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“Sustainable diets are those diets with low environmental impacts which contribute to food 

and nutrition security and to healthy life for present and future generations. Sustainable 

diets are protective and respectful of biodiversity and ecosystems, culturally acceptable, 

accessible, economically fair and affordable; nutritionally adequate, safe and healthy; 

while optimizing natural and human resources.”  

(BAUMUNG and HOFFMANN, 2012) 
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Summary 

The broad public calls for a transformation of food systems and addresses a trilemma 

by emphasising environmental effects, but also referring to health risks associated with 

meat-heavy diets. In addition, citizens of many EU Member States are raising societal and 

ethical concerns with regard to livestock farming. Therefore, numerous scientific studies 

have concluded that a reduction of high meat consumption levels accompanied by more 

plant-based diets in high-income countries is a prerequisite for a shift towards sustainability. 

Efforts to achieve more sustainable food systems need to include approaches to lower lost 

and wasted food quantities along the entire value chain. This is especially relevant with 

regard to meat, considering the ecological footprint of livestock farming.  

Assessing the present situation and subsequently developing targeted strategies to 

reduce consumed and wasted meat quantities requires a comprehensive information base. 

Accordingly, this dissertation provides detailed information on average German meat 

consumption, individual meat consumer groups, and on meat waste within the German 

Hospitality and Food Service (HaFS) sector in relation to individual arising points. In 

addition, this thesis deliberates  fiscal intervention and targeted marketing to curb meat 

demand, considering the specific purchasing patterns of individual household segments. It 

further derives measures for substantial meat waste reduction. 

The first article of this dissertation deals with an updated and revised estimation of the 

annual per capita pork, beef, and poultry consumption in Germany using a market balance 

approach and following a mass flow analysis. It includes a survey at slaughterhouse level, 

adjustments to external trade statistics, and assumptions of losses at the processing and 

wholesale level as well as of waste at food retail level and for at-home and out-of-home 

consumption. In this manner, an average per capita meat consumption of 64.7 kg is 

determined for the year 2018, comprising of 34.8 kg pork, 11.5 kg beef, and 15.8 kg poultry. 

These findings highlight a clear need for action as the identified consumption level is neither 

compatible with national health guidelines nor with international climate targets. In line with 

existing literature, results further confirm inconsistencies between per capita meat 

consumption levels according to food balances and self-reported meat quantities in the 

course of published surveys. But also, among supply-side approaches, international 

comparability of meat consumption levels is difficult due to different assumptions on meat 

utilisation and varying consideration of losses and waste. In order to establish a more 

consistent calculation of domestic meat supply in the course of food balances, the 

consideration of different meat types, edible offal, and by-products and the corresponding 

allocation of commodity codes for international trade statistics would need to be 

harmonised. 
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Article (2) comprises an identification and characterisation of German household 

segments based on meat product purchases using revealed-preference data. A cluster 

analysis following a previously conducted principal component analysis reveals four 

different clusters: pork and beef traditionalists (59% of the total sample), convenience-

oriented pork buyers (11%), poultry lovers (25%), and premium red meat lovers (5%). 

According to a multinomial logistic regression, there is heterogeneity with regard to the meat 

purchasing behaviour of these clusters. Therefore, they must be addressed with different 

priorities when aiming for a dietary shift. Results indicate that pork and beef traditionalists , 

and thus the majority of German households, does not adopt a “less-but-better” meat 

consumption, but rather exhibits meat-heavy diets. A tax on meat products could generally 

curb meat demand of these households, whereas more balanced diets of convenience-

oriented pork buyers could additionally be encouraged by personalised price promotions of 

plant-based alternatives. Together with poultry lovers, they represent younger consumers 

turning away from high meat consumption levels. Due to the observed consumer 

heterogeneity, a change in the food environment including effective pricing measures but 

also a tailored product range accompanied by targeted labelling and communication 

campaigns could bring about a change in dietary behaviour. Results suggest that marketing 

strategies considering the meat quality perception of poultry lovers and premium red meat 

lovers in particular could promote a qualitative rather than a quantitative shift for these 

household segments. 

The third article determines an annual meat waste of 85,800 tons within the German 

Hospitality and Food Service (HaFS) sector based on computer-assisted telephone 

interviews (CATI) and considers different arising points. A comparison of total waste 

quantities and waste ratios for gastronomy, communal catering, accommodation, and 

further HaFS businesses implies that leftovers including overproduction, buffets, and plate 

waste are a hot spot for meat waste within the HaFS value chain. Among segments, 

gastronomy and communal catering are main contributors to total meat waste quantities. 

There certainly is a potential for meat waste prevention since the prevailing share of waste 

consists of avoidable meat waste and implementing the waste management of the lower 

quartile (bottom 25%) of each of the four segments would lead to a waste reduction of 77%. 

A fractional logit model in addition to qualitative content analysis illustrates that both 

company-internal and government action might reduce leftover meat. Businesses being 

sceptical about donating edible food to social institutions reveal  significantly higher meat 

waste ratios. Various companies perceive extensive legal hygiene requirements and 

organisational efforts as barriers which keep them from entering into long term 

corresponding cooperations. Communication measures which promote less wasteful 

behaviour in HaFS businesses need to address staff and guests. They should especially 
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emphasise environmental effects of food and meat waste. Approximately 1,300 kt or 2% of 

the total CO2 equivalents emitted by German agriculture in 2018 could potentially be saved 

by applying the waste management of the lower quartile of each of the four HaSF segments 

to all HaFS businesses.  

Overall, results of this dissertation demonstrate a need to shift meat demand in 

Germany into a more sustainable direction. This is especially true, as meat consumption is 

on average not compliant with environmental and nutritional recommendations; the majority 

of German households has not yet turned away from traditional meat purchasing habits; 

and leftovers that are still edible in most cases are a hotspot for out-of-home meat waste.  

The three articles provide an important contribution to an improved database on meat 

consumption and meat waste. In the course of more comprehensive national nutrition 

monitoring, a regular collection of revealed-preference data covering out-of-home in 

addition to at-home consumption would make it possible in the first place to analyse the 

directive effect of legislative intervention towards meat demand management in more detail. 

A more comprehensive data collection should also be strived for in the course of the 

German National Strategy for Food Waste Reduction in order to assess the effectiveness 

of corresponding reduction and prevention measures. According to the Delegated Decision 

2019/1597 of the European Commission, national authorities need to declare total food 

waste quantities without distinguishing between product categories or unavoidable and 

avoidable waste. 

With regard to meat consumption, future research needs to clarify whether there is a 

sufficient rational for more far-reaching legislative interventions from the perspective of 

behavioural, environmental, and welfare economics. Considering the individual household 

segments, studies should additionally examine the influence of a mix of instruments and 

look at the substitution between meat and alternative food products to assess possible 

rebound effects. In terms of food waste reduction, an evaluation of waste quantities with an 

ecological focus and an economic assessment of targeted measures could contribute to 

specify the declared reduction goals.  

This dissertation is among a growing number of scientific publications that draw 

attention to the issue of meat demand in the context of more sustainable diets. However, 

this topic is notoriously multifaceted and dietary strategies must balance national and 

international conflicts of objectives, e.g., environmental, health or animal welfare goals. 

Moreover, demand-sided concepts for industrialised countries can only be part of a superior 

 solution since meat demand trends in developing countries give new urgency to the 

need for holistic concepts.   



 

VIII 
 

Zusammenfassung 

Die breite Öffentlichkeit fordert eine Transformation von Ernährungssystemen und 

spricht ein Trilemma an, indem sie die Auswirkungen einer fleischlastigen Ernährung auf 

die Umwelt hervorhebt und gleichzeitig auf die damit verbundenen Gesundheitsrisiken 

hinweist. Darüber hinaus stellt die Bevölkerung in vielen europäischen Ländern vermehrt 

gesellschaftliche und ethische Anforderungen an die Haltung von Nutztieren. Zahlreiche 

wissenschaftliche Studien sind daher zu dem Schluss gekommen, dass eine Verringerung 

des hohen Fleischverzehrs in Verbindung mit einer mehr pflanzenbasierten Ernährung in 

einkommensstarken Ländern eine Voraussetzung für einen Wandel hin zu mehr 

Nachhaltigkeit ist. Lösungsansätze für nachhaltigere Ernährungssysteme müssen dabei 

auch eine Verringerung von Lebensmittelabfällen entlang der gesamten 

Wertschöpfungskette umfassen. Dies gilt insbesondere für Fleisch, vor dem Hintergrund 

des ökologischen Fußabdrucks der Nutztierhaltung. 

Um Aussagen hinsichtlich der gegenwärtigen Verzehrs- und Verlustsituation treffen zu 

können und daraus resultierend gezielte Strategien zur Verringerung der verzehrten 

Fleischmengen sowie in Bezug auf Fleischverluste zu entwickeln, ist eine umfassende 

Informationsbasis erforderlich. 

Diese Dissertation liefert dementsprechend detaillierte Informationen hinsichtlich des 

durchschnittlichen Fleischverzehrs, einzelner Konsumentengruppen in Deutschland sowie 

zu Fleischverlusten bezogen auf einzelne Anfallstellen in Unternehmen des Deutschen 

Außer-Haus-Marktes. Zudem werden steuerpolitische Intervention und abgestimmte 

Marketingstrategien zur Reduktion der Fleischnachfrage unter Berücksichtigung des 

spezifischen Kaufverhaltens einzelner Haushaltssegmente diskutiert. Darüber hinaus 

werden Maßnahmen abgeleitet, um eine deutliche Verringerung von Fleischverlusten zu 

erzielen. 

Der erste Artikel dieser Dissertation enthält eine aktualisierte und überarbeitete 

Schätzung des Pro-Kopf-Verzehrs von Schweine-, Rind- und Geflügelfleisch in 

Deutschland, basierend auf der Versorgungsbilanz und in Anlehnung an eine 

Warenstromanalyse. Die Berechnung basiert auf Produktionsdaten von Schlachtbetrieben 

und beinhaltet Anpassungen in Bezug auf die Außenhandelsstatistik, Annahmen zu 

Verlusten im Zuge der Fleischverarbeitung, auf der Ebene des Groß- und 

Lebensmitteleinzelhandels sowie bezogen auf den Verzehr in privaten Haushalten und 

außer Haus. Der für das Jahr 2018 ermittelte durchschnittliche Pro-Kopf-Fleischverzehr von 

64,7 kg beinhaltet 34,8 kg Schweinefleisch, 11,5 kg Rindfleisch und 15,8 kg Geflügelfleisch. 

Dieses Ergebnis macht deutlich, dass Handlungsbedarf besteht, da das ermittelte 

Verzehrsniveau  weder mit nationalen Ernährungsempfehlungen mit Fokus auf die 
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Gesundheit, noch mit internationalen Klimazielen vereinbar ist. Im Einklang mit 

existierenden Literaturangaben bestätigen die Schätzergebnisse Diskrepanzen zwischen 

dem auf Grundlage von Versorgungsbilanzen geschätzten Fleischverzehr und den 

basierend auf Befragungen ermittelten Verzehrniveaus. Aber auch bezogen auf 

angebotsseitige methodische Ansätze ist eine internationale Vergleichbarkeit des Pro-Kopf-

Fleischverzehrs aufgrund unterschiedlicher Annahmen hinsichtlich der Fleischverwertung 

und zu Verlusten entlang der Wertschöpfungskette kaum möglich. Um eine kohärentere 

Berechnung des inländischen Fleischverbrauchs im Rahmen von Versorgungsbilanzen zu 

ermöglichen, müsste sowohl die Berücksichtigung verschiedener Fleischarten, genießbarer 

Innereien und von Schlachtnebenprodukten als auch eine entsprechend konsistente 

Zuordnung von Zolltarifnummern im Rahmen der Außenhandelsstatistik zwischen den EU-

Mitgliedstaaten harmonisiert werden. 

Artikel (2) umfasst eine Identifizierung und Charakterisierung deutscher 

Haushaltssegmente auf Grundlage von Einkaufsdaten bezüglich verschiedener 

Frischfleischprodukte. Eine Clusteranalyse mit voran gestellter Haupkomponentenanalyse 

liefert vier verschiedene Segmente: „Schweine- und Rindfleischtraditionalisten“ (59% der 

Stichprobe), „convenience-orientierte Schweinefleischkäufer“ (11%), „Geflügelfleisch-

liebhaber“ (25%) sowie „Liebhaber von rotem Premiumfleisch“ (5%). Eine multinomiale 

logistische Regression verdeutlicht, dass das Kaufverhalten dieser Käufergruppen in Bezug 

auf Fleisch heterogen ist. Daher müssen sie mit unterschiedlicher Priorität angesprochen 

werden, um einen Wandel des Ernährungsverhaltens zu bewirken. Schweine- und 

Rindfleischtraditionalisten, welche die überwiegende Mehrheit deutscher Haushalte 

repräsentieren, können als klassische Fleischesser im herkömmlichen Sinne bezeichnet 

werden und weisen eine eher fleischlastige Ernährung auf. Eine Steuer auf Fleischprodukte 

könnte den Fleischverzehr dieser Haushalte grundsätzlich mindern, während eine 

ausgewogenere Ernährung von convenience-orientierten Schweinefleischkäufern durch 

personalisierten Preiswerbung für pflanzliche Alternativen zusätzlich gefördert werden 

könnte. Convenience-orientierte Schweinefleischkäufer stellen zusammen mit 

Geflügelfleischliebhabern eine Gruppe jüngerer Verbraucher dar, deren Ernährung bereits 

weniger fleischbetont ist. Aufgrund des unterschiedlichen Kaufverhaltens von Verbrauchern 

wäre eine Veränderung des Ernährungsumfeldes, einschließlich wirksamer 

Preismaßnahmen, eines maßgeschneiderten Produktangebotes begleitet von gezieltem 

Labelling und Kommunikationskampagnen ein vielversprechender Ansatz, um eine 

Änderung des Ernährungsverhaltens zu bewirken. Die Ergebnisse dieser Arbeit deuten 

darauf hin, dass Marketingstrategien, die insbesondere das Qualitätsverständnis von 

Geflügelfleisch- und Liebhabern von rotem Premiumfleisch berücksichtigen, für diese 

Segmente eher eine qualitative als eine quantitative Veränderung bewirken könnten. 



 

X 
 

In einem dritten Artikel wird auf Basis computergestützter Telefoninterviews (CATI) und 

unter Berücksichtigung verschiedener Anfallstellen ein jährliches Aufkommen von 

Fleischverlusten in Höhe von 85.800 Tonnen für den deutschen Außer-Haus-Markt 

ermittelt. Ein Vergleich der Gesamtfleischverluste und prozentualer Verlustanteile bezogen 

auf wöchentliche Fleischeinkäufe in der Gastronomie, Gemeinschaftsverpflegung, in 

Beherbergungsbetrieben und sonstigen Betrieben des HaFS Marktes zeigt, dass vor allem 

eine Überproduktion sowie Buffet- und Tellerreste einen hohen Anteil an den 

Gesamtfleischverlusten außer Haus ausmachen. Gastronomie und 

Gemeinschaftsverpflegung weisen in einem Vergleich zu den anderen Segmenten den 

höchsten Anteil an den insgesamt anfallenden Fleischverlusten auf. Da der überwiegende 

Anteil der Fleischverluste vermeidbaren Verlusten zuzuordnen ist und die Umsetzung der 

Verlustprävention des unteren Quartils (der jeweils unteren 25%) der vier Segmente zu 

einer Verlustreduktion von 77% führen würde, besteht durchaus ein Potenzial für eine 

Verringerung von Fleischverlusten außer Haus. Ein fractional logit model sowie die 

Ergebnisse einer qualitative Inhaltsanalyse zeigen, dass sowohl unternehmensinterne als 

auch staatliche Maßnahmen zu einer Reduzierung von Fleischverlusten beitragen können. 

Unternehmen, die dem Spenden von genießbaren Lebensmitteln an soziale Einrichtungen 

skeptisch gegenüberstehen, weisen signifikant höhere Fleischverluste auf. Umfangreiche 

gesetzliche Hygieneanforderungen und der organisatorische Aufwand werden von 

verschiedenen Betrieben als ein Hemmnis wahrgenommen und hindern die Unternehmen 

daran, entsprechende langfristige Kooperationen mit Lebensmitteltafeln einzugehen. 

Kommunikationsmaßnahmen, die ein weniger verschwenderisches Verhalten in HaFS 

Betrieben bewirken sollen, müssen sowohl Mitarbeiter als auch Gäste erreichen. In diesem 

Zusammenhang sollten insbesondere die Umweltauswirkungen von Lebensmittel- und 

Fleischverlusten hervorgehoben werden. 2% der im Jahr 2018 von der deutschen 

Landwirtschaft insgesamt emittierten CO2-Äquivalente, könnten eingespart werden, wenn 

das Abfallmanagement des unteren Quartils eines jeden Segmentes auf alle Betriebe des 

Außer-Haus-Marktes übertragen werden würde. 

Insgesamt zeigen die Ergebnisse dieser Dissertation somit, dass der Fleischkonsum 

in Deutschland in eine nachhaltigere Richtung gelenkt werden muss. Dies ist insbesondere 

vor dem Hintergrund zutreffend, dass der durchschnittliche deutsche Fleischverzehr nicht 

mit Umwelt- und Ernährungsempfehlungen in Übereinklang zu bringen ist, sich nahezu zwei 

Drittel der deutschen Haushalte noch nicht von traditionellen Kaufgewohnheiten abgewandt 

haben, und in den meisten Fällen verzehrsfähige Speisereste ein Hotspot für 

Fleischverluste außer Haus sind.  

Die drei Artikel leisten einen wichtigen Beitrag zu einer verbesserten Datenbasis 

hinsichtlich des Fleischverzehrs und bezüglich Fleischverlusten. Im Zuge eines 
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umfassenderen nationalen Ernährungsmonitorings würde eine regelmäßige Scanner-

basierte Erhebung in privaten Haushalten und die Ermittlung von Verzehrsmengen außer 

Haus eine detailliertere Analyse der Lenkungswirkung gesetzlicher Eingriffe überhaupt erst 

ermöglichen. Eine umfassendere Datenerhebung sollte auch im Zuge der deutschen 

Nationale Strategie zur Reduzierung der Lebensmittelverschwendung angestrebt werden, 

um die Wirksamkeit entsprechender Maßnahmen bewerten zu können. Gemäß des 

Delegierten Beschlusses 2019/1597 der Europäischen Kommission sind die nationalen 

Behörden lediglich angehalten, die Gesamtmenge von Lebensmittelverlusten messen, 

ohne dabei zwischen Produktkategorien, vermeidbaren und unvermeidbaren Verlusten zu 

unterscheiden.  

In Bezug auf den Fleischverzehr ist zu prüfen, ob aus der Sicht der Verhaltens-, 

Umwelt- und Wohlfahrtsökonomie eine ausreichende Begründung für weitreichendere 

staatliche Markteingriffe besteht. Unter Berücksichtigung der Konsumentenheterogenität 

sollten nachfolgende Studien die Auswirkungen eines Instrumentenmixes sowie die 

Substitutionseffekte zwischen Fleisch und alternativen Lebensmitteln untersuchen, um 

mögliche Rebound-Effekte zu bewerten. Im Hinblick auf die Reduktion von 

Lebensmittelverlusten könnte eine ökologische Beurteilung der Abfallmengen und eine 

ökonomische Bewertung gezielter Maßnahmen dazu beitragen, erklärte Reduktionsziele zu 

spezifizieren.  

Diese Dissertation reiht sich ein in eine wachsende Anzahl wissenschaftlicher 

Veröffentlichungen, die auf die Problematik des Fleischkonsums in Zusammenhang mit 

einer nachhaltigeren Ernährung aufmerksam machen. Allerdings sind die Herausforderung 

vielschichtig und entsprechende Ernährungsstrategien müssen nationale und 

internationalen Zielkonflikte abwägen, darunter zum Beispiel Umwelt-, Gesundheits- oder 

Tierschutzbestrebungen. Darüber hinaus können nachfrageseitige Konzepte für 

Industrieländer nur ein Teil der Lösung sein, da die Nachfrageentwicklung in 

Entwicklungsländern mit neuer Dringlichkeit ganzheitliche Ansätze erforderlich macht.  

 



Introduction 

1 

1 Introduction 

Feeding a growing world population while counteracting malnutrition and minimising 

the degradation of ecosystems is a challenge at the global level (WILLETT et al., 2019). Food 

systems must undergo transformations to ensure food security for present but also future 

generations and at the same time comply with environmental, economic, and social 

objectives to meet global, European, and German sustainability goals (FAO, 2018a; EC, 

2020; WBAE, 2020).  

Especially agricultural livestock farming, and consequently the production of animal 

sourced foods, are associated with negative environmental effects, such as an increased 

Global Warming Potential (GWP), larger carbon and blue water footprints, greater land use 

as well as biodiversity loss in comparison to plant-based foods (GODFRAY et al., 2018; 

SPRINGMANN et al., 2018). Moreover, the general public is increasingly raising societal and 

ethical concerns with regard to animal husbandry conditions (RUBY, 2012) and advocates 

improved animal welfare conditions (WEIBLE et al., 2016). A high consumption of processed 

and red meat is also under debate against the background of increased health risks (GEIBEL 

et al., 2021). Therefore, animal products play an integral part within the design of more 

sustainable food systems (TILMAN and CLARK, 2014; WILLETT et al., 2019). This is especially 

true in the light of a globally growing meat and milk demand of 35%, and respectively 47%, 

over the previous two decades (OECD and FAO, 2021). 

A sustained and high per capita (p.c.) consumption of animal sourced proteins in 

various Member States of the European Union (EU) has resulted in calls for regulatory 

interventions to reduce consumption levels (BONNET et al., 2018). However, as demand 

behaviour varies for different food categories (FEMENIA, 2019), current consumption and 

potential developments need to be considered on a product-by-product basis. 

Studies have emphasised that curbing meat consumption accompanied by more plant-

based diets in high-income-countries is a prerequisite for a shift towards more sustainability 

(TUKKER et al., 2011; HALLSTRÖM et al., 2014; FUNKE et al., 2022). Directing effects of 

various demand-side instruments, differing with regard to their restrictiveness and 

directional impulses, are currently being controversially discussed. Among them are taxes 

and subsidies to provide financial incentives; labelling, information campaigns, or 

educational measures to raise awareness among consumers; as well as behavioural 

actions such as meat-free days or nudges in the desired direction (BONNET et al., 2020). 

The feasibility of an increased taxation on the consumption of animal products in order to 

finance a transformation of animal husbandry systems is at the centre of the political debate 

in Germany (KNW, 2020; DEBLITZ et al., 2021; KARPENSTEIN et al., 2021).  
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Developing and subsequently implementing nutritional strategies requires 

comprehensive monitoring (WBAE, 2020). In Germany food  balances comprise production, 

foreign trade, and the domestic supply of meat, edible offal, and by-products. They 

additionally provide information on total and per capita meat consumption on a regular basis 

by deducting inedible components, non-food uses as well as losses and waste from 

domestic supply using a set of meat-type-specific coefficients (BLE, 2021). These 

coefficients were established in 1987, mainly based on expert assessments (DVF, 1987) 

and have not been noticeably updated since then (BLE, 2021). Moreover, they provide 

results that are not consistent with meat consumption levels as indicated by surveys (KOCH 

et al., 2019). 

Factors influencing dietary behaviour are manifold (BROMBACH et al., 2015) and meat 

eating patterns vary between individuals (CORDTS et al., 2014). Additionally, buying patterns 

can differ for meat types (CASINI et al., 2015) or meat products (SCOZZAFAVA et al., 2016). 

Meat-reducing measures therefore need to be tailored to individual consumer segments 

and their specific behaviour, instead of being based on average and aggregated meat 

consumption levels (APOSTOLIDIS and MCLEAY, 2016). Against the backdrop of the 

existence of a citizen-consumer dichotomy (ENNEKING et al., 2019), only limited conclusions 

can be drawn from literature regarding meat consumer heterogeneity since studies have so 

far mainly based their segmentation on attitudes (MALEK et al., 2018; GÖTZE and BRUNNER, 

2021) or self-reported meat intake levels (CORDTS et al., 2014). 

Against the background of planetary boundaries and a globally growing food demand, 

reducing food that goes uneaten is an integral component of meeting sustainability goals 

(SEARCHINGER et al., 2018; GERTEN et al., 2020). Considering resource-efficiency (CLUNE 

et al., 2017), minimising meat loss and waste can especially contribute to reducing the 

environmental footprint of supply chains (KARWOWSKA et al., 2021). Quantifying meat waste 

and determining underlying causes is a requirement for the subsequent implementation of 

reduction measures. However, previous scientific research has focused on the prevention 

of food wasted in private households (HERZBERG et al., 2020). Studies on meat waste out-

of-home, which consider different arising points, distinguish between avoidable and 

unavoidable waste. Comparable reference values (i.e., purchased meat quantities), are still 

missing.  

The purpose of this dissertation is two-fold. It aspires to contribute to an enhanced 

nutrition monitoring by examining the current meat consumption level in Germany as well 

as the scope meat waste within the German Hospitality and Food Service (HaFS) sector. 

This thesis further provides indications for policy makers and market participants on how to 

achieve a behavioural shift towards more sustainability by referring to specific meat 

consumer segments and meat waste hot spots within the HaFS value chain. This 
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dissertation addresses three thematic priorities: i) the estimation of per capita meat 

consumption based on a market balance approach to provide an up-to-date database; ii) 

the identification of meat purchasing patterns and characteristics of related consumer 

groups in Germany to provide guidance on the primary targets and iii) the quantification of 

meat waste in HaFS businesses at different points of waste generation as well as the 

identification of respective driving factors to recommend measures at the private or 

governmental level.  

This dissertation is structured in seven chapters. Subsequent to the introduction 

presented in chapter 1, chapter 2 provides background information on global meat 

consumption trends, meat consumption patterns in Germany, and negative externalities 

associated with meat demand. It further addresses the overarching research questions and 

the research focus of this. Chapter 3 concerns the methods applied in three articles which 

are summarised in chapter 4 and classified in terms of their contribution to the overall thesis. 

Chapter 5 contains the individual contributing articles as published in or submitted to peer-

reviewed journals. The main findings of this dissertation are discussed in chapter 6  against 

the background of existing literature. Final conclusions and indications for policy makers, 

market participants, and researchers are derived in chapter 7. 
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2 Thematic overview  

This chapter provides an overview of important global trends and the development of 

meat demand in Germany. It further aims to illustrate external effects of meat consumption 

and the issue of food loss and waste (FLW) against the background of the sustainability 

concept in order to enhance the comprehensibility of findings and conclusions drawn in this 

thesis.  

2.1 Meat consumption at global level  

Due to their nutritional value animal-based foods, especially meat, are a central 

component of diets in many cultures. This is particularly the case in developing countries 

where diets are often restricted and largely grain or tuber based (FISCHER and GARNETT, 

2016). An expansion of global meat production based on efficient production and improved 

breeding techniques has increased the availability of meat products (THORNTON, 2010). 

Meat has foremost become a staple food in high-income countries where it is on consumers' 

plates on a daily basis (RÜCKERT-JOHN and KRÖGER, 2019).  

Although regional differences are slowly narrowing (OECD and FAO, 2020), available 

meat quantities are particularly high in specific production regions. Table 1 illustrates meat 

production and domestic supply for the two periods under review and additionally shows a 

calculated self-sufficiency rate that equals the ratio of production and domestic supply. 

Production corresponds to the slaughter volume expressed as carcass weight equivalent 

(c.w.e.). Official statistics present total consumption figures considering foreign trade and 

changes in stocks (OECD and FAO, 2021) and therefore refer to the meat quantity available 

at a corresponding market (domestic supply) including various utilisation paths. However, 

they also relate to (human) meat consumption by deducting inedible components, non-food 

uses or losses, and waste from domestic meat supply1 (BLE, 2021).  

In this thesis, the term “meat consumption” is exclusively used in association with a 

calculated or measured (human) consumption level expressed as c.w.e. or as product 

weight. Meat purchases by private households are assumed to have been bought for 

(human) consumption. Meat intake indicates a prepared meat quantity, taking cooking 

losses into account.  

According to Table 1, global meat production has increased by 47% over the past two 

decades. The largest production gains were generated in Asia (mainly China) (OECD and 

FAO, 2021), Latin America and African countries, while North America and the EU remained 

                                                
1  The corresponding estimation procedure for Germany and further international approaches are examined in 

article (1) and addressed in the course of chapter 2.2. 
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important production regions. In Oceania, North and Latin America, and in the EU, 

production increasingly exceeded domestic demand and lead to self-sufficiency rates above 

100%. African and Asian meat production did not meet domestic demand which resulted in 

a need for imports that can be deducted from the considerable increase in total supply 

compared to production. During 2018 and 2020, Asia accounted for 45% of the global 

domestic meat supply (Table 1). 

Table 1: Regional meat production, domestic supply and self-sufficiency rates for two 

observation periods and the corresponding change in percentage 

Region 

Production Domestic Supply Self-sufficiency 

rate 

Ø 1998-

2000 in 

1,000 t 

Ø 2018- 

2020 in 

1,000 t 

∆ in 

% 

Ø 1998-

2000 in 

1,000 t 

Ø 2018-

2020 in 

1,000 t 

∆ in 

% 

Ø 1998-

2000  

in % 

Ø 2018-

2020 

in % 

European Union 38,961 44,672 14.7 35,208 38,940 10.6 110.7 114.7 

Oceania  5,426 6,514 20.1 2,610 3,471 33.0 207.9 187.7 

North America 40,062 51,563 28.7 37,159 44,540 19.9 107.8 115.8 

Latin America 29,516 53,926 82.7 29,055 49,141 69.1 101.6 109.7 

Asia  86,955 133,039 53.0 92,084 147,858 60.6 94.4 90.0 

Africa  9,638 17,265 79.1 10,269 20,041 95.2 93.9 86.1 

World  222,769 326,778 46.7 221,479 325,382 46.9 100.6 100.4 

Developed Countries 103,137 132,858 28.8 99,407 122,928 23.7 103.8 108.1 

Developing Countries 119,632 193,920 62.1 122,073 202,454 65.8 98.0 95.8 

Notes: Total meat production and total supply comprise beef, veal, pork, poultry, and mutton. 
Differences between production and domestic supply at global level are most likely due to statistical 
inaccuracies.  
Source: Author’s own compilation of OECD and FAO (2021). 

Global meat supply is expected to reach a new peak at 334 Mio. tons in 2022. Even 

though the rapid growth during the last two decades has tended to lose momentum, the 

Organisation for Economic Co-operation and Development (OECD) and the Food and 

Agriculture Organization of the United Nations (FAO) expect an average annual growth rate 

of 1.2% from 2020 until 2029 onwards (OECD and FAO, 2021).  

The global average per capita meat consumption level amounted to 34 kg in 2020 

(OECD and FAO, 2021). Regional differences do not only occur with regard to consumed 

meat quantities but also in relation to the proportion of meat in diets. Figure 1 shows the 

average share of vegetable products, animal-based foods, and meat in daily protein and 

calorie consumption for different regions in the year 2019. Whereas in Oceania, the EU, 

and North- and Latin America, animal-based products and meat accounted for a 

comparatively high proportion of the daily proteins and calories consumed, diets in African 

but also Asian countries were still more plant-based.  
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Figure 1: Share of vegetable products, animal-based foods (egg- and milk-based 

products) and meat in daily per capita calorie and protein consumption in 2019 

Notes: Total meat consumption comprises beef, veal, pork, poultry, and further meat types. 

Source: Author’s own representation of FAO (2021a). 

Changes in meat consumption patterns become evident in two ways: countries with 

comparably high per capita meat consumption levels are experiencing a saturation or even 

a decreasing meat demand due to environmental, health, or ethical concerns. In contrast, 

developing economies are increasingly favouring proteins from animal sourced foods, 

especially meat, in the wake of rising incomes and urbanisation (OECD and FAO, 2020). 

Previous and projected growth at global level is due to dietary behaviour and population 

growth in low-income countries which are expected to account for 88% of the increase in 

domestic supply up to 2029 (OECD and FAO, 2021). On that note, FAO and OECD project 

an annual average per capita meat consumption growth rate of 0.8% in developing 

countries, while the corresponding growth rate is estimated at 0.2% for developed countries 

(OECD and FAO, 2020).  

