complexity of farm operations.
In contrast, the relevance of precision farming is
low due to the relatively high investment costs
and learning requirements (Meyer et al. 2013).

The farming system intensive larger-scale
crop farming is located in areas with high land
productivity. It has high potential for the ap-
plication of precision agriculture with the aim
to enhance input use efficiency and to reduce
production costs. To date, precision agriculture
techniques in Europe have mainly been adopted
in highly productive areas of Denmark, France,
Germany, and United Kingdom (Meyer et al.
2013). Their wider successful application de-
pends on progress in the development of scientif-
ically and economically sound decision support
systems to handle the increasing amount of data
and complexity of management decisions.

In intensive crop farming systems, the
maintenance and enhancement of soil fertili-
ty is becoming of increasing importance. Here,
a suitable approach is conservation agriculture.
For a wider spread of conservation agriculture
to be achieved, the following requirements must
be met: change of mindset in order to replace
long-established conventional soil cultivation
by no-tillage, change of weed management, and
increased profitability of alternative crops for di-
versified crop rotations (Meyer et al. 2013).

The competitiveness of organic farming is rel-
atively low, and higher conversion rates can only
be expected when new marketing channels with
attractive price premiums can be opened up and/or
public support schemes are improved. Silvoarable
agroforestry has vanished in intensive crop farm-
ing due to the impediment of highly mechanised
cultivation and unfavourable economic incen-
tives. Barriers to the introduction of modern agro-
forestry systems are relatively high. Over the last
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decades, larger-scale crop farms have abandoned
livestock production. The potential for reintegra-
tion of crop and livestock production is limited by
the absence of operational structure and manage-
ment skills for livestock in specialised crop farms
and large capital requirements for change (Meyer
et al. 2013). Overall, agro-ecological approaches
to sustainable intensification require major chang-
es in crop management and farm organisation and
will only take place in intensive, larger-scale crop
farming with substantial incentives.

Large-scale corporate farms specialise in
capital-intensive production and in products with
low labour monitoring requirements. Therewith,
they have a comparative advantage and mostly
specialise in cereal and oilseeds production (Ci-
aian et al. 2009). In transition countries with a high
share of large-scale farming companies, labour
productivity growth is very strong due to high
reductions in agricultural employment (Swinnen/
Vranken 2010). In the case of large-scale corpo-
rate farming, economics of scale are favourable
for the introduction of precision agriculture. Po-
tential barriers to implementation are missing
management skills and the associated workload.

The picture is ambiguous for agro-ecological
approaches. Conservation agriculture is a relevant
approach for maintenance and enhancement of soil
fertility. Mindset and lower profitability of diversi-
fied crop rotations can be barriers. Large-scale cor-
porate farms have successfully converted to organ-
ic farming. But conversion implies major changes
in farm organisation and marketing. Hence, ade-
quate transformation capacity is a prerequisite.
Agroforestry is at odds with mechanisation and
specialisation. Modern forms of agroforestry sys-
tems are therefore not easy to introduce. In parts,
corporate farms are integrated crop-livestock op-
erations. Integration of livestock production in
corporate farms specialised on crop production is
limited by high investment costs and missing man-
agement skills for livestock (Meyer et al. 2013).

5 Outlook

A recent study of the International Food Policy
Research Institute (IFPRI) assesses the effects of
a broad range of agricultural technologies for the
key stable crops maize, rice and wheat with a glob-
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al modelling approach and indicates important
contributions to yield increase and food availabili-
ty. Crop production technology impacts differ sub-
stantially by crop, technology, region, and within
regions (Rosegrant et al. 2014). Of interest here are
the relevant potential contributions to sustainable
intensification, not the detailed numbers since they
strongly depend on assumptions about baseline
growth, future availability of technologies, adop-
tion pathways, and other model specifications.

For these potentials to be realised, more
investment in agricultural research and develop-
ment and extension services are needed — but not
sufficient (Rosegrant et al. 2014). The past and
current technological paradigm and trajectory of
modern industrialised agriculture favours high-
tech approaches to intensive crop production,
such as precision agriculture. This persistence of
a research and technology development trajec-
tory creates path dependence. This process can
lead to technological lock-in situations in which
the dominant technology cluster excludes or hin-
ders competing technology approaches (Vanlon-
queren/Baret 2009).

