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ABSTRACT 

RESEARCH AND PRODUCT DESIGN TO MINIMIZE 

FOOD WASTE IN WESTERN DOMESTIC KITCHENS 

 

Bekteĸ, Ahmet 

M.S., Department of Industrial Design, METU 

M.Sc., Faculty of Industrial Design Engineering, TUDelft 

 

Supervisor (METU) : Assist. Prof. Dr. Owain Pedgley 

Supervisor (TU Delft) : Prof. Dr. David Keyson 

Co-Supervisor (TU Delft) : Assist. Prof. Dr. Walter Aprile 

 

September 2010, 154 pages 

 

The aim of this thesis is to explore design directions to minimize a food wastage 

problem in western domestic kitchens. Central to the thesis is an understanding of peopleôs 

behavior towards the food waste phenomenon. Three interconnected studies and one design 

project are included. In Study I, 18 participants were interviewed to explore their perceptions 

and attitudes towards food waste, revealing the most wasted food types and reasons for food 

wastage. The findings of Study I are clustered under four phases of food handling: acquisition, 

preparation, consumption and storage. Study II comprised a generative session with three 

users and two designers, devised to explore latent and tacit knowledge regarding food 

wastage. Study II resulted in user-generated ideas for minimizing food waste, which were 

analyzed so as to reveal possible design directions. From these results, a set of criteria for a 

óperfectô kitchen appliance, which could minimize food waste, was drawn-up. The design 

project took the research findings of Study I and II and devised a collection of design concepts 

as possible ways to help reduce domestic food waste. Two concepts ï Philips Dispense and 

Canvas - are taken further because they relate to the most wasted food types: óbreadô and 

óvegetables and fruitsô. In Study III, Philips Dispense and Canvas were evaluated with a 

questionnaire. According to the results, in households containing busy couples without 

children, Philips Dispense is valued highest (it takes the food waste responsibility away from 

users) whereas Philips Canvas was valued lower (it gives feedback on current stocks and 

persuades homeowners not to waste food).   

 

Keywords: food waste, kitchen appliances, user-centred design  
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ÖZ 

BATI EV MUTFAKLARINDA YĶYECEK ATIKLARINI AZALTMAK ¦ZERĶNE 

ARAķTIRMA VE ¦R¦N TASARIMI 

 

Bekteĸ, Ahmet 

Yüksek Lisans, End¿stri ¦r¿nleri Tasarēmē Bºl¿m¿, ODT¦ 
 Yüksek Lisans, Endüstriyel Tasarēm Mühendisliĵi Fakultesi, TUDelft 

 

Tez Yöneticisi (ODTÜ) : Assist. Prof. Dr. Owain Pedgley 

Tez Yöneticisi (TUDelft) : Prof. Dr. David Keyson 

Ortak Tez Yöneticisi (TUDelft) : Assist. Prof. Dr. Walter Aprile 

 

September 2010, 154 sayfa 

 

Bu tezin amacē batēlē ev mutfaklarēnda yiyecek atēĵē sorununu en aza indirgemek iin 

tasarēm yaklaĸēmlarēnē incelemektir. Tez insanlarēn yiyecek atēĵēna karĸē olan davranēĸlarēnē 

anlamaya odaklanmaktadēr. Bu alēĸmaya birbirine baĵlē ¿ alēĸma ve bir tasarēm projesi dahil 

edilmiĸtir. ¢alēĸma Iôde, yiyecek atēĵēna olan tavērlarē ve algēlarē incelemek iin 18 katēlēmcēyla 

en fazla atēlan yiyecek eĸitlerini ve yiyecek atēklarēnēn nedenlerini ortaya ēkaran gºr¿ĸme 

yapēlmēĸtēr. ¢alēĸma Iôin bulgularē yiyeceĵin iĸlendiĵi 4 farklē aĸamada yoĵunlaĸmaktadēr: 

edinme, hazērlama, t¿ketme ve depolama. ¢alēĸma II, yiyecek atēĵē ile ilgili gizli ve sºzle 

anlatēlmayan bilginin incelenmesi iin d¿zenlenmiĸ, ¿ kullanēcē ve iki tasarēmcēdan oluĸan 

üretken bir oturumdan oluĸmuĸtur. ¢alēĸma II, muhtemel tasarēm yaklaĸēmlarēnē ortaya koymak 

iin analiz edilen yiyecek atēĵēnēn azaltēlmasēna yºnelik kullanēcē tarafēndan oluĸturulmuĸ 

fikirlerle sonulandērēlmēĸtēr. Bu sonulardan, yiyecek atēĵēnē asgariye d¿ĸ¿rebilen ñkusursuzò 

mutfak aleti iin bir ºl¿t grubu d¿zenlenmiĸtir. Tasarēm projesi, ¢alēĸma I ve IIônin araĸtērma 

bulgularēnē temel alarak ev yiyeceĵi atēklarēnē azaltmaya yardēmcē olmak iin olasē ºz¿mleri 

içeren tasarēm konseptleri derlemesinden oluĸturmuĸtur. Ķki konsept ï Philips Dispense ve 

Canvas ï en ok atēlan yemek eĸidiyle (ekmek ve ñmeyve ve sebzeò) ilgili olduĵu iin daha 

ileriye taĸēnmēĸtēr. ¢alēĸma IIIôte, Philips Dispense ve Canvas bir anketle deĵerlendirilmiĸtir. 