Changing dietary habits are also evident in regard to individual meat types. Table 2 

shows the development and regional differences of per capita pork, beef, and poultry 

consumption. Average European and North American pork consumption has been declining 

and is expected to stagnate, also because poultry is perceived as the healthier alternative 

(OECD and FAO, 2020). According to Table 2, an increase is projected for Asian countries, 

most likely driven by China's economic development. The rather restrained growth of Asian 
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(and global) pork consumption within the previous two decades can be linked to the 

outbreak of African swine fever in the corresponding producing countries (e.g., China and 

Vietnam). Latin American per capita pork consumption has increased due to favourable 

price trends, making pork, alongside poultry, the favourite meat of the middle class (OECD 

and FAO, 2020).  

According to Table 2, per capita beef consumption has declined in nearly all regions 

and is expected to continue to fall. An exception are Asian countries which saw an increase 

in per capita beef consumption, albeit at a low level. Demand for poultry has been the main 

driver of growth during the previous 20 years encouraged by its nutritional value, 

comparatively low GWP, religious preferences, and the convenient preparation (OECD and 

FAO, 2020). Average per capita poultry consumption has increased for all regions within 

the past two decades and is expected to also rise by 2029 (OECD and FAO, 2021). 
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Table 2: Per capita consumption of beef, pork, and poultry for different regions and 

periods of observation 

Meat Types Region Ø 1998-2000 

in kg p.c. 

Ø 2018-2020 

in kg p.c. 

∆ in 

% 

∆ 2020-2029 

in % 

Pork  

European Union 34.8 33.9 -2.5 0.1 

North America 23.6 23.0 -2.6 -0.2 

Oceania  13.2 16.9 28.0 -1.5 

Africa  0.7 1.1 45.5 6.2 

Latin America 6.8 11.2 65.0 5.7 

Asia  10.3 10.7 3.8 11.7 

World  11.3 11.4 0.2 3.5 

Developed Countries 21.9 22.6 3.3 -0.2 

Developing Countries 8.4 8.8 4.4 8.0 

Beef 

European Union 11.8 10.7 -9.6 -4.4 

North America 30.2 25.3 -16.0 -1.5 

Oceania  20.4 13.8 -32.4 -7.4 

Africa  3.9 3.9 -1.0 -2.6 

Latin America 17.5 16.1 -7.9 -0.6 

Asia  2.8 3.5 27.6 2.7 

World  6.7 6.4 -4.9 -1.8 

Developed Countries 15.9 14.4 -9.1 0.7 

Developing Countries 4.2 4.6 8.7 -0.4 

Poultry 

European Union 16.3 23.9 46.8 5.7 

North America 40.8 48.6 19.3 1.7 

Oceania  21.5 33.2 54.2 3.4 

Africa  3.4 5.4 57.3 1.2 

Latin America 19.4 33.0 70.3 3.1 

Asia  5.6 10.1 80.5 8.7 

World  9.4 14.7 55.6 3.1 

Developed Countries 20.2 30.5 50.6 5.5 

Developing Countries 6.4 11.0 71.8 4.5 

Notes: Decreases in per capita meat consumption are indicated in bold type. 
Source: Author’s own compilation of OECD and FAO (2021); projection based on the FAO OECD 
“Aglink Cosimo” model (OECD, 2021). 

The Gini-Coefficient measures the inequality of a distribution and uses values between 

0 and 1, with a coefficient of 1 indicating the most unequal distribution (MAIO, 2007). 

Figure 2 illustrates a decrease of the Gini-Coefficient during the previous two decades 

related to average per capita consumption for pork, beef, veal, and poultry in 35 countries. 

These countries are covered by the economic partial equilibrium model “Aglink Cosimo” 

used by the OECD and FAO for projections of market balances (Table 2) (OECD, 2021). 

According to Figure 2, global meat consumption levels have been slightly adjusting against 

the background of an increasing meat demand in the developing world and saturated levels 

in high-income countries (see Table 1).  
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Figure 2: Gini-Coefficient for different meat types from 2000 until 2020 

Source: Author’s own representation of OECD and FAO (2021). 

2.2 Changing meat consumption patterns in Germany  

Within the EU, Germany has been amongst the countries with a medium (AMI, 2020) 

but fairly stable average per capita meat consumption level during the past two decades 

(BLE, 2021). Table 3 shows key figures of the German meat balance sheet. It includes 

gross production (slaughter volume in c.w.e. corresponding to domestically raised 

livestock), net-production (total slaughter volume), foreign trade, the corresponding total 

domestic supply as well as total and average per capita consumption of beef, veal, pork, 

poultry, edible offal, and by-products for the two surveyed periods (BLE, 2021). Meat 

consumption is estimated based on a set of fixed coefficients to convert the domestically 

available meat supply into total consumption of different meat types (DVF, 1987). The 

consideration of the population size results in an average per capita meat consumption level 

(BLE, 2021). The coefficients comprise accumulated and meat-type specific utilisation and 

loss and waste factors. These cover i) inedible components (12-28%), ii) losses and waste 

from the slaughter to the consumption level (5-10%), iii) waste at the consumption stage 

(4%) and iv) industrial and non-food uses (8.5-60%) (DVF, 1987). Thus, e.g., 72% of the 

domestic supply with pork are actually attributed to human consumption (BLE, 2021). The 

coefficients were established in 1987 based on experts’ assessments (DVF, 1987) and have 

not been changed or updated noticeably since then. The average total per capita meat 
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consumption2 estimated in this manner peaked in 1993 at 64 kg, ranged between 60 and 

62 kg until 2018, and came to 57 kg in 2020 (BLE, 2021).  

Key figures displayed in Table 3 illustrate a change in preferences. Average per capita 

annual beef and veal consumption reached 10 kg during the periods under consideration. 

The negative trade balance indicates that domestic demand was not served by a decreasing 

domestic production. Pork accounted for the largest share of meat produced, but was 

increasingly exported as domestic consumption continuously declined. Poultry gained the 

highest production increase and accounted for 23% of total meat consumption in 2020 as it 

is more and more domestically preferred. Edible offal and by-products are not considered 

as a part of the carcass which is why these products are not weighed at the slaughterhouse 

level. The corresponding production is determined using fixed conversion factors based on 

net-production (8.5% for veal and beef, 5.3% for pork, 4.4% for mutton, and 3.8% for horse 

meat) (BZL, 2019). In the wake of a decline in domestic demand, exports of by-products 

and offal have increased by 300% (Table 3) and have become less important for the 

domestic food supply chain.  

  

                                                
2  Total meat consumption comprises beef and veal, pork, poultry, mutton, horse and goat meat, further meat 

types, edible offal, and by-products BLE (2021). 
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Table 3: German supply balance data for different meat types and periods of 
observation  

Supply balance positions 
Ø 2000-2002  

in 1,000 t c.w.e. 

Ø 2018-2020  

in 1,000 t c.w.e. 
∆ in % 

Beef 

Gross production 1,385 1,149 -17.1 

Import live animal  16 14 -12.2 

Export live animal 74 53 -28.5 

Net-production 1,327 1,109 -16.4 

Import meat 233 485 108.0 

Export meat 566 402 -29.1 

Total domestic supply 985 1,192 21.1 

Total meat consumption  676 818 21.1 

Per capita meat consumption in kg 8.4 9.9 17.3 

Pork  

Gross production 3,926 4,804 22.4 

Import live animal  196 501 155.3 

Export live animal 67 68 1.3 

Net-production 4,055 5,237 29.1 

Import meat 1,050 1,056 0.6 

Export meat 656 2,366 260.5 

Total domestic supply 4,453 3,928 -11.8 

Total meat consumption  3,210 2,832 -11.8 

Per capita meat consumption in kg 39.2 34.1 -13.1 

Poultry  

Gross production 978 1,817 85.7 

Import live animal  25 162 554.2 

Export live animal 152 365 140.6 

Net-production 851 1,613 89.6 

Import meat 812 971 19.7 

Export meat 251 717 185.9 

Total domestic supply 1,412 1,868 32.2 

Total meat consumption  840 1,111 32.2 

Per capita meat consumption in kg 10.4 13.4 28.3 

Edible offal and by-products  

Net-production 334 576 72.7 

Import meat 81 103 28.3 

Export meat 160 639 300.3 

Total domestic supply 255 41 -84.0 

Total meat consumption  66 11 -84.0 

Per capita meat consumption in kg 0.8 0.1 -84.3 

Notes: Calculated values are highlighted in grey.  
Source: Author’s own compilation of BLE (2021).  

In addition to food balance sheets (FBS) data, surveys provide demand-sided 

information on meat consumption in Germany. The second representative National Nutrition 

Survey (NVS II) calculated a mean self-reported per capita meat intake of 43 kg among 

German meat consumers based on individual dietary interviews and 24-h recalls conducted 

between November 2005 and January 2007 (KOCH et al., 2019; STRAßBURG et al., 2019). 
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Household budget surveys (HBS) collect data on food availability at household level 

(RUSSO et al., 2016). The Sample Survey of Income and Expenditure (EVS) gathers 

representative information at five-year intervals on consumption expenditure in private 

households (DESTATIS, 2021). The market research company Gesellschaft für 

Konsumforschung (GfK) provides nationally representative household scanner data, 

including the quantity and expenditure for product-based food purchases (AMI, 2020).  

Figure 3 illustrates per capita purchases of different meat types and sliced cold meat 

for different age groups based on GfK panel data for the year 2020. Additionally, purchases 

of meat alternatives are displayed which are based on various raw ingredients (i.e., 

vegetables, egg protein, grains, milk, quorn, soy/tofu, wheat protein). Consumers aged 34 

years and below had the highest per capita consumption of meat alternatives, whose total 

sales have more than doubled from 2017 to 2020. Simultaneously, these households 

bought the least amount of meat and meat products. Consumers within the age group 50-

64 purchased the highest average meat quantity while single-households above 65 years 

of age bought the lowest quantity of meat alternatives (AMI, 2020). 

 

Figure 3: Meat and meat alternative purchases by different age groups for the year 2020 

Source: Author’s own compilation of AMI (2020). 
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Figure 3 demonstrates a shift of meat purchasing patterns, whereby the younger 

generation in particular is moving towards more flexitarian diets. GERHARDT et al. (2019) 

suggested that in addition to plant-based alternatives, lab-grown or “cultured meat” will 

increasingly replace conventionally produced meat within the next two decades. At the 

same time, the share of German consumers abstaining from meat eating has remained low. 

Vegetarian consumers accounted for 5% of the total population in 2018, while the share of 

vegan consumers was 1% (FORSA, 2020). Thus, these individual nutritional tendencies still 

play a subordinate role in relation to German dietary behaviour.  

2.3 Negative externalities of meat demand against the background of 
sustainable food systems  

Health issues, animal welfare aspects, and environmental effects are increasingly and 

critically focused upon by scientific and political communities in the context of high meat 

consumption:  

Scientific studies conducted in western industrialised countries indicate that a reduced 

intake of red and processed meat is linked to health benefits (GEIBEL et al., 2021). This is 

mainly due to a high salt content, the presence of nitrite curing salts (BATTAGLIA RICHI et al., 

2015), and the high energy value of meat products (WCRF and AICR, 2018). There is 

evidence that a more flexitarian or vegetarian diet reduces the risk of non-communicable 

diseases such as colorectal cancer, type II diabetes, and coronary diseases in a range of 

6-41% (GEIBEL et al., 2021). The risk of premature mortality might be reduced up to 22% by 

following a vegan diet (SPRINGMANN et al., 2016). However, these results relate to the 

general composition of diets, in which the substitution of meat and meat products is one 

important driver. A causal link between “food risk factors” and the mentioned diseases is 

taken for granted. In this context, surveys were often based on self-reported consumption 

quantities. Therefore, there is a need for further research into the interactions of diets and 

health, especially in middle- and low-income countries (GEIBEL et al., 2021).  

In the wake of a shifting human-animal relationship (HÖLKER et al., 2019) animal 

husbandry conditions are increasingly the subject of social and ethical concerns on the part 

of the general public (RUBY, 2012). According to a survey among EU citizens, 82% of the 

respondents saw a need for improvement in livestock conditions and particularly stressed 

the keeping of poultry (laying hens and broilers) and pigs (EC, 2005). The animal welfare 

issues mentioned mainly referred to housing conditions in stables (i.e., space availability, 

light and climate conditions) (CHRISTOPH-SCHULZ and ROVERS, 2020). Long-established 

practices such as the culling of day-old male chicks and the surgical castration of male 

piglets without anaesthesia have already been legally abolished according to § 4a and §§ 

5, 6, 21 TierSchG. An increasing awareness of the animal welfare issue in Germany 
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additionally becomes evident by claims of the Competence Network on Animal Husbandry 

("Borchert Kommission") and the Commission on the Future of Agriculture 

(“Zukunftskommission Landwirtschaft”) advocating a comprehensive transformation of 

German animal husbandry systems (KNW, 2020; ZKL, 2021).   

Food systems comprise all stakeholders involved and processes within the food value 

chain as well as the related “economic, social, and natural environment” (FAO, 2018). As 

34% of global greenhouse gas emissions are believed to be linked to agriculture (CRIPPA et 

al., 2021), the sector can make an important contribution to environmental protection. 

Animal-based foods and especially meat are associated with a high environmental footprint 

(WILLETT et al., 2019). Climate gas emissions attributed to livestock originate from fodder 

production, “enteric fermentation” but also from manure storage and spreading (GERBER et 

al., 2013). Compared to plant-based foods, meat products therefore have a higher GWP, 

considering the CO2 equivalents (CO2-eq) per kg in the course of life cycle assessment 

(LCA). While studies linked 0.37 kg CO2-eq to 1 kg of field-grown vegetables, bone-free 

chicken was at 3.65 kg CO2-eq/kg, and 26.61 kg CO2-eq were attributed to 1 kg of beef 

(CLUNE et al., 2017). However, the magnitude of the environmental load depends on the 

type and scope of the corresponding husbandry system and whether it competes with 

resources used in direct food production (GODFRAY et al., 2018). Moreover, livestock 

contributes to nutrition security by upcycling human-inedible plants into edible protein (VAN 

HAL et al., 2019). This is especially relevant with regard to non-arable land or anthropogenic 

landscapes which can only be used for food production through animal husbandry. That is 

where livestock production systems are indeed essential to maintaining a variety of 

ecosystem services (JANZEN, 2011).  

Various administrative levels are trying to create more sustainable food systems by 

addressing the above mentioned issues. At the European level, the Farm to Fork Strategy 

strives for “fair, healthy, and environmentally friendly” food systems and sets targets to be 

implemented at national levels. In this context, the reduction of meat consumption is 

mentioned, since red meat intake exceeds recommendations and “current food 

consumption patterns are unsustainable from both health and environmental points of view” 

(EC, 2020). At the German level, the Scientific Advisory Board on Agricultural Policy, Food 

and Consumer Health Protection (WBAE) calls for a reduced consumption of animal 

products in the course of key policy recommendations (WBAE, 2020). In addition to curbing 

meat consumption, both institutions identify a reduction or minimisation of FLW as a key 

approach for a shift towards more sustainability (EC, 2020; WBAE, 2020).  

Uneaten food quantities are associated with additional resource use, GHG emissions, 

biodiversity, and economic losses (VILARIÑO et al., 2017). The FAO defines food loss as 

“the decrease in the quantity or quality of food resulting from decisions and actions by food 
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suppliers in the chain, excluding retail, food service providers, and consumers” and refers 

to food quantities that do not return to the supply chain through alternative utilisation (e.g., 

animal feed) (FAO, 2019). Food waste (FW) occurs at the end of the value chain and is 

accordingly described as “the decrease in the quantity or quality of food resulting from 

decisions and actions by retailers, food services, and consumers” (FAO, 2019; UNEP, 

2021). 

Approximately 14% of the produced edible food is lost (FAO, 2019) and 17% is wasted 

(UNEP, 2021) at a global scale, whereby the volume of FLW varies at national level and 

between value chain stages and food types (FAO, 2019). Approximately 11.9 million tons 

of FLW occurred in Germany in 2015, including 50% of theoretically avoidable loss and 

waste (SCHMIDT et al., 2019). This refers to foodstuffs that were edible before the time of 

disposal. Unavoidable FLW consist of inedible components that are usually removed during 

the preparation process (e.g., bones) (HAFNER et al., 2014). Agriculture accounted for 12%, 

processing for 18%, trade for 4%, out-of-home consumption for 14% and private households 

for 52% of the total FLW quantified in Germany (SCHMIDT et al., 2019). As in other high-

income countries (FAO, 2011), a large share of food remaining uneaten thus occurs at the 

end of the value chain (SCHMIDT et al., 2019).  

The importance of the FLW issue is reflected by the internationally agreed upon 

Sustainable Development Goals of the United Nations (SDGs) in the context of SDG Target 

12.3. It calls for halving per-capita global food waste at the retail and consumer levels and 

for reducing food losses along production and supply chains, including post-harvest losses, 

by 2030 (UN, 2015). According to the EU Waste Framework Directive (EC, 2018), EU 

Member States are urged to implement a regular monitoring corresponding to the 

methodological approach established in the Delegated Decision 2019/1597 (EC, 2019). In 

addition, and as part of the Farm to Fork Strategy, legally binding food waste reduction 

targets are to be implemented to reduce food waste across the EU (EU, 2021). In the context 

of the German National Strategy for Food Waste Reduction, specific national measures are 

to be developed in order to meet SDG 12.3 (BMEL, 2019b). Cooperations between 

governmental and private actors in the course of five “Dialogue Forums” (i.e., at primary 

production, processing, wholesale and retail, out-of-home catering, private households) 

seek to accomplish regular monitoring and FLW reduction through voluntary agreements 

(SCHMIDT et al., 2019).  

However, the aim of associated policy instruments is mainly to reduce the overall 

amount of FLW (BERETTA and HELLWEG, 2019). But as to varying climate effects associated 

with individual food categories (CLUNE et al., 2017), distinguishing between product groups 

is of great relevance (BERETTA and HELLWEG, 2019). Against the background of the above-
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mentioned negative external effects of livestock farming, particular efforts should be made 

to avoid or reduce meat losses and waste. 

2.4 Research questions, research focus and scope 

With regard to the role of meat in the context of achieving sustainability goals as 

described above, this dissertation focuses on three thematic priorities. First, per capita meat 

consumption in Germany is estimated to provide an up-to-date database using a market 

balance approach. Second, different household segments are identified and characterised 

based on their purchasing behaviour for fresh-meat products in order to provide guidance 

on who to primarily target with respect to meat-reduced diets. Third, meat waste in German 

HaFS businesses is quantified considering different arising points. Influencing factors on 

meat waste ratios are identified to derive target-oriented reduction options.  

Three overarching research questions (RQs) have been identified to fill research gaps 

and provide suggestions relevant for policy-makers and market participants:  

 

RQ I What is the average meat consumption in Germany based on a market balance 

approach?  

 

RQ II What are meat purchasing patterns and characteristics of related consumer groups 

in Germany?  

 

RQ III Are there options to reduce meat waste at different arising points in German 

Hospitality and Food Service businesses? 

 

As described in chapter 2.2 food balances published by the German Federal Office for 

Agriculture and Food (BLE) provide information on total and per capita meat consumption 

on a regular basis (BLE, 2021). The coefficients used to derive consumption from domestic 

supply are outdated and were established mainly based on experts’ assumptions without 

adequate data support with regard to non-food or industrial uses, meat losses, and meat 

used for pet-food production (DVF, 1987). The average per capita meat consumption 

estimated in this manner was 62 kg per capita in 2008 (BLE, 2021). In contrast, the NVS II 

calculated a mean per capita meat intake of 43 kg among meat consumers (KOCH et al., 

2019; STRAßBURG et al., 2019). Despite methodological differences and divergent reference 

units, the inconsistencies of these results highlight the importance of RQ I, as an up-to-date 

recording of total and per capita meat consumption in addition to domestic meat supply is 
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part of a comprehensive information basis. It is therefore also an integral component of 

nutrition monitoring.  

RQ II refers to the lack of information concerning meat purchasing patterns of the 

German population based on revealed preferences. Considering a citizen-consumer 

dichotomy, where the response behaviour in surveys deviates from the actual buying 

behaviour (ENNEKING et al., 2019), an analysis of purchase data enables a reflection of 

dietary habits. Several studies identified different meat consumer groups in Germany basing 

their segmentation mainly on attitudes (KAYSER et al., 2013; PIRSICH et al., 2020), whereas 

CORDTS et al. (2014) based theirs on self-reported meat quantities. These studies provide 

initial indications regarding the scope of individual meat consumer clusters, but do not allow 

for a comprehensive assessment of consumption patterns. Previous research investigating 

the effects of meat taxation considered meat consumption of an average consumer (e.g., 

SÄLL and GREN, 2015; BONNET et al., 2018) or included individual differentiating 

characteristics (e.g., income) (PELTNER and THIELE, 2021). However, measures to achieve 

more plant-based eating need to particularly address consumer groups for which a dietary 

transformation is a priority from a health and environmental perspective and thus, consider 

heterogeneity. Answering RQ II based on a behaviour-based approach therefore 

contributes to existing literature.  

RQ III addresses the need to minimise meat waste in the course of more sustainable 

meat demand. Answering RQ III fills a research gap with a more differentiated quantification 

of meat waste in German HaFS businesses. Literature references focussing on meat waste 

with regard to out-of-home consumption which accounts for approximately one third of total 

meat consumption (author’s own calculation based on article (1)), are generally scarce. 

Existing studies have failed to provide product specific waste ratios (e.g., WRAP, 2013; 

SCHRANZHOFER et al., 2015). Additionally, previous research did not regard detailed 

information at various points of arising and waste types (i.e., avoidable and unavoidable 

meat waste) on a representative scale (e.g., WRAP, 2013; SCHRANZHOFER et al., 2015; XUE 

et al., 2019). Addressing RQ 3 therefore contributes to existing literature and moreover 

complies with demands for disaggregated information on FLW (KOESTER and 

GALAKTIONOVA, 2021). The identification of influencing factors on meat waste ratios based 

on an enhanced data basis allows options for meat waste reduction and prevention for the 

HaFS sector to be derived and thus provides conclusions that are relevant for the German 

National Strategy for Food Waste Reduction.  
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3 Methodological approaches  

The following chapter describes different methodological approaches used in order to 

address the research questions raised in chapter 2.4. These comprise a qualitative attempt 

and quantitative approaches including group comparisons by investigating central 

tendencies (KRUSKAL and WALLIS, 1952) as well as structure-revealing multivariate analysis 

that allow to examine two or more variables simultaneously (HAIR et al., 2019). The 

methodology of FBS is explained in detail in chapters 2.1, 2.2, and article (1).  

3.1 Assessing qualitative statements 

Qualitative research allows gaining profound insights into societal perspectives of 

individuals or groups and to explain superordinate relationships against the background of 

behavioural action in real life settings (FLICK et al., 2007). Explorative qualitative approaches 

are often the method of choice with regard to investigating emerging thematic areas 

(LAMNEK and KRELL, 2016). In the course of article (3) respondents are asked to comment 

freely on the topic of meat waste in order to capture attitudes towards waste prevention 

measures or causes for the incurrence of wasted quantities and thus to complement the 

results obtained using quantitative attempts. Since qualitative content analysis allows for an 

empirical analysis following a predefined analytical procedure (MAYRING, 2000), it is suitable 

for addressing qualitative statements of HaFS businesses in article (3). An inductive 

approach is applied to form thematic categories deriving the corresponding codes directly 

from the text material. The codes are gradually combined into three main categories and 

four subcategories, whereby the established codebook is corroborated by fellow scientists. 

The results are interpreted by a summarising content analysis according to MAYRING and 

FENZL (2019). 

3.2 The identification of key tendencies  

The non-parametric Kruskal-Wallis H test by ranks (KRUSKAL and WALLIS, 1952) is 

used to test for statistically significant differences between four clusters in relation to the 

purchased quantity, expenditure, unit value, and shopping locations in article (2). It is also 

an appropriate way to check for statistically significant differences between gastronomy, 

communal catering, accommodation, and further HaFS businesses with regard to meat 

waste rations in the course of article (3). The Kruskal-Wallis H test examines whether three 

or more unrelated or independent samples originate from the same distribution (KRUSKAL 

and WALLIS, 1952) and is therefore known as the nonparametric pendant to a parametric 

one-way analysis of variance (ANOVA) (KVAN and VIDAKOVIC, 2007).  
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In the cases where Kruskal-Wallis results are statistically significant, the Bonferroni- 

adjusted post-hoc test (BLAND and ALTMAN, 1995) is used for nonparametric pairwise 

comparison of difference in medians between HaFS segments and clusters, respectively.  

3.3 Interdependence techniques 

Exploratory factor analysis is typically applied to reduce the structure of large data 

samples and facilitate subsequent analyses. The procedure achieves a data reduction by 

aggregating groups of highly correlated variables into independent single factors or 

components (HAIR et al., 2019). As the GfK dataset used in article (2) comprises 53 different 

meat products, a factor analysis is applied to identify superordinate meat product groups 

which reflect the purchasing patterns of households.  

Prior to conducting the factor analysis, the appropriateness of the degree of 

interrelatedness between variables is assessed using the Bartlett test of sphericity 

(ARMSTRONG and SOELBERG, 1968) and the Kaiser-Meyer-Olkin (KMO) test for sampling 

adequacy (KAISER, 1970). The former evaluates redundancy between variables 

(ARMSTRONG and SOELBERG, 1968) while the latter gauges the strength of partial 

correlation. Ranging between 0 to 1, KMO values above 0.6 deems the sample within an 

acceptable range (KAISER, 1970). 

Principal component analysis (PCA) followed by cluster analysis (CA) is the 

methodological approach employed to identify consumer segments based on meat product 

purchases of 11,487 households in the course of article (2). A PCA captures most of the 

information contained in variables within a smaller number of factors and considers the total 

variance of variables (HAIR et al., 2019), whereby a communality smaller than one is 

explained by a loss of information in the course of the aggregation process (CLEFF, 2015). 

Once the PCA has been performed and under the assumption of uncorrelated factors, the 

unrotated factor matrix is subjected to an orthogonal factor rotation procedure. According to 

BACKHAUS et al. (2018), the former procedure allows for an improved interpretation of the 

results. The number of factors is determined based on the latent root criterion or Kaiser rule, 

considering eigenvalues greater than 1. In order to further assess the overall fit, the total 

variance explained by factors is obtained. Cronbach’s alpha might be used to verify the 

reliability in relation to the factors generated and should be at least 0.6 in the course of an 

exploratory approach (HAIR et al., 2019).  

A two-step CA is then carried out using these PCA-based meat product groups in order 

to classify households into homogeneous segments, which in turn are distinguishable from 

one another. The hierarchical procedure conducts the aggregation based on the squared 

Euclidian distance using a sub-sample. The single-linkage or nearest-neighbour method 
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bases the aggregation on the objects closest to each other and is favoured as it is 

considered suitable to identifying outliers (HAIR et al., 2019). The termination of the merging 

process in order to determine the optimal number of clusters within the subsequent Ward’s 

procedure (WARD, 1963) is specified using a dendrogram (CLEFF, 2015). The aggregation 

of clusters in this case is carried out based on minimising the “within-cluster sum of squares” 

(HAIR et al., 2019). Once the clusters are drawn from the agglomerative procedure, the 

partitioning of the entire sample takes place by means of the non-hierarchical clustering 

technique K-means (MACQUEEN, 1967). In K-means clustering all households are first 

assigned to one of the predefined clusters, before the cluster composition is enhanced 

comparing each observation to the cluster centroids (CLEFF, 2015). 

3.4 Dependence techniques  

Multinomial logistic regression (MNL) models estimate the influence of explanatory 

variables on the categorical specific regressor with more than two outcomes that have no 

natural ordering (BACKHAUS et al., 2018). MNL is therefore used to predict the event of 

cluster-membership and thus characterise segments identified by the previously conducted 

two-step CA in the course of article (2). This method, which is based on a maximum-

likelihood (ML) estimator, is suitable for such a purpose as it allows to isolate the effects of 

individual explanatory variables or covariates on the categorical dependent variable. A 

separate regression model is estimated for G-1 outcomes of the dependent variable, while 

one outcome or cluster serves as a reference category. The estimated coefficients are 

interpreted accordingly in relation to the base category. Goodness of fit is assessed using 

several measures, e.g., the likelihood ratio-test and Pseudo-R2-measures such as Cox and 

Snell, Nagelkerke, and McFadden (BACKHAUS et al., 2018).  

The examination of the influence on a dependent variable taking the value {0,1} can be 

carried out in the course of binary logistic models (BACKHAUS et al., 2018). Beta regressions 

are appropriate for modelling data for which the observations lie within an open interval 

between 0 and 1 (FERRARI and CRIBARI-NETO, 2004). Since the meat waste ratios analysed 

in article (3) are between 0 and 1, but at the same time take on a value of 0 (i.e., 0% of 

waste related to purchased meat quantities), a fractional response model is used to 

investigate the influence of several explanatory variables. The model is based on a quasi-

maximum likelihood estimator (QMLE) to determine its parameters (PAPKE and 

WOOLDRIDGE, 1996). 

The calculation of marginal effects facilitates the interpretation of results derived from 

both MNL and fractional response regression techniques (CAMERON and TRIVEDI, 2009) and 

is explained in more detail in articles (2 & 3).  
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4 Summary of articles and their contributions to the overall thesis 

This cumulative dissertation comprises three contributing articles which address three 

overarching research questions that have been outlined in the course of chapter 2.4. The 

three articles deal with the superordinate topic of German meat demand and address meat 

consumption and meat waste as important issues to be considered in the context of more 

sustainable food systems (WILLETT et al., 2019; KARWOWSKA et al., 2021). The following 

chapter describes the overall conceptual framework of the dissertation as well as the 

scientific approach and main results of the three contributing articles. Table 4 provides an 

overview of the individual contributions.  

Table 4: Overview of contributing articles 

Article Authors Title Journal 

(1) A. J. Thies 

J. Efken 

M. Sönnichsen   

How much meat do we eat? Estimating     

per capita meat consumption in Germany 

based on a market balance approach 

Published in                   

German Journal of 

Agricultural Economics 

(2) A. J. Thies  

D. Weible  

M. Staudigel 

Tailored marketing and policies for  

more sustainable meat demand – 

A consumer segmentation based on  

revealed preferences for Germany 

Submitted to and under 

review at Agribusiness:  

An International Journal 

 

(3) A. J. Thies 

F. Schneider 

J. Efken  

The Meat We Do Not Eat. A Survey of    

Meat Waste in German Hospitality and   

Food Service Businesses 

Published in 

Sustainability 

  

Source: Author’s own compilation. 

Figure 4 illustrates the corresponding conceptual framework of the dissertation. The 

contributing articles address different levels in order to answer the individual RQs. First, 

they examine different segments of the meat market in Germany. Article (2) and (3) focus 

on at-home or out-of-home consumption, respectively and therefore address market sub-

segments, while article (1) analysis the utilisation of the total meat quantity domestically 

available. Second, the articles focus on different value chain stages. Article (1) follows a 

supply-side approach and includes a mass flow analysis, while articles (2) and (3) each 

refer to the demand-side by addressing private households and businesses of the HaFS 

sector. Third, as they have different objectives, each of the contributing articles refers to an 

individual reference parameter: i) meat consumption expressed as c.w.e., ii) meat product 
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purchases expressed as product weight, and iii) meat waste ratios related to purchased 

meat quantities.  

Against this background, the three articles allow for different conclusions to be drawn. 

Article (1) enables an assessment of average meat consumption as an important reference 

value in relation to environmental and health benchmarks. Article (2) indicates priority 

groups for a behavioural change, and article (3) identifies meat waste hot spots for which 

targeted measures could contribute to considerable resource savings. Furthermore, article 

(2) provides indications for the implementation of fiscal policies and suggests targeted 

marketing to promote meat produced under improved animal-welfare conditions or meat 

substitutes with environmental benefits. In the course of article (3), determining factors on 

meat waste ratios are assessed to derive waste prevention and reduction options for the 

HaFS meat value chain. 

 
Figure 4: Conceptual framework of the dissertation 

Source: Author’s own compilation. 