Agro-ecological approaches to sustainable
intensification require not only changes at farm
level but also major changes in the whole inno-
vation system. The need for a paradigm change
is called into question in the debate: for example,
Conner and Minguez (2012) argue for an evo-
lutionary change of farming systems, while the
Standing Committee on Agricultural Research
(SCAR) regards a radical change in food con-
sumption and production in Europe as “unavoid-
able to meet the challenges of scarcities and to
make the European agro-food system more resil-
ient in times of increasing instability” (Freibauer
etal. 2011, p. 9). Key point in the debate is whether
increases in yields and production can be achieved
with low-input and organic systems. Different me-
ta-analyses on yield comparisons between organic
and conventional agriculture (Badgley et al. 2007,
Ponti et al. 2012; Seufert et al. 2012) indicate that
organic yields are lower in areas with intensive
production in developed countries, that organic
and semi-organic yields are higher compared to
locally prevalent low-input systems in develop-
ing countries, and that yield differences are highly
contextual (Meyer et al. 2013, p. 74).
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Beyond the controversy on organic yields,
approaches are envisioned which develop crop
production systems towards low input/high output
systems, and which integrate historical knowl-
edge and agro-ecological principles that draw on
the capacity of nature (Freibauer et al. 2011, p. 8).
However, so far mostly isolated examples of the
successful introduction of agro-ecologically based
production systems have been reported. It is cer-
tainly not a one-size-fits-all situation (Davidova
et al. 2013, p. 39). There is no single technology
or crop production system that is equally suitable
for all farming systems. Addressing the different
European farming systems is important because
small-scale farmers have been largely overlooked
by research and innovation policies so that they
can neither benefit from advances in science and
technology, nor participate in knowledge creation
as co-producers (Freibauer et al. 2011, p. 103).
This means that small-scale and semi-subsistence
farmers need perspectives beyond commerciali-
sation and growth. Important elements for main-
streaming agro-ecological approaches are:

e Niche innovations: Niches play a crucial role
in the stimulation of radical innovations that
deviate from path dependence and lock-in,
and as laboratories to explore the possibili-
ties for wider changes (Vanlonqueren/Bar-
et 2009). This includes the development of
new business models since agro-ecological
innovations are not per se saleable products.
Therefore, niche innovations need support
and an enabling environment.

e Transdisciplinarity: Farmers are needed as
co-creators of knowledge and innovation for
site-specific agro-ecological approaches. In or-
der to enhance two-way information exchange
and strengthen adoption of new technologies,
participation of farmers or farmer-managed
trials is recommended as part of research pro-
grammes. This type of research needs to be
funded by the EU and Member States because
it does not attract private funding (Freibauer et
al. 2011, p. 8). Methods have to be further de-
veloped that allow farmers’ knowledge to be
combined withintegrated or fed into scientific
knowledge and innovation (Dor¢ et al. 2011).

e Agricultural extension: The traditional exten-
sion service concept was conceived as a link in
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the distribution network that moves technolo-
gies and crop management schemes from re-
search centres towards peripheral end-users. A
new understanding of agricultural extension re-
volves around tasks of communication and in-
novation, network building, co-design, and ne-
gotiation (Garb/Friedlander 2014). Extension
services show high diversity between Member
States, with some countries having completely
privatised their extension services. For the new
tasks, a revitalisation of publicly funded exten-
sion services reaching all farming systems is
demanded (Meyer et al. 2013, p. 197).

e Common Agricultural Policy (CAP): The
transition to agro-ecological approaches will
be strengthened or eroded by government
policies and the economic structures they
promote (Darnhofer 2014). Direct payments
to farmers under the CAP are neutral in re-
gard to the applied crop production systems.
A more enabling environment for sustainable
intensification would require a longer-term
transformation of the CAP with a phase out of
direct payments, replaced by public payments
linked to the provision of societal benefits
(Meyer et al. 2013, pp. 17).

Besides the possibilities to directly adapt and
transform crop production systems, the resilience
of farms and farming systems is of increasing in-
terest. This addresses the capability to handle pos-
sible economic and environmental crises in the
future: “To achieve resilience requires a creative
tension between maintaining the system despite a
shock and changing the system, as well as dynam-
ic interplay between incremental and transforma-
tional changes.” (Darnhofer 2014, p. 9—10)

Notes

1) Sole-holder family farms accounted for 85 % of all
EU farms in 2010 (Davidova/Thomson 2014, p. 9).

2) The term “sustainable intensification” was origi-
nally coined in the 1990s in the context of pro-
poor, smallholder-oriented development of Afri-
can agriculture, where yields are often very low
and environmental degradation is a major concern
(Garnett/Godfray 2012, p. 8).

Technikfolgenabschatzung — Theorie und Praxis 23. Jg., Heft 3, November 2014

SCHWERPUNKT

3) Plant breeding is not discussed in this paper.
Breeding goals and approaches also depend on the
conditions and problems of farming systems.

4) Meyer et al. (2013) developed a similar scheme
of farming systems for crop production at the
global level.

5) Conservation agriculture is based on the three key
principles of continuous no- or minimal mechan-
ical soil disturbance, permanent organic-matter
soil cover, and diversified crop rotations with the
aim to prevent soil degradation und to preserve
and/or enhance soil fertility.

6) The system of rice intensification is an innovation
in rice production systems, which is basically a set
of modified practices for managing rice plants, in-
cluding soil, water and nutrient management. In
the meantime, it is also transferred to other crops.

