


A new Approach to Measuring Household Food Waste and Strategies for Sustainable Prevention: A Comprehensive Review 


ABSTRACT
Household Food waste is a pressing global issue, with approximately one-third of food produced wasted annually, leading to economic losses, and environmental degradation. This paper examines the challenges of measuring household food waste, current methodologies, and proposes a novel quantification approach to address existing limitations. 
The United Nations’ Sustainable Development Goal 12.3 aims to cut up per capita food waste by 2030, necessitating accurate measurement to inform effective policies. However, inconsistencies in definitions, fragmented data, and methodological discrepancies hinder reliable estimates, with global food waste estimates ranging from 10% to 50%. Current measurement methods include top-down approaches, self-reporting, and direct measurements. Each method has strengths, such as extensive data access in top-down approaches, but faces challenges like inaccuracy in self-reports due to social desirability bias or logistical issues in physical surveys, including waste degradation and sampling shared bins. 
A proposed method focuses on daily doorstep waste collection from individual households, minimizing degradation, side flows, and time gaps between disposal and sorting. This approach enhances accuracy by preserving waste composition and linking waste to its source, facilitating behavioral studies. The paper also explores environmental impacts, such as methane emissions from landfilled food waste, and socio-economic drivers like industrialization, urbanization, and cultural attitudes. 
Effective food waste prevention requires multifaceted policies addressing values, skills, and logistics, tailored to diverse communities. Improved measurement and prevention strategies are critical for sustainable food systems and global food security.

Keywords: Household Food waste improved, household waste measurement, sustainable prevention, doorstep waste collection








Graphic abstract
Water pollution
Climate change
Solid waste
Biodiversity loss
Environment
Industrialization
Urbanization
Modern agriculture