Article (1) presents a proposal for a revised pork, beef, and poultry consumption 

calculation in Germany. The estimation technique uses official statistics on meat production 

and includes adjustments to external trade statistics with regard to pork, beef, edible-offal, 

and by-products. The procedure comprises three calculation steps for each meat type. First, 

the total meat quantity generally available for domestic consumption is determined based 
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on a random survey of slaughterhouses, considering inedible components (i.e., bones) as 

well as exported and imported meat quantities of the companies surveyed.  

In a second step, total meat consumption corrected for loss and waste is computed by 

deducting meat losses at the processing- and wholesale-level and waste at the retail-level. 

The allocation between marketing channels is based on results of the survey at 

slaughterhouse level. Wasted meat quantities at the consumption stage are obtained 

considering purchases of private households based on GfK data and purchases of HaFS 

businesses calculated as residual values. By dividing total consumption through population 

size in a third step, per capita consumption is estimated. A set of species-specific 

coefficients corresponds to the ratio of consumption and domestic supply.  

The average per capita annual meat consumption of 64.7 kg determined for the year 

2018, comprises 34.8 kg pork, 11.5 kg beef, and 15.8 kg poultry. The corresponding 

coefficients for the derivation of consumption from domestic supply, are 80.8% for beef, 

79.8% for pork, and 68.0% for poultry. The results indicate that per capita meat consumption 

has been underestimated by 3.6 kg and by means of the current coefficients which have 

been implemented in 1987 (DVF, 1987). Findings of article (1) show an increased per capita 

consumption of beef and poultry and demonstrate that per capita pork consumption has 

previously been overestimated by overrating external trade of meat by-products. As the 

currently applied approach accumulates utilisation and loss and waste factors, without 

distinguishing between different sales outlets, meat going uneaten is overestimated and per 

capita figures have tended to be underestimated in the past. 

The uncertainty of the estimated meat consumption level is determined to be 20% by 

means of a sensitivity analysis. In particular, higher waste assumptions at the consumer 

level including cooking losses result in a reduction of the estimated consumption level to 52 

kg per year. Exported meat quantities and sales to pet food producers in relation to 

production are additionally considered as further sensitive parameters due to likely high 

standard deviations.  

A comparison of international meat consumption measures using FBS data illustrates 

methodological differences in terms of divergent assumptions on inedible components, non-

food uses, pet-food, losses, and waste. Due to the resulting assessment of different value 

chain stages and product units, consumption levels are hardly internationally comparable. 

An analysis of German edible offal and by-product exports suggests that the classification 

by means of the Combined Nomenclature (CN) in external trade statistics needs to be 

revised. A harmonised assignment of meat, edible offal, and by-products in international 

trade statistics would enable a uniform construction of FBS and a standardised calculation 

of domestic meat supply in the first place.  
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Article (2) deals with a segmentation of German fresh-meat-shoppers based on 

household panel data provided by the GfK for the year 2014. It uses PCA with Varimax 

rotation to identify commonalities in purchase patterns with regard to meat types, meat cuts, 

and preparation methods across single products. A hierarchical CA followed by K-means 

clustering is performed to identify segments based on each household’s average monthly 

purchase share of product groups derived by PCA.  

In this article 21 different meat products are aggregated into nine factors. One factor 

each summarises lamb, veal, and poultry cuts. An additional factor includes premium cuts 

of red meat while another factor combines convenience mixed products. Pork and beef 

products are aggregated in two factors each: sautéed and traditional beef cuts; and 

traditional and convenience pork cuts. Subsequently, four clusters are identified: a segment 

of pork and beef traditionalists (59% of the total sample), households belonging to 

convenience-oriented pork buyers (11% of the total sample), a cluster labelled as poultry 

lovers (25% of the total sample), and a cluster termed premium red meat lovers (5% of the 

total sample).  

Subsequently to a comparison of the identified clusters using a Kruskal-Wallis H test, 

MNL is performed to further characterise these segments. The cluster type is the dependent 

variable and socio-demographics, total purchased meat quantity, shopping locations, and 

attitudinal statements towards meat and food shopping serve as independent variables. 

The largest group of pork and beef traditionalists should be addressed with priority to 

achieve an overall more rapid dietary change with a view on health effects due to their high 

level of meat purchases (1.95 kg per month) and the high proportion of pork cuts with a high 

fat content. This cluster comprises reference persons of advanced age. Intermediate to high 

net incomes decrease the chance of cluster membership. Financial incentives in form of a 

meat tax could contribute to curb meat purchases of these households as they additionally 

report price sensitivity and pay rather low average meat prices. Personalised price 

promotions of plant-based alternatives could curb meat consumption of convenience-

oriented pork buyers, who also need to replace purchased meat products from a health 

perspective. This segment comprises younger male reference persons, who show the 

lowest average expenditure and unit value within the sample. As they place price above 

quality, the extent to which measures of an informative nature could additionally reach 

convenience-oriented pork buyers remains open. 

Poultry and premium red meat lovers are likely to be guided by informative measures. 

Poultry lovers are health-oriented and exhibit the lowest per capita total meat quantity 

among clusters. The female headed households state to be quality-conscious, alongside 

with high unit values for the meat they buy. More targeted labelling, e.g., promoting organic 

meat or meat produced under improved animal husbandry conditions, might contribute to a 
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qualitative shift for poultry and premium red meat lovers. Premium red meat lovers likewise 

value quality food and purchase the largest share of organic meat among clusters. Due to 

a rather high income level, while stating to be less price sensitive, they may accept further 

price increases to maintain their long-established dietary habits.  

Overall, efforts to shift meat purchases into a more sustainable direction would have to 

overcome established habits (pork and beef traditionalists), low price sensitivity (premium 

red meat lovers), and apathy (convenience-oriented pork buyers).  

Article (3) quantifies meat waste, defined as food-grade meat products leaving the food 

value chain in German HaFS businesses at a representative scale. Based on CATI, it 

examines whether waste ratios differ between gastronomy, communal catering, 

accommodation, and further HaFS businesses (Hypothesis 1) and assesses the relevance 

of storage and preparation waste as well as leftover meat (Hypothesis 2). Waste ratios are 

compared between segments and on the business-type level using explorative analysis 

(boxplots), a Kruskal-Wallis H test followed by a post hoc test, and various descriptive 

statistical parameters. The results are evaluated against the background of a literature 

review. In order to determine whether awareness of food waste prevention is linked to the 

incurrence of meat waste (Hypothesis 3) and to derive corresponding reduction measures, 

a fractional response model with waste ratio as the dependent variable and meat purchases, 

the respondent’s occupation, offered meat types, shopping locations and attitudinal 

statements towards the food waste awareness as independent variables is conducted. 

Moreover, a qualitative content analysis provides a more detailed explanation of causes as 

to wasted meat quantities.  

An annual meat waste of 85,800 tons is estimated, with communal catering accounting 

for 36%, gastronomy and further HaFS businesses for 27%, and the accommodation 

segment for 16% of meat wasted out-of-home. The gastronomy segment shows the highest 

total (7.8%) and avoidable (5.8%) mean waste ratio among segments and in relation to 

weekly purchased meat quantities. Leftovers, including overproduction, buffet, and plate 

waste are identified as hot spots in a comparison of meat waste arising points. Leftover 

meat makes up the greatest share of total meat waste in the gastronomy (i.e., 41%) and 

accommodation segment (i.e., 54%) and accounts for 76% of the meat wasted in communal 

catering.  

In order to reduce leftovers, businesses are already offering small portions or give 

leftovers into private hands. The use of doggy bags to take home leftover food is established 

within the gastronomy sector, but less frequently used in communal catering. Cooperation 

with redistribution organisations needs to be fostered to provide edible meat overproduction 

to food banks, as regression results indicate increased meat waste ratios due to a lack of 

food donations. However, extensive legal requirements, additional effort, and geographical 
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conditions (long distances) keep businesses from entering into long term corresponding 

cooperations with food banks. As assessing the eating behaviour of guests seems a 

challenge for businesses with a great menu and a large number of customers, a selling of 

discounted surpluses via mobile applications might set financial incentives and could 

therefore contribute to further reduce meat waste of these businesses. 

Awareness for less wasteful behaviour needs to be raised among staff and guests. In 

the course of developing communication strategies for individual target groups, the scope 

of the issue should be emphasised. Results of article (3) illustrate that accepting mean 

waste ratios of the lower quartile (bottom 25%) of each of the four segments as a feasible 

benchmark, could save approximately 1,300 kt in CO2 equivalents or 2% of the total CO2 

equivalents emitted by German agriculture in 2018. A future improvement, as targeted by 

SDG 12.3 (UN, 2015), appears feasible for the entire German HaFS sector considering the 

waste management of the lower quartile and individual businesses representing almost 

every business-type.  
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Abstract 

Meat consumption has become increasingly relevant 
within the greater scientific, political, and public de-
bate due to the variety of negative effects that it has 
on the environment, human health, and animal wel-
fare. In Germany, the statistical basis for "direct con-
sumption" entails uncertainties and is based on pa-
rameters dating back to 1987. The following study 
deals with an updated and revised estimate of the per 
capita consumption of pork, beef and poultry in Ger-
many, focusing on the supply-side. Unlike the original 
approach, the estimate is based on a mass flow analy-
sis. It includes a survey at the slaughterhouse level, 
adjustments to external trade statistics, and assump-
tions on loss and waste at five different value chain 
stages. An average total per capita meat consumption 
of 65 kg is calculated for the year 2018. Thus, meat 
consumption has been underestimated by 4 kg per 
capita based on official statistics by overestimating 
waste, losses, and non-food uses. Our results provide 
information regarding per capita and total meat con-
sumption, enable future projections, and give an over-
view of the use of meat outside the food chain. The 
approach used is discussed against the background of 
international comparability and applicability. In this 
way the study provides important indications for polit-
ical decision-makers and contributes to more objectiv-
ity in the public debate on meat consumption. 

Keywords 

meat consumption; Germany; food balance data; mar-
ket balance approach; international comparability 

1 Introduction 

The general public, the political and scientific com-
munities are critically discussing the effects of the 
current and projected consumption of livestock pro-
teins: particularly the demand for meat is being contro-

versially re-examined. This demand is associated 
with negative consequences for human health and 
adverse effects on the environment, the preservation 
of natural resources, and animal welfare as a result of 
intensive animal husbandry in industrialized countries 
(GODFRAY et al., 2018; SPRINGMANN et al., 2018). 

Against this background, scientific studies at dif-
ferent national and institutional levels have indicated 
the necessity for demand management. In its "Special 
Report on Climate Change and Land Systems", the 
Intergovernmental Panel on Climate Change (IPCC) of 
the United Nations refers to the climate impact of 
meat-intensive diets and thus shifts the issue into the 
focus of current public perception at the international 
level (IPCC, 2019). At the European level, and in the 
course of the "Farm to Fork Strategy", the European 
Commission strives for more sustainable food con-
sumption. It also works to counter negative external 
effects of red meat consumption on the environment 
and health (EC, 2020b). In Germany, the the Scientific 
Advisory Board on Agricultural Policy, Food and 
Consumer Health Protection at the Federal Ministry of 
Food and Agriculture (WBAE) recently indicated the 
necessity of reduction in the consumption of meat to 
design a more sustainable food system (WBAE, 2020). 

However, the frequently cited German "food bal-
ance sheet data" providing regular information on 
meat consumption from a market-balance perspective 
has important limitations. Fixed coefficients are used 
to convert the domestically available total meat supply 
into average per capita consumption of different meat 
types expressed as carcass weight (BLE, 2021). The 
coefficients adjust for inedible components, losses at 
the slaughter-level, non-food uses, and waste at the 
consumer level. They were established in 1987 (DFV, 
1987), and have not been changed or updated appre-
ciably since then (BLE, 2021). The average per capita 
meat consumption level estimated in this manner 
varied between 60 and 62 kg within the years 2000 to 
2018 and was 57 kg in 2020 (BLE, 2021). 
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In contrast, the second representative National 
Nutrition Survey (NVS measuring food ingested 
by individuals, calculated a mean per capita meat in-
take of 43 kg among meat consumers based on dietary 
interviews and 24-h recalls conducted between No-
vember 2005 and January 2007 (KocH et al., 2019). 
The NVS II refers to prepared meat quantities includ-
ing cooking losses in the course of a demand-side 
approach (STRAßBURG et al., 2019), which partly ex-
plains the discrepancy with the supply-side estimates. 
Mismatches between consumption indicators based on 
"food balance sheet statistics" or dietary surveys have 
been reported in various studies (e.g., DOWLER and 
SEO, 1985; BARRETT, 2010; Yu and ABLER, 2014; 
Amo et al., 2016; THAR et al., 2020). However, results 
with such high inconsistency raise questions about the 
accuracy of the application of the 30-year-old set of 
coefficients in Germany. Incorrect consideration of 
meat exports, over- or underestimated loss and waste 
ratios or changing marketing channels might be rea-
sons for an incorrect assessment (over- or underesti-
mation) of consumption based on the supply-side. 

Nevertheless, a regular recording of average meat 
consumption is not only useful with regard to the 
evaluation of consumption levels and trends to add 
more objectivity to the emotionally-driven discussion 
on the topic in Germany. Such monitoring additional-
ly provides information regarding the availability of 
meat as food, enables future projections, and gives an 
overview of the use of meat outside the food chain. 

The purpose of this paper is two-fold: first, it de-
scribes and compares existing estimation procedures 
(national and international). Second, the paper uses an 
updated estimation approach for the German per capi-
ta consumption of beef, pork, and poultry. The calcu-
lation bases on mass flow analysis which accounts for 
losses and waste along the value chain. Therefore, a 
survey was conducted at the slaughterhouse level to 
determine the quantity available for domestic human 
consumption. Based on descriptive analysis adjust-
ments are made for foreign trade, which are included 
in the total estimate. Finally, the updated estimation 
procedure and the results are discussed considering 
the intended purposes and the international compara-
bility of the estimated meat consumption level. 

2 Review of Current Procedures 
Estimating Meat Consumption 

How is per capita food or meat consumption meas-
ured? Different types of data are collected regularly in 

most developed countries to monitor nutrition and the 
human consumption of various commodities (SERRA-
MAJEM, 2001). Household budget surveys (HBSs) are 
based on nationally representative population samples 
to collect data on food availability at the household 
level. Individual dietary surveys (IDSs) based on rep-
resentative country population samples provide in-
formation regarding the quantity of different foods 
ingested by the individual and for the survey period 
under review (Russo et al., 2016). An approach 
commonly used by the Food and Agriculture Organi-
zation of the United Nations (FAO) (FAO, 2021a, 
2021b), the European Commission (EC) (EC, 2021) 
and national administrations (BLE, 2021) is the esti-
mation of average annual consumption based on food 
balance sheets including utilisation and loss and waste 
assumptions (SERRA-MAJEM, 2001; Russo et al., 
2016). 

2.1 International Approaches Estimating 
Meat Consumption 

The FAO calculates meat and edible offal available 
for national human consumption (referred to as food 
supply) with country specific data expressed in terms 
of quantity, calories, protein, and fat per day and capi-
ta (FAO, 1972, 2021b). In these food balances, this 
information is shown conjointly for different meat 
types, whereas "Supply Utilization Accounts" present 
data separately for different products or product 
groups. The FAO calculates per capita supply of dif-
ferent meat types or products considering production, 
stocks, imports, and exports. In addition, losses and 
waste incurred in the course of storage and transport 
up to retail level are deducted (FAO, 2021a, 2021b). 
At the product level, the "Supply Utilization Ac-
counts" show a per capita supply (inedible bones ex-
cluded) for individual product-groups. The industrial 
utilisation of meat is considered as an additional utili-
sation path, without explicitly reporting meat used for 
pet-food production. In principle, feed, seed, and food 
quantities consumed by tourists and residuals com-
plement the specified utilisation options. Waste at the 
household level is not considered (FAO, 2021a, 
2021c). 

The United States Department of Agriculture 
(USDA) publishes annual national data on human 
consumption based on supply balances. To show the 
available supply of a commodity or each meat catego-
ry, exports, shipments to U.S. territories, and ending 
stocks are deducted from the sum of production, im-
ports, and beginning stocks. The total and per capita 
quantities available are shown in carcass weight, retail 
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weight, and as a boneless quantity (USDA, 2021a, 
2021c). In addition to the "Food Availability System", 
the USDA provides loss-adjusted data on meat availa-
bility through the "ERS Food Availability Data 
System". Data include deductions for the conversion 
of primary to (boneless) retail weight and from 
retail to consumer weight. The per capita availab-
ility is calculated adjusting for preparation including 
cooking losses and plate waste (at-home and out-
of-home consumption (USDA, 2020, 2021b). Due 
to limited data availability, this calculation method 
does not include deductions for meat quantities used 
in the pet food and animal feed industries (USDA, 
2018). 

The European Commission (EC) also uses pro-
duction and trade data when calculating the annual per 
capita consumption of different meat types. Based on 
net production and foreign trade, domestic supply 
(referred to as "total consumption") is calculated as 
carcass weight (EC, 2021). The EC determines the per 
capita consumption level, summarised for the 27 
Member States of the European Union (EU) consider-
ing total population. Carcass weights are transformed 
into retail weight to adjust for inedible components, 
fat, trimmings, and further losses and waste up to the 
consumer level (NELSON et al., 1989; EC, 2021). The 
conversion factors are 0.70 for beef and veal, 0.78 for 
pork, 0.88 for poultry, and 0.88 for sheep and goat. 
Waste at the consumer level is not considered. The EC 
does not report consumption of edible offal and by-
products separately (EC, 2021). 

2.2 Current Supply-Side Approach 
Estimating Meat Consumption in 
Germany 

The Federal Office for Agriculture and Food (BLE) 
publishes German per capita meat consumption de-
rived from supply balances for meat, edible offal, and 
by-products on an annual basis. The available domes-
tic supply expressed as carcass weight is calculated by 
deducting exports and adding imports of meat and 
meat products from and to net production, which cor-
responds to slaughter volume (BLE, 2021). 

The total available domestic supply is primarily 
for human consumption, but also for other purposes 
since inedible components, losses, and waste are still 
included. These cover (1) non-food material (DFV, 
1987), which is used for industrial purposes, further 
processed and commonly used in biodiesel production 
and oleo chemistry (NIEMANN, 2017); (2) meat, edible 
offal, and by-products used as pet-food and in aqua-
cultures; and (3) losses and waste from the slaughter 
to the consumer level as well as waste at the consump-
tion level (DFV, 1987). For this reason, a set of coef-
ficients is used to convert total domestic supply into 
per capita consumption by considering population size 
(BLE, 2021). The German Livestock and Meat Mar-
ket Association implemented the coefficients in 1987 
also based on expert assessments (DFV, 1987). 

The estimation concepts presented consider dif-
ferent deduction items. Table 1 gives an overview of 
the main differences and also includes our updated 
technique for Germany. 

Table 1. Overview of the main differences of estimation methods 

Institution 
Deduction for 

inedible 
components 

Deduction for 
non-food 

uses 

Deduction for 
pet food 

production 

Deduction for losses and 
waste during production, 
processing, and storage 

Deduction for 
consumer 

waste 

FAO 

USDA 

EC 

BLE 

Updated national 
estimation presented 
in this study 

(X) 

X 

X 

X 

(X) 

X 

X 

X 

X 

X X 

X 

X 

(X) 

X X X X 

Notes: partial consideration of the deducted item in parentheses. In the case of non-selection, the corresponding item is not explicitly 
shown or specified within the individual estimation procedure. 
Source: authors' compilation based on USDA (2018, 2020), BLE (2021), EC (2021), FAO (2021a, b) 
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3 Proposal for a Revision of 
Estimating Meat Consumption 
in Germany 

Based on a mass flow analysis we conduct an updated 
estimate of German per capita beef, pork, and poultry 
consumption. It uses results of a survey at the slaugh-
terhouse level, official production and adjusted trade 
data as well as loss and waste assumptions along the 
value chain. The following chapter describes the 
methodological procedure and the data collection. 

3.1 Market Balance Approach 

Figure 1 shows the mass flow analysis which serves 
as a framework for the estimate. In a first step, the 
average share of production intended for domestic 
human consumption as well as inedible bones includ-
ed are calculated based on a random survey of slaugh-
terhouses. This information is used to extrapolate the 
total quantity of meat generally available for con-
sumption, using official production and adjusted trade 
data. We calculate the distribution among different 

Figure 1. Framework for the estimation procedure 

marketing channels (meat processing, wholesale, and 
food retail) in accordance with the slaughterhouse 
data to consider different loss and waste ratios. Fol-
lowing the simplified FAO defmition, losses are de-
fined as the reduction of edible food or meat quanti-
ties at the processing and wholesale level. Waste aris-
es at the retail and consumption level (FAO, 2019). In 
the course of the estimate, we differentiate between 
consumption at-home and out-of-home. Hospitality 
and Food Service (HaFS) businesses are defined as 
final consumers in the out-of-home sector. Finally, the 
total loss and waste quantities are derived from the 
meat generally available for human consumption to 
calculate total or loss- and waste-adjusted consump-
tion. 

The estimate comprises three main calculation 
steps for each meat type. First, the total quantity of 
meat generally available for domestic consumption 
(AC) is determined by considering net-production (Q) 
(including edible offal and by-products), the share of 
meat available for domestic consumption (SD), the 
share of inedible bones (SB) included, as well as ad-
justed exports (EX) and imports (IM). In a second 

1. Slaughterhouse 
2. Share of production intended for domestic 

consumption (extrapolated) a, b

less 

3. Processing 4. Wholesale a I— 5. Food retail a
less 

6. Purchases by HaFS 
businesses e

a Survey at the slaughter level 
b production and trade data 
c Expert assessment 

d Literature references, existing dataset (GfK) 

e Survey on meat waste in HaFS businesses 

7. Purchases by private 
households d

less 

Thereof bones a

Loss & waste ratio e' 
(absolute values) 

Waste ratio d, e 
(absolute values) 

8. Total meat consumption 
adjusted for loss and waste 

Notes: we present value chain stages, for which we assume losses and waste within the estimation procedure (i.e., Tab. 4-5). 
Source: authors' own compilation 
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step, total consumption is computed by deducting 
absolute losses and waste at the processing-, whole-
sale-, and retail-level, which are calculated consider-
ing the share (S) of each marketing channel (1) and the 
individual loss or waste ratios (LR, WR). Absolute 
waste at the consumption level is determined consid-
ering consumption in private households (CH), con-
sumption out-of-home (CA), and the individual waste 
ratios (WR). By dividing total consumption by popu-
lation size, per capita consumption is estimated. 

Available for domestic consumption 
= (Q * SD)(1— SB) — EX + IM 

Absolute losses at processing, wholesale & 
waste at retail level 

=1((AC * Si * LRi) + (AC * Si * WRi)) 

Absolute waste in private households 
= CH * WRcH 

Absolute waste out-of-home 
= CA * WRcA 

Total consumption 
= AC —E,((AC * S, * LRi) + 

(AC * S, * WRL)) — (CH * WRcH) — 
(CA * WEcA) 

Per capita consumption 
Total consumption 

Population 

3.2 Data Collection 

(1) 

(2) 

(3) 

Data Collection at Slaughterhouses Level 

Data collection was mainly done at the slaughterhouse 
level. As the relevance of specific sales channels is 
most likely to vary between companies, we have 
aimed for a high market coverage in terms of the na-
tional slaughter volume. The random sample com-
prised six pig slaughterhouses (market coverage: 
50%), four cattle slaughterhouses (market coverage: 
48%), and seven poultry slaughterhouses (market 
coverage: 81%). Due to the relatively low number of 
veal slaughtered compared to young bulls, heifers, and 
cows (DESTATIS, 2021), the corresponding infor-
mation from cattle slaughterhouses was also assumed 
for veal. Abattoirs provided information on the utilisa-
tion at the product or product-group level based on 
their Enterprise-Resource-Planning (ERP) systems 
(sales data) for an annual period to minimise seasonal 
effects and for two reference years (2017 and 2018) to 

recognise annual effects. Certain abattoirs provided 
information for one year only. The data query was 
conducted using a predefined Excel-Spreadsheet, 
which we developed with industry experts to ensure a 
recording in accordance with the slaughtering process 
and to avoid double counting (i.e., bones). We distin-
guished between products removed before and after 
determination of carcass weight and thus between 
edible offal, by-products, and meat. Exports, category 
I-III material' (risk material specified by Regulation 
(EC) No 999/2001 (EP, 2001), material intended for 
animal feed production or further non-food uses were 
indicated as possible utilisation paths. The slaughter-
houses stated inedible shares (i.e., bones, tendons) and 
further marketing channels (processing, wholesale, 
retail) of meat, generally available for domestic con-
sumption. Figure 2 displays the query scheme. 

Absolute figures of all surveyed slaughterhouses 
were summed up to obtain the weighted percentage 
shares of exports, meat available for domestic con-
sumption, and included bones in their relation to car-
cass weight (including additional purchases). Percent-
age shares of the individual marketing channels were 
determined in relation to the total meat available for 
domestic consumption, also expressed as carcass 
weight. In this manner, the information from the sam-
ple was extrapolated to the entire market since net 
production equals the total slaughter volume (ex-
pressed as carcass weight equivalent (c.w.e.)). 

Data on External Trade 

The German balance sheets provide a condensed 
overview of the meat supply for the individual spe-
cies, edible offal, and by-products (BLE, 2021). In 
contrast to meat, the quantity of edible offal and by-
products is not weighed but estimated using fixed 
coefficients in order to determine net production 
(BZL, 2019). The domestic supply is calculated con-
sidering foreign trade (BLE, 2021), where external 
trade statistics classify products in accordance with 
the Combined Nomenclature (CN) (EC, 2020a). Other 
than edible offal there are hardly any products in this 
nomenclature that do not belong to the carcass and are 
therefore officially classified as meat. As a result, only 
few products can generally be categorised as by-
products. However, an analysis of the German export 
volume of edible offal and by-products of the past 

1 According to the negative effects on human and animal health, 
animal by-products are divided into three risk categories (Cat-
egories I-III) and have to be processed differently BMEL 
(2020). 
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Figure 2. Data query at slaughterhouse level 

Live weight

Carcass weight 

Edible offal and 
by-products 

Additional purchases 

Export Pet food (Category 
Further non-food uses 

Human 
consumption 

Bones included 

• • 
Processing Wholesale Retail Direct sale to end consumer 

Human consumption 
Export 
Pet food 
Category 
Further non-food uses 

Notes: information used for the estimation procedure is indicated in bold type. 
Source: authors' own compilation 

20 years showed that the majority of exports are 
assigned to CN-codes classified as by-products. In 
2019, 89% of the total export volume of edible offal 
and by-products were pork by-products (EuRosiAT, 
2020). 

Figure 3 shows the production, export, and do-
mestic supply of edible offal and by-products as pre-
sented in the official supply balance from 1999 to 
2019. The sharp rise in exports of pork by-products 
since 2008 would have effectively resulted in a nega-
tive domestic supply ("acc. to coef.") if the fixed coef-
ficients were used to calculate net production. To 
avoid this situation, official net production was manu-
ally increased each year from 2008 onwards to main-
tain a low but positive domestic supply ("off."). This 
procedure ultimately would result in the creation of 
edible offal and by-products, which does not seem 
plausible given the physical composition of the car-
cass. However, an ongoing incorrect assignment of 
products and the corresponding CN-codes seems a 
more realistic explanation. It can therefore be assumed 

that meat which is attributable to the carcass by defi-
nition, is partly declared as a by-product in trade sta-
tistics. 

To correct the misalignment, we only considered 
products which are clearly not part of the carcass in 
the context of external trade of edible offal and by-
products. Figure 3 additionally presents the according-
ly modified domestic supply. 

As a consequence, the remaining CN-codes are 
now reflected in foreign trade for pork and beef 
(meat). This adjustment affects the estimation of meat 
consumption. Due to the increasing export volume for 
pork in the observation period, and a high export share 
of the products now allocated to the supply balance 
for pork (meat), the domestic supply of pork appears 
to be lower than the quantity shown in the official 
statistics. This effect is considerably lower for beef. 
The revised allocation of the CN-codes is included in 
the estimation procedure in the course of reporting 
updated import and export quantities for beef, pork, 
edible offal, and by-products (i.e., Tab. 8). 
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Figure 3. Adjustments for foreign trade of edible offal and by-products, 1999-2019, c.w.e. in kt (kiloton 
(metric tone)) 

c.w.e. in kt 
800 

Net-production (off.)1

700 mo t— Net-production (acc. to coeff ) 2
Exports (off.) 

600 --)8— Dom. supply (off.) 
—ä— Dom. supply (acc. to coeff.) 

500 —3— Exports (after adjustments) 
—B— Dom. supply (after adjustments)' 

400 

300 

200 

100 

0 

-100 

-200 

-300 

1999 2000 2001 2002 2003 2004 2005 2006 2001 2008 2009 2010 2011 2012 2013 2014 2015 2016 2011 2018 2019

a All values expressed as kiloton refer to "metric" tons 
'official statistics; 'according to the authorised coefficient; 3according to the authorised coefficient after adjustments to external trade 
Source: authors' own representation of food balance sheets BLE (2021) and author's own calculation 

Assumptions on Losses and Waste 

Loss and waste assumptions for the individual value 
chain stages were collected from published studies 
with applicable reference units (meat waste and loss 
related to the quantity originally sourced or generally 
available), and from expert interviews. As recent pub-
lications on food waste for out-of-home consumption 
rarely show specific values for meat and do not pro-
vide indicators for the calculation of a waste ratio 
related to the quantity purchased (LIu et al., 2019), 
we conducted a representative survey among HaFS 

businesses on meat purchases and waste (THiEs et al., 
2021a). Table 2 presents an overview of the individual 
loss and waste ratios. The values given for at-home 
and out-of-home consumption refer to the avoidable 
losses and waste (excluding inedible components). 
This differentiation was not possible at the other 
stages due to limited data availability. The waste ratio 
at the retail level includes the product group fish 
(LEBERSORGER and SCHNEIDER, 2014), which is also 
among the frozen products for losses in private house-
holds (GFK, 2017). 

Table 2. Assumptions on losses and waste at different stages of the meat value chain 

Loss and waste items 
Loss and waste

Source 
ratio in °A 

Meat industry 0.10 Expert assessment, Federal Association of the German Meat Industry BVDF (2020) 

Wholesale 1.00 Expert assessment, German Meat Industry Association VDF (2020) 

Food retail 2.58 
LEBERSORGER and SCHNEIDER (2014), author's own calculation based on 
unpublished raw data 

At-home consumption 3.13 GFK (2017), (AMI, 2020a, b), author's own calculation based on raw data 

Out-of-home consumption 6.15 THIES et al. (2021a) 

Source: authors' own compilation 
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4 Application of the Revised 
Estimation Procedure of 
German Meat Consumption and 
Corresponding Implications for 
Supply Balances 

After presenting the conceptual approach for updating 
the German estimation procedure, chapter 4 demon-
strates the implementation of our estimation technique 
and the corresponding effects on meat supply balances. 

4.1 Individual Estimation Steps to Deter-
mine Per Capita Pork Consumption 

Per capita meat consumption is determined using re-
sults from data collection at the slaughter level, offi-
cial production data, modified trade data as well as 
loss and waste assumptions. Tables 3 to 7 show the 
individual estimation steps to determine per capita 
pork consumption. In accordance with the survey 
period at the slaughterhouse level, the values shown 
refer to mean values of the years 2017 and 2018. 

In a first step (Table 3), we calculate the quantity 
of meat generally available for human consumption 
based on net production (corresponding to the domes-
tic slaughter volume), foreign trade and the infor-
mation provided by abattoirs: 
• Net production (5,438 kt) and the percentage data 

from slaughterhouses are used to calculate the 
volume of meat available for domestic human 
consumption (3,146 kt). Bones included content 

(8.09%) is deducted. 

The companies additionally reported imported 
and exported quantities. The total direct imports 
and exports of fresh meat carried out by German 
slaughterhouses are calculated by means of net 
production based on the sample's weighted ex-
port or import share. As official trade statistics 
additionally cover processed and canned meat, 
we obtain the meat available for domestic con-
sumption by determining the difference between 
the calculated and the official trade volume (re-
maining exports and imports). The remaining ex-
ports (898 kt) are considered as boneless, as these 
meat products originate from a domestically pro-
duced slaughter volume, of which the share of in-
edible components has already been deducted as 
a first step of the calculation (la). We assume 
that imports are comparable to domestically sold 
meat in terms of tissue composition and accord-
ingly also presume a bone content of 8.09%. 