7) Agroforestry systems are land use systems that
simultaneously combine deliberately interplanted
annual crops and trees. Agroforestry consists of a
set of reasoning and design principles rather than
fixed planting schemes. Countless agroforestry
systems have been developed across the globe.
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Food Waste Generation in
Europe

Reasons, Scale, Impacts, and
Prevention Strategies

by Carmen Priefer, Juliane Joérissen, and
Klaus-Rainer Brautigam, ITAS

The reduction of food waste is seen as an im-
portant lever for achieving global food securi-
ty, freeing up finite resources for other uses,
diminishing environmental risks and avoiding
financial losses. Although the estimates of
global losses along the food chain are based
on highly uncertain data, there is no doubt that
considerable amounts are at stake. In its road-
map for a resource-efficient Europe, the Euro-
pean Commission has set the target to halve
the generation of food waste by 2020. The
present paper gives an overview on the scale,
reasons, and impacts of food wastage in Eu-
rope and addresses prevention measures un-
der discussion. The authors conclude that up
to now, mainly soft instruments like awareness
campaigns, round tables and information plat-
forms have been implemented, whereas more
rigorous approaches like amendments to EU
regulations and financial incentives have been
circumvented.

Die Reduzierung der Lebensmittelverschwen-
dung gilt als ein wichtiger Hebel zur Sicherstel-
lung der Welternéhrung, zur Freigabe begrenzter
Ressourcen fiir andere Nutzungen, zur Verrin-
gerung von Umweltbelastungen und zur Ver-
meidung finanzieller Verluste. Auch wenn die
Abschétzung der globalen Verluste entlang der
Lebensmittelkette auf einer héchst unsicheren
Datenbasis beruht, besteht kein Zweifel, dass
es um betréchtliche Mengen geht. In ihrer Road-
map fiir ein ressourceneffizientes Europa hat die
Européische Kommission das Ziel festgelegt,
die Lebensmittelabfélle bis zum Jahr 2020 um
die Hélfte zu reduzieren. Der vorliegende Artikel
gibt einen Uberblick (iber das Aufkommen, die
Griinde und Auswirkungen der Lebensmittelver-
schwendung in Europa und behandelt Vermei-
dungsmalinahmen, die in der aktuellen Debatte
eine wichtige Rolle spielen. Der Artikel kommt zu
dem Ergebnis, dass bislang hauptséchlich ,wei-
che” Instrumente wie Aufkldrungskampagnen,
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Runde Tische und Informationsplattformen im-
plementiert wurden, wéhrend rigorosere Ansétze
wie Anderungen im européischen Lebensmittel-
recht und finanzielle Anreize bis jetzt weitgehend
unberticksichtigt blieben.

1 The Relevance of the Food Waste Issue
for Global Food Security

The Food and Agriculture Organization of the
United Nations estimates that the demand for food
will increase by 65 percent until 2050, driven by
population growth, accelerated prosperity, and
changing consumption patterns (FAO 2012, p. 37).
Rising population combined with shifting dietary
preferences will exert increasing pressure on glob-
al food supply. Thus, yield gains in agriculture are
seen as crucial to ensure future food security.

There are identifiable and known opportuni-
ties to enhance yields, but there are also several
factors having the potential to obstruct progress:
The area available for agriculture will be reduced
due to environmental degradation, stresses related
to global warming, restrictions imposed by nature
conservation, and competition with other land use
demands such as the production of biofuels, ur-
banisation, and leisure needs. Increased competi-
tion for water resources will reduce the quantities
available for irrigation to improve crop yields.
Energy costs, particularly for fossil fuels, are like-
ly to rise substantially with growing demand and
reduced availability of easily exploitable sources.
This will scale up the energy costs for the produc-
tion of fertilisers and pesticides (IMECHE 2013).
Although solutions to these issues may emerge
over time, it would be prudent to pursue, in par-
allel to increased food production, a range of al-
ternative approaches that can help to meet the fu-
ture demand. One of these approaches is to make
better use of the food already available with the
current production and to implement measures to
reduce wastage (FAO 2013).

It is estimated that roughly one third of the
food produced for human nutrition gets lost or
wasted globally, which amounts to approximate-
ly 1.3 billion tonnes per year (Gustavsson et al.
2011). Food is lost or wasted throughout the entire
supply chain, from initial agricultural production
up to final household consumption. In low-income
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countries food is lost mostly during the early stages
of the supply chain as a result of limited harvesting
techniques, inadequate storing and cooling facili-
ties, difficult climate conditions, poor infrastruc-
ture, insufficient processing, packaging and mar-
keting systems (FAO 2013; Meyer et al. 2013, p.
167). In medium- and high-income countries food
losses occur to a significant extent at the consump-
tion stage and are related to a lack of coordination
between different actors in the supply chain as well
as to consumer behaviours and the fact that peo-
ple simply can afford to waste food (Grethe et al.
2011). On a per capita basis, much more food is
wasted by households in industrialised countries
than in developing ones. The FAO estimates that
the per capita food waste by consumers in Europe
and North America is 95-115 kg/year, while this
figure in Sub-Sahara Africa and South/Southeast
Asia is only 6-11 kg/year (Gustavsson et al. 2011).