Household Food waste 

Doorstep food waste collection measurement

Sustainable food waste control and prevention

Demography
Waste management policy
Behavior Consumption 
Food culture

Economy 

society





















1. INTRODUCTION
“There exist 17 goals established by the United Nations (UN) as a global sound to action aimed to protect the planet and ensure that every individual experiencing peace and development. The goal number twelve reports the issue of warranting sustainable consumption and production strategies. A central point of this goal is unsustainable patterns of waste generation. Target 12.3 calls for the reduction of food loss, this mentions the decrease in edible food mass throughout the entire supply chain, and cutting in half per capita global food waste, which refers to final consumption by 2030”  (Gustavsson et al., 2011); (UN, 2015).
“The increasing concern over food loss and waste can be divided into three main aspects. The first of these concerns is food security needed to feed the increasing population, which is predicted to reach around 10 billion by 2050” (UN, 2017). Research has shown that the threat is so severe with indications that the world will need 70% to 100% more food by 2050 Gomiero et al. (2011); (McKenzie & Williams, 2015) . Cutting food loss and waste is a plausible solution for ensuring global food security (Carthy et al., 2022). Monetary loss is the second aspect of this concern. Annually, it is estimated that the US loses $1.3 billion due to food loss and waste alone (Buzby et al., 2014), while it amounts to $750 billion globally (FAO, 2013). Financial losses per household reach $566–$593 a year in Italy and the United Kingdom, respectively (Secondi et al., 2015). Additionally, there are others externalities which basically has to do with the carbon footprint of global loss and food waste. 
“According to data from the Food and Agriculture Organization (FAO), a third of global food production is lost every year. Nevertheless, there is no consensus on that proportion, then there is a major data and methodology gap even though research on food loss and waste has significantly increased with it” (Chen et al., 2017; Nicastro & Carillo, 2021; Xue et al., 2017) which “might be the reason there are unresolved discrepancies in data. Data regarding the volume of food waste is fragmented and inconsistent” (Bellemare et al., 2017; Hoj, 2012; Roodhuyzen et al., 2017), and different studies have employed different definitions and methods (Chaboud & Daviron, 2017; Garcia-Garcia et al., 2017; Hebrok & Boks, 2017; Janssen et al., 2017; Parfitt et al., 2010; Ponis et al., 2017; Ramukhwatho et al., 2018; Richter & Bokelmann, 2017). “Therefore, researchers have stressed the need for commonly agreed-upon and improved metrics for food waste” (Stenmarck et al., 2016; Williams et al., 2015).
This paper focuses on the current measurement methods, their advantages and disadvantages and also some of the new methods that can be used and how they address the challenges of the current methods.
2. LITERACTURE RIVIEW
2.1.  Food Waste Definition
“Studying and quantifying food waste is difficult” (Hoehn et al., 2023) as definitions of food waste are not universally agreed upon; (Boiteau & Pingali, 2023). “Materials included, means of production and management approaches are the basis on which some of the different categorizations are generated” (Gjerris & Gaiani, 2013). “Multiple terms have been used inter changeably, such as food loss, food waste, and kitchen waste” (Boiteau & Pingali, 2023). “Also, often the same terms are used, but with different meanings” (Gjerris & Gaiani, 2013; Mohamed Yusoff et al., 2024).
2.2. Quantification of Food Waste
“For the development of effective, well-planned food waste management policies, quantification of the magnitude of food waste is essential, and it can be used to determine if future food waste recovery and prevention efforts considerably change the residual waste stream” (Thyberg & Tonjes, 2015; Thyberg et al., 2015). “Understanding the extent of food waste may provide a drive for people to change their attitudes and potentially their behaviors toward food waste. However, definitional issues, the absence of sound quantification methods, and a general lack of imperative or political drive have led to considerable data gaps regarding food waste quantities” (Aitken et al., 2024; Parfitt et al., 2010). Moreover, there have been a range of diverse methodologies used to quantify food wasted, with each method having its downsides. 
2.3. Drivers of Food Waste Generation
“There are many sources for the generation of food waste. Food waste is generated from the residential, institutional and commercial sectors even though detailed information on the exact causes are limited” (Lebersorger & Schneider, 2011). “In the developed world, particularly the U.S., increases in the volume, availability, accessibility, affordability, and caloric density of food have led to increase over consumption and waste” (Blair & Sobal, 2006). “There seems to be little understanding regarding what food is, where it comes from and what its production entails” (Stuart, 2009). “Decisions regarding what is too good to throw away is affected by culture and personal choice and these perceptions change over time. Some socio-demographic factors have also been associated with the increase in food wastage. Striking differences in attitudes toward food and food waste have been documented both within and across nations” (Giordano & Franco, 2021; Stuart, 2009). Thus, food waste generation is a function of cultural, personal, political, geographic, and economic forces that influence behavior in specific ways (Pearson et al., 2013) and it may differ from person to person, year to year across different societies. 
2.3.1. Industrialization
The industrialization of food systems results in a transition of food production and preparation from the home to the factory and from handcraft to purchasing (Strasser, 2000), this affects the foods that people consume, the types and quantities of food waste and contributes to the distancing of people from food production and preparation (Marimuthu et al., 2024). In areas with industrialized food systems with large amounts of food processing, people often purchase pre-made foods, or canned and frozen vegetables. As a result, packaging becomes more common in household waste while peapods and corn husks for example become industrial wastes.
Increased frequency of eating at restaurants and consumption of takeout food (commercially prepared but consumed at home) (Sobal, 1999) has been observed in the developed world. “This can be directly linked to the dramatic rise of two-earner households, leading to little available time for food selection and preparation. As a result of more food being prepared and consumed in restaurants, there may be some shift in food waste from homes to the commercial sector.; when he was studying the Drivers of the food waste and implications, Thyberg and its team found that almost half the U.S. food budget is spent eating away from home in 2012. The amount of $672 billion was spent for food prepared in the home and $630 billion was spent on food outside of the home” (Thyberg, 2016). “This indicates a dramatic change from the early twentieth century where almost all food was prepared within the home; in 1929, $15.3 billion was spent on food in the home and $3.5 billion was spent on food from outside” (USDA, 2013). “It is less likely for adults to waste food that they have prepared themselves or food that a loved one has prepared. In cultures based on handwork, handmade things are valuable as they embody many hours of labor. People who have not created or prepared something themselves, or watched a loved one do so, value labor less than those who have, and therefore, are more likely to throw it away” (Strasser, 2000). As food preparation and consumption is increasingly done in restaurants, factories, or supermarkets, there is likely to be shifts in the types and quantities of food waste generated by residences, industry, and commercial establishments.
2.3.2. Economic Growth
“Higher incomes have generally been associated with the consumption of a more varied diet” (Drewnowski, 1999; Pingali & Khwaja, 2004). “There has been a decline in starchy food staples and a diversification in of diet toward more meats, dairy, fish and poultry which is associated with the growth in household incomes” (Fischler, 1999; Parfitt et al., 2010), according to  “Bennett’s Law in term of relations ship agriculture food and economy development, food share of starchy staples decreases as income increases” (Bennett, 1941). “There has been a documentation of a worldwide trend with decreases in rice consumption and increases in consumption of protein and energy rich foods and convenience foods. Particularly, Asian diets are shifting toward more Western foods” (Pingali & Khwaja, 2004). Western diets, with vulnerable, shorter shelf-life foods, are associated with greater food waste and a greater drain on environmental resources (Lundqvist et al., 2008). Rathje and Murphy (2001) note that “the more repetitive the diet, the less food wasted and diet diversification may lead to more food waste”. 
“As incomes rise, people may be able to waste food because food expenditures are not considerable portions of their income. Food is relatively inexpensive compared to other expenses such as housing in wealthy countries like the U.S. and people can afford to waste food” (Pearson et al., 2013). “It is suggested by the FAO that the careless attitude of consumers who can afford to waste food is a huge contributor to household food wastage” (Gustavsson et al., 2011). 