Sonulara gore, ocuĵu olmayan yoĵun alēĸan çiftler tarafēndan, Philips Canvas en d¿ĸ¿k 

dereceyle deĵerlendirilirmiĸtir. Canvas mevcut stok hakkēnda bilgi verip ev sahiplerini 

yiyecekleri israf etmemeleri için ikna etmektedir. Philips Dispense ise en yüksek dereceyle 

deĵerlendirilmiĸtir olup bu ürün yiyecek atēĵē sorumluluĵunu kullanēcēnēn ¿zerinden almaktadēr.  

 

Anahtar kelimeler: mutfak aletleri, yemek ziyanē, kullanēcē odaklē tasarēm   
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1 INTRODUCTION 

1.1 Opening Position 

Global warming and climate change problems have been discussed by several 

scientists and politicians in different forums and are considered important problems that 

humankind must face (Copenhagen, 2009; Kyoto, 1998). Recent studies show a 

consensus that a 60-80% reduction over 1990 levels of greenhouse emission (CO2, 

methane) is required by 2050 to avoid substantial climate change and global warming. 

Otherwise, climate change and global warming problems are predicted to escalate to 

intolerable levels (Broer & Titheridge, 2010). 

In order to preserve the Earth as a self-supporting system, humanity needs not only to 

reduce greenhouse emissions but also to change the general consumption behavior made 

possible by fossil fuel. John R. Ehrenfeld used the metaphor of an óalcoholic manô to explain 

the current situation of humanity and its overconsumption behavior. He stated in his book 

that the over consumption behavior not only harms the environment and creates 

environmental problems but it also creates unethical problems such as child labor and 

working in hazardous environments (Ehrenfeld, 2008).According to him, replacing the 

overconsumption patterns with the sustainable ones can help Earth to keep its self-

supporting system. 

Humanity needs to understand the current situation better and is required to give 

effort to change its behavior towards the Earth. Several research studies have shown that 

some consumers and manufacturers have started to change their behavior into positive 

moves towards the environment and ethical issues. For an example, the Dow Jones 

Sustainability Group Index was founded in 1999 to track the share value of companies that 

integrate both economic and environmental factors. It has managed over 8 billion 

USD(investment)so far. Although the size of the managed portfolio isnôt comparable with the 

whole economic system, it shows that there are some stakeholders and consumers that care 

about ethical and environmental problems. Furthermore, research carried out by ES 

Magazine has shown that 75% of consumers claim to favor products with tangible 

environmental advantages. In the same study  it was also stated that 86% of British 

consumers prefer to select products from companies that have an environmentally friendly 

image (Chapman, 2005). In addition to changing their attitude towards purchases, 

consumers have tried to reduce the impact of their consumption by recycling. This is 
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exemplified by inhabitants of San Francisco, a city that has reached a 70% recycling rate 

(Newswire, 2008).   

Although the general recycling rate amongst citizens of Western countries has 

increased, it has not helped to reduce the total amount of waste because the same citizens 

have increased their consumption rate. From Figure 1.1, it can be stated that US citizens 

recycled approximately one third the amount of waste that went into municipal waste 

systems, while the total amount of domestic waste increased to around 110 million tons in 

2005 (Shedroff, 2009). Similarly, in the UK, the rates of recycling and composting household 

waste per person have increased to 27%, whilst the amount of generated waste has also 

increased (DEFRA, 2008).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Recent studies show that the total annual waste output of the UK, based on 2002 

data, is approximately 428 million tons, of which 30 million tons is named under domestic 

waste (Warp, 2002). Moreover, several studies have shown that 50% of domestic waste (9 

million tons food waste, 6 million tons food packaging waste) is food and food related 

packaging waste (Pocock, Stone, Clive, Smith, & M.E.L, 2008). In other words, this is the 

equivalent to 330 kg food waste and 220 kg food waste related packaging waste per year for 

each household in the UK or just over 6kg per food waste and 4 kg food waste related 

packaging waste household per week.   Therefore, it is desirable and important to find 

Figure 1.1: Amount of generated Waste in 
USA (Shedroff, 2009) 
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design solutions that will reduce the amount of food waste and food packaging, and which 

can directly change peopleôs recycling rates.  