2 About the Career of the Topic “Food Waste”

The topic “food waste™ is currently up to date, but
not a brand new issue. In the course of time the
subject has already been addressed several times,
whenever people recognised that food security is
at risk. In the 20th century it first appeared during
the First World War. Posters of the United States
Food Administration called on households for a

Fig.1:  Poster of the awareness campaign “Don’t
waste food” initiated by the US Food Ad-
ministration during the First World War

‘The (Greatest (rime
in Christendom

To buy—to cook—to cat more
orsel

Source: U.S. Food Administration. Educational
Division. Advertising Section, 01/15/1918—
01/1919
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sparing and responsible handling of food out of
loyalty to their own soldiers and the hungry in Eu-
rope (Fig. 1). As can be seen from figure 2, the
tips for avoiding food waste given a hundred years
ago are almost the same as those provided to con-
sumers nowadays. In the following years the topic
disappeared from the political agenda due to eco-
nomic recovery and increasing prosperity.

In the 1970s and 1980s the issue came back.
While the solidarity with the fighting troops and
the starving people in Europe was the focus dur-
ing the period of the First World War, the trigger
now was the development debate and the hunger
in the Third World. At the first World Food Sum-
mit in 1974 the reduction of postharvest losses in
emerging and developing countries was identified
as a key element to combat hunger. Worldwide
losses were estimated at 15 percent and in 1974
the target was set to halve this amount by 1985
(Parfitt et al. 2010). To this end, the FAO launched
a “Special Action Programme for the Prevention
of Food Losses” in 1977. Due to its purely tech-
nical nature the programme was not successful
(Meyer et al. 2013, p. 168). In the late 1990s in-
ternational organisations such as the FAO took up
the subject again and initiated various activities
and forums. However, a monitoring of the pro-
gress was almost impossible due to a lack of data.

Since 2002 activities in this field have in-
creased again. The issue has gained further impor-

Fig.2:  Poster of the awareness campaign “Don’t
waste food” initiated by the US Food Ad-
ministration during the First World War

food

1-buy it with thought
2~ cook it with care
3-use less wheat & meat
Z-buylocal foods
§=serve just enough
(G-use what is left

don¥ waste it

U.S. FOOD ADMINISTRATION

Source: U.S. Food Administration, between 1914—
1918
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tance in the context of the current debate on food
security for a growing world population against
the background of limited agricultural land and
increasing meat consumption. It is subject of both
research as well as policy initiatives in many Eu-
ropean and non-European countries. One possible
reason for the current boom may be people’s rising
environmental consciousness and changing values
in the Western World. Another reason could be in-
creased food prices after the food crisis in 2008
which raised awareness for the unequal access
to food. However, it is doubtful whether this will
lead to behavioural changes since the economic
consequences of shortages are barely significant
for rich countries. Although the current debate
started bottom-up (in Germany for example the
discussion was triggered by the TV documenta-
ry “Frisch auf den Miill” and the film “Taste the
waste” by Valentin Thurn, see project description
in this edition), the issue was later on picked up
by governments which organised round tables and
discussion platforms in many European countries.

3 Data Availability and Liability

The implementation of prevention measures to
combat food waste requires an understanding of
the scale and pattern of wastage. This in turn de-
pends on the availability of reliable data on food
waste generation. There are two studies dealing
with pan-European data: one carried out by the Bio
Intelligence Service (BIOIS) on behalf of the Euro-
pean Commission (BIOIS 2010) and the other one
carried out by the Swedish Institute for Food and
Biotechnology (SIK) commissioned by the FAO
(Gustavsson et al. 2011; Gustavsson et al. 2013).
For the BIOIS study a mixture of data was
used, compounded of EUROSTAT, national
studies and extrapolations by BIOIS. All figures
are seen as approximate estimates representing
best available data. Nevertheless, one can doubt
whether they correctly reflect the true quantity of
food waste. EUROSTAT data are submitted by
individual Member States, but there is no stan-
dardised methodology for the collection and
processing of data. Furthermore, EUROSTAT
includes both food waste and by-products that
are either reused or recycled in the category “an-
imal and vegetal waste”. In contrast to BIOIS,
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Fig.3:  Share of the different stages of the food chain on total food waste in the EU-27
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the SIK study uses FAOSTAT data for food pro-
duction and utilisation, which feed into a mass
flow model. Due to the fact that all stages of the
food chain are modelled in a consistent manner,
food losses at a specific stage of the food chain
directly influence the input data of all succeeding
stages. This avoids conflicts resulting from the
use of data from different sources. However, also
this approach has some restrictions which lim-
it the liability of the results. The percentages of
food losses for the individual stages of the supply
chain set by SIK are in most cases averages over
all European countries and thus do not consider
country-specific differences (HLPE 2014, p. 26).

Figure 3 shows the contributions of the sin-
gle stages of the supply chain to total food waste
across the EU-27. The figure is based on cal-
culations carried out by ITAS (Bréutigam et al.
2014) applying FAOSTAT data from 2006 and
the methodology provided by SIK.

