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Abstract

Sustainability in food networks has become a dontiissue in the development of the food sectaght lof the
challenging scenarios one might expect in the éutBroducts, enterprises, chains, consumers, giahseare
all affected by this discussion. Environmental,i@oand economic pressures require the developroent
strategies on how to best meet the challengescamdte the sector with its global presence anehisy SMEs
towards a status which is sustainable and robastggnto remain so even if future scenarios mighiade from
today’s expectations (dynamic sustainability). Taper outlines a framework for research on sudigitya
developments, sustainability assessments, constomenunication, and the transition of enterprisescrains
towards improvements in sustainability.
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1 Introduction

A sustainable development of our world and socmgans a development that meets the
needs of the present without compromising thetgtafi future generations to meet their own
needS. It is one of the major challenges to achieveasnable use and production of our
renewable resources, including food, to proted lto¢ environment and human health. The
food system highly impacts sustainability and thei®nment through, e.g., consumption of
energy and sweet water, waste production, or pafiufrom production and food
transportation.

Sustainability is currently one of the most pregsissues for industry as well. A large
number of initiatives have been started by induatrg retailers alike; major industry groups
have established task forces dedicated to susiifiynabsues, including the Sustainable
Agriculture Initiative (SAI, see fn. 3) by majordd processors.

To achieve an enduring sustainability and enviramA@endliness of the food system,
sustainability as an all-encompassing approach iouséd on long-term and sustainable
acceptance by consumers, the society, and food ehtors alike. The challenge in achieving
sustainability for environment protection is to ldupn an economically viable and socially
acceptable developméntWith this perspective, the understanding of smahility does
focus on assuring sustainability regarding produdiEh have to evolve from a limited and
diminishing resource base, enterprises and chaimshwhave to remain competitive,
consumers which need to receive food that is edfale] safe to eat, of nutritional value and
fitting their dietary and lifestyle preferencesdamgions representing the social, economic,
and natural environment in which the food systemthaact.

* As defined by the Brundtland-Report of the World Commission on Environment and Development: Our Common Future, 1987,
http:/mmww.un-documents.net/wced-ocf.htm

2 See European Technology Platform Food for Life, Key Challenge 5 “Achieving sustainable food production”.



This identifies the concurrency and multi-dimenaildg of today’s view on sustainability
which integrates the three dimensions (see Figurerivironment (e.g., natural resources,
soil, water, emissions, fossil and total energpdiviersity), society (e.g., food quality and
safety, health and obesity, social and ethical itiond, animal welfare, fairness), and
economy (e.g., performance of food chains, sudtenéod products, affordability for
consumers)to assure long-term success.

Studies on the sustainability of the food systend #@me methodologies applied have
classically focused on environmental impacts ofipats or services to identify deficiencies
and improvement potentials in areas such as cabussions,

waste reduction, reduced water use, or transpaiiction. “Environment

There is no doubt that enhanced tools and methodshé RN
assessment and management of these environmeptaitsrare I

needed However, the wider view requires the developnunt E

new, holistic methods and models for food chainyaisand 7 "

food chain management concepts, which inherentigrporate | gamess o (oon sucssss
consumer needs. e ey

Potential solutions and strategies for the improxeimof Figure 1: Sustainability triangle
sustainability of food chains need to balance tierests of

society and consumers, of the environment, andoodl fchain enterprises to provide a
successful path towards long-term advancementisabtlity. Research needs to support
policy and food enterprises in their decision mgkamd acting by providing balanced and
tailored sustainability strategies and solutionsst&nability improvements, which require

coordinated initiatives at different stages of filned chain or which have different effects at
different stages (positive/negative) require supfusrconflict resolution and coordination to

be effective.

Crucial prerequisite for long-term sustainabilgyté support consumer choice for sustainably
produced and at the same time affordable food. fidgsires transparency along the food
chain and the suitable communication of sustaiitgld consumers.