2.3.3. Urbanization
Urbanization requires extensions of food supply systems (Parfitt et al., 2010). “Food waste may increase because urbanization leads to diet diversification and a disconnection from food sources. Urbanization has increased substantially in the U.S.; in 1790, five percent of Americans lived in urban areas, by 1890 it was 35 percent, and in 2010, it was 81 percent” (Bureau, 2012). “Urbanization is expected to continue increasing globally with concentrated, population dense urban food systems are different from those of dispersed, low density rural systems” (Solomons & Gross, 1995). “Fewer farms and farmers are in urban areas so, fewer people interact directly with agricultural processes or live near places where food is produced, hindering knowledge about food origins. This promotes disconnections from food” (Parfitt et al., 2010) as people have no sense of what their food is made of or how it was produced (Fischler, 1999). Lebersorger and Schneider (2011) found “residual waste from urban Austrian households contained significantly more food waste than rural areas”. 
2.3.4. Globalization
“There has been a change in food systems due to the shift from local to regional to global foods in terms of quantity, type, cost, variety and desirability” (Hawkes, 2006). “Globalization basically means the linkage of formerly local, national and regional phenomena in organizational arrangements at a global scale”(Sobal, 1999). “Globalization in food supply was made possible by social and technological changes occurring after the industrialization of food supply” (Robertson, 1990). “Globalization has been associated with the consumption of fewer locally produced plant foods and more imported and processed foods, particularly animal products” (Pingali & Khwaja, 2004; Sobal, 1999). “Food now travels long distances” (Pretty et al., 2005), and to more supermarkets in place of small, local markets, and so consumers purchase more non local foods. Dietary changes as a result of globalization affects the type of food disposed; people may also be more likely to waste food as they do not have a deep connection and understanding of it.
2.3.5. Cultural Factors
“Culture plays a fundamental role in shaping food, eating, and nutrition (Rozin, 2005; Sobal, 1999), as well as waste generation. Cultural habits and attitudes are the major factors attributed to the amount of food a society wastes. Different foods and food parts are considered as edible in different cultures while some are thrown away” (Strasser, 2000). Pollan (2007) points out that “some cultures, particularly the U.S. and Australia, have weak food traditions of their own, meaning there are few longstanding rules and rituals about what to eat and when to eat it, and there are weak connections between the production and preparation of food and its consumption”. The U.S. has an unhealthy relationship with food and the food culture in the U.S. places little value on food, leading to waste according to Bloom (2010). “Other societies have a strong appreciation for food, including production and preparation. The French for instance have deep food cultures which have developed over long periods of time” (Gatley et al., 2014). “French attitudes toward food tend to emphasize moderation and quality, rather than abundance and quantity as in the U.S”. (Rozin, 2005). Countries with deep food cultures tend to be more resistant to change primarily due to strong values surrounding what foods can be grown during certain seasons and how foods are prepared. Changes brought about by modernization of the food supply system have less effects on deep food cultures.
“Furthermore, there are cultural differences in daily food practices which may affect wastage. For instance, there may be cross-national differences in shopping patterns in terms of the amount of food purchased in a single trip, the number of days between shopping trips, and the amount of food stored in the household” (Neff et al., 2015). “Compared to developed countries, consumers in developing countries generally buy smaller amounts of food each time they shop, often times, they buy just enough meals for that day” (Pearson et al., 2013), which may reduce waste. 
2.3.6. Socio-Demographic Factors
“Surveys of attitudes and behaviors have shown some correlations between food wasting behaviors and certain socio demographic characteristics” (Pearson et al., 2013), “even though there is no clear consensus on how more waste is generated by socio-demographic factors. To get a better understanding of how wastage patterns may change as demographics change, there needs to be an understanding of demographic patterns such as aging population. Food waste generation has been shown to be affected by age with young people wasting more than older people. Moreover, Food waste fell sharply as age increased in Australia; among 18–24-year-olds, 38 percent of respondents wasted more than $30 on fresh food over two weeks, compared to seven percent of people aged 70 and up” (Hamilton et al., 2005). “It is unknown if current young people will waste less as their knowledge, attitudes, and lifestyle change as they age” (Pearson et al., 2013). 
Obviously, Family composition and household size significantly affect food waste generation, fact that Children often did not want to finish their food in households which was a common cause for food waste. Smaller households waste more per capita than larger households, especially those where people live alone. Koivupuro et al. (2012) found “no significant difference in waste per capita based on house hold size, but people that lived alone generated the most waste per capita. Women that lived alone in particular generated the most food waste per capita”. Jorissen et al. (2015) also found that “single person households wasted the most per capita”. 