In accordance with the findings of other
studies ITAS calculations indicate that the house-
hold sector is one of the most significant contrib-
utors to total food waste. In contrast to the pre-
vailing opinion that losses at the stage of primary
production in developed countries are negligible,
ITAS calculations further show that also the first
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step of the food chain makes a substantial contri-
bution to total food waste in Europe.

Besides the pan-European studies, there is a
large number of national studies across Europe.
Research as well as political activities and social
initiatives mainly originate from Northern, Central,
and Western European countries, and a few from
the South; research activities in Eastern Europe are
scarce. National surveys are available for Sweden,
Finland, Norway, Denmark, the Netherlands, Ger-
many, France, Austria, Switzerland, Italy, Portugal,
Catalonia/Spain, and Greece; the main focus is on
food waste generation at household level. The UK
has a leading role in Europe by virtue of the Waste
and Resources Action Programme (WRAP) which
is funded by the British government. On behalf of
WRAP different reports on the scale and patterns
of food wastage in the UK were published, con-
cerning various stages of the supply chain.

In general, national studies are deemed to be
based on more intensive research and thus pro-
vide more robust data. However, due to different
definitions of the term “food waste”!, the use of
different metrics and the lack of standards for
data collection, the comparability is restricted and
the results vary greatly even for the same research
subject (HLPE 2014, p. 28 et seqq.). For analys-
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ing households’ wastage behaviours the available
studies use a variety of methods like online sur-
veys, interviews, kitchen diaries, waste composi-
tion analyses, and calculations based on statisti-
cal data on food supply or municipal waste. Some
studies cover all kinds of food waste including the
non-edible parts of food items, others are focused
on “avoidable food waste”, that means products
that are still fit for human consumption at the time
of discarding or products that would have been
edible if they had been eaten in time.

In addition to the disparate data stock there
are also knowledge gaps regarding the various
disposal routes. Food items that are discarded via
municipal waste (from households, supermar-
kets, restaurants) can hardly be traced back and
quantified since they are not recorded separate-
ly. Alternative disposal routes of households like
composting, feeding to animals, and disposal via
sewer are difficult to assess. Not all stages of the
food chain are equally well studied. There is quite
comprehensive research on household food waste
for a variety of countries, while data on food waste
generated in agricultural production, manufactur-
ing, wholesale and retail as well as in the catering
industry are scarce and highly controversial.

4 Reasons That Lead to Food Being Wasted

Food losses can arise at every stage of the food
supply chain. On the level of agricultural produc-
tion, losses in industrialised countries occur due
to bad weather conditions, sorting out because
of rigorous quality standards, and market prices
that do not justify the expenses of harvesting. In
food manufacturing and processing, losses result
from washing, peeling, slicing and boiling, during
process interruptions, or when products are sorted
out as not suitable. In distribution (wholesale and
retail), losses emerge due to packaging defects,
non-compliance with food safety requirements,
exceeding of expiry dates, inadequate stock man-
agement, logistical constraints, and marketing
strategies. At the stage of final consumption, loss-
es arise due to consumer preferences, wrong pur-
chase planning, incorrect interpretation of expiry
dates, inadequate storage, cooking of oversized
meals, and lack of knowledge about how to re-
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use leftovers (HLPE 2014, p. 35 et seq.; IMECHE
2013; BCFN 2012).

Apart from these everyday causes for food
losses, there are also societal trends which pro-
mote the wastage of food. In the last decades the
food chain has become longer and progressively
complex due to market globalisation and increas-
ing migration of population from rural to urban
areas. This includes larger distances between
producers and consumers, longer cold chains,
and more intermediaries. Consumer expectations
regarding the variety of choices and the growing
demand for meat, fruit, vegetables, and other eas-
ily perishable products further enhance the risk
of losses (BCFN 2012). The behaviour of city
dwellers concerning food is significantly differ-
ent from that of country dwellers. Based on waste
analyses, Obersteiner and Schneider (2006) found
that the amount of food in the garbage bin of city
dwellers is much higher than in rural areas.

Several studies reveal that the wastage of
food tends to augment with rising prosperity.
Even in countries with a low to medium average
income the upper classes have wasteful lifestyles
concerning food (HLPE 2014, p. 47; Parfitt et al.
2010). In addition, the world market prices for
food constantly decreased over the last century
and have only slightly increased since the first
decades of the new century. As a consequence,
the expenses for food represent an ever shrinking
part of European families’ spending. While an
average household at the beginning of the 20th
century had to spend more than half of its dispos-
able income for food, the share is now between
less than 10 percent (Luxembourg, Austria, Unit-
ed Kingdom) and up to 20 percent (Estonia, Lat-
via) across EU-27 (Gerstberger/Yaneva 2013).