1.2  Problem Definition 

Food Waste is a complex problem that has economic, social and environmental 

aspects.  From the economic perspective, food has a value that can be exchanged with any 

other goods in the global market. According to WRAP (Quested & Johnson, 2009), UK 

citizens annually throw away food costing 12 billion Euro, of which 68% can be classified as 

óavoidableô. The same report also states that the each household of the UK can save up to 

480 Euro every year from being more careful about food wastage. By reducing the amount 

of generated food waste will enable to reduce the food waste related cost and bills since 

many countries already ñintegrated polluter pays principleò into their waste policies. 

(Linderhof, Kooreman, Allers, & Wiersma, 2001). In this policy, the more that somebody 

waste, the more he needs to pay as waste collection taxes. For another example to show 

the importance of food waste in economic terms, 2.2 million terajoules (equal to 

Switzerlandôs total annual energy consumption) was embedded in food wasted in the USA in 

2007 (Kirshenbaum, 2010).  

 From the social aspect, wasting food cannot be a desirable human behavior, 

although it is legal. However, it can be questioned whether it is unethical or not since The 

Universal Declaration of Human Rights (article 25) states: 

ñEveryone has the right to a standard of living adequate for the health and well-being 

of himself and his family, including food.ò 

The FAO (Food and Agriculture Organization of the United Nations) estimated that 

854 million people were undernourished in 2001-03. According to the FAOôs report, 9 million 

of these people lived in developed countries whereas 820 million lived in developing 

countries. The number of undernourished people is expected to increase in the future 

because of an increasing world population. The FAO report estimated that world population 

will double in 50 years, meaning that to feed the global population (in 2050), agricultural 

production across the globe will need to be increased by 110% to 170% (Skoet & Stamoulis, 

2006). 

From the environmental aspect, wasted food in landfill creates greenhouse gases, 

mainly methane and CO2 that increase the pace of global warming and climate change. 

According to WRAP, the total CO2 emission of food waste generated from domestic kitchens 

is estimated to be 20 million tons (which is equal to 2.4% annual greenhouse gases 

emission  of the UK) (Quested & Johnson, 2009).  
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To summarize, it can be stated that addressing the food waste problem of domestic 

kitchens can create multiple advantages from social, environmental and economic 

perspectives.  

1.3 Objectives 

After scanning literature, it was decided that the main objective was to create a 

framework for designing a product/service that can help users reduce the waste of 

perishable food types in domestic kitchens of Western Countries.  To achieve this goal, it 

was judged that usersô decisions and behavior during acquisition, preparation, consumption 

and storage of food must be analyzed. The framework is based on these analyses and 

literature findings.   

In order to fulfill the main objectives, the following sub-objectives were identified.   

- Conduct interviews to collect insights about usersô waste behavior and their 

perceptions of waste. 

- Generative session for gathering latent and tacit knowledge (Sanders, 2001). 

- Designing concepts that can reduce the amount of generated food waste. 

- Evaluation of these concepts. 

Furthermore, the following research questions were identified.  

RQ1. Do people think that they waste food? 

RQ2. What are the main reasons for peopleôs wasting behavior? 

RQ3. Is it possible to solve food wastage problems with the help of design thinking? 

What kinds of product/service solutions are appropriate to users and their contexts?ò 

Throughout the entire research, a user centered design (UCD) approach was applied. 

There are three interconnected studies and one design project were conducted to answer 

these research questions. The overall schema of study can be seen in Figure 1.2. In Study I, 

18 participants were interviewed to explore their perceptions and attitudes towards food 

waste, revealing the most wasted food types and reasons for food wastage. The findings of 

Study I were clustered under four phases of food handling: acquisition, preparation, 

consumption and storage. With the help of study I, the food waste problem in domestic 

kitchens and user behavior became clear. These results were helped to designate the Study 

II, a generative session with three users and two designers, which mainly aimed to 

understand latent and tacit information about the possible solution ways and reasons behind 

the food waste problem. The results of Study II were used for creating a set of criteria for a 

óperfectô kitchen appliance, which could minimize food waste, was drawn-up. Afterwards, the 

design project took the research findings of Study I and II and devised a collection of design 

concepts as possible ways to help reduce domestic food waste. After generating and 
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selecting possible design ideas according to this criteria list; these concepts were evaluated 

by possible users in Study III that was in the form of questionnaire.  

 

 

Figure 1.2: Research Set-Up adapted from (Sleeswijk Visser , Stappers, & Van 
der Lugt, 2005)  

1.4 Outline of Thesis 

The thesis continues with a literature review in the next chapter. After the literature 

review, the research set-up is explained in a detailed way. Afterwards, Study I, II, design 

project, Study III are explained and discussed one by one in subsequent chapters. Lastly, 

the conclusions of the research are explained in Chapter 8.  

 

 



 
 

- 6 - 
 
 

2 LITERATURE REVIEW 

 

This chapter deals with the problem of food wasting the possible solution are going to 

be discussed from the literature. The literature review is structured into four parts. The first 

one gives the basic definition about food and food waste. Although these definitions seem to 

be straight forward literature shows that there are different perceptions about food and food 

waste. In the second part, models about food waste and food are explained and discussed. 