“Food is wasted across all levels of income” (Pearson et al., 2013). “Lower food waste has been found more in low-income compared to high income households. However, others found little no correlation between income and food wastage” (Koivupuro et al., 2012; Van Garde & Woodburn, 1987; Wenlock et al., 1980).
2. 4. Environmental Impacts of Food Waste Disposal
“Depending on how food waste is managed, it may have negative environmental impacts at the end of its life. In landfills, food waste converts to methane, greenhouse gas with a global warming potential 25 times greater than carbon dioxide (CO2) on a 100-year time scale” (IPCC, 2007). “In the U.S., even though landfills capture methane to create energy, fugitive emissions and landfills without collection system cause landfills to be the third largest source of anthropogenic methane in the U.S”. (USEPA, 2011). “Food waste tends to degrade faster than other landfilled organic materials, it has a high methane yield, and does not contribute to considerable biogenic removal in landfills” (Levis & Barlaz, 2011); “thus, the priority should be reducing the amount of food waste that is landfilled. Treatment of food waste with waste-to-energy incineration (WTE) is not considered to be energetically favorable due to the high moisture content of food waste (which results in a lower heating value than other materials). Also, WTE does not capture valuable nutrients within food waste and environmental pollution problems may arise from inefficient air pollution and control measures. As a result, methods other than WTE for the handling of food waste are preferred” (Pham et al., 2015).
“Energy and compost are some of the benefits of food waste if managed through composting or anaerobic digestion or in landfills with efficient gas collection systems” (Yaser et al., 2022). “Through the use of informal routes for the management of food waste such as donating it to charity or feeding it to pets may also provide some environmental benefits” (Reynolds et al., 2014; Reynolds et al., 2015). “Reducing and diverting food waste from disposal may be a means to increase stagnant recycling rates and improve the overall environmental performance of waste management systems” (Farahdiba et al., 2023)
2.5. Policies Driving Food Waste Generation
“There are policies which contribute to food waste by mandating food disposal under certain conditions or by preventing its redistribution elsewhere. Even though they may lead to increased food wastage, these policies aim to achieve some overall benefit for instance, food safety and enhanced nutrition. Also, reuse or redistribution may be discouraged by litigation concerns. As a result, there is tension between the need for food safety and nutrition and the desire to reduce food waste” (Watson & Meah, 2012), (Phonthanukitithaworn et al., 2024). 
“A policy which may lead to food wastage is the 2010 Healthy, Hunger-Free Kids Act which required USDA to update nutrition standards of the National School Lunch and Breakfast Program. The revised standard emphasized nutritional quality improvements for student meals. Substantial food wastage has been the criticism of this policy because students dislike the new meals and are throwing away fruits and vegetables that they are required to take” (Jalonick, 2014). “45 percent of served food and beverages were discarded by students in an elementary school after the implementation of the policy” (Byker et al., 2014). However, an evaluation of food waste before and after the implementation of the standards by Cohen et al. found substantial amounts of food waste before and after. In middle schools, Shwartz et al. (2015) found that “the standard reduced plate waste, so it is unclear whether the standard causes increased food wastage”. 
2.5.1. Policies for Food Waste Prevention
“Food waste is a complex, interdisciplinary and international issue which have profound effects for global sustainability. An examination of the diverse ranges of food wastage drivers and behaviors provides an insight into the best ways to achieve a successful food waste prevention, which can reverse the trend of increased food wastage. There is little research that directly addresses the factors that motivate food waste prevention behaviors” (Graham-Rowe et al., 2014). “The prevention of waste requires a change in people’s behavior, both collectively for instance, in companies and individually” (Wilson, 1996), (Shen et al., 2023)
2.5.1.1 A Multi-Faceted Approach
“Waste prevention policies should target the circumstances and actions that lead to food wastage and should be informed by motivations for waste production. Multiple prevention mechanisms are simultaneously need to be addressed because prevention is not created by one, but by many behaviors” (Cox et al., 2010). “Also, multiple policy approaches will target different parts of the population, thus providing greater opportunities to engage more people” (Quested et al., 2013). This is necessary because different populations will respond differently to prevention initiatives. For instance, economically and socially deprived communities, particularly those in high-rise, high-density housing, will require exceptional efforts and additional resources to drive behavior changes to prevent food waste, according to Rispo et al. (2015). Hence, it can be concluded that a combination of prevention policies is imperative to prevent food waste. 
2.5.1.2. Selecting The Best Policy Approach
Food waste prevention policies are obstructed by regulatory, social and political obstacles. Some of these challenges were outlined by Thyberg and Tonjes (2015) which include “poor public participation, lack of efficient indicators to monitor performance and uncertainty regarding policy outcomes. There is no one-size-fits-all solution to food waste; policy measures to address it should be custom tailored for each individual situation, integrate community needs, and involve a package of several measures addressing Values, Skills and Logistics. Holistic approaches which integrate education, financial aspects, and logistical improvements across food and waste systems are ideal”.