The rising number of single households in-
creases the amount of food being wasted. Single
households show the highest waste rates per cap-
ita, since an efficient supply of small households
is more challenging compared to larger house-
holds (Quested et al. 2013; Koivupuro et al.
2012). Young people produce more food waste
than older people. Reasons are that they are less
experienced in the planning and preparation of
meals and eat less often at home with the possi-
ble consequence that the groceries purchased will
not be consumed in time (Gdbel et al. 2012; BIO-
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IS 2010; Cox/Downing 2007). In contrast to the
immediate post-war generation, younger people
were not necessarily trained to a high regard for
food and did not experience austerity and food
rationing. It can be assumed that the young gen-
eration of today will continue to retain the same
attitudes to food also in their older ages. Thus,
the problem of food wastage is likely to become
worse in the future (Parfitt et al. 2010).

A third trend which has an impact on the
handling of food is the increasing employment of
women. Schneider (2008) concluded from waste
analyses and surveys that those persons with a full
time job dispose of more food. Multiple burdens
due to work and family reduce the time available
for shopping and make daily food purchases more
difficult. As a result, larger quantities are bought
which have to last the whole week, increasing
the probability that certain food items will be
disposed of unused. Different studies attest that
the amount of food waste depends on shopping
frequency. Households that purchase food more
often usually produce less food waste than house-
holds that purchase food more seldom (Williams
et al. 2012; Lyndhurst et al. 2007).

5 Impacts of Food Waste Generation

Given the fact that over one billion people suf-
fer from malnutrition, wasting food is primarily
seen as an ethical issue. Although the estimates
of global losses along the food chain are fraught
with considerable uncertainties, there is no doubt
that significant quantities are at stake that would
be sufficient, seen purely mathematically, to curb
global hunger (Kreutzberger/Thurn 2011). Critics
of such simple extrapolations argue that our un-
used food cannot be made available to the hungry.
Thus, a reduction in the share of discarded food
at one side will not automatically lead to equiva-
lent supply on the other side. Critics further em-
phasise that people in poor countries suffer from
hunger because they either do not produce food
in sufficient quantity and quality or their purchas-
ing power does not allow buying foodstuffs. Re-
ducing food waste in rich countries would hardly
modify these two roots of malnutrition (HLPE
2014, p. 35 et seq.; Koester 2012). This reasoning
is well founded. Nevertheless, it can be expected
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that the careless handling of food in rich coun-
tries increases the demand for food, which leads
to higher prices on the world market. Higher food
prices would further weaken the purchasing pow-
er of poor people in developing countries.

Wasting food means losing not only life-sup-
porting nutrition, but also scarce resources like land
and water. Calculations of Noleppa and von Witz-
ke (2012) have shown that already a halving of the
avoidable food losses in Germany might save 1.2
million hectares of agricultural land. The German
land footprint for nutrition would be reduced from
2,300 m? to 2,000 m? per capita, corresponding to
a decrease of about 13 percent. By importing agri-
cultural commodities from emerging and develop-
ing countries to Europe, production sites are taken
abroad. As the demand for agricultural products
is continuously growing and the improvement of
land productivity is limited, land conversions oc-
cur in terms of deforestation of tropical rain forests,
crop cultivation instead of natural grasslands, and
extension of farmland at the expense of protected
areas. This type of land conversion is accompanied
by the release of CO, which was previously bound
as carbon in soils and biomass.

Similarly to the land footprint, the preven-
tion of food losses would reduce the water foot-
print. According to a study of the WWF (Sonnen-
berg et al. 2009) the total water consumption in
Germany amounts to 5,288 liters per capita and
day, of which 3,904 liters are consumed in the
form of agricultural goods. Only 41 percent of
the water which is used for the growing of arable
crops comes from domestic sources, whereas 59
percent are imported. That means the local water
resources are saved at the expense of the produc-
er countries. This is particularly problematic as
a certain share of imported products comes from
arid areas with unfavourable hydrological condi-
tions. Artificial irrigation is used to an increasing
extent for the cultivation of crops in arid areas.
This practice stresses natural water resources and
provokes conflicts with other water users.

Complementary to the saving of resources, an
efficient handling of food would reduce agricul-
tural emissions. According to estimates of BIOIS
(2010), food wastage in Europe is responsible for
the release of at least 170 million tonnes of CO,-eq
which is broadly equivalent to 1.9 tonnes of CO,-
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Fig. 4:  Annual per capita volume of total food waste (left), broken
down to food groups, and the corresponding carbon footprint
(right), including the upstream steps of the food supply chain

# Grain products ® Fruit and vegetables mMeat products  Dairy products ® Others

Source: Gobel et al. 2012, p. 105

eq per ton of food waste. These calculations include
all stages of the life cycle of a product; from culti-
vation through harvesting, processing, packaging,
transportation, storage, and sale up to household
consumption. Each stage of the life cycle adds its
own emissions in terms of greenhouse gas emis-
sions, acidification, and photochemical oxidation
(BIOIS 2013). Thus, one ton of food waste in the
household (i.e. at the last stage of the chain) causes
much higher environmental costs than one ton of
food waste in the manufacturing sector.