2 Improvements in sustainability

The baseline for any discussion of sustainabtitihe identification of possible and probable
future scenarios. Their specification is setting stage for any further analysis. Sustainability
of the food sector, the indicators for sustaingbgierformance, and initiatives for improving
the sustainability status of chains and the sexdoa whole are all directly linked with the
food sector’s interaction with the natural, socaid economic environment inherent in the
scenario specification. Sustainability researchdsge develop elaborated views of future
global and regional food system scenarios capturiagpr ongoing scenario initiatives and
considering global and regional drivers and bararfuture developments as basis for the
identification of robust sustainability strategiediich are resistant to global changes [Ingram
et al., 2006; Duchin, 2005].

The scenarios with their consequences on the fgsigra provide the background against
which sustainability strategies need to be assefsgggerformance and robustness. In the
development of strategies towards reaching impravetrobust sustainability status of food
chains research has to cope with a number of speamplexities inherent in the food
system:

% See Sustainable Agriculture Platform, www.saiplatform.org

4 See FP7 Cooperation Work Programme: Food, Agriculture and Fisheries, and Biotechnology.



1. Themulti-dimensionality of sustainability requires highly multidisciplinary competence
from a broad professional background reaching froethodology and technology to
human behaviour and ethics: it includes, but is lmoited to, environmental research,
fairness in trade, third-world development issu#s;cycle assessment methodology,
food system analysis and simulation, food chain agament, food production,
processing and packaging, food transport logistiosnsumer behaviour towards
sustainable food, food chain transparency, aneé<smmnomic impact assessment;

2. The food system is global in its sourcing andtritiution activities. Furthermore,
sustainability issues havegiobal perspective as well (climatic change, social issues,
food quality etc.). This requires joint internatibefforts from different research angles.

3. Adoption of sustainability strategies by food chains is crucial for the improvementha t
sustainability status of chains, countries, anébreg As food chains might involve global
food companies as well as of SMEs from differentintbes and as sustainability
improvements might involve coordination across whaand be based on a chain
encompassing sustainability assessment, coordinatid support mechanisms need to be
developed which suit these complex infrastructures.

4. The diverdty of food products from different product lines but all with origim i
agriculture and with focus on the satisfaction @fisumer needs in households requires a
holistic view of a variety of food chains and protllines. This is aggravated by the
increase in convenience products where produats fliferent product lines (e.g., meat,
vegetables. dairy) are integrated into a singkessatoduct for consumption.

This range of considerations requires multidisogaly research, the coverage of major food
product lines, and the incorporation of consumet laousehold research. The mapping of
detailed information about the sustainability dfedent food Transparency for
chains (captured in sustainability maps) in fooddpiction, |fcaumses

food processing, food packaging, transportation &ade || S
could help identifying major deficiencies in sustdility in Policy \

food chains and processes (“hot-spots”) as Wepramities |, ...~ 7 S Sewnabie
for improvement actions. The design of robust (whilgh |Framemerk Foog chains
adaptation potential against changes N SCENANIOS) impovement n seanasity o chans
technological and managerial sustainability improgat
strategies and solutions will facilitate the sus@dstransition
of food chains towards the identified referencedfebain alternatives. The development of
methods and signals for communicating “sustairtstbdf food” with the consumer could

support consumers’ “informed” buying decisions to¥gamore sustainable food production.

I Action: Support for
consumer choice

Figure 2: Strategic action lines

3 Road towards sustainability

The food sector to proceed towards long-term suadity serving environmental, socio-
economic and consumer needs asks for extensivehighty multi-disciplinary research
integrating state-of-the-art methodologies andidgalith a number of crucial issues:

1. Methodologiesfor analysis: For understanding the sustainability status ofl fcmains and
opportunities for its improvement one needs adwémeethodologies for the analysis of
food chains and their guidance towards sustaifybifivolving an integrated life cycle
assessment methodology that builds on tools, paeasnend performance indicators for
the environmental, social, and economic pillarsustainability, including issues like fair
and ethical trade as well as economic performance,

2. Status and improvement potentials or opportunities. An analysis of the sustainability
status and of improvement needs and potentialssfwits) of major European and
international import/export food chains considetting organizational (global vs. regional



etc.), social (cooperatives etc.) and technologieaieties of global and European food
chains would identify differences and sustaingbflitot spots” for improvement priorities
in enterprises and/or chains.