• The first calculation step results in the quantity 
available for human consumption (3,071 kt) 
(boneless). 

In a second step (Table 4) we obtain the absolute loss-
es and waste quantities from the processing to the 
retail-level by extrapolation. 
• The information given by abattoirs serves to de-

termine absolute sales volumes in the various 
marketing channels (meat processing industry; 
wholesale; food retail). Applying the ratios re-
sults in absolute loss and waste quantities. 

• In addition to the direct selling from slaughter-
house to processing, wholesale and retail, we con-

Table 3. Estimate of per capita pork consumption Step 1 

1. Calculation of the quantity of pork available for domestic consumption (boneless) 

la. Net production 
in kt 

5,437.76 

lb. Exports 
in kt 

3,003.88 

lc. Imports 
in kt 

1,188.06 

Weighted share for 
dom. cons. acc. to 
SH' data in % 

57.862

Weighted export 
share acc. to SH 
data in % 

38.722
Weighted import 
share acc. to SH 
data in % 

0.292

For domestic 
consumption in kt 

3,146.41 

Projected for total 
market in kt 

2,105.74 

Projected for total 
market in kt 

15.64 

Weighted share of 
bones included acc. 
to SH data in % 

8.09 

Remaining exports 
in kt 

898.14 

Remaining imports 

Bones included 
in kt 

255.65 

Weighted share of 
bones included, acc. 
to SH data in % 

0.00 

Weighted share of 
bones included, acc. 
to SH data in % 

8.09 

Boneless domestic 
consumption in kt 

2,891.76 

Boneless remaining 
exports in kt 

898.14 

Boneless remaining 
imports in kt 

1,077.53 

in kt 

1,172.42 

1d. Available for domestic consumption (boneless) in kt 3,071.15 

'Slaughterhouse (SH); 2Share of production used for pet-food production or non-food uses corresponds to the difference to 100 percent 
points, i.e. 57.86% added to 38.72% minus 0.29% equals 96.29%; thus 3.71% are used as pet-food or non-food. 
Notes: net production, exports, and imports correspond to mean values of the years 2017 and 2018. 
Source: BLE (2021), authors' own calculation 
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Table 4. Estimate of per capita pork consumption Step 2 

2. Calculation of total losses & waste at processing-, wholesale-, & retail-level 

Marketing channel 
Data acc. to SH 
surveyed in ')/0 

Calculated 
in kt 

Loss & waste 
ratio in ')/0 

Calculated loss 
& waste in kt 

2a. Processing 

2b. Wholesale 

2c. Retail 

2d. Processing to retail = (3b * 1.0258) — 2c, i.e. 
1,255.26 = (2,039.20 * 1.0258) - 836.50 

2e. Direct sale to customer 

54.31 

9.39 

27.24 

9.06 

1,668.06 

288.46 

836.50 

1,255.26 

278.13 

0.10 

1.00 

2.58 

2.58 

0.00 

1.67 

2.88 

21.56 

32.35 

0.00 

2f Total loss & waste at processing-, wholesale- & 
retail-level in kt 

58.46

Source: LEBERSORGER and SCHNEIDER (2014), GFK (2017), AMI (2020a, b), BVDF (2020), VDF (2020), authors' own calculation 

sider a product flow between processing and food 
retail. The corresponding sales volume complies 
with the residual figure comparing (boneless) 
purchases of private households (purchases of 
meat, meat products, and sliced cold meat ac-
cording to data of the "Gesellschaft fir Konsum-
forschung", GfK) without losses at the retail level 
to meat quantities directly delivered to retailers 
by the slaughterhouses (837 kt). We accordingly 
also assume a waste ratio of 2.58% for this meat 
quantity, sold via retail. 

• Further marketing levels that serve direct sales 
to end customers (e.g., shops on the slaughter-
house premises) are calculated as residual value 
(278 kt). 

Step three (Table 5) involves calculating the share of 
purchases of HaFS businesses and private households. 
• We calculate the share of purchases by HaFS 

businesses as the remaining quantity (974 kt) 
after deducting purchases of private households 
(2,039 1d) from the total boneless consumption 
(3,013 kt). 

To calculate absolute consumer waste, waste ratios 
described in Table 2 are applied to the purchases by 

HaFS businesses (974 kt) and private households 
(2,039 kt) in a fourth step (Table 6). 

Table 6. Estimate of per capita pork consumption 
Step 4 

4. Calculation of total waste at the consumption level 

Consumption 
level 

Quantity 
in kt 

Waste 
in % 

Calculated 
waste in kt 

4a. At-home 
consumption 

4b. Out-of-home 
consumption 

2,039.20 

973.49 

3.13 

6.15 

63.76 

59.89 

4c. Total waste at 
consumption level 

123.65 

Source: GFK (2017), AMI (2020a, b), authors' own calculation 

Finally, total meat loss and waste is deducted 
from the available quantity for human consumption 
and then divided by population size to show average 
per capita consumption of pork (34.9 kg). We obtain 
the coefficient for the derivation of the total quantity 
consumed by dividing total consumption after losses 
and waste (2,889 kt) by domestic supply (3,622 kt) 
(Table 7). 

Table 5. Estimate of per capita pork consumption Step 3 

3. Calculation of the out-of-home consumption 

3a. Consumption after losses and waste = ld — 2f, i.e. 
3,012.69 = 3,071.15 - 58.46 

3b. Purchases of private households without bones 

3,012.69 

2,039.20 

Calculated in kt 

According to GfK-Data, without bones, product weight' in kt 

3c. Purchases of HaFS businesses (3a-3b) 973.49 Calculated as a residual value in kt 

'According to expert information, the market coverage of the GfK household panel is between 75% and 90% for meat, meat products, 
and meat comprising convenience products due to unrecorded quantities or lacking sales data from e. g., weekly markets. Based on the 
experts' recommendations, 25% were, therefore, added to the stated meat purchases of private households. Bones included were deduct-
ed according to GfK (2017). 
Source: AMI (2020a, b), authors' own calculation 
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Table 7. Estimate of per capita pork consumption Step 5 

5. Calculation of per capita consumption 

Domestically available for consumption (boneless) (1d) in kt 3,071.15 

5a. Total loss and waste (2a-2e, 4a-b) in kt 182.11 

5b. Total consumption after losses and waste (1d-5a) in kt 2,889.04 

Population size in million 82.78 

5c. Per capita consumption in kg 34.90 

Domestic supply; including adjustments to external trade in kt 3,621.94 

5d. Coefficient for the derivation of consumption from domestic supply in % 79.77 

Notes: domestic supply and population size correspond to mean values of the years 2017 and 2018. 
Source: BLE (2021), authors' own calculation 

4.2 Corresponding Implications for 
Meat Supply Balances 

Based on the previously determined coefficients (i.e., 
Table 7), Table 8 shows the estimated supply balance 
for the year 2018. Estimated values are printed in bold 
type. The remaining values correspond to the official-
ly published statistics (BLE, 2021) and thus to the 
results of DFV (1987) regarding the consumption of 
sheep and goat, horse meat, and further meat types. 
An average total per capita meat consumption of 
64.7 kg is calculated for the year 2018 based on the 
updated estimation procedure. The average per capita 
consumption level of beef is 11.5 kg. Pork consump-
tion is 34.8 kg/capita and per capita poultry consump-
tion totals 15.8 kg. 

Table 9 shows the estimated consumption levels 
for pork, beef, and poultry compared to the results of 
DFV (1987). Additionally, the corresponding coeffi-
cients for the derivation of consumption from domes-

Table 8. Estimated supply balance for the year 2018 

Meat type Gross 
production 

Imports 
live 

animals 

Exports 
live 

animals 

Net 
production 

Import 
Meat 

Export 
Meat 

Domestic 
supply Consumption 

in kt in kt in kt in kt in kt in kt in kt Per inc 
k
ap 

g 

ita in kt incapita Per 
kg 

Beef 

Pork 

Poultry 

Edible offal & 
by-products 

Sheep & goat 

Horse 

Further meat 
types 

1,161.5 

4,926.7 

1,821.7 

553.5 

31.4 

2.7 

53.6 

17.9 

518.2 

164.7 

49.1 

3.2 

0.4 

0.5 

55.9 

75.0 

392.7 

13.1 

0.1 

1.3 

0.3 

1,123.5 

5,369.9 

1,593.7 

381.6 

34.5 

1.8 

53.8 

523.0 

1,191.0 

994.7 

10.2 

56.3 

1.8 

55.3 

470.9 

2,941.2 

665.9 

32.3 

8.1 

0.3 

15.8 

1,178.0 14.2 

3,619.7 43.7 

1,922.5 23.2 

359.5 4.3 

82.7 1.0 

3.3 0.0 

951.6 

2,887.3 

1,307.4 

93.5 

55.0 

2.2 

11.5 

34.8 

15.8 

1.1 

0.7 

0.0 

93.3 1.1 63.0 0.8 

Meat total 8,551,0 754.0 538.4 8,558.8 2,832.3 4,134.6 7,259.1 87.6 5,359.9 64.7 

Population size in million 82.89 

tic supply are presented. The comparison results in 
an increased overall per capita meat consumption of 
3.6 kg determined by the updated procedure. With 
view on the specific meat types, we find an underes-
timation of beef consumption by 16% and an under-
rated poultry consumption of 14%. The per capita 
consumption of pork is overestimated by 3%. The 
adjustment in external trade in particular exhibits a 
measurable effect in this regard and accordingly leads 
to an increase in consumption of edible offal and by-
products compared to the official statistics (BLE, 
2021). 

As described in chapter 4.1, the updated estima-
tion procedure corresponds to a stepwise calculation 
in which losses and waste are calculated considering 
total meat quantities at each of the subsequent value 
chain stages (slaughterhouse, wholesale, meat pro-
cessing, retail, and at the consumption stages). On this 
basis, we determine a set of coefficients for the deri-
vation of consumption from domestic supply. The 

Source: authors' own representation of food balance sheets BLE (2021) and authors' own calculation (printed in bold type) 
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Table 9. Comparison with the original estimate and coefficients for the year 2018 

Meat type 
Estimation by DFV (1987) acc. to BLE (2021) Updated Estimation 

Consumption 
per capita in kg 

Coefficient 
in % 

Consumption 
per capita in kg 

Coefficient 
in "A 

Beef 9.9 68.6 11.5 80.8 

Pork 35.7 72.1 34.8 79.8 

Poultry 13.8 59.5 15.8 68.0 

Edible offal and by-products 0.2 1.1 

Further meat types 1.5 1.5 

Meat total 61.1 64.7 

Source: authors' own representation of food balance sheets based on BLE (2021) and authors' own calculation 

original estimation procedure accumulates overall 
utilisation and loss and waste factors, which are then 
deducted from domestic meat supply, without consid-
ering actual meat quantities at the individual value 
chain stages. Despite these methodological differ-
ences, results of both estimation approaches lie in a 
comparable range. 

4.3 Evaluation of Sensitive Parameters 
estimating per Capita Meat 
Consumption 

However, the revised estimate contains uncertainties: 
the share of meat available for domestic consumption 
and the export share vary between the slaughterhouses 
surveyed. Both parameters are related to the meat 
quantity available for domestic consumption, which is 
calculated within the first step of the estimation pro-
cedure. Since we achieve a market coverage of 55%, 
considering the total slaughter volume of pig, cattle, 
and poultry, the sample size may influence the esti-
mated per capita meat consumption level. Imports 
played a minor role for all slaughterhouses and, there-
fore, have a negligible influence on the result. 

The quantity of meat, edible offal, and by-
products sold to pet food producers by slaughterhous-
es is lower than initially assumed when the lucrative 
nature of this sales channel is considered (THIES et al., 
2019). Since the quantity of (raw) meat, edible offal, 
and by-products used for pet food production has not 
been recorded so far, a verification of the information 
provided by slaughterhouses is nearly impossible. In 
the context of the estimation procedure, however, 
underestimating the share of production sold to pet 
food producers is reflected in an overestimation of the 
meat available for domestic consumption, since the 
sum of sales in different marketing channels corre-
sponds to the total production in carcass weight. 

A sensitivity analysis illustrates the potential in-
fluence of the above-mentioned parameters (i.e., Tab. 
10). According to the standard deviation of the report-
ed export shares for the specific meat types, we reduce 
the weighted overall export share for pork, e.g., by 
17 percent points and increase the share intended for 
domestic consumption, respectively. 

Additionally, we increase the share of meat sold 
to the pet food industry by approximately seven per-
cent points for beef, pork, and poultry each. As a re-
sult, the projected total quantity intended for pet food 
production (including meat, edible offal, and by-
products), is close to the total production volume of 
pet food shown in official statistics, which is not spec-
ified according to individual meat types (DESTATIS, 
2019). Moreover, this quantity is not expressed as 
carcass weight and may include additional compo-
nents (e.g., grains, vegetables). 

We further adopt waste assumptions at the con-
sumer level (at-home and out-of-home) used within 
the USDA loss-adjusted meat availability dataset. 
These waste ratios are reported on a species-specific 
basis (20% for beef and veal, 29% for pork, 18% 
poultry), include cooking losses and refer to edible 
meat quantities available at the consumption level 
(USDA, 2021b). They can, therefore, be applied in 
our estimation procedure. Since the consumption 
stage accounts for a large share of the total waste and 
loss in food value chains (HERZBERG et al., 2020) and 
as the USDA waste ratios are substantially higher than 
waste assumptions applied in this study, they are suit-
able for assessing the uncertainty range of our results. 

The results of the sensitivity analyses (Table 10) 
show that there are considerable uncertainty ranges 
regarding the parameters used. In particular, higher 
waste assumptions and cooking losses lead to 20% 
lower per capita meat consumption resulting in an 
average per capita consumption level of 52 kg, which 
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Table 10. Results of the sensitivity analysis for the year 2018 

Meat type 

Meat consumption 
per capita 

in kg 

Meat consumption 
per capita in kg 
decreased for 

exports 

Meat consumption 
per capita in kg 

increased for 
pet food 

Meat consumption 
per capita in kg 

increased for waste 
ratios and cooking losses 

Beef 11.5 11.4 10.7 9.6 

Pork 34.8 34.0 30.9 25.8 

Poultry 15.8 15.3 14.7 13.6 

Edible offal and 
by-products 

1.1 1.1 1.1 1.1 

Further meat types 1.5 1.5 1.5 1.5 

Total 64.7 63.3 58.9 51.6 

Source: authors' own calculation 

still exceeds average meat intake according to NVS II 
based on self-reported meat quantities (KOCH et al., 
2019). Results of this study are, thus, also in line with 
recently published literature, which identified incon-
sistencies between per capita consumption levels 
based on a market-balance approach and those indi-
cated by individual dietary surveys (AMO et al., 2016; 
THAR et al., 2020). 

5 Discussion 

Based on a revised estimation procedure, this study 
determined an average per capita meat consumption 
of 65 kg for the year 2018, comprising of 35 kg pork, 
12 kg beef, and 16 kg poultry. Accordingly, we found 
an underestimation of total per capita meat consump-
tion by 3.6 kg compared to official statistics (BLE, 
2021) and confirmed the deviation of consumption 
indications based on supply balances and dietary sur-
veys (AMO et al., 2016; THAR et al., 2020). 

The updated estimate presented considered vari-
ous marketing channels differentiated by meat types 
and the corresponding specific loss and waste assump-
tions. The original approach, however, applied accu-
mulated utilisation and loss and waste factors without 
distinguishing between different sales outlets. Conse-
quently, losses and waste quantities were overestimat-
ed and per capita figures have tended to be underesti-
mated in the past. 

Food balance sheets are an important database to 
monitor long-term trends, as meat production is rec-
orded on a regular and comprehensive basis (German 
Act on Agricultural Statistics ((§ 59 AgrStatG (Ger-
man Act on Agricultural Statistics))). The updated 
meat type specific coefficients identified in this study 
allow for the derivation of nutritional trends with re-
gard to meat consumption. 

An analysis of foreign trade in edible offal and 
by-products revealed difficulties with the allocation 
and definition of CN-codes in official trade statistics. 
In this context, there is a need for further research, as 
incorrect allocations of CN-codes are most likely not 
only to be found in German foreign trade in meat. 
Indeed, both domestic supply and the consumption 
level calculated are influenced by incorrect assign-
ment. 

Our analysis additionally provided insights into 
the relevance of the different species-specific sales 
outlets, the meat production share sold to pet food 
producers as well as the distribution of at-home and 
out-of-home meat consumption, on which there is 
nearly no data to date. The calculation of species-
specific meat quantities at the individual value chain 
stages provided indications regarding the main 
sources of loss and waste. Minimising lost and wasted 
meat is particularly important against the background 
of the resource-intensive production of this food 
product group and the associated negative external 
effects on environmental sustainability (Dims et al., 
2021b). 

Besides the sensitive parameters already men-
tioned (export share, meat sold for pet-food produc-
tion and waste assumptions), further limitations of the 
presented results have to be considered. 

One important limitation of the study is the sam-
ple size. The sensitivity of the requested information 
kept several slaughterhouses from participating. Alt-
hough a high market concentration is usually reflected 
by a small number of reporting companies, specific 
marketing strategies of individual companies might 
have been overrepresented. Marketing channels of 
rather small and regional slaughterhouses might devi-
ate from the sample. In view of their correspondingly 
low market share, this is likely to have a minor effect 
on the estimated consumption level. The sensitivity 
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analysis indicated that the share of domestic and for-
eign sales has little influence on the result. 

Participating slaughterhouses reported that mar-
keting shares are volatile and can change even in the 
course of a single year. This is the reason why the 
results of the survey provide a transitory picture. At 
the same time, changes in domestic meat supply are 
gradual with view on meat types and quantity (BLE, 
2021), we assume that profound shifts between mar-
keting channels or at the consumption level (at-home 
and out-of-home) also occur rather successively. We, 
therefore, also assume a temporary validity of the 
estimated coefficients. 

Nevertheless, a regular data collection at slaugh-
terhouse level would be desirable in terms of precise 
monitoring, also because meat products are increas-
ingly produced tailored to specific customer needs 
(BVDF, 2020) and off-cuts as well as inedible com-
ponents might increasingly be utilised at early value 
chain stages. The implementation of regular surveys 
will depend on the cooperative willingness of stake-
holders. However, the aggregation of the required data 
(i.e., bones included in product-based sales) was 
perceived as challenging, as the required information 
is not relevant for marketing purposes of slaughter-
houses. 

The findings of this study contribute to more ob-
jectivity in the public debate on meat consumption in 
Germany. On the one hand, the gap between domesti-
cally available supply and consumption was described 
in detail. On the other hand, remaining uncertainties 
and limitations have been outlined. Political decision-
makers should consider both aspects in the course of 
interpretation and communication. 

At the same time, the average annual per capita 
meat consumption found, considering the uncertainty 
range (including cooking losses), was above the rec-
ommendations of the German Nutrition Society 
(DGE) regarding a balanced diet (maximum of 31 
kg/capita) (DGE, 2020) and a level consistent with 
"planetary health" according to the EAT-Lancet 
Commission (approximately 16 kg/capita) (WILLETT 

et al., 2019). Also, against the background of these 
distinct consumption recommendations, consideration 
should be given to the purpose for which the results of 
this study are used. We calculated an average con-
sumption level, that comprises children, adults and 
elderly, intensive meat consumers, and vegetarians. 
Dietary behaviour is influenced by a variety of inter-
nal and external factors (BRomBACH and BARTSCH, 

2014) and varies within a society (CoRryrs et al., 

2014). Therefore, no conclusions about meat demand 
behaviour of individual consumer groups can be 
drawn from the results. Consequently, they cannot 
serve as a basis for evaluating targeted demand-sided 
measures to curb meat consumption and aiming to 
reduce health risks of individual consumer groups. In 
the course of national monitoring, regularly conducted 
individual or household nutrition surveys, which 
comprise at-home and out-of-home meat consump-
tion, should be used in a complementary way together 
with food balance data to comprehensively address 
nutritional issues (RopitiouEs et al., 2007; Amo et al., 
2016). 

With regard to international comparability, a dif-
ferentiation of the "consumption term" would be tar-
get-oriented, clarifying whether official statistics or 
studies refer to the actually ingested meat quantity or 
the quantity to be allocated to human consumption. 
The presentation of different approaches based on 
food balance data demonstrated that a comparison of 
meat consumption levels between countries focussing 
on the supply-side is hardly possible due to different 
utilisation as well as loss and waste assumptions. In 
this context, there has not yet been any international 
agreement on standardisation, which however might 
be challenging in view of the various market struc-
tures. Nevertheless, consultations on the consistent 
calculation of domestic meat supply within food bal-
ances would be a starting point. In particular, the allo-
cation of CN-codes to the different animal species, 
edible offal and by-products should be more precisely 
defined and harmonised across countries and in offi-
cial trade statistics. A supportable approach in this 
context has been provided by the announcement of the 
United Nations Economic Commission for Europe 
(UNECE) Specialised Section on Meat to align the 
UNECE meat cut codes according to the UNECE 
meat standards with the Harmonized Commodity De-
scription and Coding System (HS) (UNECE, 2020). 

6 Concluding Remarks 

This paper introduced a revised estimation procedure 
of human meat consumption using a market balance 
approach and following a mass flow analysis to up-
date the official German statistical basis for "direct 
consumption" and contributes to a more comprehen-
sive national nutrition monitoring. In order to convert 
the domestically available meat supply into average 
per capita consumption, a set of coefficients was de-

88 

Articles included as part of the dissertation 

40 



GJAE 71 (2022), Number 2 

rived which also allows us to continuously report fu-

ture meat consumption levels and to identify nutri-

tional trends. 

A meat consumption level of 65 kg per capita 

on average is not compatible with national health 

(DGE, 2020) and international environmental goals 

(WILLETT et al., 2019). Therefore, there is a need for 

further political debate and scientific research that 

first of all identifies consumer groups to enable the 

development of targeted reduction measures. Alt-

hough there is a common understanding that a reduc-

tion in meat consumption can significantly contribute 

to the achievement of sustainability goals (WBAE, 

2020), a specific desirable consumption level in rela-

tion to a given time frame is not yet on the political 

agenda. As the "diet-environment-health trilemma" is 

a challenge at the global level (CLARK et al., 2018), 

consistent calculations of food balances would at least 

allow for a comparison of domestic meat supply 

levels. There also is a need for further action in this 

matter. 
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Tailored marketing and policies for more sustainable meat demand -

A consumer segmentation based on revealed preferences for Germany 

The ongoing debate about negative environmental and health effects of meat consumption has resulted in calls 

for public sector intervention. Effective policy and marketing instruments need to address preferences, habits, 

and restrictions of individual consumer groups and their specific behaviour. The present study uses revealed-

preference data to identify and describe consumer segments based on fresh meat product purchases. Based 

on German household scanner data for 2014, we obtain meat product groups of close substitutes via factor 

analysis and use these to identify consumer segments by means of cluster analysis. We characterise segments 

regarding socio-demographics, food shopping attitudes, and meat purchase behaviour using multinomial logit 

models. The resulting clusters suggest one large segment of "pork and beef traditionalists" and three smaller 

clusters of "poultry lovers", "convenience-oriented pork buyers", and "premium red meat lovers". Clusters derived 

by this behaviour-based approach indicate that sustainable low-meat consumption patterns are not as 

widespread as commonly portrayed by segmentation studies using attitudes and self-reported meat intake. 

Segment characteristics provide guidance on who to target with priority regarding meat consumption levels. 

Accordingly, pork and beef traditionalists and convenience-oriented pork buyers may react to financial 

incentives, whereas poultry and premium red meat lovers may be influenced by targeted labelling and quality 

signals. 

Keywords: Meat consumption, consumption patterns, segmentation, Germany, marketing and policy design 
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1 Introduction 

The globally high and rising meat demand has been linked to unsustainable developments with regard to 

increased levels of global warming potential (GWP), blue water footprint, land use, nutrient loading (SPRINGMANN 

et al., 2018), and biodiversity loss compared to plant-based diets (GODFRAY et al., 2018). The increased demand 

is also associated with adverse health effects, especially with several non-communicable diseases (GEIBEL et 

al., 2021). Against this backdrop, various studies have called for a reduction of meat demand in industrialised 

countries (GODFRAY et al., 2018; WILLETT et al., 2019; BONNET et al., 2020) as well as higher animal welfare 

standards to meet the ethical demands of the general public (WEIBLE et al., 2016). 

Policy and marketing strategies to shift consumption patterns away from meat-focused towards more plant-

based diets have been vividly discussed. Policy instruments considered by EU Member States comprise taxation 

of meat, information measures such as labelling and social marketing campaigns to raise awareness as well as 

behavioural interventions such as meat-free days or nudging (BONNET et al., 2020). Private-sector activities 

include the introduction of plant-based meat alternatives (e.g., vegetarian or vegan burgers and nuggets) 

(THAVAMANI et al., 2020) or hybrid products replacing parts of the meat component by plant-based ingredients 

(e.g., "beef and carrot mince", "chicken sausages with feta") (GRAsso and JAWORSKA, 2020). Also, organic meat 

is often advertised as a more sustainable alternative recognised for enhanced water conservation, soil fertility, 

biodiversity, and slightly improved animal welfare (SANDERS and HEß, 2019). 

A remaining question with regard to these strategies is, whether they even reach consumers with unhealthy 

or unsustainable meat consumption patterns. For example, consumers with particularly high meat consumption 

levels might be price-insensitive, and disinterested customers might generally not feel addressed by established 

or newly implemented animal welfare concepts, environmental or health labels. Studies investigating nutritional 

and environmental effects of fat (JENSEN et al., 2016) or carbon meat taxes (EDJAsou and SMED, 2013; SÄLL 

and GREN, 2015; CAILLAVET et al., 2016; BONNET et al., 2018) have mostly considered meat consumption of an 

average consumer. However, ROOSEN et al. (2022) recently reported substantially lower price elasticities for 

those consumer groups with the highest per-capita consumption of fresh meat. Neglecting heterogeneous 

consumer behaviour might lead to a shortfall of the desired effect. A negligible market share of meat substitutes 

and a share of 3% of organic meat in total meat purchases of private German households in 2020 (AMI, 2020), 

suggest that marketing strategies most likely address consumers who are health-conscious or environmentally 

aware and therefore serve niche consumer groups only. 

Accordingly, a comprehensive dietary transformation needs policy and marketing measures to be tailored 

to consumer segments (ARosTouois and MCLEAY, 2016). Such measures should, in view of the external effects 

mentioned above, particularly address consumers for whom a dietary change would be most desirable from an 

environmental footprint or health perspective. Hence, insights into the buying behaviour and scope of these 

specific consumer groups are needed. 

A number of studies have derived consumer segments with a focus on consumer attitudes (ARosTouois 

and MCLEAY, 2016; MALEK et al., 2018; GÖTZE and BRUNNER, 2021) or lifestyle (ORTIz et al., 2021), and less 

frequently in combination with self-reported meat quantities or consumption frequency (CoRoTs et al., 2014; 

ESCRIBA-PEREZ et al., 2017). While these studies provide partial indications with regard to consumer segments 

for which meat consumption change should be a priority (KAYSER et al., 2013; CORDTS et al., 2014), they do not 

allow for a comprehensive identification of heterogeneous consumption patterns. KAYSER et al. (2013) described 

the share of meat types for the individual segments, which is important in terms of health and the environment, 
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but missed providing indications of different meat cuts to allow for a detailed assessment of actual purchasing 

patterns or to draw conclusions for marketing strategies. This perspective was also not covered by APOSTOLIDIS 

and McLEAY (2016), who did, however, describe price relevance, which would facilitate the evaluation of likely 

effects of taxes or labelling approaches. Against the backdrop of the existence of a citizen-consumer dichotomy 

in which the response behaviour in surveys deviates from the actual purchasing behaviour (ENNEKING et al., 

2019), only limited conclusions can therefore be drawn from literature regarding the corresponding meat buyer 

groups and their specific purchasing behaviour. 

The objective of the present study is to segment meat consumers based on revealed preferences from 

actual purchase data in order to identify segments that have to be addressed with priority and to suggest targeted 

policy and marketing measures. As buying patterns and shopping motives can vary considerably for different 

meat types (FONT-I-FURNOLS and GUERRERO, 2014; CASINI et al., 2015), but also for different cuts of meat 

(ScozzAFAvA et al., 2016), we apply a product level consideration of various prepared cuts to allow for an 

accurate analysis of the related purchasing behaviour. Our study addresses the following research questions: 

I. Which consumer segments emerge from using meat purchase behaviour as clustering variables? 

II. How do these segments differ from those obtained by studies clustering over self-reported consumption 

or attitudes? 

Ill. For which consumer segments should changes in consumption be a priority and how can these be 

addressed by targeted policy and marketing instruments? 

To the best of our knowledge, there is no empirical evidence on consumer segmentation with reference to 

purchase behaviour at a disaggregated level. We investigate the case of fresh meat in Germany, a key European 

market with a persistently high per capita meat consumption of 57 kg in 2020 (BLE, 2021). We segment German 

fresh meat buyers using representative household scanner data collected by the market research company 

"Gesellschaft für Konsumforschung" (GfK) for the year 2014 and initially perform a principal component analysis 

to group different meat products in terms of meat type, preparation method, and quality in a meaningful way. 

The purchasing shares of the resulting nine different product groups serve as inputs for a two-step cluster 

analysis to identify household segments that are more homogeneous regarding purchasing patterns of different 

meat cuts. These clusters are then characterised in the scope of socio-demographics, total shopping quantity, 

shopping locations, and several attitudinal statements using a multinomial logistic regression. Based on their 

profiles we provide conjectures on policy and marketing implications. 

2 Data and methods 

2.1 Sample 

The study employed nationally representative household scanner data from the GfK ConsumerScan panel. 

Using hand-held scanners, households reported the quantity of and expenditure for their fresh meat purchases 

on a daily basis. The resulting data set covers information on 53 different fresh meat products, with combinations 

of different cuts (e.g., chops) and species comprising (1) pork, (2) beef and veal, (3) poultry (chicken, turkey, 

goose, other poultry meat) (4) pork and beef mixed meat products and (5) lamb and red meat of other species 
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(specialities). In addition, the date of purchase, retail outlet, and production method (e.g., organic) are indicated 

for each observation. The dataset contains socio-demographic information including age, sex, and occupation 

of the household's reference person, household size, net household income, and place of residence. 

Furthermore, households had to respond to several statements regarding their food and meat purchasing 

behaviour on a five-point Likert scale. 

We analysed purchases of 14,631 households for the year 2014 and converted the purchase data to 

average monthly per capita values resulting in one observation per household, considering the equivalent 

weighting of the Organisation for Economic Co-operation and Development (OECD) (DESTATIS, 2021). As no 

information was available on the exact number of household members for the category "four or more", a 

household size of four members was assumed (this is here the case for 1,672 households, with 14.6% of all 

households covered in the sample). Due to missing attitude statement values, the final dataset consisted of 

11,487 households. Information on the demographic distribution of the sample is presented in Table 1 together 

with descriptive statistics. 

Table 1: Definition and descriptive statistics for demographic variables in the total sample (N = 11,487) 

Variable Definition N Share in °A 

Age Age of household reference person 

Young (≤ 39) 

Intermediate (40-59) 

Old ((≥ 60) 

2,289 

4,830 

4,368 

19.9 

42.0 

38.0 

Household size 

1 person 

Number of household members 

2,992 26.0 

2 people 4,931 42.9 

3 people 1,892 16.5 

4 people or more 1,672 14.6 

Net income 

Low (≤ 1,999 €) 

Household net income 

4,968 43.2 

Intermediate (2,000 to 3,999 €) 5,619 48.9 

High (≥ 4,000 €) 900 7.8 

Gender 

Male 

Gender of the household reference person 

2,347 20.4 

Female 9,140 79.6 

Occupation Occupational group of the household 

White collar reference person 4,014 34.9 

Blue collar 1,626 14.2 

Civil servant 533 4.6 

Freelancer 143 1.2 

Farmer, Self-employed 12 0.1 

Person of private means 4,777 41.6 

Self-employed 382 3.3 

Source: Authors' own compilation of GfK data for 2014. 
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Table 2 provides descriptive statistics for monthly per capita meat purchase quantities for individual meat 

types and fresh meat in total. Pork is most in demand with a purchase quantity of 0.88 kg per capita and month. 