The following part is focused on existing product and service solutions that aim to support 

the user to reduce the domestic waste. The last part discusses previous studies about 

reducing food waste. 

2.1 Food and Food Waste 

ñStarting from the trivial, in order to survive, man, like other more complex life 

forms must feed himself with natural organic substances called ñfoodò. Or, to be 

more precise, the term ñfoodò should be replaced by ñedibleò because the most 

fundamental distinction made by man, the original Homo culinarius, divides the 

world into edible and inedible, into that which may be incorporated and that which 

may not.ò (Falk, 1994 p.69) 

Falkôs definition can be stated as one of the most succinct food definitions. According 

to his definition, food can be literally edible or inedible, but perhaps more important is 

peopleôs perception that food can be edible or inedible. The former case is about the 

biological diet of humans while the latter case is about the cultural diet of humans (Falk, 

1994). To give an example for the former case, humans are able to eat wood or some plant 

types; however, people cannot digest these in-taken organic substances due to human 

biological limits. Therefore, these organic substances cannot be regarded as food fit for 

human consumption. As an example for the latter case, pork, beef or horse meat, each of 

which are suitable for the biological diet of humans, can be regarded as acceptable food to 

some people but unacceptable to others owing to religious or cultural prohibition. Thus some 

groups of people prefer not to eat certain organic substances, even though those 

substances pose no digestive problems.  Moreover, the food preferences of humans are 

determined with benefit of sensation (gustatory and representative) and cultural-

classificatory terms (legality and justification). According to Falk, the border between 
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sensation and cultural terms about food preferences can be vague and these terms 

influence each other (Falk, 1994). 

These sensation and cultural-classificatory terms of food preferences can be 

considered to increase the amount of generated food waste in an indirect way. For instance, 

while eating ox meat is acceptable for western society, eating ox penis (Figure 2.1) is not a 

preferable thing for most individuals from western societies. It is defined as one of the least 

preferred types according to several taste-recipe sites (Chowhund, 2010; Hunch, 2010).  

Figure 2.1 shows not only that ox penis is a marketable and edible product, but also to 

somebody happy to eat such a product, their purchase ($5) is almost the same price with 

regular ox meat.  From the view of somebody who eats ox penis, it is objectionable to label 

such a product ófood wasteô. However, as stated before, food preferences are built up with 

cultural matters which influence the definition of food.  Somebody who rejects the principle 

that ox penis is a ófoodô will never accept the throwing away of this part of an ox as ófood 

wasteô but, instead, will be more comfortable with the notion that the ox part is simply 

ówasteô. 

 

 

Figure 2.1: To some people, ox penis is not regarded as food 

As with the definition of food, there are several different definitions in literature for 

waste. Among these definitions, the European Directive 2008/98/EC definition was selected 

for this study because this definition is legally binding according to European Union laws. 

The directive defines waste as: ñany substance or object which the holder discards or 
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intends or is required to discardò(European Parliament, 2008). According to this definition, 

any discarded object or substance is regarded as ñwasteò.  However, not every substance 

can be named as waste, especially when it falls under the category of óorganic substancesô. 

These have their own recycling mechanism. For example, feeding animals with organic 

substances that are removed from the human food chain is a vital component of livestock 

production, which provides a value to the holder(Westendorf, 2000). Additionally, organic 

substances can be advantageously used as agricultural  fertilizer.  In these two cases, these 

organic substances cannot be named as waste since they will provide an economical benefit 

to the holder. However, if these organic substances are accepted as ñfoodò, from both 

biological and cultural perspectives, then using them for downgraded purposes (i.e. feeding 

to animals) can reduce the substances to ôfood wasteô.   

The previous paragraphs give an overview of the wide range of definition about food 

and food waste. It shows that the culture has a great influence on the usersô perception 

about food and food waste. Considering these findings, in this study, food waste is defined 

as: 

ñan act of discarding intentionally or unintentionally any organic substances that are 

accepted as ófoodô either culturally or biologically.ò  

2.2 Food and Food Waste Models 

2.2.1 Food Models  

 There are several models of food systems that are used in agriculture, food science, 

nutrition and medicine to describe the position of food in the whole system. Not only having 

the function of placing the food, these models are also accepted as ñconceptual toolsò for 

thinking about the relationships between agricultural, economic, ecological, social, health 

and other factors that are involved in food and nutrition (Sobal, Kettel Khan, & Bisogni, 

1998). Furthermore, the same models can be used to place food waste in the context of 

domestic kitchens, so their closer examination is necessary for this thesis.   

Sobal and colleagues (1998) categorized the models into four main types according to 

their structure and the way that they define food: Flow Model, Circular Model, Network 

Model and Ecological Model. These models are explained in following paragraphs.  