3. Technologies and solutions: Improvements in the sustainability status of rhaequires
the identification of new technological (waste retthn, water and energy use reduction
etc.), organizational (logistics, fairness of trate) and managerial (e.g. book and claim
etc.) solutions that eliminates “hot spots” in &ri$ activities along the food chain within
food production, food processing, packaging, aadsportation. If based on the principles
of robust design against variations in scenarieg #ilow continuous improvement for a
dynamic stability of food chains towards sustailitgbi

4. Simulation of new chains. The formulation of comprehensive, dynamic foodircha
simulation modelling tools could support the idficaition of new food chain
organizations through either the recombination aftigl chains (e.g. production,
packaging, transport, processing) with best-practgustainability status or the
identification of new, innovative, advanced foodaich organizations, processes and
activities currently not yet realized in producti@nocessing, packaging, or transportation
for more sustainable food chains;

5. Trangtion support: The transition towards improved sustainability uiegs easy-to-
understand transition support packages for ensaprand chains with strategies for (a)
improvements in technology, organization and mamege and for (b) balancing interests
along the food chain (conflict resolution).

6. Consumer transparency: Any improvements in the sustainability status adiob, needs
to find acceptance and appreciation with consunidrs.challenge is to enable decisions
to buy and consume sustainably produced food thrdbg provision of transparency
which requires(a) the identification of consumer attitudes towards susthaility
indicators and signalling alternatives and (b) ¢és@ablishment of a transparency system
along the food chain.

7. Impact and continuity: The assessments of the impact of sustainabiliéfegfies on the
sustainability status of countries and regions idengg different food system scenarios
could provide policy decision support.

A substantial amount of knowledge and applicatioage been developed for these issues
during recent years. However, the knowledge istesesit. One needs to collect available
expertise, integrate it and advance it into a namd comprehensive approach for the
development of sustainability in food chains. Tiniegration allows the development of a
comprehensive view on food chain oriented life eya$sessment, the development of food
chain “sustainability maps”, including crucial asefor improvement (hot-spots) in, e.g.
waste disposal, energy consumption, animal welfam safety etc., encompassing various
food chains and product lines, the identificatibiomd production systems, which are more
sustainable and at the same time robust and msistalisturbances, strategic management
technologies for food chain development towardseimsed sustainability, and transparency
on sustainability indicators across food chainstwrsumers.

4 Advanced Sustainability Life Cycle Assessment (SAL@ethodology for
food system analysis

In the holistic systems approach the environmepdeameters of sustainability need to be
augmented with social and economic parameters [Du@005; Aiking et al., 2004;

Ozcaglar-Toulouse, 2006]. To date, a variety ofisdognd ethical indicators have been
developed for the food sector and supply chainsudiog on separate dimensions, for
example: the ethical trade initiative (ETI) (labagtandards), fair trade (terms of trade),



animal welfare standards, integrated pest manadeiitvl). However, there has been no
comprehensive set of social and ethical indicatteseloped in relation to food yet.
Irrespective of this, the specification of parametean build on a variety of established
international indicator sets for sustainabilityvesll as on actual developments in industry
focusing on, e.qg., 'food miles', ‘carbon foot prantfair miles'.

Life cycle assessment (LCA) is generally acknowéetigs the most appropriate tool to
assess the environmental sustainability of prodants technologies throughout their life
cycle. It has been standardized by the Societ§efmironmental Toxicology and Chemistry
(SETAC) and the International Organization for Stdization (ISO 14040:2006), and
adopted by UNEP, and the European Commission

In principle, efforts have been realized for assest methods in all pillars of sustainability
(environmental impact: Life Cycle Assessment (LClAput-Output Life Cycle Assessment;
social: Social Life Cycle Assessment (S-LCA), Sbéiecounting Matrix; economic: Total
Cost Accounting, Activity Based Costing, Life Cycléosting (LCC)). First initiatives
integrating the three sustainability pillars such the Global Reporting Initiative are
available.

Needed is to develop an integrated, life-cycle meid sustainability assessment and
documentation methodology for food chains buildinghe environmental, social [Geibler et
al., 2006], and economic pillars of sustainabilfpme preliminary work and agenda setting
for this is being carried out in the FP6-CALCAS jpof but a real operational
implementation is still due.