The environmental impacts of food wast-
age will be further exacerbated by future popu-
lation growth combined with changing dietary
habits. Due to increasing prosperity in develop-
ing countries, the per capita caloric intake from
meat consumption is set to rise by 40 percent by
mid-century (IMECHE 2013). The production
of animal-based products (meat, dairy products)
requires significantly more resources than the
production of grain-based foodstuff. According
to estimates of the FAO, the total global amount
of food wastage occupied almost 1.4 billion
hectares in 2007, equal to about 28 percent of
the world’s farmland. The major contributions to
land occupation came through meat and milk (78
percent), whereas their share in total food waste
was only 11 percent globally (FAO 2013).

The same relation applies to the carbon
footprint of food. Figure 4 illustrates the carbon
footprint of different food groups along the food
chain, referring to annual per capita food waste
in Germany. The left pie chart shows that fruit
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and vegetables contribute
most to the total amount
of food waste in Germany.
Although meat products
are wasted least, the carbon
footprint is almost three
times higher than the one of
fruit and vegetables (right
pie chart). Koivupuro et al.
(2012) came to similar re-
sults for Finland.

In addition to negative
environmental impacts, food
wastage causes significant
monetary losses. Available
data on economic losses pri-
marily refer to households.
The British WRAP study “Waste arisings in the
supply of food and drink to housecholds” (Lee/
Willis 2010) estimates that the households in the
UK throw away 5.3 million tonnes of food per
year, corresponding to an economic value of £12
million (approximately €13.79 million)*. For Ger-
many it was calculated that 21 percent of the food
purchases are discarded by households (6.6 million
tons per year). This is equivalent to 80 kg of food
waste per person and year with an economic val-
ue of €310 (Cofresco 2011).The estimates of the
costs are hardly comparable because there are sig-
nificant differences in survey methods, underlying
food prices, and reference values. Nevertheless,
the figures illustrate that food waste is accompa-
nied by considerable economic losses for the in-
dividual consumer. Similar to the ecological costs,
the economic losses are highest for meat products
due to higher producer prices, even though meat
products are wasted to a far less extent (FAO 2013;
Quested/Johnson 2009).

2

6 Assessing Prevention Measures

Considering the extent of losses and the associat-
ed social, environmental, and economic impacts,
the reduction of food wastage is seen as crucial
to improve global food security. In the current
national and international debate a wide range
of approaches to encourage the different players
along the supply chain to a responsible handling
of food has been submitted and, partially, already
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implemented (an overview is provided by Priefer
et al. 2013, p. 91 et seqq.; Reisch et al. 2013).
The following measures are deemed to be par-
ticularly useful and capable to achieve long-term
gains.

All available studies agree on the fact that
information and education are prominent mea-
sures to influence consumers’ behaviour (inter
alia: Lipinski et al. 2013; Hanss/Bohm 2013;
Quested/Parry 2011). Awareness campaigns like
the British “Love food hate waste”, the French
“Qui jette un ceuf, jette un beeuf” and the German
“Zu gut fiir die Tonne”, to name just a few, aim
to draw consumers’ attention to the issue of food
wastage and to increase their regard for food.
They instruct consumers on the proper handling
of food by providing tips on shopping, shelf life,
storage, preparation, and recovery of leftovers.
Awareness campaigns should be tailored to dif-
ferent target groups, in close cooperation with
retailers and the hospitality sector, using various
media. To be efficient, consumer education has
to start at infancy. Thus, all Member State should
include the topic of a sparing use and careful han-
dling of food into school curricula (BIOIS 2011).

Consensus also exists that the lack of re-
liable data hampers a successful fight against
food waste. To overcome this obstacle, an agreed
and binding definition of the term “food waste”,
which differentiates between avoidable and un-
avoidable food waste and by-products, should
be provided within the EUROSTAT framework.
Furthermore, the methods used by the Mem-
ber States for the collection and calculation of
data on food waste generation, should be stan-
dardised. In order to facilitate monitoring, the
separate collection of food waste generated at
all stages of the food supply chain should be in-
troduced, whether voluntary or mandatory. It is
among the tasks of the ongoing European FU-
SIONS project to elaborate recommendations on
this issue (http://www.eu-fusions.org/).

Legal requirements for the prevention of risks
to consumers’ life and health, which are anchored
in various EU regulations, may conflict with the
ambition to avoid food waste. Strict norms for
the tolerable contamination of food, Maximum
Residual Levels for pesticides and veterinarian
medicines as well as hygienic rules concerning the
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packaging and storage of easily perishing goods
are seen as significant drivers promoting the dis-
carding of edible food (Marthinsen et al. 2012;
Waarts et al. 2011). Thus, the current regime of
food safety regulations should be reviewed in or-
der to identify provisions that are not mandatory
to protect human life, but lead to unnecessary
food waste. Further research is required to decide
where limits may be revised without decreasing
food safety. The current system of food labelling
is regarded as another legal barrier to a responsi-
ble handling of food. Consumer surveys in various
Member States revealed that there is considerable
confusion about expiry dates and the differences
between “best before” and “use by” dates. Thus,
the revision of existing regulations on food la-
belling should be considered in order to improve
the definiteness and visual presentation of expiry
dates. In addition, the European legislator should
think about the setting of new best before dates ac-
cording to the true shelf life of products. The ini-
tiative of the Netherlands and Sweden (FAZ 2014)
to abolish the expiration dates for stable food is a
first step in this direction.