2.2.1.1 Flow Model 

The first food system model type is named as the óFlow Modelô (Figure 2.2), in that it 

concentrates on the flow of food through a series, emphasizing movement and 

transformations. Sobal (1999) used the Flow Model to divide food and nutrition systems into 

the sub-categories of: Producer Subsystem, Consumer Subsystem and Nutrition 
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Subsystem. With this model, not only food but also the energy, material and nutrients can be 

easily followed in the entire system. On the other hand, adding influences from outside of the 

chain was challenging because the model presents a closed system (Sobal, et al., 1998).  

From the perspective of designers wishing to respond to food waste problem, this model can 

be helpful to illustrate in which phase individuals waste more (i.e. acquisition, preparing, 

consumption) 

 

Figure 2.2: Food Chain Model (Sobal, et al., 1998) 

2.2.1.2 Circular Model 

The second food system model type is named the Food Cycle (Circular Model), which 

focuses on feedback mechanisms of food and nutrition system. Several studies used this 

model to address concerns about the output of subsystems both in macro and micro scale - 

from the harvesting of crops to water cycles. From the perspective of designers wishing to 

respond to food waste problem, this model can be helpful to show the effect of composting 

in households. 

 

Figure 2.3: Food Cycle Model (Sobal, et al., 1998) 

2.2.1.3 Network Model 

 The third type of food system model type is referred to as the Food Web (Network 

Model). It focuses on the interrelationship between the operational and control points related 

to food and nutrition systems. This model is used in several studies to add and subtract food 

system elements into the whole food system, usually for changing or monitoring the 

relationships of the new elements compared with the old ones. From the perspective of 

designers wishing to respond to food waste problem, this model can be suitable for 
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monitoring the impacts of new solution in the whole food system (i.e. the food waste amount 

before having fridge, after having fridge) 

 

Figure 2.4: Food Network Model (Sobal, et al., 1998) 

2.2.1.4 Ecological Model 

The fourth food system model type is known as the Food Context (Ecological Model), 

concentrating on relationships of food and nutrition systems with their context. The context 

of food contains many internal and external factors that can alter the food system directly or 

indirectly. For example, regulations of governments in terms of food distribution, 

technological boundaries about food packaging can influence the food related problems. 

Although it enables to show the influences of internal and external factors, the major 

limitation of the Ecological Model is its lack of specificity about the structure.  

 

Figure 2.5: Food Context Model (Sobal, et al., 1998) 

2.2.1.5 Modified Flow Model 

After analyzing these models and other food waste studies (Griffin, Sobal, & Lynson, 

2009; Quested & Johnson, 2009; Ventour, 2008) the flow model is adopted for food waste in 

domestic kitchens. According to this model, food follows a flow model that starts with 

acquisition of food and continues with preparation, consumption and disposal. Furthermore, 

storage has a connection with all these stages for preserving or increasing the availability of 

food in the household. To illustrate the model, the food can be purchased from a food 

retailer, take-away restaurant or from a garden. While some of these foods are ready to be 

eaten, some of them need effort for preparation. For instance, an apple is ready to be 

consumed but a potato generally needs to be peeled and cooked before being eaten. The 

prepared food can be eaten in the household or it can be taken outside the household (e.g. 
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in a lunch box, for a picnic). Lastly, uneaten or rotten food can be disposed into a household 

sewer or trash bin; or, it can be used as animal feed or fertilizer at home. 

 

Figure 2.6: Modified Flow Model, adjusted and adopted from (Quested & Johnson, 
2009; Sobal, et al., 1998) 

2.2.2 Food Waste Management Models  

There are several waste management models in the literature such as; 

ómudaô(Womack & Jones, 1996); ópolluter pays principleô (Linderhof, et al., 2001); óproximity 

principle waste hierarchyô(Department of the Environment and Welsh Office, 1995); and 

ózero wasteô  (zerowaste.org). It has been observed that these waste management models 

cannot always be applicable for foods waste management because some of them are not 

compatible with organic substances. For that reason, researchers at some institutions have 

tried to adjust the models for a food context.   

The waste hierarchy pyramid is accepted as one of the important models that deal 

with waste management by many researchers and organizations (DEFRA, 2008; EPA, 2010; 

Pocock, et al., 2008; Shedroff, 2009). The EPA developed a model that was tailored from 

the Waste Hierarchy Pyramid in order to show several ways of dealing with food waste in 

general.  The similarities of the original model and the EPA-adjusted model these two 

models can be seen in Figure 2.7. According to the EPA Food Waste Hierarchy model, 

recovery of food waste should follow a defined path for extracting the maximum benefits 

from food waste which is something also valid for the Waste Hierarchy Pyramid. Moreover, it 
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can be stated (Figure 2.7) that disposal is the least favored option while generating less 

waste in the first place is the most favorable option for both models.  