The average purchase quantity for beef and veal appears to be relatively low, i.e., 0.26 kg. The mean poultry 

quantity purchased is 0.43 kg. Lamb and speciality meat show the lowest average purchase quantity and the 

highest unit value while having the highest variation in purchase quantities. The unit value for beef and veal, i.e., 

the expenditure per kilogramme, on the other hand is the second highest compared with the other meat types, 

whereas pork has the second lowest unit value. Beef and pork mixed meat products are purchased at a lower 

overall level and show the lowest unit value (5.29 €/kg). 

The mean purchasing quantity found in our data is comparable to the distribution of individual meat types 

reported by the meat supply balances in 2020 (BLE, 2021). Therefore, we regard our data for 2014 as a suitable 

basis to draw implications for current purchasing behaviour. 

Table 2: Summary statistics for quantity (Q), expenditure (X) and unit value (UV) of monthly 
per capita meat purchases across meat types 

Meat type Mean Median SD Min Max CV 
Total meat Q in kg 1.8 1.47 1.32 0.06 20.95 0.73 

X in € 11.05 9.00 8.22 0.52 135.3 0.74 
UV in €/kg 6.44 5.94 2.16 1.85 31.14 0.34 

Pork Q in kg 0.88 0.64 0.89 0.00 20.95 1.00 
X in € 4.87 3.69 4.61 0.00 72.65 0.95 

UV in €/kg 6.02 5.67 1.83 0.99 30.00 0.30 
Beef and veal Q in kg 0.26 0.14 0.38 0.00 8.51 1.44 

X in € 2.37 1.11 3.73 0.00 72.14 1.57 
UV in €/kg 9.06 8.15 3.97 0.90 44.92 0.44 

Poultry Q in kg 0.43 0.30 0.50 0.00 8.57 1.17 
X in € 2.40 1.70 2.73 0.00 51.87 1.14 

UV in €/kg 6.24 5.98 2.50 1.00 35.96 0.40 
Pork and beef Q in kg 0.19 0.10 0.27 0.00 4.19 1.37 
mixed meat X in € 0.93 0.51 1.27 0.00 24.69 1.36 

UV in €/kg 5.29 4.58 1.75 1.49 18.50 0.33 
Lamb, red meat Q in kg 0.03 0.00 0.11 0.00 4.83 4.44 
of other species X in € 0.31 0.00 1.27 0.00 50.70 4.15 
(specialities) UV in €/kg 14.66 12.61 7.76 2.99 44.81 0.53 

Source: Authors' own compilation of GfK data for 2014. 

2.2 Methods 

This study attempts to identify buyer segments based on their purchases of a variety of meat products. As 

the GfK data report an extensive number of meat products including various species, cuts, and preparation 

methods, we used exploratory factor analysis in a first step to identify commonalities in purchase patterns across 

single items. In particular, we argue that the individual products ending up in a household's monthly shopping 

basket serve similar overarching goals. Different poultry cuts frequently bought by the same households within 

a month, for example, indicate the desire for leaner, healthier meat. Other households might buy different 

products for quick preparation such as steaks or chops. Hence, we expected to obtain more meaningful product 

groups in terms of meat type, preparation method, quality, and further consumer preferences and to aggregate 

the individual cuts accordingly. We used principal components with Varimax rotation to define the underlying 

structure in the data matrix and considered factor loadings larger than 0.40 (HAIR et al., 2019). 
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A cluster analysis was conducted in a second step to identify clusters as homogeneously as possible using 

the aggregated monthly purchase shares of the product groups derived by factor analysis as inputs for the 

segmentation. Specifically, a two-step cluster analysis including a hierarchical clustering with a subset of 500 

households followed by K-means clustering was performed to identify different buyer segments. In a first step, 

a single-linkage analysis based on the nearest neighbour method was performed to eliminate outliers (HAIR et 

al., 2019). A total of 14 respondents was eliminated as their purchasing behaviour differed clearly from the rest 

of the sample. The optimum number of clusters was determined using Ward's method, which is based on the 

squared Euclidian distance. Based on the resulting dendrogram, four clusters appeared to be the optimal 

number. Applying the non-hierarchical K-means algorithm allows allocation of all households to the specified 

number of clusters (HAIR et al., 2019). 

To first describe the individual segments, statistically significant differences with regard to the purchased 

quantity, expenditure, unit value, and shopping locations were evaluated using a Kruskal—Wallis H test followed 

by a post hoc analysis (pairwise comparison) (Dim), 2015). To further characterise the clusters, a multinomial 

logistic regression was performed with cluster type as dependent variable and socio-demographics, total 

purchased quantity, shopping locations and attitudinal statements towards meat and food shopping as 

independent variables. This approach allows the effects of individual variables on cluster membership to be 

isolated and controlled for potential confounding. We use the first cluster as the base category in the MNL. To 

facilitate interpretation of the estimated coefficients, we report the results as Average Marginal Effects of each 

variable on the probability of segment membership for all four clusters (CAMERON and TRIVEDI, 2009). Goodness 

of fit was assessed by means of a deviance likelihood ratio-test and various Pseudo-R2-measures (Cox and 

Snell, Nagelkerke, and McFadden) (HAIR et al., 2019). 

3 Results 

3.1 Results of the factor analysis 

A highly significant Bartlett's test of sphericity and a Kaiser-Meyer-Olkin (KMO) criterion of 0.73 indicated 

that the original data matrix of available meat cuts was suitable for factor analysis (BACKHAus et al., 2018). 

Based on the correlation matrix we removed seven cuts for further analysis and one category that could not be 

clearly assigned to any meat type. 24 meat cuts ambiguously loaded on several factors, which we also eliminated 

for the final analysis. We argue that the omitted products do not contribute to illuminating heterogeneity of 

purchasing behaviour. The remaining data had a KMO of 0.59, which is acceptable (HAIR et al., 2019). We 

retained all factors with eigenvalues greater than 1, resulting in a final number of nine factors. The PCA delivered 

product groups that are homogeneous along the dimensions of species, cut, and preparation type. 

Table 3 shows the factor loadings for the 21 different meat cuts used to generate the factors. Values in bold 

type indicate loadings that have been allocated to a common factor. Cuts of pork are considered in Factor 1, 

comprising traditional pork cuts such as gammon steak, chops, and minced pork as well as in Factor 7 

comprising gyros and goulash, both convenience pork products. Factor 2 summarises various cuts of poultry, 

especially chicken and turkey breast and filet, and Factor 3 covers cuts of veal. Different groups of cuts are 

identified for beef: one group of sautéed beef cuts such as steak and sirloin (Factor 4) and traditional beef cuts 

such as rump, topside or silverside (Factor 5). Lamb cuts other than filet are comprised in Factor 6. Beef filet is 

considered in Factor 8 together with lamb filet, representing premium cuts of red meat. Factor 9 covers 
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convenience mixed products consisting of pork and beef such as cevapcici and minced meat. We used the 

standardised (deviations from the total samples' mean) shares of the nine product groups in total monthly 

purchase meat quantities in the clustering procedure. 

Table 3: Factor loadings for per capita monthly purchases of different meat cuts 

Factor loadings 

Factor 1 
Traditional 
pork cuts 

Factor 2 
Poultry 

cuts 

Factor 3 
Veal 
cuts 

Factor 4 
Sautéed 

beef 
cuts 

Factor 5 
Traditional 
beef cuts 

Factor 6 
Other 

lamb cuts 
than filet 

Factor 7 
Convenient 
pork cuts 

Factor 8 
Premium 
cuts of 

beef and 
lamb 

Factor 9 
Convenient 

mixed 
products 

Gammon steak, 
pork 

0.697 -0.002 0.021 0.065 0.097 0.074 0.057 -0.047 0.007 

Chops, pork 0.677 0.026 -0.033 -0.036 0.058 -0.053 0.071 0.010 0.033 

Minced pork 0.567 -0.123 -0.024 -0.058 -0.095 -0.029 0.052 0.099 -0.033 

Breast, breast 
filet, chicken 

-0.022 0.777 -0.034 -0.024 -0.025 -0.018 -0.008 0.032 0.006 

Breast, breast 
filet, turkey 

-0.027 0.732 0.002 0.037 0.027 -0.039 0.031 0.022 -0.007 

Further cuts, 
poultry 

0.342 0.410 0.142 0.063 0.050 0.232 0.018 -0.085 -0.020 

Goulash, veal -0.019 -0.034 0.830 -0.024 -0.010 -0.084 0.015 -0.008 0.006 

Further cuts, 
veal 

0.016 0.026 0.792 0.058 0.039 0.145 -0.029 0.076 -0.011 

Sirloin, beef 0.023 -0.067 0.018 0.788 0.026 -0.020 -0.009 -0.007 -0.008 

Steak, beef -0.019 0.086 0.013 0.770 0.037 0.005 0.005 0.056 0.003 

Rump, beef -0.089 -0.035 0.013 -0.005 0.820 0.079 0.008 0.029 -0.006 

Topside or 
silverside, beef 

0.212 0.050 0.016 0.081 0.752 -0.048 0.022 0.010 -0.002 

Further cuts, 
lamb 

0.094 -0.007 0.035 0.034 0.003 0.669 -0.069 -0.003 -0.018 

Chops, lamb -0.091 -0.033 0.048 -0.016 0.164 0.619 0.053 0.073 -0.015 

Back, lamb 0.002 -0.014 -0.005 0.078 -0.074 0.593 -0.004 0.064 0.040 

Gyros, pork -0.041 0.037 -0.008 0.021 -0.010 -0.008 0.812 -0.014 0.044 

Goulash, pork 0.190 -0.027 -0.004 -0.038 0.002 -0.012 0.734 -0.001 -0.042 

Filet, lamb -0.010 0.005 0.050 -0.050 -0.012 0.038 0.015 0.841 0.014 

Filet, beef 0.035 0.062 0.010 0.278 0.122 0.022 -0.074 0.610 -0.041 

Minced 
pork/beef 

0.024 -0.071 -0.001 -0.032 -0.024 -0.024 0.003 0.018 0.731 

Cevapcici, 
pork/beef 

-0.021 0.068 -0.005 0.024 -0.017 0.022 0.015 -0.021 0.730 

Note: Bartlett's test of sphericity = 0.000; Kaiser-Meyer-Olkin (KMO) = 0.589; 
Total variance explained through factors = 55.04%. 

Source: Authors' own calculation based on GfK data for 2014. 

3.2 Description of segments 

Four different clusters of fresh-meat-buying households are designated, as illustrated in Figure 1, which 

shows the standardised mean share of the total monthly meat purchases per capita for the nine different product 

groups: each bar indicates the deviation from the sample mean. 
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Poultry lovers (25%) Premium red meat Pork and beef traditionalists Convenience-oriented 
lovers (5%) (59%) pork buyers (11%) 

■ Share of traditional pork cuts (F1) Share of poultry cuts (F2) 

• Share of veal cuts (F3) 

■ Share of traditional beef cuts (F5) 

Share of convenient pork cuts (F7) 

• Share of convenient mixed products (F9) 

• Share of sauteed beef cuts (F4) 

■ Share of other lamb cuts than filet (F6) 

IN Share of premium cuts of beef and lamb (F8) 

Figure 1: The four identified segments and their mean deviation from the total sample's mean 

Source: Authors' own calculation based on GfK data for 2014. 

The first cluster stands out due to an above-average share of poultry purchases, whereas the share of all 

other meat types, and especially traditional pork cuts, are below the average of the entire sample. Therefore, we 

term this consumer segment poultry lovers, which includes 2,817 households or 25% of the total sample. 

The second cluster exhibits high shares for four product groups of red meat cuts, in particular veal, sautéed 

beef cuts, premium cuts of beef and lamb, and other lamb cuts. The share of traditional beef cuts is slightly 

above average and cuts of poultry, pork, and mixed products are below average. The second cluster is labelled 

premium red meat lovers accounting for 5% or 616 households in the sample. 

The third cluster is the largest cluster with 6,745 households or a share of 59% of all households. As a main 

feature of this segment there are no strongly marked deviations from the overall means in the nine product 

groups. Thus, almost two-thirds of the households share quite similar consumption patterns with regard to the 

type of meat or specific cuts. Allocated households purchase traditional pork cuts, traditional beef cuts and 

convenient mixed products at a slightly higher rate than the total sample's mean. Poultry cuts, convenience pork 

cuts and sautéed and premium cuts of beef and lamb are purchased less frequently. We therefore term this 

segment pork and beef traditionalists. 

The remaining 11% of all households are allocated to the fourth segment, which is entitled convenience-

oriented pork buyers. A total of 1,295 households buy an above-average share of convenience pork cuts and 

convenience mixed products, whereas the values of all other product groups are below average. 

To further describe the four clusters, statistical key figures indicate the mean monthly purchasing quantity, 

expenditure, and unit value as well as proportionate organic meat purchases and shopping locations, which 

Table 4 shows for each cluster. Additionally, statistically significant differences between the segments regarding 

these variables are indicated. 

Articles included as part of the dissertation 

52 



Table 4: Monthly fresh meat purchases and shopping locations for each cluster 

Cluster 

1 

Poultry 
lovers 

2 

Premium 

red meat 
lovers 

3 

Pork and 
beef 

traditionalists 

4 

Convenience-
oriented pork 

buyers 

Variables Mean±SD Mean±SD Mean±SD Mean±SD 

Purchases per capita in kg*** 1.54a±1.22 1.71b±1.22 1.95c±1.38 1.62b±1.06 

Expenditure in € — 9.27a±6.70 16.23b±12.06 11.66c±8.38 9.35a±6.39 

Unit value in €/kg— 6.42a±1.97 9.98b±3.33 6.21c±1.86 5.91d±1.49 

Share of organic meat purchases 0.02a±0.08 0.03b±0.09 0.02c±0.08 0.01d±0.05 

Share of meat purchased at supermarket — 0.23a±0.30 0.34b±0.33 0.28c±0.32 0.23a±0.30 

Share of meat purchased at butcher*** 0.04a±0.14 0.15b±0.27 0.10c±0.22 0.07d±0.19 

Share of meat purchased at hypermarket*** 0.16a±0.27 0.15a±0.26 0.23b±0.31 0.17a±0.28 

Share of meat purchased at discount*** 0.53'±0.36 0.26b±0.30 0.34c±0.33 0.51a±0.36 

Note: SD = Standard deviation; Kruskal-Wallis H test was applied to test HO: There are no mean differences on the 
regarded variable between the four consumer segments. indicate p-value signif. ≤ 0.0001. Letters accompanying 
mean values are the compact letter displays resulting from pairwise comparisons using Dunn's test. Values with the 
same compact letters are not significantly different. 
Source: Authors' own calculation based on GfK data for 2014. 

Poultry lovers purchase 1.54 kg fresh meat per capita and month on average, which is significantly lower 

than other segments. They also show the lowest expenditure and relatively high unit values. Poultry lovers 

generate almost half of their meat purchases with a combination of three poultry cuts (Factor 2) (Table Al), 

purchased primarily at discount stores. 

Premium red meat lovers purchase 1.71 kg of fresh meat in total per month on average, which is slightly 

below the average for all households (1.80 kg). Households in this cluster have the highest monthly expenditure 

for fresh meat and pay the highest prices on average, which differentiates them significantly from the other 

clusters. They also have the largest share of organic relative to total meat purchases and the highest share of 

purchases in butcher shops (15%). In addition to high-priced meat products and traditional beef products, buyers 

in this segment demand poultry cuts in comparatively high quantities (Table Al). 

The large segment of pork and beef traditionalists exhibits the highest average monthly fresh meat purchase 

quantity with 1.95 kg per capita, significantly different from all other segments. These households have the 

lowest share of organic relative to total meat purchases and shop primarily at discounters (34%), followed by 

supermarkets (28%), and hypermarkets (23%). 

Convenience-oriented pork buyers have the second lowest purchase quantity of fresh meat per capita (1.62 

kg) and indicates the lowest average expenditure and unit value within the sample. Allocated households shop 

mainly at discount stores, whereas the share of purchases at the butcher shop is comparatively low. 
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3.3 Explanation of cluster membership 

Each of the identified segments is further characterised using a multinomial logistic (MNL) regression. 

Results of the MNL regression are provided in Table 5. Explanatory variables include socio-demographics, place 

of residence, total purchase quantity of fresh meat, purchase frequency at discount stores, and butcher shops 

as well as five statements on attitudes towards food and meat shopping for which we assume equidistance 

(further descriptive statistics of the explanatory variables can be found in the appendix, Table Al). The significant 

coefficients are the Average Marginal Effects, i.e., when multiplied by 100%, they indicate the percentage-point-

change in the probability to belong to one cluster resulting from a one-unit change in the independent variable. 

The deviance likelihood ratio-test (x2 (df=72) = 1788) is highly significant with a p-value of ≤ 0.0001, McFadden 

Pseudo-R2 is 0.074. 
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Table 5: Results of multinomial logit model presented as average marginal effects, dependent 
variable: cluster membership 

Cluster 

1 
Poultry 
lovers 

2 
Premium 
red meat 
lovers 

3 
Pork and beef 
traditionalists 

4 
Convenience 

- oriented 
pork buyers 

Age (base: young (≤ 39)) 

Intermediate (40-59) -0.048""" 0.012** 0.042*** -0.006 
(0.011) (0.006) (0.013) (0.008) 

Old (≥ 60) -0.104*** 0.009 0.140*** -0.045*** 
(0.014) (0.007) (0.016) (0.010) 

Gender (base: male) 
Female 0.054*** -0.001 -0.029** -0.024*** 

(0.010) (0.005) (0.012) (0.009) 
Net income (base: low (≤ 1,999 
Intermediate (2,000 - 3,999 €) 

€)) 
0.014 0.034*** -0.029*** -0.019*** 

(0.009) (0.005) (0.011) (0.007) 

High (≥ 4,000 €) 0.024 0.108*** -0.094""" -0.038*"" 
(0.017) (0.013) (0.019) (0.011) 

Household size (base: 1 person) 

2 people -0.038""" -0.036*** 0.062*** 0.012 

(0.011) (0.008) (0.013) (0.008) 

3 people -0.047*** -0.041*** 0.055*** 0.034*** 

(0.014) (0.009) (0.016) (0.010) 

4 or more people -0.033*" -0.052"*" 0.038** 0.046*** 
(0.015) (0.009) (0.018) (0.012) 

Occupation (base: white collar) 

Blue collar -0.040""* -0.020*** 0.046*** 0.015 

(0.012) (0.006) (0.014) (0.009) 

Civil servant 0.010 -0.016** -0.017 0.023 

(0.019) (0.008) (0.022) (0.015) 

Freelancer 0.048 0.007 -0.075" 0.020 
(0.037) (0.017) (0.041) (0.029) 

Farmer/Self-Employed -0.017 -0.054*** 0.116 -0.046 

(0.120) (0.004) (0.125) (0.063) 

Person of private means -0.036""" 0.007 0.031*" -0.002 

(0.012) (0.007) (0.013) (0.009) 

Self-employed 0.031 0.016 -0.037 -0.010 
(0.023) (0.012) (0.025) (0.016) 

Residence (base: village (< 5,000 
inhabitants)) 
Small town (5,000 to 49,999 inhabitants) 0.010 0.010* -0.022* 0.001 

(0.011) (0.006) (0.013) (0.009) 

Urban (≥ 50,000 inhabitants) 0.046*** 0.019*** -0.056""" -0.009 
(0.012) (0.006) (0.014) (0.009) 

Fresh meat purchases -0.062*** 0.001 0.082*** -0.021*** 
(on average per month and capita) (0.005) (0.002) (0.005) (0.004) 

To be continued on next page 
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Table 5 continued 

Cluster 
1 

Poultry 
lovers 

2 
Premium 
red meat 
lovers 

3 
Pork and 

beef 
traditionalists 

4 
Convenience 

-oriented 
pork buyers 

Purchases at discount stores 0.104*** -0.020""" -0.121""" 0.037*** 
(on average per month and capita) (0.006) (0.004) (0.007) (0.005) 
Purchases at butcher shop -0.112""" 0.015*** 0.071"*" 0.025*** 
(on average per month and capita) (0.018) (0.004) (0.016) (0.009) 

Attitudinal statements 

When buying food, I always look for 0.015*** 0.010*** -0.009" -0.016""" 

quality, even if it is more expensive.. . (0.004) (0.002) (0.005) (0.003) 

When it comes to food, I pay more -0.008** -0.006*** 0.013*** 0.001 
attention to the price than to the brand.. . (0.004) (0.002) (0.005) (0.003) 

I like to spoil myself with good food.. . 
-0.002 
(0.004) 

0.014*** 
(0.002) 

-0.003 
(0.004) 

-0.009""" 
(0.003) 

In my spare time I am involved with -0.004 -0.004""" 0.005 0.002 
animals... (0.003) (0.001) (0.003) (0.002) 

When buying food, the issue of -0.001 -0.002 0.001 0.002 

cholesterol plays a role... (0.003) (0.002) (0.004) (0.003) 

Notes: Coefficients indicate average marginal effects based on multinomial logit regression with poultry lovers as 
base-category. Standard errors are reported in parentheses. Test statistic: LR (Likelihood ratio) test: x2 (df=72) = 
1788; Nagelkerke=0.164; Cox and Snell=0.144; McFadden's R2 = 0.074. """ p ≤ 0.001, "" p ≤ 0.005, * p ≤ 0.01 
Source: Authors' own calculation based on GfK data for 2014. 

The results in Table 5 show that households are five and ten percentage points less likely to belong to the 

cluster of poultry lovers if the household reference person's age is equal to or greater than 40 and 60, 

respectively. In contrast, a female household reference person significantly increases the likelihood of cluster 

membership. Single households are significantly more likely to belong to this cluster than households with two 

or more members. A "blue-collar worker" or a "person of private means" significantly lowers the probability of 

being a poultry lover, compared to white collar workers. Net household income does not affect the cluster 

membership of poultry lovers. In contrast, an urban residency increases the probability of cluster membership 

by five percentage points. An increase in total meat purchases per capita and month by one kilogram significantly 

lowers the probability of cluster membership by 6 percentage points. In addition, households in this cluster tend 

to prefer shopping at discount stores. Regarding the attitudinal statements, the results of the regression analysis 

show that the probability of cluster membership increases for households stating that they look for quality when 

buying food, even if it is more expensive. Along the same line, the probability decreases for households stating 

to pay more attention to the price than to the brand. 

A reference person in the intermediate age group significantly increases the chance of belonging to the 

smallest cluster of premium red meat lovers. The same holds true for intermediate and high incomes, whereas 

households with two or more members have a significantly lower probability of belonging to this segment. An 

occupation as a blue collar worker or a farmer/being self-employed decreases the likelihood of cluster 

membership. Living in an urban area increases the probability of being a premium red meat lover. Similarly, 

households in this cluster have a higher purchasing frequency at butcher shops and tend to value quality when 

shopping for fresh meat: they look for quality, like to spoil themselves with good food, and do not pay attention 

to the price. 

Articles included as part of the dissertation 

56 



The chance of belonging to the largest segment of pork and beef traditionalists increases with an 

intermediate or advanced age of the household's reference person. An age above 60 increases cluster 

membership significantly by a remarkable 14 percentage points. Intermediate to high net incomes, however, 

decrease the chance of being classified a traditional pork and beef cut shopper. A household size of two or more 

members raises the chance of membership, while urban residency lowers the probability as compared to living 

in a village. Households of this segment rate the price of food as an important purchasing criterion. Also, higher 

total meat purchases per month increase the chance of cluster membership significantly, as does a high share 

of meat sourced from butchers. 

The likelihood of belonging to the segment of convenience-oriented pork buyers is high for younger 

households with male reference persons, lower incomes, and three or more members. Also, pork and 

convenience favouring households place price above quality and do not indicate the desire to spoil themselves 

with good food. An increase in the monthly purchase quantity of fresh meat by one kilogram decreases the 

chance to be allocated to this segment by 2 percentage points. Higher shopping frequencies at both butcher 

shops and discount stores increase the probability of cluster membership, while occupation and residency do 

not have any significant influence. 

4 Discussion 

This study used revealed preference data to identify consumer segments, relevant for targeted policy and 

marketing measures. We applied a product level consideration of various prepared cuts to allow for an accurate 

analysis of the household segment related purchasing behaviour. We found meaningful household segments 

that differ with regard to their meat purchasing behaviour. The cluster profiles provide important insights into the 

state of consumer diversity and based on that allow to derive important implications for market actors and policy 

makers. 

4.1 Main findings 

Based on their meat product purchases we identified four heterogeneous buyer segments: a large group of 

pork and beef traditionalists (59%), a cluster of poultry loving households (25%), households belonging to 

convenience-oriented pork buyers (11%) and a segment of premium red meat lovers (5%). 

Based on the actual meat purchases, we conclude that the share of pork and beef traditionalists, which can 

be described as classic meat eaters in the most conventional sense, is still high within the German population. 

This stands in contrast to existing studies that conducted meat consumer segmentations based on attitudes 

towards single aspects of eating or self-reported total meat quantities, which usually painted a more sustainable 

picture. GÖTZE and BRUNNER (2021) labelled 45% of Swiss consumers as environmentally conscious, mostly 

regular meat eaters. At the same time, CORDTS et al. (2014) described the minority of German consumers as 

meat fans and big eaters (12%) and identified 22% as "meat lovers with an affinity for sustainability". KAysER et 

al. (2013) identified 33% of German meat consumers as "heavy meat consumers" without considering actual 

consumed quantities or additional purchasing patterns. 

Pork and beef traditionalists had the highest average per capita meat purchases with the most diversified 

assortment of meat types demanded among all segments, but bought a high proportion of pork cuts, which are 

comparatively high in fat. Accordingly, a change in diet would be especially desirable to counteract health risks 
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and promote more sustainable dietary patterns. With a view on the rather advanced age of pork and beef 

traditionalist's reference persons, it may also be a question of generational change in addition to targeted 

measures to witness a transformation of the average dietary behaviour. The 51-65 age group made up 23% of 

the total German population in 2020 due to the high birth rate within this generation ("baby-boomers") (EFKEN 

and MEEMKEN, 2021). We can expect that the high meat demand of "baby-boomers" will have less of an effect 

on the future average meat consumption of the German population within the next two decades for two reasons. 

First, a considerable part of this cohort will experience a higher mortality, second, their high consumption levels 

are likely to decline with increasing age (EFKEN and MEEMKEN, 2021). However, against the backdrop of the 

remaining time window to achieve climate targets (UN, 2015), such a "natural" dietary transformation would 

probably not proceed at the required pace. 

In addition to one large segment of households, we found three smaller consumer groups that distinguish 

considerably from each other with regard to their meat shopping habits. The smallest segment of premium red 

meat lovers mainly purchased high-priced beef and lamb cuts and also indicated monthly per capita meat 

purchases which were above the average of the entire sample. Contrary to pork and beef traditionalists, premium 

red meat lovers were more quality- than price-oriented. These households bought the largest share of organic 

meat compared to total fresh meat purchases among clusters and paid comparatively high prices for all fresh 

meat product groups. Hence, only a small part of households actually has "willingness to pay" (WTP) above 

average unit values, which is in contrast to survey-based studies that typically report higher and more wide-

spread WTP for sustainability attributes such as animal welfare (EC, 2016). 

The cluster of convenience-oriented pork buyers together with poultry lovers exhibited a tendency towards 

reduced meat consumption. The female-headed and rather young segment of poultry lovers generated almost 

half of their meat purchases with a combination of three poultry cuts (Factor 2). As they purchased the lowest 

share of traditional pork cuts and had the lowest monthly per capita meat purchases, they consume a rather 

healthy assortment of meat types. The mainly male-headed households belonging to the cluster of convenience-

oriented pork buyers especially favoured meat cuts that can be prepared quickly and purchased the second-

lowest meat quantity among clusters. 

On the one hand, a reduced demand for meat among younger generations is in line with findings of the 

National Consumption Survey II, which calculated meat consumption based on individual dietary interviews that 

were conducted between November 2005 and January 2007. Results indicated that 15 to 18-year-old consumers 

exhibit a 7% reduction of meat consumption compared to the overall average (KREMS et al., 2013). According to 

SPILLER et al. (2021), twice as many 15 to 29-year-old consumers considered themselves to be vegetarian or 

vegan in 2021 compared to the total German population. An evaluation of GfK data on meat substitutes 

accordingly revealed that within single households, the group consumers under 34 years of age showed the 

highest average per capita purchase of meat substitutes while indicating the lowest meat purchases in the year 

2020 (GFK, 2021). 

On the other hand, and contrary to conventional wisdom and the impression given by surveys partly 

identifying a "green" quality and health focused young generation (SAvEni et al., 2019; BRÜMMER and ZANDER, 

2020), our results draw a more differentiated picture. Convenience-oriented pork buyers favoured meat cuts, 

which are not necessarily associated with a balanced diet, had comparably low unit-values and have placed 

more emphasis on the price and not on the quality of the food they purchased. Poultry lovers with an affinity for 

health mainly and foremost shopped in discount markets; which was also not intuitively to be expected and 

should be examined in the course of further research. 
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Since per capita fresh meat purchases were on average, and for all segments, above 16 kg per capita and 

year, they exceeded the EAT-Lancet Commission recommended consumption level consistent with "planetary 

health diets" (WILLETT et al., 2019). Thus, a dietary transformation would be desirable with view on the 

environment and for all households. The mean annual meat consumption level suggested by the German 

Nutrition Society (DGE) (23 kg) was not reached (DGE, 2020); however, out-of-home consumption and 

processed meat products were not included in the dataset. 

4.2 Policy implications 

We identified pork and beef traditionalists, who purchase 24 kg of fresh meat annually with a preference for 

chops, gammon steak and minced pork, as a priority group when aiming to achieve a more rapid dietary change 

with view towards health and environmental effects. In terms of corresponding policy approaches, financial 

incentives primarily guide decision-making, including meat taxes, which are at the centre of the current political 

debate in Germany. The feasibility of an excise as well as an ad valorem tax resulting from abolishing the 

reduced value-added tax (VAT) rate on animal products, i.e., increasing it from 7% to 19% to finance improved 

animal husbandry conditions, is currently being examined (KNW, 2020; DEBLITz et al., 2021; KARpENsTEIN et 

al., 2021). 

Pork and beef traditionalists reported high price sensitivity when purchasing food, paid rather low average 

prices for meat, and had lower incomes than other clusters. Thus, price-related measures such as taxes have 

considerable potential to effectively reduce fresh meat consumption of this segment. ROOSEN et al. (2022) 

recently illustrated distinct reactions to price and expenditure variation across meat-types as well as household 

groups. Due to their diversified assortment of demanded meat types it would be interesting to look more closely 

at substitution effects with regards to meat types and cuts purchased, production practices, and the place of 

purchase in the event of a price change for pork and beef traditionalists. The effect of a meat tax must be 

especially considered in light of this particular cluster in order to assess the anticipated total effect of such a tax. 

At the same time, we assume that a significant price increase would be needed to cause a real change in 

consumer behaviour, particularly for those persons with a deeply anchored habit of regular meat consumption 

(BROMBACH et al., 2015). 

The rather young households belonging to convenience-oriented pork buyers (11%) expressed less quality-

motivation but price-consciousness with comparably low unit-values for meat they bought. This group also 

seems to be susceptible to financial incentives. Raising the price could possibly generate a more substantial 

drop in meat demand for this group, since habits are not yet so deeply rooted. By introducing a tax based on 

CO2 emissions, substitute products and plant-based alternatives could become more favourable compared to 

meat. As positive financial incentives are associated with less negative emotional response (Jus-r and HANKS, 

2015), balanced diets could additionally be encouraged by price promotions of plant-based alternatives. 

Especially personalised price promotion (PPP) have recently been discussed as a promising measure to achieve 

timely sales of perishable foods contributing to the reduction of food waste as well as to incentivise purchases 

of food products with a healthier nutrient profile (NGuYEN et al., 2019). In a similar vein, PPP might target price 

sensitive convenience-oriented pork buyers to make purchases and long-term adoption of plant-based meat 

alternatives more attractive. 
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4.3 Marketing implications 

SANCHEZ-SABATE and SABATE (2019) found that consumers who are willing to curb or change their meat 

consumption are more likely to be rather young and female. According to KUMAR and KApooR (2017) quality-

conscious young consumers are particularly accessible via labels. This is why the segment of poultry lovers is 

a particularly interesting target group for market participants. We assume, that these households could be 

reached easily since they favour rather healthy poultry cuts, stated to look for quality when purchasing food with 

comparably high unit values for the meat products they bought, and belonged more often to the younger age 

group. This is why instruments with informative character, such as an animal welfare label, could possibly 

promote the consumption of meat with improved animal welfare requirements in this target group as generally 

envisaged by the Scientific Advisory Board on Agricultural Policy, Food and Consumer Health Protection 

(WBAE) (WBAE, 2020). 