5 Analysis of food system sustainability status

Many factors in food production, processing, packagtrapsportation, and trade currently
contribute to deficiencies in the sustainabilitatgs of food chains: wasted food from
overproduction or wrong allocation, packaging wasteergy and freshwater consumption,
CO, emissions from food production and transport,aitsficies in food safety or unfair trade
relationships are only a few examples. Attemptartalyze the sustainability of food chains
are usually limited (as the ‘food miles’ conceptptrather narrow focus. In addition, there is
no overview available on the sustainability sitmaton the food sector as a whole, which
considers the three dimensions of sustainability the vast variety of diverse food chains.
Furthermore, attempts to analyse the sustainabilifgod chains do not sufficiently account
for scenarios and their regional diversity.

This gap could be filled by providing an extensimapping on the sustainability and hot
spots status of various diverse food chains andittierrelation with scenario developments
of the future. The analysis could build on predemwledge regarding the hot spots and
sustainability status of chains and complemenhiéne necessary through life cycle analysis
using the integrated, multi-dimensional LCA methody and complementary approaches
of selected food products in selected food chains.

This mapping could also provide the basis for temiification of best practice food chains
that could serve as references and of sustainyadbdficiencies with priority for improvement
(hot spots) at four different levels: deficienciegating a) to the whole food chain (e.g.
deficiencies in knowledge on sustainability advameet options), b) to food enterprises and
their relationships, c) to households, and d) te@sses (production, packaging, processing,
transportation). An analysis will have to coverhothe actors within a chain and the

5 http://lca.jrc.ec.europa.eu/

6 http://frl.estis.net/sites/calcas/



relationships between the actors in order to irekmtial aspects such as fairness and ethical
trade. It could incorporate case studies but alsgeys for stabilizing case study results.

The analysis of priority areas for improvementsid@uide the analysis of technological and
organizational improvement opportunities, identifgst practice’ solutions but also support
to 'engineer’, in a simulation approach, virtuastbpractice solutions' that build on a
recombination of best chain elements from differ@rdins (production elements combined
with distribution alternatives) and the integratmfnbest solutions (e.g. from transport) from
international data bases. These results couldagible, determine a first set of improvement
strategies.

6 Sustainability strategies and solutions

In the transition of food chains towards increasedtainability the key challenge is to
develop technological and management strategiesalntons to increase sustainability at
the identified ‘hot-spots’ which lead to a sustaitity increase of the whole chain and are
robust and resistant against global changes isghse of ‘dynamic stability’. In the area of
how to achieve sustainability in the food systeheré is only very few and scattered
knowledge available. In addition, there is no insgd strategy development process
available supporting the challenge of strategy ligwveent for the total food chain.

Needed is the establishment of knowledge on robefstrence strategies for ‘dynamic
stability’ to achieve sustainability within foodqatuction, food processing, food packaging,
transportation, trade, or consumption and the ratem into improvement strategies for total
chains based on the principles of robust designdymé&mic stability, i.e., incorporating

adjustment potential with regard to changes inatemevelopments. It might (and probably
will) incorporate technologies and organizationglpaortunities that influence hot spots
indirectly by initiating changes in certain stagéshe chain that will affect hot spots in other
stages, e.g. households. A similar difficulty cansechanges in logistics where trading
partners have to cooperate or new trading condéqsthe ‘book and claim’ concept

involving trade of certificates that could supptair trade initiatives but requires cross-
country coordination efforts.

The rapid identification and engineering of newnawative, advanced food chain
organizational alternatives not yet realized inrenir food chain activities, building on new
technologies (new analytical methods etc.), forensustainable food chains requires the
availability of comprehensive, dynamic food netwsiikulation modelling tools and their
application [Labarthe et al., 2007].