 

Figure 2.7: Waste Hierarchy and EPAôs Food Waste Hierarchy Model 

2.3 Existing Solutions to Reduce Food Waste: 

In the following section EPAôs food waste hierarchy pyramid steps will be explained 

and the related examples will be discussed.  

2.3.1 Composting:  

Composting can be defined as the decomposition of organic substances under 

controlled conditions. Water and heat are released as a result of microbial activity during the 

composting process. Moreover, there are four main factors that have an effect on 

composting: moisture, carbon/nitrogen ratio, oxygen and temperature (El-Haggar, 2007).   

The ideal percentage of the moisture content is between 40%- 60%. If the moisture 

decreases to less than 40% or increases above 60%, decomposition slows down and odor 

from anaerobic decomposition is emitted (El-Haggar, Hamouda, & Elbieh, 1998).  During 

composting, the microorganisms require carbon and nitrogen as a nutrient to grow 

population.  Microbes work actively if the carbon/nitrogen ratio is 30:1 and within a range of 

10:1 to 50:1. One of the other factors is temperature, which has an effect on decomposition 

speed. In winter the composting process is slower than in spring and summer. Moreover, the 

ideal temperature varies from 32ºC to 60ºC according the species of microorganism present 

in the compost heap (El-Haggar, 2007). 

Although there are many different composting techniques, the main ones are Natural, 

Passive, Forced Aeration and Vermi-Composting.  While Natural, Passive and Forced 

Aeration use almost the same method by adding some features (e.g. perforated pipes, 

rotational movement) to the infrastructure; Vermi-Composting is achieved using the Red 

Wiggler (Eisensia foetida) and Red Worm (Lumbricus rebellus) instead of microorganisms.  

El Haggar (2007) states that under suitable aeration, humidity and temperature, worm feed 
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on organic wastes and expel their manure (worm castings) that separate soil and provide it 

with aeration and drainage.  It is stated that 1000 worms produce 1,000,000 worms in one 

year and that the worms are odorless and free from disease (El-Haggar, 2007)(El- Haggar, 

2007 p.194). 

In the consumer market, there are several composting products aimed at reducing the 

food waste from domestic kitchens as well as garden waste. Some of the composting 

products are installed to gardens. Nature Mill (Figure 2.8) is one of the composting machines 

that is designed for kitchen. By using Nature Mill, food waste can be turned to fertilizer in two 

weeks. Moreover, Green Cone is another composting product that was installed to garden 

instead of having a place in the kitchen environment. It was launched in 2002 in the UK 

(Figure 2.8). These products have both advantages and disadvantages from different 

viewpoints. 

 

 

Figure 2.8: Products for Composting (right- green cone; left ïnatural mill) 

According to the study of Bench and colleagues (2003), Green Cone has a potential 

to reduce domestic kitchen waste. They stated that 15.4 kg of food waste (mainly vegetables 

and fruits and peel) per month was decomposited in each Green Cone. However, 90% of 

respondents of questionnaire set up by Bench, experienced at least one problem whilst 

using the Green Cone. The problems occurred because of composting nature of the product.  

They stated that flies, slow decay, maggots, smell, difficulty installing, rats, and poor 

drainage were the main problems of Green Cone (Bench, Woodard, & Stantzos, 2003). On 

the other hand, the Nature Mill Composter gives a guarantee to users about odorless 

composting.  

To sum up, composting solutions reduce the amount of food waste that is directed to 

landfill by using the natural process of organic substances: decomposition. Although it 
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reduces the collection cost of food waste and creates an economic value to the holder, it can 

be stated that it does not extract the maximum benefits from food waste. Moreover, as it is 

not the most favorable solution according to the EPA Waste Pyramid, users are generally 

not in favor of having a composter (Bench, et al., 2003) since it has many problems that had 

been stated by Bench and his colleagues.    

2.3.2 Industrial uses of food waste: 

Industrial uses of food waste are placed at the second level according to EPA (Figure 

2.7). Recent years, food waste is perceived as a new source for different purposes.  One of 

these purposes is using food waste for creating new material sources for industrial uses.  

Sakai and his colleagues (2004) found a method capable of producing plastic from municipal 

food waste.  In their study, they state that it is possible to produce 7.0kg of PLLA (high 

quaiity poly-l-lactate) from 100kg of collected food waste(Sakai, et al., 2004). Moreover, food 

waste can also be used to generate energy by turning it to ñBiodieselò.  

Biomass (e.g. fuel-wood, dung, crop residues, ethanol) has a history of use as one of 

the major energy resource of mankind. In recent years, food waste (mainly oil, fat, grease) 

has been used for producing biodiesel. The city of San Francisco will be ready to launch a 

program that will use brown grease (left-over foods cooked in oil) in order to produce 

biodiesel in 2011. This is an extension of the cityôs existing program, which since 2007 has 

used yellow grease (oil that has been used for frying) to produce biodiesel (Allday, 2009) 

Biodiesel is not the only option for generating energy from food waste. With anaerobic 

digestion (i.e. in the absence of oxygen), the organic carbon in the waste can be converted 

to carbon dioxide (CO2) and methane (CH4), which can then be used as an energy source. 