Environmental consequences of meat consumption seem to be a particular driving factor influencing 

changes in dietary behaviour of young consumers (ZüHLsooRp et al., 2021). Further research is required on the 

purchase motivation of young poultry lovers in this context to evaluate the potential directing effect of labels 

focussing on health, animal welfare, and climate. Examining the underlying quality perception of these buyers 

would be particularly interesting against the background of the announcement by certain German discounters to 

exclusively offer fresh meat produced under improved husbandry conditions (outdoor climate and organic 

husbandry) from 2030 onwards (SCHULZE STEINMANN and ARDEN, 2021). According to NADERI and VAN 

STEENBURG (2018) "rational and self-oriented motives" have encouraged millennials to behave in an 

environmentally friendly way. This aspect should be considered in the course of developing targeted marketing 

measures based on shopping motivations of poultry lovers to ease their choice for e.g., "animal-welfare meat" 

or healthier meat subsidies. 

From an environmental footprint perspective, premium red meat lovers would initially have to be targeted, 

since the production of beef and lamb notably causes higher negative environmental effects than pork and 

poultry (CLONE et al., 2017). These households are an additionally relevant segment to successfully derive 

marketing strategies, as they apparently value quality food and like to spoil themselves with good foodstuffs. 

They had the largest share of organic meat compared to total fresh meat purchases. Due to their financial 

provision and their correspondingly low price sensitivity in their food shopping, they may accept further price 

increases in order to maintain their long-established dietary habits instead of lowering their meat consumption 

or substituting beef and lamb with poultry, which has a smaller environmental footprint (CLONE et al., 2017). They 

might therefore be willing to pay additional prices for meat that is produced more sustainably, regionally or under 

better animal welfare conditions. Therefore, targeted marketing can bring about a change towards more 

sustainability for premium and red meat lovers. A detailed examination of these households' quality 

understanding (in terms of meat texture or animal husbandry system) could provide further important insights 

for market participants in this regard. 

A low income significantly increased the chance of belonging to convenience-oriented pork buyers. 

Research has shown that target groups in precarious living conditions are in principle more difficult to reach via 

information approaches and that low incomes pose limits on purchase options (SPILLER et al., 2017). Due to an 

additional lack of interest in quality aspects, the extent to which measures of an informative nature could 

potentially reach convenience-oriented pork buyers remains open. Nevertheless, this segment appears to be an 

interesting audience from a marketing point of view as households favour products that can be prepared quickly, 
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without meat being their main focus. They could therefore be encouraged to increasingly consume ready-to-eat, 

low-priced meat substitutes, for which manufacturers and retailers need to develop a targeted product range 

and by suitable promotion measures, possibly accompanied by appealing financial incentives. 

Increasing the availability of "hybrid meat substitutes" with a reduced meat component, which are close to 

conventional meat products regarding most product characteristics, could be a way to gradually achieve a 

reduction in meat consumption, even for "taste-driven" meat enthusiasts with little interest in health information 

(ARos-rouDis and MCLEAY, 2016). This could also affect traditional pork and beef buyers by partly changing their 

nutrition environment. Curbing consumption of all meat products does not seem feasible for this segment; diets 

through financial interventions accompanied by attractive substitutes might be achievable. 

4.4 Limitations 

In the course of assessing our results, the limitations should be considered. Although the present analysis 

provides important insights into heterogeneous consumer segments with regard to fresh meat, covering about 

50% of household meat purchases (AMI, 2020), future research may also include processed meat. Along the 

same line, a significant share of meat is consumed out-of-home (THIEs et al., 2021). As convenience-oriented 

pork buyers buy products that are easy and quick to prepare, they might tend towards an increased meat 

consumption in canteens or pubs, which was not considered in our data set. Additional data sources, which 

however are not yet available, would be needed to map purchasing behaviour of convenience-oriented pork 

buyers even more comprehensively. Additionally, our analysis did not characterise non-meat buyers, as the 

central focus of our study was to identify and address meat consumers. 

The analysis of meat purchasing behaviour was household-based and thus conducted at an aggregated 

level. Attitudes and socio-demographics were related to the households' reference person, responsible for the 

purchasing of all household members. Nevertheless, the preferences of all household members are reflected in 

the purchasing behaviour of the respective responsible person, which led to a well-founded distinction of 

consumer segments. Certain caution is appropriate for the interpretation of gender as the data feature a large 

share of housewives among participants. However, we argue that the measured effects for gender are rather at 

a lower bound and would even be more pronounced considering all family members. 

Still, there is need for future nutritional monitoring enhanced with a regular collection of individual dietary 

data (THAR et al., 2020). Also, needed are implications regarding price instruments built on self-reported 

sensitivity. Future research may cluster explicitly based on estimated parameters of price elasticities or WTP, 

e.g., via latent class models. 
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5 Concluding remarks 

Based on household panel data for 2014 and using factor and cluster analysis followed by a multinomial 

logit model, we determined heterogeneous demand behaviour among German meat buyers regarding meat 

products, purchased quantities, expenditures and shopping locations. 

We found that the majority of German households has not yet moved away from traditional meat 

consumption habits and would have to be encouraged to change their dietary behaviour, especially through 

financial incentives. Three smaller household segments clearly differed in their meat demand behaviour and 

might be reached through targeted marketing with different emphases. We characterised them as health-

conscious but discounter-favouring (poultry lovers), quality-affine and price-insensitive (premium red meat 

lovers), and convenience-loving but not quality-seeking (convenience-oriented pork buyers). 

Effective solutions need to consider these individual profiles by increasing the availability of meat substitutes 

that are convincing and attractive for each of the consumer segments regarding habits, quality and taste as well 

as convenience. Lessons learned from tobacco policy campaigns showed that a mix of instruments, in particular, 

is promising (ORTH and TÖPPICH, 2010). A correspondingly tailored product range may therefore be 

accompanied by targeted labelling and communication campaigns as well as effective pricing measures to bring 

about a change in the "food environment" and, in turn, in dietary behaviour. 
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Abstract: Food waste is a global challenge. Detailed information on quantities and drivers is needed 

to provide tailored recommendations for prevention measures. Current studies on meat waste in 

the Hospitality and Food Service business (HaFS) sector are rare, often based on small sample sizes, 

and seldom use comparable reference units. The present study reports meat and meat product waste 

in the German HaFS business sector based on structured telephone interviews. Purchased fresh 

meat and meat product quantities, as well as waste during storage, due to preparation and leftovers, 

are captured for four different market segments. Waste ratios referring to weekly meat purchases 

are analysed and compared between these segments, as well as on the business-type level. In this 

context, the authors distinguish total and avoidable meat waste. Absolute meat waste volumes 

are extrapolated on a weighted base for the entire German HaFS sector. Factors influencing meat 

waste are identified through regression analysis in order to derive possible food waste prevention 

measures. The results are discussed to provide recommendations for future national monitoring, 

policy instruments and research. 

Keywords: meat waste; meat product waste; waste ratios; out-of-home market; food waste; away 

from home (AFH); leftover; plate waste; serving waste 

1. Introduction 

The limits of planetary resources, combined with a growing world population and 
a correspondingly increasing demand for food, make more sustainable production and 
consumption behaviours imperative. The reduction, or even prevention, in food that is 
wasted along the entire value chain plays a decisive role in this respect [1,2]. 

This relevance is accounted for in the United Nations Sustainable Development Goal 
12.3, which calls for halving the amount of food waste by 2030 and reducing food losses 
along the entire food supply chain [3]. 

Following the recommended target-measure-act approach by the World Resource 
Institute and other leading scientific organisations [2,4], detailed information regarding the 
emergence of food waste is a fundamental requirement to implement prevention measures 
and assess their efficiency in a second step. In this context, a comprehensive database 
would allow for a comparison between product groups, value chains, regions and countries 
in order to identify influencing factors [5] and derive efficient preventive actions [6,7]. 
Although the UN member states already committed themselves to SDG 12.3, the European 
Commission released regulatory instruments for application by the member states in 
order to further support the achievement of these objectives. As a first step, the European 
Waste Framework Directive was revised by implementing a common definition of food 
waste within the European context (Directive (EU) 2018/851). In a second step, reporting 
of annual food waste quantities to the European statistic office, according to a defined 
common methodology with minimum quality requirements, was made compulsory in 2020 
to achieve a uniform measurement of food waste and generate a comparable database [8,9]. 

Sustainability 2021, /3, 5059. https://doi.org/10.3390/sul3095059 https:/ /www.mdpi.corn/journal/sustainability 

Articles included as part of the dissertation 

68 



Sustainability 2021, 13, 5059 2 of 20 

These specifications also initiated the establishment or adaption of national food waste 
monitoring systems in European Community countries [10-14]. 

The aim of associated policy instruments is mainly to reduce the overall amount of 
food waste. However, with regard to the sustainability of food systems, distinguishing 
between different product groups is of great relevance [15] as climate effects associated 
with production vary in terms of resource intensity [16]. This means that food products 
with lower waste quantifies measured in mass might be identified as hot spots, considering 
alternative indicators such as the global warming potential (GWP), carbon footprint, blue 
water footprint, land use, biodiversity and ecosystem services [17-21]. 

The production of animal proteins and especially meat is associated with higher neg-
ative external effects on the environment in comparison to plant-based food [22,23]. In 
addition, there are growing social concerns regarding animal welfare, which is reflected, 
among other issues, in an increasing number of vegan and vegetarian consumers mostly in 
Western industrialised countries [24,25]. Researchers at various national or institutional 
levels conclude that a reduction in meat consumption could have a positive effect on envi-
ronmental sustainability [16,26,27]. Issues to be considered in this context are land, energy 
and water use [22,28]; the contribution of greenhouse gas (GHG) emissions; biodiversity 
loss; and deforestation [26,29]. Beretta and Hellweg conclude in their work on selected 
hospitality sector case studies that a reduction of two (mass) percent of meat and fish 
waste in a business canteen, accompanied by a shift to a higher share of fish dishes on 
offer, could result in the largest environmental benefit of all considered food categories [15]. 
This underlines the importance of a solid understanding of the magnitude and influencing 
factors on meat waste along the value chain, which then enables target-oriented measures 
to lower the environmental footprint and social impact of food systems. 

Previous scientific research has focused on the detection and prevention of food waste 
at the consumer level, especially in industrialised countries [5], as waste volumes appeared 
to be particularly high compared to other stages of the value chain [30]. However, food 
is not exclusively prepared and consumed at home. In addition, within the Hospitality 
and Food Service (HaFS) sector, professional food handling meets individual consumer 
attitudes, expectations and behaviour. Therefore, food waste accounting and the imple-
mentation of prevention measures are especially challenging tasks as two interconnected 
stakeholder groups with contrasting inherent aims, knowledge and preferences have to 
be considered and addressed within one stage of the value chain. In addition, each of 
the various food service business types faces different internal and external framework 
conditions. The acquisition of information on food waste in the HaFS sector should be 
prioritised on the research and political agenda. Since the share of meat and meat products 
purchased by German private households in comparison to meat consumed according to 
the official meat balance sheets decreased by 7% between 2008 and 2018, it can be assumed 
that consumption outofhome was gaining importance until the outbreak of the COVID-19 
pandemic in March 2020 [31,32]. It remains to be seen how the sector will develop after 
the lockdown measures are lifted, in connection with the lasting changes in the living and 
working habits of society. 

Available studies on meat waste in the HaFS sector (see Section 2) are often based 
on small sample sizes and show results in relation to portion sizes, which are hardly 
comparable. This study therefore reports meat and meat product waste for the German 
HaFS sector based on structured telephone interviews with HaFS businesses. Purchased 
fresh meat and meat product quantities, as well as waste during storage, due to preparation 
and leftovers, are captured, considering four different market segments: Gastronomy, 
Communal Catering, Accommodation and further HaFS business. Waste ratios referring to 
weekly meat purchases are analysed and compared between the four different segments 
and on a business-type level. In this context, the authors distinguish between total and 
avoidable waste ratios. Absolute waste volumes are extrapolated on a weighted basis 
for one year and the total number of HaFS businesses within the four segments. Factors 
influencing waste ratios are identified through regression analysis in order to derive 
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possible prevention and reduction measures. In addition, the methodological approach 
is discussed to provide implications for future national monitoring, policy instruments 
and research. 

2. Meat Waste in International Out-of-Home Food Consumption Literature and 
Data Gaps 

The literature references on fresh meat and meat product waste within the out-of-
home food consumption sector are generally scarce. A few studies mention meat waste 
as part of higher aggregated product groups or as part of mixed dishes [33]. However, 
they do not specifically indicate waste ratios or absolute waste volumes for meat. Other 
authors provide selected data for specific waste types, such as plate waste [34-37], but do 
not consider the total quantity purchased. 

Table 1 summarises literature references and accompanying information. Among 
them, only few studies target meat waste in German out-of-home food consumption. 
Noleppa and Cartsburg [38] give an overview of existing data. In total, meat waste at the 
consumption level (sum of out-of-home and household levels) is calculated as 16% related 
to the amount available for consumption, of which 8.3% is classified as unavoidable and 
7.7% as avoidable meat waste. Xue et al. [39] analysed the German meat supply chain 
considering use and disposal paths of meat waste and the use of by-products. At the 
consumption level (sum of out-of-home and household levels), the authors summed up 
meat waste at roughly 24%. 

Table 1. Selected national and international data related to meat waste in the HaFS sector. 

Reference Level Unit 
Total 
Meat 
Waste 

Avoidable 
Meat 
Waste 

Unavoidable 
Meat 
Waste 

Noleppa and Cartsburg Ooh and 
[38], Germany Hh 

Xue et al. [39], 
Germany 

WRAP [40], UK 

Schranzhofer et al. 
[41], Austria 

Schranzhofer et al. 
[41], Austria 

Own calculation acc. 
Schranzhofer et al. 

[41], Austria 

Beretta et al. [17], 
Switzerland 

Papargyropoulou et al. 
[42], Malaysia 

Ooh 

Ooh 

Ooh 

Ooh 

Ooh 

Ooh 

Ooh 

Percentage of 
production 
available for 

consumption stage 
Dry matter percentage 

of meat 
products available for 

ooh 
Meat and fish 

waste in percentage of 
total FW ooh 

Meat and fish waste 
in mass percent of 

total FW ooh 
Meat and fish waste 
in mass percent of 
avoidable FW ooh 

MW quota (avoidable 
meat and fish waste 
related to food mass 

output to consumers) 

Percentage of input to 
Swiss 

HaFS sector 

Percentage of input to 
establishments 

16.0 7.7 8.3 

ca. 8 

Hotels: 3.7 
Gastronomy: 13.8 

Canteens: 2.8 

2.1-2.6 

6 
(including fish) 

Hotels: 8.9 
Gastronomy: 24.7 

Canteens: 3.8 

Hotels: 1.4 
Gastronomy: 4.7 

Canteens: 1.0 

Pork: 10.3 
Poultry: 13.1 
Beef, horse, 
veal: 19.4 

Pork: 13.8 
Poultry: 25.0 Beef, 
horse, veal: 13.8 

In the international literature, the Waste & Resource Action Programme (WRAP) [40] 
compiled results of several studies in the United Kingdom and found that higher-priced 
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food accounts for a relatively low share of avoidable out-of-home food waste (FW). In sum, 
6% of the total avoidable FW was composed of meat and fish. 

Schranzhofer et al. [41] analysed FW in the Austrian out-of-home sector, performing a 
detailed sorting analysis for three different business types: 10 hotels, 8 gastronomy busi-
nesses and 11 canteens. For the present paper, unpublished raw data from Schranzhofer et al. 
was used to recalculate the meat and fish waste quota, which is the amount of avoidable 
meat and fish waste related to the food output to clients. Waste ratios vary from 1.0% for 
canteens to up to 4.7% for gastronomy (Table 1). Beretta et al. [17] conducted a mass flow 
analysis (MFA) based on various waste sorting analyses from Austrian and Swiss literature. 
The authors provide detailed meat waste figures, considering different meat types and 
classifying avoidable or unavoidable waste. Papargyropoulou et al. [42] also used an MFA 
based on primary data of three different out-of-home establishments in Malaysia. 

Xue et al. [5] found that available data on food waste is often unrepresentative, is 
outdated or does not consider different framework conditions. The results of different 
studies are therefore often not comparable. These issues also emerge when examining 
the meat product group. Reference parameters (e.g., based on meat input to level or 
composition of total FW), observation levels (partly including household level), product 
types (partly fish included), targeted waste streams (partly avoidable meat waste only), 
origins of data (primary or secondary data) and physical units (dry matter versus fresh 
matter) differ among the various literature references (Table 1). Furthermore, there is a lack 
of representativeness as only small-scale pilot studies were used for upscaling. 

Thus, the present paper represents a unique primary and representative data source re-
garding meat waste for the considered segments and associated HaFS businesses, covering 
all arising points from storage to plate leftovers. 

3. Hypothesis, Definitions, Data and Methodological Approach 
3.1. Hypothesis 

Against the background of a comprehensive literature review, various hypotheses 
were developed, which were addressed in the course of analysis of the collected data. 

Operating conditions of segments and the individual businesses differ greatly from 
one another. The procurement of meat (quantity, type and degree of processing) as well as 
the storage and processing in a restaurant is not comparable with a company that hardly 
processes the meat itself (such as a bakery selling sandwiches to go). This is why an 
assessment is needed at the business level to make corresponding statements regarding the 
absolute quantities of meat waste for the entire German HaFS sector. 

Hypothesis 1 (H1). Segments in the HaFS sector report different meat waste quantities due to 
different framework conditions. Even within the same segments, meat waste varies due to individual 
characteristics (e.g., size, number and type of meat on offer, suppliers). 

Furthermore, the authors assume that the contribution of different arising points 
varies between segments. For example, it is known from the literature that in the catering 
industry, mainly plate waste occurs. The volume of waste occurring in the course of 
processing or handling might be low for the majority of businesses, as purchased meat 
products are likely to be pre-cut or prefabricated. Accordingly, it can be assumed that for 
different segments, individual arising points have to be identified to derive targeted meat 
waste prevention measures. 

Hypothesis 2 (H2). The relevance of different arising points of meat waste varies between HaFS 
segments. Identifying those arising points helps to derive specific reduction measures. 

The authors also assume that internal factors referring to the overall awareness of 
food waste prevention within each HaFS business affect the level of meat waste. Businesses 
that have already raised staff awareness on food waste prevention are probably already 
implementing various prevention measures and, therefore, report lower meat waste. These 
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businesses might also have higher shares of meat leftovers taken home by guests and are 
more likely to be cooperating with social institutions (food pantries). 

Hypothesis 3 (H3). Businesses that are aware of the food waste issue in general and those that 
have already implemented prevention measures have lower meat waste ratios compared to businesses 
that have hardly dealt with the topic. 

3.2. Definition and Data 

The products considered in the data collection were fresh meat and meat products 
(e.g., filets, schnitzel or sliced cold meat), which are purchased and further processed into 
ready-to-eat dishes within the HaFS sector. All food-grade meat products leaving the food 
supply chain were defined as meat waste. In addition to the total amount in wet mass, 
the share of unavoidable meat waste was requested. The classification and definition of 
unavoidable waste were outlined to the participants at the beginning of the consultation. 

As the results have also been used for a mass flow analysis of the entire German meat 
supply chain, weekly meat purchases in kilograms as well as the share of wasted meat 
were captured. A reference period of one week was chosen in order to obtain realistic 
assessments based on the respondents' memory. 

A total of 400 companies located in all 16 federal states of Germany were interviewed 
on the basis of computer-assisted telephone interviews (CATI) by a specialised market 
research institute (Business Target Group (BTG)) between October and December 2019. 

The surveyed businesses were divided into four different segments according to their 
operating and customer structures: Gastronomy, Communal Catering, Accommodation 
and further HaFS business. In each segment, a total of 100 companies were interviewed 
and selected based on random sampling. The number of the individual business types was 
representative within each segment, based on the total number of HaFS businesses and 
further available subdivision criteria (such as seating capacity). Due to missing values, the 
dataset used for the analysis was further reduced to a total of 379 respondents. Accordingly, 
the final sample structure is shown in Table 2. 

The questionnaire comprised a total of 15 open and closed questions, which were 
related to general operation information, meat purchases (meat types and meat-sourcing 
locations) and estimated meat waste ratios differentiated according to arising points. In ad-
dition, participating businesses had to answer several statements regarding their attitudes 
towards the prevention of food waste in general within a four-point Likert scale. To identify 
business characteristics that are related to the indicated waste ratios (see Hypotheses 3), 
the information gathered in this way has been used. 

Targeted respondents within each HaFS business were selected according to their 
ability to assess weekly purchased and wasted meat quantities. The comprehensibility of 
the questions was ensured through multiple feedback rounds with the market research 
institute as well as a pretest. 

For purposes of comparability, representatives of further HaFS business types were 
asked to refer to ready-to-eat or takeaway products. The information with regard to meat 
waste in butcheries therefore refers to waste accruing after early stages of processing, such 
as trimming or cutting. 

The authors distinguished between waste arising during storage, preparation and 
leftovers (Figure 1). Storage waste occurs during storage on-site, e.g., due to exceeded 
shelf life. Preparation waste that arises during trimming and cooking processes was 
categorised as unavoidable waste (inedible components such as bones and tendons) and 
further waste resulting from cutting of edible material. Leftovers (total of overproduction, 
remaining from buffet and plate) were also classified as waste and summarised within 
the questionnaire to not exceed the maximum number of questions at the given financial 
budget. In contrast, meat taken home in doggy bags by customers was not considered as 
meat waste in the present study. 
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Table 2. Sample structure. 

Segment and Associated Businesses 
(Sample n = 379) 

Gastronomy 
Bistro 4 
Cafe 13 
Pub 16 

Home delivery 6 
Quick-Service Restaurants (QSRs) 4 

Slow food 39 
Snack 11 

Communal Catering 
Retirement home 10 
Disabled facility 1 
Business catering 8 

University 1 
Children and youth facility 39 

Hospital 2 
School 34 

Further care facilities 1 
Preventive care and rehabilitation facility 2 

Accommodation 
Inn 16 

Hotel 35 
Hotel Garni 19 
Youth hostel 4 
Guesthouse 20 

Further HaFS business types 
Bakery 49 
Butcher 22 

Filling station 20 
Caterer 3 

Steps within 
business 

Reference quantity 
for waste calculation 

Waste types 

Storage 

17urdiaMil 
amount 

Storage 
waste 

Preparation 

rocessed 
amount 

Unavoidable 
waste 

Avoidable 
waste 

Buffet 

I- Cooked 
amount 

Consumer 
plate 

Leftovers 

Plate 
remainings 
(doggy bag) 

Figure 1. Model for meat waste flows within each assessed HaFS business. 

E total 
meat waste 

no waste 

Information on meat waste was given as a share individually related to the meat 

quantity purchased, processed and cooked, according to Figure 1. Total waste quantities 
were calculated by adding absolute meat waste quantities at each stage (storage waste, 
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processing waste and leftovers). For reasons of comparability and further analysis, meat 
waste ratios were determined referring to the purchased meat quantity of each HaFS 
business. In case a respondent could not estimate single streams, he or she could indicate 
total waste ratios without distinguishing between different steps. 

3.3. Data Analysis 

An initial plausibility check of the responses was carried out based on the expertise of 
the market research institute. The data analysis was carried out in three subsequent steps, 
using Stata 16.1 for deductive and inductive statistics: 

In the first step, waste ratios were compared between the different segments and on 
the business-type level using various descriptive statistical parameters and explorative 
analysis (boxplots). Outliers and zero values were not removed, as the indication of zero 
waste ratios seemed realistic for businesses purchasing ready-to-eat products with only 
minor processing (such as bakeries or filling stations). 

A Kruskal—Wallis H test followed by a post hoc analysis (pairwise comparison) 
was conducted to test for statistically significant differences in waste ratios between seg-
ments [43]. Weighted meat waste for the total German HaFS sector was calculated consid-
ering the total number of businesses types for each segment according to the professional 
business database of the BTG Group. 

In the second step, the authors identified driving factors on the level of meat waste 
ratios. Since the values of the waste ratios (dependent variable) were between 0 and 1, a 
fractional logistic model was conducted [44]. Average marginal effects were calculated to 
enable a better interpretation of the estimated coefficients. Goodness of fit was assessed 
based on the Wald test and McFadden's pseudo-R2 measure [45]. 

Additionally, in the third step, qualitative statements of 116 respondents given within 
an additional open question were analysed by qualitative content analysis according 
to Mayring et al. [46]. Categories defined in the course of the analysis were formed 
inductively [46]. 

4. Results 
4.1. Descriptive Statistics and Meat Waste Ratios 

Information on summary statistics and further characterisation of the participating 
businesses is presented in Table 3. The interviewees within the HaFS sector were primarily 
involved as the owner, manager, tenant and/or kitchen manager of a business. The 
companies with staff reported to have 14 employees, on average. 

Participants reported a mean meat purchase of 66 kg per week, whereby the purchased 
volumes varied noticeably against the backdrop of the standard deviation. Wholesale and 
butchers were the most frequently mentioned sourcing locations for meat, whereas direct 
purchases from slaughterhouses or farms were little used. Offered meat types and products 
were mainly sliced cold meat, poultry, beef and pork. Specialised restaurants offering game 
or high-priced lamb, however, were rather less prevalent. The variable reflecting the offer 
of small portions was derived from the open question on further comments. 

To address Hypothesis 1 (H1), the distribution of the waste ratios in the four different 
segments was examined descriptively using boxplots (Figure 2). Waste ratios at the business 
level were investigated using various descriptive statistical indicators (Table 4). 
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Table 3. Summary statistics and characterisation of surveyed businesses. 

Variables 
(Sample n = 379) 

Mean SD 

Total meat purchase in kg per week 379 66.35 140.83 

Number of employees 269 14.97 28.64 

Position of the respondent within the company (dummy) 
Owner, management, tenant 208 0.54 0.50 

Operational management 26 0.06 0.25 
Kitchen management 88 0.23 0.42 

Chef 17 0.04 0.21 
Purchasing management 2 0.01 0.07 

Meat-sourcing location (dummy) 
Butcher 173 0.46 0.50 

Farm 21 0.05 0.23 
Slaughterhouse 16 0.04 0.20 

Wholesale 238 0.63 0.50 
Retail 64 0.17 0.37 

Purchased meat types (dummy) 
Poultry 253 0.67 0.47 

Beef 246 0.65 0.50 
Pork 246 0.65 0.50 
Lamb 65 0.17 0.40 
Game 77 0.20 0.40 

Sliced cold meat 260 0.69 0.46 
Other 26 0.07 0.25 

Offer of small portions (dummy) 4 0.01 0.10 

55 

50 

45 

40 

35 
•-• 
0 ▪ 30 
ror. 
(1) 25 
cr) 
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• Gastronomy • Communal Catering D Accommodation • Further HaFS business types 

Figure 2. Distribution of total meat waste ratios for the four assessed segments. 
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Table 4. Meat waste ratios for segments and subsegments in percentage of weekly purchased meat and meat product 
quantity in kilograms. 

Segments n Mean Median Min. Max. SD 

Total 
Waste 

Avoidable 
Waste 

Total 
Waste 

Avoidable 
Waste 

Total 
Waste 

Avoidable 
Waste 

Total 
Waste 

Avoidable 
Waste 

Total 
Waste 

Avoidable 
Waste 

Gastronomy 93 7.8 5.8 5.0 4.9 0.0 0.0 50.5 34.3 9.7 5.7 

Bistro 4 13.4 4.6 8.3 2.0 0.0 0.0 37.0 14.5 17.0 6.7 
Café 13 10.1 7.1 5.0 5.0 0.0 0.0 43.3 34.3 14.5 9.4 
Pub 16 4.0 4.0 4.0 4.0 0.0 0.0 9.8 9.8 2.8 2.8 

Home delivery 6 4.0 2.3 2.0 2.0 0.0 0.0 15.0 5.0 5.7 2.3 
Quick-service 

restaurant 
Slow food 

4 

39 

4.2 

9.0 

4.2 

6.5 

4.0 

5.0 

4.0 

5.0 

1.0 

0.0 

1.0 

0.0 

7.9 

50.5 

7.8 

25.0 

3.2 

9.9 

3.2 

5.5 
Snack 11 8.0 7.1 6.9 6.9 1.0 2.0 24.0 14.5 7.0 5.1 

Communal 
Catering 98 5.9 5.6 5.0 5.0 0.0 0.0 28.0 28.0 4.9 4.7 

Retirement home 10 12.2 11.5 12.5 12.3 1.0 1.0 19.0 19.0 5.1 5.4 
Disabled facility 1 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
Business catering 8 6.5 5.9 5.5 5.5 0.0 0.0 13.6 12.6 5.0 4.2 

University 1 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
Kindergarten 39 4.1 4.0 3.0 3.0 0.0 0.0 20.0 20.0 3.6 3.6 

Hospital 2 8.4 8.4 8.4 8.4 6.0 6.0 10.9 10.9 3.5 3.5 
School 34 5.6 5.5 5.0 4.9 0.0 0.0 29.0 28.0 4.8 4.8 

Further facilities 1 10.9 10.9 10.9 10.9 10.9 10.9 10.9 10.9 
Preventive care 

and rehabilitation 
facility 

2 9.7 7.8 9.7 7.8 6.9 6.9 12.5 8.6 4.0 1.2 

Accommodation 94 6.1 4.8 4.0 3.0 0.0 0.0 36.3 20.0 6.9 4.6 

Inn 16 5.6 4.1 3.0 3.0 1.0 1.0 31.4 10.0 7.3 3.3 
Hotel 35 8.0 6.4 4.9 4.9 0.0 0.0 36.3 20.0 8.5 5.9 

Hotel Garni 19 4.0 3.9 3.0 3.0 0.0 0.0 11.8 11.8 3.6 3.5 
Youth hostel 4 8.7 6.4 7.5 7.5 0.0 0.0 19.9 19.9 8.5 4.9 
Guesthouse 20 4.5 3.3 3.5 2.5 0.0 0.0 11.8 10.0 4.1 3.3 

Further HaFS 
business types 94 3.7 2.5 1.0 1.0 0.0 0.0 40.6 19.0 6.6 3.7 

Bakery 49 1.6 1.6 0.0 0.0 0.0 0.0 10.0 10.0 2.5 2.5 
Butcher 22 7.2 2.2 2.0 2.0 0.0 0.0 40.6 10.6 11.2 2.6 

Filling station 20 4.7 4.7 1.5 1.5 0.0 0.0 19.0 19.0 5.7 5.7 
Catering 3 5.0 5.0 5.0 5.0 0.0 0.0 10.0 10.0 5.0 5.0 

Figure 2 illustrates the distribution of total meat waste ratios related to purchased 
weekly meat quantities. Due to a relatively large interquartile range, the broadest distribu-
tion was found for the Gastronomy segment, followed by Accommodation, Communal 
Catering and further HaFS business types. Medians of the first three segments were in a 
similar range, meaning that 4% to 5% of the weekly purchased meat is wasted. However, 
the fourth segment deviates visually in this regard. A Kruskal—Wallis H test showed 
that there was a statistically significant difference in meat waste ratios between the four 
segments: x2(3) = 39.370 and p = 0.0001. A post hoc test (Dunn's pairwise comparison 
with Bonferroni adjustment) confirmed that the fourth segment of further business types 
has significantly different meat waste ratios compared to the remaining three segments. 
No statistically verifiable difference could be found between waste ratios of Gastronomy, 
Communal Catering and Accommodation. 