“Evaluations of food waste prevention policies are scarce, as a result, it is unclear which mechanisms to prevent food waste is most effective. Due to the inherent difficultly in studying and implementing waste prevention, there has been little quantitative work assessing its environmental impacts” (Gentil et al., 2011). Also, food waste prevention initiatives are still in its early stages so comprehensive data are not yet available and this further complicates food waste prevention  
“The amount of food waste disposed can be substantially reduced by food waste prevention policies making it an effective alternative to collection and treatment of wastes economically, socially and environmentally. However, even with rigorous prevention programs, food waste from residential, institutional, and commercial sectors will never be eliminated because some food waste is unavoidable (e.g., peels)” (Schott & Andersson, 2015), and redistribution of edible food to feed humans may be unfeasible due to food perishability and high transport or distribution costs (Buzby et al., 2014).
3. FOOD WASTE MEASUREMENT METHODS
“Assessment of food waste generation along the supply chain is troubled with considerable uncertainties” (Amicarelli & Bux, 2020; Bräutigam et al., 2014). “Definition systems and classification methods vary, which make it difficult, if not impossible to compare food waste studies. Thus, establishing a valid estimation of the extent of food waste remains major challenge” (Bräutigam et al., 2014; Girotto et al., 2015; Parfitt et al., 2010; Stenmarck et al., 2016; Williams et al., 2015), (Kwakye et al., 2024).
“There are three classifications for current food waste measurement. A top-down approach is the first, in which data is based on mass balance or extrapolation of waste data-bases” (Beretta et al., 2013; Bradley et al., 2009; Bräutigam et al., 2014). “The main strength of this method is the access to large amounts of data, which could facilitate comparability, although when combining different databases, this advantage might be diminished” (Moller et al., 2014).
“The second type of food waste measurement focuses on self-reporting methods, including questionnaires” (Jörissen et al., 2015; Lorenz et al., 2017; Ponis et al., 2017; Quested et al., 2013; Stefan et al., 2013) food waste diaries (Koivupuro et al., 2012; Langley et al., 2010; Quested et al., 2013; Richter & Bokelmann, 2017; Williams et al., 2012), and interviews (Aschemann-Witzel et al., 2015; Glanz, 2008; Parfitt et al., 2010; Ramukhwatho et al., 2018). “Using questionnaires requires a good sample design and large sample sizes” (Zorpas & Lasaridi, 2013). “This method focuses mainly on less invasive, time consuming and expensive than direct measurements” (Hoj, 2012; Visschers et al., 2016). “Although, it is based on the assumption that respondents can recall accurately the specific waste events and assess the amount of food wasted” (Hoj, 2012). “From a realistic point of view, respondents might not really know the exact amounts of waste they produce which may undermine the reliability of this method” (Visschers et al., 2016; Xue et al., 2017).
“A good tool for providing close observations of food waste practices and amounts are interviews (Moller et al., 2014); yet they are prone to biases similar to those of self-reporting. Inter views also dictate small sample sizes that might compromise representativeness” (Zorpas & Lasaridi, 2013). 
“In order to accurately measure food waste weight and composition, it is widely agreed that one must record them as closely as possible to the point at which the food enters the waste stream” (Langley et al., 2010). “Food waste diaries, in which waste is recorded each time it is produced, put this notion into practice. However, food diaries are also subject to self-reporting biases” (Xue et al., 2017). For instance, the “observer effect” (Langley et al., 2010); “is a form of social desirability bias whereby people change their waste discarding habits or underreport their waste in order to present themselves in a positive light in accordance with the well-known social desirability and experimenter demand effects” (Hebrok & Boks, 2017; Hoj, 2012; Langen et al., 2015; Langley et al., 2010; Neff et al., 2015; Porpino, 2016). “Food waste diaries are time-consuming and costly hence they are mainly suitable for short sampling periods and small sizes which makes up another challenge of using them” (Xue et al., 2017; Zorpas & Lasaridi, 2013).
“Overall, the ability to provide firsthand insights into food discarding habits stands as the main strength of self-reporting methods” (Richter & Bokelmann, 2017). Large samples may be used at relatively low cost when questionnaires are employed. The main disadvantage of self-reports their inaccuracy in measuring waste levels that tend to be understated, e.g., due to social desirability, causing respondents’ conservation efforts and environmental awareness to be exaggerated. Interviews and waste diaries are also costly and only suitable for small samples.
“The third type of measurement involves direct measurement involves direct measurement, also known as physical waste surveys” (Edjabou et al., 2016; Fehr & Romão, 2001; Hanssen et al., 2016; Lebersorger & Schneider, 2011; Parizeau et al., 2015; Quested et al., 2013; Schott & Andersson, 2015), which is the focal point of this paper.
3.1. Physical Household Waste Surveys
In a physical waste survey carried out by Efrat Elimelech et al. (2018), “different waste fractions and components are classified into different categories such as edible/ inedible fractions and then weighed” (Moller et al., 2014). “It is considered as a more objective and accurate method than self-reporting methods, as it is usually carried out by a third party who has expertise in field waste surveys” (Jörissen et al., 2015; Langley et al., 2010; Lebersorger & Schneider, 2011).