The same method has been used for water waste, sewer and cattle manure; however, food 

waste has more potential due to its higher levels of organic carbon. According to the EPA, 

food waste has three times the methane production potential (376m
3
/ton) than biosolids 

(120m
3
/ ton).  

Methane is one of the greenhouse gases, alongside carbon dioxide, that needs to be 

reduced in output if global warming is to be kept within tolerable levels (Broer & Titheridge, 

2010).  Capturing methane will reduce methane emission of landfills, which can be named 

as an environmental benefit. Moreover, the captured methane can be used as an energy 

source. For these reasons, it can be stated that using food waste for industrial uses provides 

benefits from both environmental and economical aspects.  

While we can accept the fact that using food waste for industrial uses creates 

environmental benefits, these solutions have some limits since the initial technology and 

infrastructure costs are generally high.  
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2.3.3 Feeding Animals 

 Instead of disposing of food waste in landfills or incinerators, food waste can be used 

as animal feed. One of the earliest recorded uses of food waste as animal feed was 

described by Minkler in 1914. He stated that In Hudson Country, USA, 25000 pigs were 

feeding with hotelsô and resortsô food waste that had been collected from New York and New 

Jersey (Westendorf, 2000).  In modern times, there are many ñrecycling and roll-off 

companiesò that offer free or low-cost pick-up services for food waste. To illustrate, Barthold 

Recycling & Roll-off Services (EPA, 2010)has collected food from 400 customers including 

restaurants, hotels and grocery stores in the area of St. Francis, Minnesota, USA.  

According to the calculation of the company, customers pay 30% less to give away their 

food waste instead of throwing it away. On a related point, many western countries have 

changed their collection policy to a óweight pricing policy(Linderhof, et al., 2001). The 

services of recycling and roll-off companies offer a better option than government collection 

since they avoid costs of sending waste to landfills and incinerators (EPA 2010) 

Another example is the Food Waste Recovery Program of Rutgers University(EPA, 

2009), which is one of the oldest food recovery programs of the USA, still operating since its 

establishment in the 1960s. Approximately 3.3 million meals are served each year in the 

dining operation of Rutgers University. In 2007, Rutgersô partnership with Pinter Farms 

saved more than $100,000 in total for both side(EPA, 2007).  In their example, the food 

scraps are collected into a pulper machine (Figure 2.9) that reduces the water level of food 

waste, having the effect that the waste can be stored without odor and with a much reduced 

volume in a cold storage.  When needed, the food waste is taken from storage and collected 

by farmers to feed hogs and cattle.  

 

Figure 2.9: Pulper Machine Example 
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Although using food waste as animal feed provides economical advantages for both 

the collector and the waste generator, the collected food cannot be used directly as animal 

feed if it contains ómeatô. According to USA Federal Rules(United States Department of 

Agriculture, 1998) (Part 166-1), food waste that contains meat and meat-based products 

should be heated at 100ºC for 30 minutes under the supervision of a licensee in order to 

prevent transmittable disease such as tuberculosis, hog cholera, or pseudorabies  (P. 

Walker, 2000).  Because of concern for the safety of animal feed, companies integrated 

different design solutions for killing transmittable bacteria and microbes before using food 

waste as animal feed. For instance, Barthold Recycling (EPA, 2006) has been using an 

integrated water-steam system that can cook food waste in a truck; in contrast, Pinter Farms 

(EPA, 2009) freezes food waste in cold storage.  

To sum up, using food waste as animal feed can be defined as natural reuse since the 

recipient animals generally turn into food sources for society (e.g. dairy products, meat).  Up 

to this level of the pyramid, all solutions about food waste accept the fact that food waste will 

occur and that it is somewhat inevitable. However, with proper planning and a monitoring 

system, food waste can be prevented, for example by donating the food before it is wasted.   

2.3.4 Feeding People 

 The second most favored solution for dealing with food waste is to donate excess 

food to other people before it turns rotten. In western countries, governments encourage 

donating food by provision of law.  For instance, the USA encourages donations with the 

Good Samaritan Law and The Federal Food Donation Act of 2008 by providing tax benefits 

to the donor(Department of Defense & Administration, 2009) 

Food can be donated to food banks and food rescue programs. There are a few 

differences between these two places. For instance, food banks tend to accept food that is 

relatively less perishable and, such as canned goods, because of durability. Moreover, food 

rescue programs collect perishable foods such as ready and cooked meals rather than 

packaged food.  Donor profiles of food rescue programs are typically restaurants, cafeterias, 

and catering firms, while donors to food banks are retail stores and food producers and 

manufactures (EPA 2010). In the Netherlands, the Voedselbanken (food bank in the 

Netherlands) accepts both perishable and non-perishable food types; however, donated 

food needs to meet the appropriate guidelines of the VMA (Voedsel en Waren Autoriteit ï 

Dutch Food and Safety Authority) (Voedselbanken 2010). 