Table 4 shows various statistical parameters regarding the total and avoidable meat 
waste ratios for the four different segments and associated business types. The highest 
mean total and avoidable waste ratios were found for the Gastronomy segment, including 
the highest maximum waste ratios. Within this segment, bistros and cafés indicated 
the highest waste ratios. Communal Catering and Accommodation segments showed 
comparable mean waste ratios. Within the Communal Catering segment, retirement homes 
and preventive care and rehabilitation facilities stated the maximum waste ratios. Youth 
hostels showed the highest waste values within the Accommodation segment. The lowest 
total and avoidable meat waste rates were calculated for further businesses, including the 
lowest avoidable waste ratio. Within this segment, the lowest meat waste ratio was found 
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for bakeries, which was not surprising due to the high convenience degree of the meat (e.g., 
already sliced cold meat to be used in fresh sandwiches). 

To test Hypothesis 2 (H2) and verify the relevance of different arising points, the 
composition of the waste ratios was analysed (Figure 3). According to Figure 1, waste 
during preparation can be categorised as avoidable or unavoidable. Therefore, Figure 3 
shows the percentage shares of storage waste, processing waste (unavoidable), processing 
waste (avoidable) and leftovers for the segments. The respective shares of the waste types 
varied between the four segments. However, leftovers made up the greatest waste amount 
for Gastronomy and Accommodation, with the highest share occurring for Communal 
Catering. Waste arising during processing (unavoidable and avoidable) as well as storage 
waste was highest for the Gastronomy segment. Storage waste, avoidable processing waste 
and unavoidable processing waste had the lowest percentage rate within the Communal 
Catering segment. Relative figures are given in Figure 3 to support comparisons with 
other studies and regions, and absolute values are provided within the annex for national 
focused use (Figure Al Appendix A). 
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Figure 3. Arising points of meat waste within HaFS segments in percentage. 

According to the meat waste definition applied in this paper, the share of uneaten 
meat that is taken home for later consumption by consumers (doggy bags) is not included 
(Figure 1). 

4.2. Extrapolated National HaFS Meat Waste Amounts 

Table 5 shows the average meat purchases and waste amounts extrapolated in tons 
per year and weighted according to the contribution of each segment to the total HaFS 
sector. The extrapolation was based on the representative composition of the segments using 
the average purchase and waste quantity and considering the total number of businesses 
in Germany. 
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Table 5. Absolute German HaFS annual meat waste in tons. 

Segments Gastronomy 
Communal 

Catering
Accommodation 

Further 
HaFS Business Types 

Number of establishments, n (Germany) 
Total purchase quantity per year in tons 

Total meat waste per year in tons 
Contribution to total German HaFS meat waste in % 

85,300 
250,600 
23,000 
27% 

88,500 
402,800 
26,500 
31% 

36,800 
136,600 
13,500 
16% 

73,200 
238,500 
22,800 
27% 

The highest meat waste quantities arose in Communal Catering (26,500 t), contributing 
to the total waste volume by 36%. Meat waste in the Gastronomy segment amounted to 
23,000 t, followed by further HaFS businesses (22,800 t). The lowest meat waste amount, 
however, was found for the segment of Accommodation, in addition to the lowest number 
of establishments. 

The annual meat waste amounts to 85,800 tons. However, this extrapolation is limited 
to the segments under consideration. The recreational sector, correctional facilities and 
prisons could not be covered on the basis of the sample. In addition, vegetarian and 
vegan restaurants were excluded from the sample due to the focus on meat but considered 
regarding the extrapolation of the total meat waste volume, as there was no information 
regarding the absolute number or share of vegetarian and vegan restaurants within the 
German HaFS market. 

4.3. Regression Results 

A fractional logistic regression analysis was carried out to identify influencing factors 
related to the indicated waste ratios and to verify Hypothesis 1 (H1). Explanatory variables 
cover purchasing intensity, the respondent's occupation (owner, manager, tenant or kitchen 
management), the number of different meat types on offer and the number of shopping 
locations. Additionally, attitudinal statements towards the awareness and prevention 
of food waste in general were included to examine Hypothesis 3 (H3). The significant 
coefficients indicate the (decreased or increased) waste ratio in percentage points when 
multiplied by 100. 

Results in Table 6 show that the meat purchases variable was highly significant. This 
indicates that an increase in the weekly meat purchases by 1 t potentially leads to an 
increased meat waste ratio of 6.8 percentage points. An increase in the number of meat 
types on offer also significantly increases the estimated waste ratio by 0.8 percentage points. 
HaFS businesses offering small portions indicated significantly lower meat waste ratios 
compared to the ones that did not explicitly pointed out the offer of small servings. 

Food service businesses reporting that are sceptical with giving edible surplus food to 
social institutions for redistribution indicated significantly higher waste ratios compared to 
the base category (fully agree). Other variables were not statistically significant. 

4.4. Results of Qualitative Statements of Respondents 

Based on the qualitative content analysis, three different categories as well as four sub-
categories were established (Table 7). Within the first category, nine respondents stated that 
they do not donate surplus food to food banks as extensive legal requirements, additional 
effort and geographical conditions (long distances) have held them back. However, three 
interview partners stated that they regularly hand over edible surpluses to a food bank. 
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Table 6. Results of regression analysis. 

Meat Waste Ratio 

Meat purchase per week in tons 0.052 *** 
(0.017) 

Position of an owner within the business (dummy) 0.010 
(0.009) 

Position of a chef within the business (dummy) 0.000 
(0.009) 

Number of offered meat types 0.010 *** 
(0.002) 

Number of meat-sourcing locations —0.007 
(0.006) 

Offering small portions (dummy) —0.032 *" 
(0.011) 

Attitudinal statements 

The avoidance of food waste plays a particularly important role for meat 
and meat products (e.g., for economic or ethical reasons) (base: fully agree) 

Rather agree —0.010 
(0.015) 

Rather do not agree 0.013 
(0.020) 

Training and further education measures for the prevention of food waste 
are offered/carried out on a regular basis (base: fully agree) 

Rather agree 0.001 
(0.008) 

Rather do not agree 0.006 
(0.012) 

Do not agree 0.024 * 
(0.013) 

Our company participates in a programme to avoid food waste 
(base: fully agree) 

Rather agree —0.015 
(0.013) 

Rather do not agree 0.027 
(0.027) 

Do not agree 0.002 
(0.012) 

We regularly measure how much food waste we have (base: fully agree) 
Rather agree 0.007 

(0.013) 
Rather do not agree -0.013 

(0.011) 
Do not agree -0.013 

(0.011) 

We give what is still edible to social institutions (food banks, etc.) 
(base: fully agree) 

Rather agree 0.045 ** 
(0.018) 

Rather do not agree 0.051 ** 
(0.020) 

Do not agree 0.032 *** 
(0.007) 

Notes: Coefficients indicate average marginal effects of multinomial logit regression. Standard errors are reported 
in parentheses. Test statistic: Wald test: x2 (df = 20) = 102.31; McFadden's pseudo-R2 = 0.027. "*" p < 0.01, 
""p< 0.05, and " p < 0.1. 
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Table 7. Results of qualitative content analysis. 

Category Code Category Name Frequency 

C 1 Delivery to food banks 11 
C 2 Measures implemented to reduce food waste 50 

C 2.1 Handing out surpluses for further consumption 30 
C 2.2 Further internal processing of surpluses 8 
C 2.3 Targeted purchase, pre-cuts, etc. 6 
C 2.4 Portion sizes, legal storage time, etc. 6 
C 3 Explanation of stated waste levels 5 

Within the second category, different measures already implemented to reduce food 
waste were summarised. Participants described that they give away edible surpluses 
to employees and customers (children and parents in schools), consume surplus meals 
themselves or give away meat as pet food. In addition, they further process meat internally 
into sauces, stocks, soups, pizzas and minced meat. Targeted shopping (including at the 
butcher's), sourcing of pre-cut products and serving of small portions (also in buffet form) 
were also described as targeted measures. Regarding the explanation of stated waste rates, 
the participants linked waste levels to portion sizes, limited storage time due to food safety 
regulations (under four hours for displayed sandwiches) and seasonality. One participant 
emphasised that awareness raising among staff is challenging due to language barriers. 

5. Discussion and Conclusions 

Against the backdrop of planetary boundaries, food systems must be redesigned 
to be more sustainable. This is particularly necessary for foods with resource-intensive 
production, such as meat. In this context, political decision makers and scientists often 
call for a shift in production and consumer diets [22]. However, consumers influence 
resource demand not only by the meat eaten but also by wasted meat [18]. This is why 
this paper analyses meat waste ratios, evaluates the German status quo on absolute meat 
waste quantities and identifies possible future pathways to reduce meat waste in the HaFS 
market. The following discussion first classifies the calculated total meat waste with regard 
to quantity, possible environmental effects and the methodological approach. Subsequently, 
the relevance of different arising points and potential various reduction measures are 
assessed, also to provide recommendations for future research and towards policy-makers. 

5.1. Classification of the Results against the Background of Environmental Effects 

The found medians of meat waste ratios varied among the segments between 1% 
(further businesses) to 5% (Gastronomy, Communal Catering). The total meat waste 
quantity amounted to 85,800 tons per year, considering four segments and based on a 
weighted extrapolation. In 2018, waste out of home, therefore, accounted for 2% of the 
total meat consumption in Germany. Related to meat waste quantities covered by UN 
food waste segments (food retail, HaFS sector and private households), the avoidable meat 
waste of German HaFS businesses accounted for 36% (own calculation, based on values 
taken from [47]). 

The actual relevance of meat waste becomes apparent against the background of esti-
mated potential savings in connection with environmental benefits. Although a complete 
avoidance of wasted meat would certainly be desirable, it nevertheless seems unlikely due 
to the increasing marginal costs of necessary measures linked to it. SDG 12.3 aims for the 
ambitious target of a 50% reduction in the total food wasted by 2030. Reducing meat waste 
by 50% and thus shifting the overall target to a single product group would contribute 
to saving approximately 840 kt in CO2 equivalents, an energy expenditure amounting to 
17,600 TJ and the avoidance of the use of a land area amounting to more than 1200 km2
(own calculation based on per kilogram values taken from [48]). Thus, about 1.3% of the 
total CO2 equivalents of German agriculture in 2018 [49], 0.8% of the total energy use of 
German private households in 2018 [50] or 0.7% of the total used agricultural area in Ger-
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many in 2017 [51] could potentially be economised. An analysis of the distribution of meat 
waste within the segments showed both particularly high (bistro, retirement home, youth 
hostel, butcher) and particularly low (home delivery, kindergarten, hotel garni, bakery) 
waste ratios (Table 4). Accordingly, some of the participating businesses already reported 
having relatively good meat waste prevention management. Accepting mean waste ratios 
of the lower quartile (bottom 25%) of each of the four segments as a feasible benchmark 
would lead to even greater savings than the realisation of the UN goal: approximately 1300 
kt in CO2 equivalents, an energy expenditure amounting to 27,000 TJ and the avoidance of 
the use of a land area amounting to more than 1800 km2. 

These absolute results show that reducing meat waste in HaFS alone might not 
solve issues such as food gaps or climate change. However, it should be an essential 
part of a bundle of different measures contributing to addressing these challenges. On 
a strategic and policy level, there are conflicts of objectives that should be mentioned. 
Pradhan et al. [52] argue that achieving SDG 12 might lead to trade-offs as an improvement 
of responsible production and consumption (SDG 12) and might, for example, result in 
reduced availability of food and income and, thus, have negative effects on SDG 2 (hunger), 
SDG 3 (health and wellbeing) or SDG 10 (reduced inequalities). Reducing meat waste 
means increasing the quantity of food while resource consumption remains the same. 
Searchinger et al. [2] rank the reduction in food waste among most promising measures 
to close the food gap, the land gap and the GHG mitigation gap. Similar results were 
presented by Gerten et al. [1], who assessed a bundle of measures necessary to feed 10 
billion people within four terrestrial planetary boundaries (biosphere integrity, land system 
change, freshwater use, nitrogen flows). They concluded that reducing food waste is part 
of four key prerequisites to reach that goal. This is particularly true for meat waste due to 
the high demand for land and resources. 

As stated in Section 2, a comparison of the results of this study with the published 
literature is hardly possible due to the different reference units used. Looking at the results 
of Papargyropoulou et al. [42], who focused on food service businesses in Malaysia (see 
Table 1), the magnitude of total meat waste ratios fit, although a consistent drawing of 
conclusions is not possible due to the different prevailing frameworks in Germany and 
Malaysia. In the present study, the segments Gastronomy and Communal Catering con-
tributed most to the overall German meat waste. WRAP [40] identified priority reduction 
potential for meat and fish waste, especially in restaurants (classification of Gastronomy), 
QSRs, pubs and services (classification of Communal Catering). Therefore, focussing on the 
sectors recommended by WRAP and in terms of prevention of absolute waste quantities is 
also favourable in Germany. 

5.2. Limitations with Regard to the Calculated Total Meat Waste 

A limitation of the study related to an underestimation of overall meat waste quan-
tities might be a perception-related bias, as reported in the literature mainly for private 
households [53-55]. Literature references regarding the underestimation of food loss and 
waste by experts are rare. However, GSARS [56] found underestimated losses for different 
commodities regarding harvest and on-farm post-harvest activities by farmers compared 
to objective on-site measurements. Depending on the individual activity, the level of im-
derestimation ranged from approx. 20% to 110%. In the present study, respondents were 
expected to have a good overview of purchases and waste ratios for economic reasons and 
to be able to make realistic estimates due to the manageable size of a kitchen in comparison 
to a farm. The participants were also asked to report weekly values in order to allow for a 
realistic assessment of the period under consideration. This also meant that seasonal effects 
were not considered. In addition, vegetarian and vegan restaurants were excluded from 
the sample due to the focus on meat and meat products. However, they were considered 
regarding the extrapolation for the total meat waste volume, as there was no information 
regarding the absolute number or share of vegetarian and vegan restaurants within the 
German HaFS market. This might have led to a slight overestimation of total meat waste 
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quantities. In contrast, prisons, correctional facilities and the recreational sector could 
not be covered on the basis of the sample. In addition, meat that was taken home for 
consumption was out of the scope of consideration. 

5.3. Reduction Potential, Practical Implementations and Further Research 

In addition to total waste quantities, the authors differentiated between various 
arising points. In accordance with expectations, leftovers accounted for the largest share 
of the reported meat waste in the Gastronomy, Accommodation and Communal Catering 
segments. Leftovers include both overproduction within the kitchen (which was never 
served) as well as buffet and plate waste. Thus, prevention measures have to generally 
target kitchen staff and managers as well as consumers or guests. A derivation of tailor-
made prevention measures would require a more detailed classification of leftovers, which 
was not possible in this study due to financial restrictions. In the present study, the share 
of unavoidable processing waste was particularly high within Gastronomy. This was 
unexpected, as Kuntscher et al. [57] conclude that the convenience degree of meat and meat 
products is relatively high within Communal Catering. Thus, inedible parts have already 
been removed and most meat products come portioned and pre-processed (e.g., battered). 
The authors assumed that the purchasing approach between Gastronomy and Communal 
Catering is comparable, even with a slightly lower convenience degree of purchased meat 
in Gastronomy. In addition, the overall share of processing waste was expected to be lower 
than the results indicated, which is why there is need for further investigations. In a case 
study targeting fish suppliers and their HaFS clients, Kuntscher et al. [57] found benefits 
related to total unavoidable fish waste if only the filets were sourced instead of the entire 
fish. Fish waste, considered as inedible on the level of HaFS, was then recycled and used 
for other food products or food ingredients (e.g., fish soup) at the supply level. Further 
research on meat waste prevention could evaluate the scale and thus the potential of early 
professional finish of inedible meat fractions (e.g., bones, cartilage). 

The share of storage waste was already relatively low for all segments surveyed. A 
further reduction could possibly be achieved by extending the shelf life of prepared dishes 
using new preparation and storing methods, especially within businesses offering a wide 
range of meat types. Gluchowski et al. [58] concluded that the sous-vide method lowered 
cooking losses and extended the shelf life of analysed chicken breasts in comparison to 
conventional boiling and steaming. Other research investigates the effect of functional ice, 
which includes food-grade ingredient solutions within the water matrix and potentially 
contributes to an improvement of meat shelf life and quality, especially with poultry (e.g., 
Kataria et al. [59]). 

Within further business types, leftovers as well as unavoidable processing meat waste 
caused the highest waste volumes. The latter seems reasonable as this segment also includes 
butchers, working with a low level of convenience products compared to other business 
types. It has to be highlighted again that the interviewed butchers were asked to only 
consider unavoidable meat processing waste directly linked to offered food products to go. 

A number of already established reduction measures could also be derived from the 
results of this study. Cooperation with redistribution organisations in order to provide 
edible meat overproduction to people in need is a promising action. The present results 
showed that increased meat waste ratios tend to be expected due to a lack of cooperation 
with food banks. As adequate cooling and rapid distribution are required to ensure the best 
meat safety and quality, food banks must be given as much advance notice as possible of 
expected surpluses. However, the redistribution of surpluses for social purposes is often 
experienced as complicated or bears the risk of unlawful practices for donors due to legal 
hygiene requirements, as indicated by the participating businesses. Policy-makers should 
therefore develop clear guidelines on donation to lower redistribution barriers. To minimise 
the effort and ensure efficient information flow, matching of offer and demand can be 
supported by different mobile applications (Food Cowboy (USA), Food for All (USA), Food 
Rescue Heroes (USA), Food Rescue US (USA), Goodr (USA) or No Food Waste (India)). 
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In addition to meat purchases, the number of meat types offered was related to waste 
ratios according to the regression results. Accordingly, it seems especially challenging for 
businesses with a wide range of products and a large number of customers to accurately 
assess the eating behaviour of the guests. The offering small portions variable was derived 
from an open-ended question. As participants were not explicitly asked whether they offer 
smaller portions, the effectiveness of this measure should be brought more into focus in 
future surveys. 

Further relevant actions, which, however, could not be fully confirmed based on this 
study, are the measurement of meat waste and communication and education measures. 
The engagement with the topic while collecting and weighing food waste supports a posi-
tive adaption process within involved staff (e.g., [60]). United Against Waste Germany [60] 
stresses the importance of communication and motivation not only among the kitchen and 
service staff but also in cooperation with clients and management. The authors' experience 
shows that comprehensive inclusion of staff and clients within the HaFS is helpful to realise 
the full untapped potential. 

Further operational conditions could certainly also have an influence on the level of 
meat waste but could not be considered here due to the restricted length of the question-
naire. Variables with a potential influence on waste ratios are both portion sizes (offering 
above average portions) and the meat price (the supply of expensive cuts) as owners and 
managers (should) consider economic aspects. Against this background, a discounted 
sale of surplus portions directly to customers could be a promising strategy, especially 
for premium meat cuts. Those activities have recently been supported by mobile app 
providers such as Too Good to Go (active in multiple European countries), OptiMiam 
(France), Karma (Sweden), Surplus (Indonesia), Food for All (USA), goMkt (USA) or ResQ 
(Finland, Sweden, Germany, Poland), offering a digital marketplace for selling last-minute 
discounted surpluses from restaurants, caf& and other sources. 

The effectiveness of a measure and the associated reduction of food waste depend on 
the accuracy of implementations for each business [60]. Results of this study showed that 
the use of doggy bags is a measure that can only be implemented effectively for certain 
business types. The response behaviour of the participants regarding leftovers that are 
taken home for further consumption varied between the segments. While all participants 
from the Gastronomy segment answered the corresponding question (100%), only 48% 
of the respondents assigned to the Community Catering segment provided information 
in this regard. This could lead to the conclusion that the use of doggy bags could be 
fostered in the Communal Catering segment, however, presumably to a limited degree, 
due to different framework conditions (e.g., different consumption situations in canteens, 
schools and hospitals) compared to the Gastronomy segment. In addition, 71% of the 
participating Gastronomy businesses indicated that they offer doggy bags. The authors 
expect further potential in this regard, as the share of German customers who are generally 
willing to take home plate leftovers increased from 46% in 2015 to 77% in 2017, and 54% of 
the respondents who are not using this option at present could be retuned if doggy bags 
were actively offered to them by staff. Apparently, German consumers are ashamed to 
ask for a doggy bag for fear of being perceived of as miserly [61]. To facilitate a broader 
establishment, the German Ministry of Food and Agriculture supported the development of 
an environmentally friendly box for leftovers, which is available wholesale at a reasonable 
price [62]. Such support at the national or regional policy level is also provided in other 
European countries such as Austria, Belgium, Luxembourg, the Netherlands and Scotland. 

Irrespective of the reduction action, benchmarks are first needed to evaluate the 
effectiveness of implemented interventions. In this context, the present study has made 
an important contribution, as it is the first to quantify meat waste in the German HaFS 
sector on a representative scale. The results can also serve as a basis for further analysis 
regarding the meat value chain, considering the reference unit used. The approach is an 
effective way to obtain an overview of waste quantities and could be widened to other 
areas of the chain. Data collection within the German HaFS sector could be extended in the 
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near future, e.g., based on a voluntary agreement between HaFS associations, individual 
companies and the German government, which is expected to be set into force in the course 
of 2021 as result of the German National Food Waste Strategy [63]. The objective of the 
agreement is to measure food waste within HaFS businesses on a regular basis by using 
comparable methodological approaches and reference units as well as implementing a 
consistent reporting of those values. 

An agreement regarding the reduction of meat waste at one level of the FSC is certainly 
a step in the right direction. In the future, however, policy-makers as well as representatives 
of associations and industry should encourage the reduction in meat waste in cooperation 
with clients in later supply chain levels. In June 2020, the UK meat industry in cooperation 
with other stakeholders, including the HaFS sector, committed itself to developing and 
implementing targeted practices along the entire value chain [64]. A practical application 
might also be feasible for the German market. The concrete implementation process could 
be derived from the results of WRAP [64]. 

5.4. Concluding Remarks 

In conclusion, this study has shown that there is a need for action with regard to the 
occurrence of meat waste in the German HaFS sector. Segments with the largest meat waste 
quantities are Gastronomy and Communal Catering, whereby the reduction in unavoidable 
losses and leftovers should be a particular focus in the future. A future improvement 
as targeted by SDG 12.3 seems feasible with a view to the data collected in this study, 
as certain businesses already indicated as having low waste ratios and thus a relatively 
effective meat waste prevention management. As outlined above, cooperation among 
different stakeholder groups as well as between upstream and downstream levels within 
the FSC is essential to achieve the lowest-possible meat waste level. Since comparability is 
crucial in the course of data collection and subsequent evaluation of measures, the authors 
recommend using the reference value used in this study to capture future developments. 
Regarding the assessment of occurring waste quantities and communicating prevention 
strategies with target groups, environmental effects should be taken into consideration. 
As meat is only one food product group connected with comparably high environmental 
effects, dairy products should also be considered in this regard and thus could be the focus 
of future research. 
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6 General discussion  

Nutrition can be described as a link between human and planetary health, especially 

in the context of dietary compositions changing towards greater meat components (TILMAN 

and CLARK, 2014). Curbing meat demand, especially in countries with persistently high per 

capita meat consumption levels (STOLL-KLEEMANN and SCHMIDT, 2017), and reducing 

wasted food quantities, could significantly contribute to achieving global sustainability goals 

(WILLETT et al., 2019; WBAE, 2020). 

By assessing the current meat consumption level, meat waste out-of-home, and meat 

purchasing patterns of individual consumer groups in Germany this dissertation presents 

important implications for researchers, policy makers, and market participants. First, a 

regular monitoring of meat consumption at the population level is a prerequisite to assessing 

long-term developments (FEHRENBACH et al., 2016) and to providing initial indications 

concerning related political intervention (THAR et al., 2020). Reliable information on total 

and per capita meat consumption is therefore an essential part of a comprehensive national 

nutrition monitoring as required by the WBAE (WBAE, 2020). Second, measures need to 

consider individual consumer groups in order to manage meat demand through legislative 

interventions or to effectively implement marketing strategies that shift consumption 

patterns away from meat-oriented towards more plant-based eating (APOSTOLIDIS and 

MCLEAY, 2016). Detailed consumer profiles provide insights into heterogeneity in this 

context. Third, wasted meat quantities need to be measured regularly in order to assess the 

environmental footprint of meat demand (KARWOWSKA et al., 2021). A differentiated 

contemplation of individual stages of the value chain, arising points, and waste types allows 

to identify hotspots of meat waste and to subsequently derive targeted prevention and 

reduction measures.  

Against this background and based on three contributing articles, this dissertation 

addresses three overarching research questions: 

RQ I What is the average meat consumption in Germany based on a market balance 

approach?  

 

RQ II What are meat purchasing patterns and characteristics of related consumer groups 

in Germany?  

 

RQ III Are there options to reduce meat waste at different arising points in German 

Hospitality and Food Service businesses? 
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After having presented the conceptual framework in chapter 4, the following chapter 

discusses the main findings of the three articles in relation to relevant literature and 

suggests options for future research.  

 

RQ I What is the average meat consumption in Germany based on a market balance 

approach? 

The average per capita meat consumption determined for the year 2018, comprises 

34.8 kg pork, 11.5 kg beef, and 15.8 kg poultry with a total average meat consumption of 

64.7 kg per capita. The uncertainty of the estimated meat consumption level is determined 

to be 20% by means of a sensitivity analysis. Particularly, modified assumptions on food 

waste at the consumer level including cooking losses, lower the estimated results to 51.6 

kg. 

Food-based dietary guidelines are an integral component of national food policies and 

primarily provide nutritional recommendations from a health perspective. FISCHER and 

GARNETT (2016) revealed that 24% of national dietary guidelines emphasise a modest or 

reduced meat intake, especially of processed and red meat (i.e., beef, pork, and lamb). 

Individual food guidelines (e.g., Sweden and Germany) even suggest certain environmental 

effects of overconsumption concerning animal sourced foods and therefore generally strive 

for “win-win” diets which are beneficial for both environmental and human health (FISCHER 

and GARNETT, 2016).  

Referring to the prepared meat quantity, an average annual per capita level of 52 kg 

exceeds the 31 kg recommended by the German Nutrition Society (DGE) as a maximum 

meat intake needed for maintaining good health (DGE, 2020b). Other national directives 

provide similar benchmarks. Finland and Sweden suggest an annual meat intake 26 kg per 

capita and year; Austria urges people not to eat more than 23 kg of meat a year; and 

Belgium recommends a level of 31 kg (FAO, 2021b). The World Cancer Research Fund 

Network (WCRF) and the American Institute for Cancer Research (AICR) recommend not 

to eat more than 26 kg of cooked meat per capita and year, with the intake of processed 

meat reduced to a minimum amount (WCRF and AICR, 2018).  

The meat consumption level determined in article (1) is also not reconcilable with 

“planetary health diets” on a global level. To comply with the Paris Agreement, WILLETT et 

al. (2019) put the globally compatible average meat consumption at only 16 kg. They used 

various indicators to define planetary boundaries (i.e., greenhouse gas emissions, nitrogen 

application, phosphorus application, consumptive water use, extinction rate, and cropland 

use). WILLETT et al. (2019) also assumed a doubling of the consumption of fruit and 

vegetables, while halving FLW.  
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Whether the results of article (1) provide a sufficient rationale for profound legislative 

intervention would have to be further examined in consideration of economic theory. Meat-

heavy diets might lead to market failure for three reasons. Externalities of meat consumption 

arise in connection with negative environmental effects, but also in relation to intensive 

animal husbandry systems if animal welfare is considered a public good. Additionally, health 

risks of heavy meat eaters have a negative influence on the entire society because of the 

“collective nature” of the health care system (BONNET et al., 2020). In light of these three 

domains, meat has been characterised as a potential “demerit” good by a majority of 

German economists, who therefore justify distinct regulatory efforts (AHLHEIM et al., 2020). 

However, without an internalisation of externalities in the market it can hardly be 

ascertained whether current supply and demand levels lead to a socially desirable outcome 

(MORAN, 2021). Due to missing “first-best” solutions for agricultural livestock farming, 

“second-best” consumption taxes on domestic and imported meat products might mitigate 

the multiple externality issue (FUNKE et al., 2022). In the course of a compensation, external 

costs would initially have to be monetised according to the “polluter-pays principle” (MITTIGA, 

2018). There is further need for research especially with regard to the “real costs” of 

biodiversity loss and animal-welfare issues in this context (FUNKE et al., 2022). 

In agreement with existing scientific literature (RODRIGUES et al., 2007; NASKA et al., 

2009; DEL GOBBO et al., 2015; FAO, 2017), findings of article (1) suggest a mismatch 

between results of market balance approaches, individual dietary surveys (IDS), and 

household budget surveys (HBS). According to the NVS II, average annual meat intake of 

adult meat consumers amounted to 43 kg per capita between 2005 and 2007 (KOCH et al., 

2019; STRAßBURG et al., 2019). As described in chapter 2.2, information on fresh meat 

purchases of private households is also provided by GfK with an average meat purchasing 

level of 33 kg per capita, expressed as product weight in 2018 (AMI, 2020). Conforming to 

expert information, the market coverage of the respective GfK household panel lies between 

75% and 90% due to unrecorded meat components contained in convenience products or 

lacking purchase data (e.g., from weekly markets). Out-of-home consumption accounts for  

an additional 36% of the total meat consumed (author’s own calculation based on results of 

article (1)). Against this background and considering cooking losses of approximately 20% 

(SHOWELL et al., 2012), average meat consumption per capita would amount to 

approximately 55 kg based on the demand-side and revealed preferences.  

However, consumption indications based on FBS, HBS, and IDS are only partially 

comparable, because they represent different value chain stages (SERRA-MAJEM, 2001) and 

use divergent food group compositions or methodological concepts (RODRIGUES et al., 

2007). Hence, these data sources should rather be used in a complementary way 

(RODRIGUES et al., 2007; AMO et al., 2016). IDS and HBS allow for an analysis of the 
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behaviour of individual consumer groups as demonstrated in the course of article (2). 

Answering RQ I by referring to the coefficients presented in article (1) enables the 

identification of dietary trends in connection with the annually calculated domestic meat 

supply at population level.  

The estimation technique proposed in article (1) represents an update compared to the 

original approach, as meat-type specific marketing channels as well as loss and waste 

quantities for individual value chain stages are considered. The procedure takes up 

methodological claims raised in scientific literature. DOWLER and SEO (1985) argued that 

mass flows along food value chains need to be captured to derive human consumption of 

specific foods. SERRA-MAJEM (2001) and NASKA et al. (2009) asked to consider consumer 

waste when calculating human food consumption. In addition, the proposed method 

considers meat sold for pet-food production, mentioned by THAR et al. (2020) as a potential 

limitation of FBS information since pet-food might still be included in specified consumption 

levels.  

An analysis of foreign trade data in edible offal and by-products and a subsequently 

revised allocation of the CN-codes related to beef and pork also allows for a more accurate 

calculation of meat consumption. There is a need for further research in this context, as 

incorrect allocations of CN-codes are most likely also to be found for other EU Member 

States. Both domestic supply and the consumption level calculated are influenced by 

incorrect quotas. This is why consultations on the assignment of CN-codes for meat, edible 

offal, and by-products with reference to official trade statistics would make an important 

contribution towards improved consistency of the EU FBS.   

Despite the evaluation of three sensitive parameters (i.e., the share of production 

exported or sold for pet-food production as well as assumptions on consumer waste), further 

limitations must be considered in the course of interpreting the results of article (1). Per 

capita values are calculated by means of official statistics of population size (BLE, 2021) 

which does not include tourists consuming meat in Germany. Further limitations are related 

to the sample size at slaughterhouse level. Businesses with low slaughter capacities are 

not part of the sample and may have divergent sale channels. Seasonal effects are also not 

mapped, but are minimised by querying two reference years. Commodity flows between the 

individual value chain stages (processing - wholesale - food retail - export - import - 

consumption at-home and out-of-home) are not systematically revealed and are also likely 

to be transitory. Participating slaughterhouses indicate that marketing shares change in the 

course of a single year. Nevertheless, profound shifts between marketing channels or at-

home and out-of-home consumption might still emerge rather successively as changes in 

domestic meat supply are gradual with regard to meat types and quantity (BLE, 2021). A 
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temporary validity of the estimated coefficients can therefore be assumed, however, 

surveys at slaughterhouse level would have to be repeated at regular intervals. 

Expert assessments are obtained since representative meat loss ratios at the 

processing and wholesale level related to respective available meat quantities are not 

available. These information gaps should be filled in order to more precisely map the 

environmental effects of meat consumption. The corresponding research gap regarding 

meat waste in the HaFS sector is addressed by answering RQ III as part of this dissertation.  