There is broad consensus that the careless
handling of food is not least a consequence of its
low market value. Thus, many experts consider
economic instruments as particularly promising
to recuperate consumers’ regard for food. Against
this background, EU Member States should re-
view their tax regulations in order to remove all
incentives that may encourage the wastage of
food. Some experts like the German Scientific
Advisory Board on Agricultural Policy (Bauhus et
al. 2012) call for the elimination of the reduced
Value-Added Tax rate (VAT rate) on groceries rep-
resenting an indirect subsidisation of food. Any
social hardships, caused by tax harmonisation,
should be offset by targeted governmental income
support, which could be financed from additional
tax revenue. Other experts, mainly from environ-
mental groups, suggest introducing different VAT
rates according to the environmental impacts of
food items. Higher taxes on meat, dairy products,
and convenience food could be compensated by
lower taxes on fruit and vegetables.

Economic incentives to reduce food waste in
the business sector are also discussed. Taxes and
fees on waste treatment like landfill or incinera-
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tion taxes escalate the total costs of waste handling
and thus they can stimulate waste prevention, al-
though their original purpose was to move waste
away from landfills towards recovery and recy-
cling (EEA 2013; BIOIS 2012). When using taxes
on waste treatment as a tool to avoid food waste,
certain requirements have to be met. Firstly, a sep-
arate collection of food waste, both in households
and in commercial enterprises (mainly in the re-
tail and hospitality sector) should be introduced
mandatorily. Secondly, the tax rate must be high
enough to create a sufficiently strong incentive for
waste minimisation. Thirdly, the existing provi-
sions of financial support for energy from waste in
Europe should be revised in order to identify in-
centives that run contrary to the objective of food
waste prevention. It may lead to conflicting incen-
tives, if legislators would on the one hand impose
high taxes for the treatment of food waste and on
the other hand subsidise the production of energy
from waste (Priefer et al. 2013, p. 132).

Even if all possibilities to combat food waste
would be exploited, a certain amount of surplus
food would still persist. Food redistribution pro-
grammes organised by retailers and caterers are
a proven tool for the efficient use of this surplus
to the benefit of economically deprived people. It
should be checked if the European food law needs
an amendment in line with the US American
“Good Samaritan Act” in order to limit the liabil-
ity of donors and charity organisations that redis-
tribute surplus food. Without any amendment to
European food law, they may be driven to discard
non-marketable goods in order to avoid liability
(Planchenstainer 2013; Lipinski et al. 2013).

7 Outlook

Most of the prevention measures implemented by
governments up to now are soft instruments like
awareness campaigns, round tables and informa-
tion platforms. This is, firstly, because such mea-
sures are easy to implement and, secondly, be-
cause it is obvious that the exchange of informa-
tion can contribute considerably to combat food
wastage. Estimations by WRAP have shown that
avoidable food waste in British households was
reduced by 18 percent within five years primari-
ly due to public awareness campaigns (Quested/
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Parry 2011). More rigorous approaches like the
abolishment of the reduced VAT rate on groceries
or amendments to EU regulations on food safety
have not yet been realised because it is expected
that they would evoke protest by citizens and the
relevant stakeholders. Apart from a lack of accep-
tance, little is known about their effectiveness to
reduce food waste. In addition to measures which
are exclusively designed on food waste reduction
also a change of social framework conditions
can help to meet the objective. This includes an
improved compatibility of career and family,
marketing systems which establish a closer link
between producers and consumers, and a change
of dietary patterns. Although a reduced consump-
tion of meat products would not scale down the
total amount of food waste, it would considerably
decrease the environmental impacts.

Notes

1) Up to now, there has been no commonly accepted
definition of the terms “food loss” and “food waste”,
neither in European and national legal frameworks
nor in the scientific literature. The available studies
are working mostly with their own definitions nar-
rowed down to their field of investigation. The main
differences arise in the question where the border
between “avoidable” and “unavoidable” food waste
runs, whether non-edible parts of foodstuff belong
to food waste and whether food that was originally
dedicated to human consumption, but gets out of
the supply chain, is considered as food waste, even
if it is brought to a non-food use.

2) The calculations of Gobel et al. 2012 are based on
data compiled by MTT Agrifood Research Finland
and data from the Statistical Yearbook 2011 of the
German Federal Ministry of Agriculture. The pro-
portion of food waste for different product groups
was adopted from the WWF study (Noleppa/von
Witzke 2012). The category “others” refers to data
on fish, eggs, oils and fats, sugar, and confectionery.

3) Exchange rate on 01/05/10: £ 1 corresponds to
€ 1.1490.
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