“Measurement of municipal solid waste (MSW) composition is a well-known and standardized practice. No, yet  standardized guidelines have been developed for conducting physical surveys of food waste” (Jörissen et al., 2015; Langley et al., 2010; Lebersorger & Schneider, 2011). Food waste analysis require higher sorting and classification resolution compared to MSW surveys. For example, the identification of individual food items such as different types of fruit and vegetables, dairy products, food leftovers and so on. There is need for adjustment during the application of physical waste survey methods to food waste quantification and classification, although, accumulated knowledge from measuring MSW can certainly be an added advantage. Below are some of the challenges in measuring household food waste using physical waste surveys. 
3.1.1. Challenges in Measuring Household Food Waste Using Physical Waste Surveys
3.1.1.1. Sampling Shared Waste Bins
“In sampling single-family houses, each waste bin can be distinctly associated with a particular household” (Hanssen et al., 2016; Quested et al., 2013). “Sampling multi-apartment buildings or mixed-use development areas such as commercial and residential buildings where shared waste bins are in place and it is not clear which household uses which use which waste bin or whether the bin also serves other people such as local businesses or public utility is where the challenge arises” (Dahlén & Lagerkvist, 2008). The absence of clarity could influence variation in results. It also causes a difficulty in the ability to differentiate between sectors and (Dahlén & Lagerkvist, 2008; Sahimaa et al., 2015) “link waste bags and their source of production. Current practices include: (1) Extracting subsamples from shared waste bins. For example, when sampling a 1100-liter waste bin, only a subsample of 240-liter is analyzed” (European Commission, 2004; Lebersorger and Schneider, 2011; Seagull Environmental Planning Ltd., 2014); (2) Sorting samples collected from multi-apartment buildings in ‘‘batches” (Edjabou et al., 2016). Both of these practices, however, exclude the option of drawing conclusions at the household level. 
3.1.1.2. The Age of the Waste Sample
The age of the sample is influenced by the time gap between the waste’s disposal and its sampling and sorting time. A bin to be sampled includes all the waste accumulated in the bin at the time of sampling, as a result, the actual age of the waste samples is uncertain and may vary from a few minutes to days. Thus, there is an uncertainty in the identification, separation and classification of each waste item (Langley et al., 2010).
In order to avoid compromising the sample’s physical and chemical properties through processes such as waste compaction, wetting of the waste’s dry components, dehydration of the wet residue and other biochemical processes that can change the waste’s composition, Dahlén and Lagerkvist (2008) recommend that each sample be sorted within two days from the sampling day, prefer ably on the same day. Lebersorger and Schneider (2011) argue that a violation of the two-day time limit seems tolerable, considering logistical considerations such as collection intervals, the size of the sorting team, and the like. Both Hanssen et al. (2016) and Edjabou et al. (2016) reported on sorting samples within a week of the sampling day. It should be noted that a week’s interval might raise severe barriers to the sorting process and the accuracy of the identification and separation of the waste components, especially in hot weather countries.
3.1.1.3. Degradability of Organic Matter
Season and climatic conditions are the major determinants of degradation which very much depends on collection intervals which could be as long as 14 days, according to Langley et al. (2010), or 42 days, according to Lebersorger and Schneider (2011). Hanssen et al. (2016) argue that cold weather conditions eliminate evaporation. Edjabou et al. (2016) claim that food waste degradation is significantly minimized when the waste is sorted within a week of the sampling day. However, due to natural degradation, some waste items may ultimately be inseparable from waste food if not be sorted at the first reject into separated bins (Jorissen et al., 2015; Langley et al., 2010).
3.1.1.4. Waste Compaction
Physical waste surveys are generally based on samples taken from ordinary waste-collection vehicles or waste bins. It has also mentioned that Collection vehicles mix and compact MSW, thus decreasing its particle size and contaminating individual waste components (Dahlén and Lagerkvist, 2008; European Commission, 2004; Lebersorger and Schneider, 2011). Some degree of compaction also occurs at the waste bin level as a result of gravity and long collection intervals. This makes identification of different waste fractions challenging (Lebersorger & Schneider, 2011)(Myszograj et al., 2016). 
3.1.1.5. Unknown Side Flows of Waste Materials
Sampling waste from collection vehicles or waste bins does not guarantee that all waste streams have been included. Because of the usage of waste disposals, yard composters, or even the ownership of a pet, some waste products are not recorded since they do not reach the trash can (Dahlén & Lagerkvist, 2008; Jörissen et al., 2015; Quested et al., 2013). Waste & Resource Action Program (WRAP) estimates that a fifth of all household food waste. Even with a proper synergy between waste sample-taking and collection routes, it is not unreasonable to assume that some waste materials will be lost when discarded after sample collection or due to the use of other disposal routes such as kitchen sink, home composting or pet food.