 In these examples, the donated food must be consumed before it becomes rotten or 

expired. In contrast, there are a few examples that uses expired food for feeding people. For 

instance, Sonneveld Group B.V(Sonneveld) launched a new bread type called Sonextra 

Sustain, which uses downgraded old bread as a source for baking new bread (Figure 2.10). 
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According to their method, 1-2% of bread waste is added as sour dough to virgin flour during 

the baking process. The company state that this sour dough delivers extra taste, flavor and 

softness without reducing bread quality. 

 

Figure 2.10: Sonextra Sustain Production Illustration (from webpage of Sonneveld 
B.V) 

2.3.5 Source Reduction 

 The most favored option for reducing food waste is actually to prevent food being 

wasted in the first place. The EPA defines solutions of preventing food waste as ôsource 

reductionô; however, this term can be open to misinterpretation. As stated Chapter 1, 854 

million people were undernourished in 2001-03. Furthermore, the number of undernourished 

people is expected to increase in the future because of increased world population (Skoet & 

Stamoulis, 2006).  For these reasons, statements and definitions concerning the prevention 

of food waste will be redefined. 

Essentially what the EPA defines as ósource reductionô can be delineated as finding 

the equilibrium point between food sources and consumption with the view to prevent food 

waste.  If consumption is equal to the food that is purchased and produced, then there will 

be no avoidable food waste. The same statement is also valid for cooking and serving 

processes. However, what happens in the domestic kitchen is far away from this ideal. To 

illustrate, in UK domestic kitchens 2.9 million tons of food (53% of the total food waste) is 

wasted because the food is not used in time (i.e. past its best before date)(Quested & 

Johnson, 2009). Moreover, according to the same study, cooking, preparing or serving too 

much food are other important reasons for the occurrence of food waste in domestic 

kitchens. In other words, not only the acquisition phase but also consumption, preparation 

and storing phases alter the amount of food waste generated in domestic kitchens.  
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In the consumer goods market, there are many products that aim to reduce the 

quantity of food waste generated in domestic kitchens. The products target different phases 

of the food lifecycle and can be clustered as acquisition, preparation, consumption and 

storage related.   

2.3.5.1 Acquisition Related Solutions 

Several products and applications focus on food planning and creating shopping lists 

that correspond to the actual acquisition needs of a household. For instance, Smart Shopper 

(Figure 2.11) is a shopping list gadget with voice recognition that records the needs of 

households. Users can record their needs and make a plan for the shopping trip. The 

proposition is that having a proper list before shopping can help to reach the equilibrium 

point between source and need. Therefore, the food waste can be reduced or prevented by 

purchasing according to actual needs but no more. Similarly, the One-Trip iPhone 

application (Figure 2.11) eases the preparation of a shopping list by focusing on purchasing 

behaviors. 

 

Figure 2.11: Smart Shopper (Left); One-Trip iPhone (Right) 

2.3.5.2 Preparation Related Solutions   

Although some food types are ready to be consumed, generally food needs some 

level of preparation before it is consumed. During this phase, it is quite possible that more 

food can be prepared than is actually needed. In this case, the prepared food can be 

preserved as a óleftoverô for consumption on a later occasion. Or, it will be thrown away.  As 
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stated before, cooking or serving too much food is one of the main reasons for food waste in 

domestic kitchens.  Therefore careful attention to correct portion sizes is essential during 

preparation if waste is to be avoided. 

 

Figure 2.12: Salter 1460 SV (Right); PortionPal (Left) 

In the marketplace, there are several products that concentrate on obtaining 

appropriate portion sizes of food. For instance, the Salter 1460 SV Nutritional Dietary 

Computer Scale (Figure 2.12) is a product that not only weights and measures the food 

quantity but also helps to track eating behaviors in order to change people towards more 

healthy habits. For that reason, a dietary computer was embedded into the device. In 

another example, PortionPal (Figure 2.12) is a cutting board which has graphical elements 

that show the actual food need of an average adult.  With these products, the amount of 

prepared food can be controlled, thus helping to prevent food waste.  

2.3.5.3 Consumption Related Solutions  

Food scraps from served dishes are also one of the main sources of food waste in 

domestic kitchens (Tom and Hannah, 2009). On a related matter, people can intentionally 

prepare excess food so that they have leftovers for the next day. To this end, it is possible to 

conceive of products that help achieve appropriate food portioning in a consumption context. 

For example, the Jeffrey Harris Portion Plate (Figure 2.13) has graphical elements printed 

onto the plate surface that gives clues about the nutrition needs and relative portion sizes of 

different food types for an average adult.  










































































































































































































































