As mentioned by DOWLER and SEO (1985), the notion of food consumption depends 

on the scientist’s objective. Authors and policy makers therefore need to clarifying whether 

they refer to the actually ingested quantity (meat intake), the quantity intended for human 

consumption or the domestic meat supply.  

Due to an overestimation of waste, losses and non-food uses, meat consumption in 

Germany has so far been underestimated by 4 kg per capita based on the current supply-

side approach. Overall, a meat consumption level of 64.7 kg per capita on average is not 

compliant with national health (DGE, 2020b) or international environmental goals (WILLETT 

et al., 2019). This is why there is certainly an even greater need for further political 

coordination regarding a desirable consumption level in the course of a national food 

strategy. 

 

RQ II What are meat purchasing patterns and characteristics of related consumer 

groups in Germany? 

Article (2) demonstrates the heterogeneity of meat purchasing behaviour among 

German households. A segmentation based on meat product purchases of private 

households reveals four household clusters which significantly differ in relation to their 

product portfolio and purchased meat quantities. A large segment of pork and beef 

traditionalists (59% of the total sample; 1.95 kg monthly meat purchase per capita) and 

three smaller segments described as poultry lovers (25%; 1.54 kg per capita), premium red 

meat lovers (5%; 1.71 kg per capita), and convenience-oriented pork buyers (11%; 1.62 kg 

per capita) are identified.  

A direct comparison of the results with previous scientific studies is not possible since 

revealed product-based preferences have not yet been used for a segmentation of German 

meat consumers. CORDTS et al. (2014) also found heterogeneity among German meat 

buyers but based their segmentation on self-reported total meat quantities in addition to the 

sustainability and health orientation of participants.  

According to the results of article (2), the majority of German households can still be 

described as “classic meat eaters”. Pork and beef traditionalists purchase 0.48 kg of fresh 
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meat per week which accounts for approximately one third of their total meat consumption 

(AMI, 2020, author’s own calculation based on article 1). This is in contrast to representative 

surveys indicating that a flexitarian diet is already more prevalent among the German 

population. According to a survey conducted by Forsa, 55% of the respondents reported to 

abstain from meat at least three times a week (FORSA, 2020). Findings of article (2) therefore 

confirm main statements of article (1) and further reveal the existence of a citizen-consumer 

dichotomy. The importance of revealed-preference data in order to draw conclusions about 

purchase patterns is underpinned by the small share of premium red meat lovers that 

actually show a “willingness to pay” (WTP) well above average unit values. This finding also 

contradicts survey-based studies, typically indicating higher WTP for sustainability 

characteristics such as animal welfare (EC, 2016). 

A characterisation of individual household clusters gives additional insights into 

purchasing patterns that allow for the derivation of options and challenges when aiming for 

a dietary change.  

In order to achieve a more rapid nutritional transformation overall, pork and beef 

traditionalists would need to cut down on meat-eating. This would be especially desirable 

due to their high level of fresh meat purchases and the nutrient composition of purchased 

pork products. Associated reference persons are of advanced age, which is why their eating 

behaviour is likely to be habitual (BROMBACH et al., 2015). Households report to be price 

sensitive when purchasing food and pay rather low average prices for meat. Intermediate 

to high net incomes decrease the chance of belonging to pork and beef traditionalists. 

Therefore, increased meat prices through meat taxation could cause a drop in their meat 

demand as studies usually observe increased price sensitivity together with more limited 

financial resources (PARK et al., 1996; NI MHURCHU et al., 2013; PELTNER and THIELE, 2021). 

However, in view of their deeply anchored food habits, it remains unclear to what extent 

a profound and long-term change can be sustainably controlled by legislative intervention. 

Significant price increases might be needed to cause a real change for pork and beef 

traditionalists. Also, because price elasticities of meat demand, which indicate anticipated 

effects of meat taxes (WBAE, 2020), are comparatively low for high-income countries 

(FEMENIA, 2019). PELTNER and THIELE (2021) determined a price elasticity of -0.67 for meat 

demand (including fish and eggs) and low-income German households.  

The Competence Network on Animal Husbandry (“Borchert Kommission”) is in favour 

of introducing an excise tax to finance improved animal husbandry conditions in Germany 

(KNW, 2020). ROOSEN et al. (2022) found that a per-unit CO2-eq tax of 93 € per ton CO2 in 

order to internalise external costs could lead to a reduction in per capita consumption of 

21% for beef, 13% for pork, and 9% for poultry (ROOSEN et al., 2022).   
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The WBAE advocates raising the value-added tax (VAT) rate on animal products from 

7% to 19% as only a transitional solution towards meat demand management (WBAE, 

2020). This taxation is in most cases likely to result in lower changes in demand. According 

to DEBLITZ et al. (2021), a corresponding adjustment of the VAT rate would only lead to a 

reduced consumption of 6% for beef, 5% for pork, and 4% for chicken meat. ROOSEN et al. 

(2022) estimated demand effects of -11% for beef, -12% for pork, and -11% for poultry.  

A direct comparison of both tax designs through an increased VAT rate to 14% and a 

CO2-eq tax of 37 € per ton CO2 conducted by ROOSEN et al. (2022) illustrates that the excise 

tax is more effective with a view toward environmental goals and causes lower welfare costs 

for all households. 

Nevertheless, and for both options, the resulting social issues caused by the financial 

burden on economically less privileged groups are key challenges (KNW, 2020; WBAE, 

2020). Furthermore, the effects of different financial incentives would need to be analysed 

in more detail, e.g., by estimating demand systems for the consumer segments identified in 

article (2). Substitution effects between meat categories and alternative products need to 

be considered in order to assess possible rebound effects and the anticipated total effect of 

meat taxation. ROOSEN et al. (2022) have already illustrated noticeable responses to price 

variations across household groups differentiated by age and income. Interestingly, they 

reported lower price elasticities for households with a high per capita meat consumption 

level. However, their results most likely depict reactions of demand due to temporary price 

changes caused by seasonality, price discounts, or product promotions. These effects 

would need to be factored in when conducting further research in order to reflect long-term 

changes in meat consumption as a result of long-term price changes through fiscal 

approaches. 

Individuals can change their behaviour by adapting to the norms of others (CIALDINI, 

2007) and transformation processes based on social tipping points can be triggered by 

minorities of consumers (OTTO et al., 2020). It therefore seems reasonable to examine 

consumer segments that already deviate from traditional dietary habits. Two of the clusters 

found already buy meat quantities below the total samples average and are comprised of 

rather young household reference persons. They account for 36% of all households.  

Female-headed single households of poultry lovers consume a rather healthy 

assortment of meat types, state to be quality-conscious, and pay comparatively high unit 

values for meat. Male-headed convenience-oriented pork buyers express being less quality-

motivated with rather limited financial resources while favouring easy-to-prepare pork 

products. 

Changes in the meat demand of younger consumers compared to “traditional dieters” 

have already been identified by existing scientific literature. ZÜHLSDORF et al. (2021) found 
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that 40% of young adults, especially female consumers, reconsider their meat consumption 

level with environmental consequences as a particular driving factor. In this context, 

KUŹNIAR et al. (2021) identified rising consumer awareness as a promising measure among 

millennials. NADERI and VAN STEENBURG (2018) found that “rational and self-oriented 

motives” caused millennials to behave in a more environmentally-friendly way. Target-

oriented marketing measures that are aiming to encourage consumers’ choices for healthier 

and more climate-friendly meat, hybrid meat substitutes, or meat alternatives should take 

this behavioural motivation into account.  

In addition to increased meat prices, personalised price promotions (PPP) of plant-

based alternatives might encourage a more balanced diet of the price-conscious 

convenience-oriented pork buyers. Positive financial incentives evoke less negative 

emotional response than negative financial incentives (JUST and HANKS, 2015). NGUYEN et 

al. (2019) regarded PPP as an effective measure to stimulate purchases of foods with health 

benefits. The dietary behaviour of convenience-oriented pork buyers is not yet well-

established and they are unlikely to respond to informative measures due to a lack of 

interest in quality signals. This is why positive financial incentives might contribute to a long-

term adoption of plant-based meat alternatives for this segment. Comparatively high 

purchases of meat substitutes in combination with reduced meat purchases among the 

younger age groups (see chapter 2.1) highlights the potential for a more flexitarian diet-style 

among German consumers overall.  

The cluster of premium red meat lovers would initially have to be targeted by policies 

from an environmental perspective due to the climate effects of meat types favoured by this 

segment (CLUNE et al., 2017). However, looking at their financial standing, their expenditure 

on meat and taste for high-priced premium products and due to their low price-sensitivity, 

financial incentives might not bring about a sufficient behavioural change in this case. A 

shift towards a more sustainable dietary behaviour might rather be achieved through further 

qualitative change. Information campaigns or governmental multilevel labelling, as 

envisaged by the WBAE (WBAE, 2020), could promote meat with less climate effect or 

produces under improved animal welfare conditions. In this context, animal welfare might 

be used as a unique selling point in relation to meat quality (DERSTAPPEN et al., 2021) since 

quality seems to be an important buying criterion for premium red meat lovers. By the same 

token and with a view toward poultry lovers, informative measures could promote organic 

meat as a more sustainable alternative which is associated with slightly enhanced animal 

welfare as well as improved water conservation, biodiversity, and soil fertility (SANDERS and 

HEß, 2019).  

Market coverage is a relevant limitation of the results presented in article (2). The used 

dataset comprises exclusively fresh meat purchases. Future research may include 
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processed meat and meat products. Along the same line, the meat consumed out-of-home 

for which revealed-preference data with regard to quantity, type, and origin of meat is 

lacking is not considered. Also, the analysis of meat purchasing behaviour is household-

based and thus carried out at an aggregated level. A regular collection of the corresponding 

information at an individual or at household level would contribute to an adequate database 

for national monitoring of nutrition.  

Results of article (2) imply that different approaches are needed instead of using one 

single silver bullet in order to achieve a more sustainable meat demand in Germany. A 

correspondingly tailored product range including plant-based products or hybrid meat 

substitutes may be accompanied by target-oriented communication and effective pricing 

measures to facilitate healthier and environmentally friendly every-day food choices. This  

could bring about a change in the “food environment” covering “exposure and access” to as 

well as “choice and consumption” of food (WBAE, 2020).  

 

RQ III Are there options to reduce meat waste at different arising points in German 

Hospitality and Food Service businesses? 

In line with articles (1) and (2), a quantification of meat waste in HaFS businesses 

differentiated by individual points of waste arising in the course of article (3) calls for further 

action. The estimated annual meat waste is 85,800 tons for the German HaFS sector, 

encompassing 72% avoidable waste quantities. Leftovers account for 50% of the total meat 

waste, whereas meat waste in the course of storage and processing is less severe (i.e., 

accounts for 12% and 37%, respectively). Since a considerable share of wasted meat is 

linked to prepared meals and thus to behavioural issues, there is a potential for meat waste 

reduction through more waste-aware behaviour among guests and staff. This is further 

supported by the fact that accepting mean waste ratios of the lower quartile (bottom 25%) 

of each of the four segments as a feasible benchmark would potentially reduce wasted meat 

quantities by 77%.  

Meat waste ratios vary at a business-type level and significantly differ between the first 

three segments (i.e., gastronomy, communal catering, and accommodation) and further 

HaFS businesses. The highest total (7.8%) and avoidable (5.8%) mean waste ratio is found 

for the gastronomy segment. Although a direct comparison with existing literature is difficult 

due to different reference units being used and prevailing framework conditions, the found 

mean meat waste ratios (3.7-7.8%) deviate only slightly from the results of 

PAPARGYROPOULOU et al. (2019) who calculated a meat waste ratio of 2.3-2.6% within the 

Malaysian HaFS sector. Considering total quantities, the gastronomy and communal 

catering segments would have to be addressed specifically. A study conducted by the 
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Waste & Resources Action Programme (WRAP) likewise saw the greatest potential for 

overall waste reduction for restaurants (classified as gastronomy within this thesis), Quick 

Service Restaurants (QSRs), pubs and services (classified as communal catering) (WRAP, 

2013). 

Leftovers are identified as a hot spot compared to the remaining arising points. They 

make up the largest share of total waste in gastronomy (45%) and accommodation (55%) 

and account for 75% of the meat wasted in communal catering. Although leftovers include 

overproduction in the kitchen, at the buffet, and plate waste, an accordingly large potential 

for waste reduction through improved matching of served and actually eaten dishes has 

been identified by other authors. TOMASZEWSKA et al. (2021) found that the share of plate 

waste in hotel food services made up nearly 50%. PAPARGYROPOULOU et al. (2019) and 

WRAP (2013) estimated customer plate waste to account for up to one-third of wasted food 

quantities out-of-home.  

The comparably high share of unavoidable processing waste within gastronomy is not 

verifiable by previous literature. KUNTSCHER et al. (2020) observed a high number of 

convenience meat products within communal catering. It was therefore to be expected that 

gastronomy businesses under comparable conditions would also purchase pre-processed 

meat and report less unavoidable waste. There is a need for further research as the 

utilisation of non-edible components at early value chain stages (e.g., in slaughterhouses 

or at meat processing) would most likely be beneficial for reasons of economies of scale, 

and considering the waste hierarchy, to ensure environmentally compatible waste 

management (EC, 2008). 

Considering the above conducted classification of the determined waste ratios, the 

approach presented describes an effective way to quantify meat waste and establish 

corresponding benchmarks. The results of article (3) might therefore provide important 

indications for the implementation of the German National Strategy for Food Waste 

Reduction (BMEL, 2019b). Based on a voluntary agreement resolved within the “Dialogue 

Forum on Away-from-Home Consumption”, food waste is supposed to be regularly 

measured using comparable methodological techniques and reference units (BMEL, 

2019b). According to the Delegated Decision 2019/1597 of the European Commission (i.e., 

the legal basis for national monitoring), a differentiation between product categories or 

waste types is not compulsory (EC, 2019). At least a more differentiated data collection at 

national level is recommended in the course further explanations on the Dialogue Forum´s 

target agreement (FRIEDRICH and BORSTEL, 2021) and should also be aimed for given 

varying climate effects of individual food products (CLUNE et al., 2017).  

A perception-related bias is a potential limitation of the study related to an 

underestimation of overall meat waste quantities. However, for economic reasons, the 
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respondents’ appraisal skills can be expected to be adequate regarding weekly purchased, 

processed, and sold meat quantities. Vegetarian and vegan restaurants are not part of the 

sample, but are considered for extrapolation of waste quantities. This might cause a slight 

overestimation of meat waste quantities. In contrast, prisons, correctional facilities, and the 

recreational sector are not included in the sample. 

Appropriate legal framework conditions and private sector solutions could contribute to 

considerable levels of waste reduction. Donations of overproduction via (social) distribution 

organisations prove to be a promising waste prevention measure. However, several 

participating businesses indicate that the collaboration with food banks is complicated and 

difficult due to legal hygiene requirements. Facilitating food donations is also subject to the 

National Strategy for Food Waste Reduction (BMEL, 2019b). In this context, the Federal 

Council of Germany has additionally proposed to examine the limitation of legal liability for 

donated foodstuffs (BR, 2021). Clarifying that the liability for shelf life and the quality of 

leftover food lies with guests or customers could reduce barriers for the donation of edible 

meat dishes and ease concerns about food scandals.  

The results of article (3) suggest that the offering of doggy bags to reduce leftovers 

depends on operating conditions and is only common in the gastronomy segment. Rising 

awareness among customers and reducing socially negative attitudes towards the use of 

doggy bags is also needed to encourage diners to use them (MIROSA et al., 2018).   

Corresponding communicative measures should address kitchen staff, managers as 

well as guests. Measuring food waste on a regular basis might enable improved purchase 

planning and reduce overproduction within the kitchen (KUNTSCHER et al., 2020). A 

prevention of unsold meat quantities, especially in terms of premium cuts, is most likely an 

even greater economic incentive for food waste prevention at business level than 

discounted sales of surplus portions.  

TOMASZEWSKA et al. (2021) proposed to emphasise the environmental effects of food 

waste when communicating with consumers, which could particularly raise moral concerns 

among younger guests. ZÜHLSDORF et al. (2021) demonstrated that the environmental 

footprint led young consumers to reconsider their demand for meat. Accordingly, they might 

also be willing to reduce plate waste when eating out-of-home.  

In the context of promoting more sustainable nutrition, the Federal Ministry of Food and 

Agriculture (BMEL) announced the implementation of climate-friendly menus in federal 

canteens (BMEL, 2020). The DGE quality standards for communal catering seek to offer 

meals containing meat two times a week and to use an increased share of meat from 

improved husbandry conditions. They further recommend to offer small portions trying to 

achieve less wasteful behaviour among guests (DGE, 2020a). The benefits of food and 

meat waste prevention could be highlighted even more clearly in this context. A nationwide 
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information campaign “Zu gut für die Tonne” (Too good for the bin) has already sought to 

raise public awareness for the issue (BMEL, 2019a). Whether such informative measures 

are successful in the long term needs to be verified based on regularly collected waste 

quantities. 

In the course of article (3), individual measures for meat waste reduction within the 

German HaFS meat supply chain are specified. Considering economic theory, there is 

certainly space for additional research. 

Since the implementation of reduction measures comes at a cost and restaurant 

operators act as profit maximisers (GOLAN et al., 2020), individuals will initially reduce food 

and meat waste until their marginal costs equal marginal benefits (MOUNTER et al., 2019). 

A certain quantity of uneaten meat may therefore be already an optimal market outcome 

based on market constraints, including imperfect information (GOLAN et al., 2020). Due to 

the unpredictable number of guests, avoiding the “stockout-problem”, which has mainly 

been analysed at retail levels (SANCHEZ-RUIZ et al., 2018; TELLER et al., 2018), might, for 

example, be an additional cause of overproduction within HaFS businesses. 

Future studies should look more closely into operational conditions analysing the 

efficiency of individual business types (e.g., by Stochastic Frontier Analysis) and consider 

budget-constraints to clarify the actual feasibility of waste reduction. REFED (2016), 

HANSON and MITCHELL (2017) and CRISTÓBAL et al. (2018) already carried out economic 

evaluations of individual reduction measures. Further assessment could be particularly 

interesting, as results of article (3) reveal varying waste ratios at a business-type level.   

RUTTEN (2013) illustrated that overall welfare gains associated with FLW reduction 

depend on the scale of FLW in relation to the respective market size, FLW types (i.e., 

avoidable or unavoidable), and interactions between supply chain participants in addition to 

reduction costs and food prices. As mentioned earlier, in terms of meat consumption and 

considering corresponding externalities, the individual level of meat waste might, however, 

not correspond to the societal optimal outcome (GOLAN et al., 2020). 

Overall, this illustrates the importance of a detailed and regular  measurement of FLW 

prior to developing cost-effective actions through whole-chain private-sector solutions or the 

justification of governmental intervention. Results of article (3) illustrate the scope of the 

meat waste issue within the German HaFS value chain, but also suggest that improvement 

seems feasible by behavioural changes at the business-type level.   

Overarching conclusions as well as implications for policy makers, market participants, 

and scientists that can be drawn from the findings of this dissertation against the 

background of the three research questions are presented in the course of chapter 7. The 

following section also suggests further research, putting the results of the three contributing 

articles into a broader perspective.  
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7 Conclusions and implications  

Sustainable diets are defined as “[…] diets with low environmental impacts which 

contribute to food and nutrition security and to healthy life for present and future generations 

[…]” (BAUMUNG and HOFFMANN, 2012). In this context, policy recommendations of the 

German Scientific Advisory Board on Agricultural Policy, Food and Consumer Health 

Protection (WBAE) refer to a reduced consumption of animal products from a health 

perspective but also call for minimising food waste to preserve planetary health (WBAE, 

2020).  

The three contributing articles of this dissertation call for action with a view toward 

consumption levels and wasted quantities when aiming for a more sustainable meat 

demand. On average, German meat consumption is well above environmental and health 

guidelines; almost two-thirds of German households have not yet turned away from 

traditional meat consumption habits; and leftovers are a hotspot for meat waste within the 

German HaFS sector.  

A revised estimation of meat consumption based on a market balance approach and 

following a mass flow analysis conducted in article (1) reveals a per capita consumption 

level of 65 kg for the year 2018. Even when referring to prepared meat quantities, this result 

exceeds national recommendations for a balanced diet by 68% (DGE, 2020b). It is also 

twice as high as the maximum consumption level of red and processed meat suggested by 

the World Cancer Research Fund Network (WCRF) and the American Institute for Cancer 

Research (AICR), while putting a special focus on cancer risk (WCRF and AICR, 2018). A 

household segmentation illustrates that per capita fresh-meat purchases of all consumer 

segments determined in article (2) would at global level not be compliant with planetary 

health, according to the Eat-Lancet Commission (WILLETT et al., 2019). Substantial changes 

in terms of healthy and environmentally-sound diets would be required especially for 59% 

of German households, labelled as pork and beef traditionalists. The urgency for a change 

in meat demand behaviour is underpinned by a quantification of meat waste in article (3). 

85,800 tons of meat are wasted in Hospitality and Food Service (HaFS) businesses 

annually, whereby the prevailing share corresponds to avoidable meat waste. A less 

wasteful behaviour of staff and guests considering leftover meat, especially within 

gastronomy and communal catering could contribute to diminishing the environmental 

footprint of the meat value chain.  
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7.1 Indications to develop a more comprehensive monitoring of nutrition 
with regard to meat demand 

As outlined in chapter 6, comprehensive national monitoring needs to cover meat 

consumption and wasted meat quantities along the entire value chain in order to derive 

policies and allow for ex-post evaluation of implemented actions. This dissertation makes 

an important contribution in the context of an enhanced data base, capturing both 

measures.  

The revision of the procedure for estimating human meat consumption presented in 

article (1) additionally provides indications for a subsequent evaluation of environmental 

effects due to the consideration of meat-type specific marketing channels and 

corresponding loss and waste quantities. A regular monitoring of meat utilisation based on 

the supply-side would therefore be desirable from multiple perspectives but will depend on 

the commitment of stakeholders. Up to now, legal bases only allow for a regular recording 

of slaughter weights and prices according to commercial grades (i.e., § 59 AgrStatG). The 

results of article (1) further suggest that consultations on a consistent calculation of meat 

balance sheets among EU Member States should first of all focus on the assignment of CN-

codes with regard to meat, edible offal, and by-products in official trade statistics to provide 

for improved transparency. 

For a more comprehensive response to dietary issues, the Federal Ministry of Food 

and Agriculture (BMEL) should strive for a regular collection of individual dietary data. The 

German National Nutrition Survey II was conducted 15 years ago (KOCH et al., 2019); more 

recent results are not yet available. Article (2) illustrates the relevance of regularly collected 

revealed-preference data which must cover meat purchases intended for at-home and out-

of-home consumption. The recently established “Gesellschaft für Konsumforschung” (GfK) 

consumer panel on out-of-home consumption refers to purchased dishes (GFK, 2022). The 

derivation of meat quantities would therefore require additional assumptions concerning 

meat components in meals.  

Comparable product related information on meat waste quantities, differentiated by 

avoidable and unavoidable waste would supplement the required database. However, 

simply meeting the specifications defined by the Delegated Decision 2019/1597 of the 

European Commission and thus reporting total food loss and waste (FLW) quantities on a 

national basis (EC, 2019) might not be adequate in order to assess the effectiveness of 

reduction efforts. Moreover, the lack of uniform FLW definitions and measurement 

procedures has been named a more general challenge by the scientific community as it 

leads to difficulties when assessing the effects of implemented FLW reduction measures in 

international supply chains (LEVERENZ et al., 2021).  
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7.2 Proposals for policy measures and private sector solutions to curb 
meat consumption and address meat waste  

The findings of the contributing articles indicate that different governmental and private 

approaches are required, addressing individual consumer groups by changing their “food 

environment” and focusing on the identified meat waste hot spots.  

There is a common understanding that a reduction in meat consumption can 

significantly contribute to accomplishing sustainability goals (WBAE, 2020). However, the 

steering effect achieved by increasing the value-added tax (VAT) rate on animal products 

from 7% to 19%, as requested by the WBAE (WBAE, 2020), is likely to be small (DEBLITZ 

et al., 2021). In order to attain a dietary transformation at a reasonable pace, target group-

oriented concepts are needed. Beef and pork traditionalists need to be especially focused 

on by policy makers. Meat price increases through fiscal approaches might curb meat 

consumption of these “traditional” consumers. It is not clear, however, how pronounced and 

how long-lasting the reduction in their meat demand turns out to be as a result of an 

increased VAT rate or by introducing an environmental tax.  

Findings of this dissertation provide essential insights into meat purchasing patterns of 

different household segments and thus into consumer heterogeneity as a condition for a 

more targeted meat demand management. These results can help to support and prepare 

policy decision-making. This must incorporate potential trade-offs between entrepreneurial 

freedom, consumer sovereignty and social contradictions on the one hand, and emerging 

externalities as well as related overall societal costs on the other hand. Such a 

comprehensive, holistic examination would, however, go far beyond the scope of this thesis.  

Nevertheless, a change in the diet of younger consumers towards more flexitarian diets 

appears to be already underway in particular looking at poultry lovers and convenience-

oriented pork buyers. Meat alternatives that are compelling for each of the consumer 

segments regarding taste, quality, and convenience could in the long run contribute even 

more to less meat-heavy diets.  

Due to its small market share (AMI, 2020), organic meat can be seen as an example 

of how corresponding marketing measures primarily reach consumers who, as a matter of 

principle, pursue more sustainable consumption. Although results demonstrate that only a 

minority of German consumers (i.e., premium red meat lovers) actually reveal a willingness 

to pay (WTP) above average unit values, more target-oriented marketing strategies might 

increase sales of meat produced under improved husbandry conditions and, also organic 

meat to bring about a “qualitative” shift especially for premium red meat lovers, but also for 

poultry lovers.  

In order to prevent a substantial quantity of meat from going uneaten within the HaFS 

meat supply chain, measures should primarily be aimed at reducing leftovers. Achieving 
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reduced meat waste ratios against the background of prevailing market conditions and 

constraints would increase resource-efficiency. Leftover meat and food need to be 

challenged with internal business solutions and government actions. Since managers, 

kitchen staff, and guests must be addressed and made more aware of waste prevention, 

communicative measures might have an additional multiplying effect. In this context, the 

scale of meat waste should be illustrated based on the potential savings in greenhouse gas 

emissions, land use, and energy when communicating with stakeholders. Communicating 

environmental effects might especially induce younger guests to exhibit less wasteful 

behaviour in educational canteens. They might prove to be a suitable setting for the 

implementation of new social norms with regard to meat waste prevention, in addition to 

more conscious meat consumption (WBAE, 2020).  

A more precise definition of benchmarks in the wake of political objectives might 

facilitate the development of a common narrative that influences food habits. The German 

Nutrition Society (DGE) from a health point of view suggests a maximum permissible per 

capita meat intake of 31 kg (DGE, 2020b). However, a specific desirable meat consumption 

level in relation to a given time frame is not yet on the political agenda. Wasted food 

quantities are to be halved at retail and consumer levels by 2030 as part of the National 

Strategy for Food Waste Reduction and according to the Sustainable Development Goal 

(SDG) 12.3 (BMEL, 2019b). This target does not include the level of primary production, 

processing, and wholesale and disregards the requirement for any product-specific or 

resource-efficient waste management (KOESTER and GALAKTIONOVA, 2021). Indeed, the 

actual potential for meat waste reduction would have to be further analysed in view of cost-

benefit-ratios of businesses while considering “true” costs of meat waste and looking at 

interactions between stakeholders in order to sharpen the national political goal setting. 

Whether higher meat prices achieved through legislative interventions also result in 

lower meat waste might be assessed by further research. Nevertheless, the results 

presented in article (3) already indicate that donations of edible overproduction need to be 

facilitated. This issue has been identified in the course of the National Strategy for Food 

Waste Reduction and the sector-specific Dialogue Forum (BMEL, 2019b), but was also the 

subject of requests by the Federal Council (BR, 2021). The effect of legal adjustments 

regarding the liability for shelf life and for the quality of leftover food in the context of food 

donations, should be evaluated based on a regularly conducted waste monitoring. 
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7.3 Broader perspectives and own reflections  

Comprehensive and long-term dietary strategies need to consider animal welfare in 

addition to human health and environmental aspects (WBAE, 2020). This turns the “diet-

environmental-health trilemma” (TILMAN and CLARK, 2014) into an issue with even four 

dimensions. There is a need for integral policies as the simultaneous pursuit of all 

sustainability goals exceeds the breadth of individual purchasing decisions due to at least 

three conflicting goals (WBAE, 2020): 

i) Efforts regarding more animal-welfare friendly livestock systems in Germany do not 

directly ensure a reduction of animal husbandry (BMEL, 2019c). Notwithstanding, 

livestock population determines the global environmental burden of dietary 

behaviour (FUNKE et al., 2022).  

 

ii) In view of human health, the meat intake of each individual cannot exceed the 

recommended levels (DGE, 2020b). Indeed, against the background of climate 

planetary boundaries (WILLETT et al., 2019), average national meat consumption 

levels have to be assessed, rather than setting individual limits.  

 

iii) Resource-efficiency would simultaneously require efficient production systems 

which contradict animal welfare ambitions (WBAE, 2020). 

Ultimately, these trade-offs can only be defused by reducing the consumption of animal 

products (WBAE, 2020). This cumulative thesis contributes to improving the monitoring and 

suggests individual options to change meat purchasing behaviour, as described above. 

Chapters 4, 6 and article (1) explain the importance of a market based perspective as an 

appropriate way to assess total meat consumption, corresponding overall long-term 

developments and effects of market based instruments. The identification of consumer 

segments in article (2) considers socio-economic characteristics of individual households’ 

purchasing patterns, but only at an aggregated level without in-depth insights into meat 

consumption motives. 

Manifold aspects are related to dietary changes, particularly to the reduction of meat 

consumption, e.g., social norms, perceived benefits or barriers and environmental concerns 

(CHEAH et al., 2020). These might also be drivers for a particularly high meat consumption 

level of individual consumers. Due to the fact that this information is not captured by GfK 

household panels, such influencing factors are not assessed in the course of this thesis. 

Ultimately, a knowledge of meat eating motives at the micro level is required in order to 

“fine-tune” the transformation of food environments and change individual habit-formed 
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dietary behaviour. Due to the complexity of food choices, the analysis of consumer 

responses to a mix of measures requires the application of various scientific disciplines, 

including behavioural and social economics as well as psychology and ethics. This holistic 

approach exceeds the scope of a single dissertation and emphasises the need for an 

interdisciplinary research design. 

Looking beyond the focus of this thesis, any national solution can only describe a partial 

solution in view of the global burden of eating behaviour. Low-income and emerging 

countries that currently have more plant-based diets (see Figure 1) need to be considered 

to ensure sustainable food systems at global level, but in relation to their individual 

nutritional situation (UN NUTRITION, 2021). However, it remains unclear how different food 

strategies, i.e., reduced meat consumption levels in one country and the promotion of 

animal proteins in another could be coordinated internationally. Naturally enough and most 

likely, this poses difficulties for the implementation. Moreover, agricultural livestock farming 

contributes substantially to the agricultural value chain (FAO, 2018b) and secures farmers’ 

livelihoods where non-arable land can only add to food production through animal 

husbandry (JANZEN, 2011). This is why demand-side measures are not the single silver 

bullet for climate protection. Any comprehensive solution must also take supply-side 

measures into account.  
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Kendell für das gewissenhafte Korrekturlesen meiner Rahmenschrift und Simon Bonse für 

die engagierte technische Unterstützung.  

Auf den Austausch von positiven Erfahrungen und zu herausfordernden Situationen im 

Zuge der internen DoktorandInnenrunde der Marktanalyse und mit den weiteren 

DoktorandInnen des Thünen-Institutes auch nach der Arbeitszeit habe ich mich immer 
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gefreut. An meine Zeit in Braunschweig mit Euch werde ich immer mit einem großen 

Lächeln zurückdenken.  

Darüber hinaus haben die Treffen in der Kaffeeküche und das insgesamt so positive 

Umfeld in der Marktanalyse meinen Arbeitsalltag immer erhellt und den Einstieg in den 

Beruf besonders leicht gemacht.  

Danken möchte ich auch meinen Eltern, meiner Schwester Mareike und insbesondere 

Jan-Niklas Grund. Ihr vier habt mich auf meiner Reise auch aus der Ferne eng begleitet.  
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