7 Transparency on sustainability towards consumers

The appropriate communication of sustainabilityeg$p to consumers could support efforts
to increase the perceived value (expressed asgvitiss-to-pay) of sustainably produced
food which, in turn, could offset some of the aiddial costs enterprises might have to face
in their path towards improvements in sustainghilit

Currently, many scattered labels for communicafingd sustainability to the consumer
exist: the “European Eco Label” for organic produthe “Fair trade” label, “Food miles” in
the UK, and various labels for regional originiatend to lead consumer behaviour towards
sustainability of food choices and thereby evehtualWwards sustainability of food chains
[Teisl et al., 2005; DEFRA, 2005; Gallastegui, ZD@ach of them communicates specific
aspects of sustainability. However, holistic sunghility labelling or certification schemes
for food are rare (and new) and the internatiateddture contains little research evidence on
consumer expectations and responses to this kindfaimation [Harris, 2007]. There is
scattered evidence pertaining to consumer prisyitieeds and behaviour in this area, but



next to nothing is published on European consumatgudes, purchasing motives and
responsiveness to sustainable food, including @iltifferences across Europe, which is a
crucial barrier for sustainable food to succeeitiémarket.

For effectively reaching the consumer one needant@yse how consumers in various
regions understand, value, and behave towardsirslsia food, develop a transparency
concept that allows ‘informed decisions' withouerwurden consumers with information,
and identify consumption patterns (e.g. meat bgmetkin diet) that might effectively
discriminate against certain food chain sustaiftgtstrategies (as, e.g., towards increased
production of plant based protein) which has actlicensequence for the selection of most
promising strategies towards improvements in sustdlity. Focus groups with consumers
and interviews with key stakeholders involved ire tmanagement, governance and
promotion of sustainability messages in food sumtigins including food manufacturers,
brand managers, marketing and advertising managgaslers, caterers, certification bodies
could provide information on European consumerstudes (including trust), knowledge
and their behaviour to food sustainability issise[also Bhaskaran et al., 2006].

8 Transition support towards increased sustainapilitpact assessment, and
policy support

To reach an impact, strategies need to be adoptedtbrprises, either as isolated activities
or as chain encompassing initiatives along thel tiad chain and even integrating
households. Whatever is being implemented, it dide tassured, that the sustainability status
of the total food is being improved. This requirgsprinciple, a chain encompassing life
cycle analysis for any initiative designed for iimygments in sustainability. The transitions
towards improvements in sustainability through tedbgical and organizational solutions
that enterprises and chains can adopt (‘applicionay be facilitated by a managerial
approach that guides the transition process of@iges and chains in the implementation of
sustainability improvement strategies [Biebelerakt 2005]. A new chain encompassing
dynamic Balanced Sustainability Scorecard (BSS@yageh [Moeller et al., 2005] could
provide managerial support for enterprises andnshei the development process towards
improved sustainability.

The identification and provision of technologicadamanagerial solutions could be provided
through chain reference models with linkages t@ dstse information on ‘best practice’
sustainability solutions that could show developtragportunities, priorities, and the need
for cooperative action.

In order to avoid potentially arising conflicts agpfood chains regarding the implementation
costs and benefits, all technological and managsohitions will need to distinguish
between sustainability initiatives limited to sieginterprises and initiatives that require the
coordination along the chain and the balancingtefrests, costs and benefits.

A comprehensive regional sustainability assessmegarding different scenarios, could
support policy decision making in the direction‘bétter regulations” for the advancement
of sustainability in the total food chain, but aleaegional development. A crucial problem
for analysis is the limitation in the statisticalta base not only regarding the sustainability
status of enterprises and chains but also regatmghain relationships active in certain
regions. An approach to bypass this problem inoregianalysis is to identify the type and
size of enterprises to be found in regions, speh#ytypical' sustainability status they are in,
the stages of the chain they are linked to, anid tlienber. This is the core information on
which an assessment of the impact of changes uuption or trade will have to build. It
allows the identification of 'virtual' chains a&ivun the region and the conclusion from
individual chain results to the regional impact.



9 Conclusion

Sustainability of the food system is a pressingdss light of expected changes in future
scenarios the system might have to face. The asalythe sustainability status of chains
and the sector, as well as the development andtiadopf appropriate strategies for
improvements in sustainability requires the engam@nof many research disciplines. The
development of new methodologies for sustainabiigsessment, the identification of
appropriate technological, organizational and manal opportunities for sustainability
improvements and the formulation of managerial supfor transition management are
challenges which need to build on integrated effost research, policy, and enterprises to
reach success.
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