3.2.  The New Method of Quantifying Household Food Waste
The physical waste survey methods outlined above suggest the need for improved measurement methods. The methods are based on the principle of measuring waste of individual households on a daily basis. It includes the following elements: (i) capturing food waste at the point at which it enters the waste stream; (ii) collecting waste samples at the doorstep (iii) using the individual household as a sampling unit; (iv) collecting and sorting waste daily.

3.2.1. Doorstep Sample Collection
This involves the collection of waste samples from the resident’s doorstep in labelled bags. This provides maximum proximity to the source of the waste produced and guarantees that the waste is as close as it can be to its original state (Laurieri et al., 2020). Also, it eliminates the need coordination between waste sampling and collection routes, and decreases the probability of waste side flows(Mohamed Yusoff et al., 2024).

3.2.1.1. A Single Household as a Sampling Unit
A direct link can be drawn between the waste-production source and the waste sample when each household is taken as an individual sampling unit. This practice also makes it possible for diverse samples consisting of single and multi-apartment buildings in rural or urban areas and sample households located in mixed-use development areas, that is commercial and residential areas to all be assembled. The amounts of food waste and MSW produced on a household level can be documented by researchers. Furthermore, the identification of households allows further investigation of households’ waste-disposal behaviors, attitudes, and habits, for instance, by employing complementary questionnaires.


3.2.1.2. Sample Collection On a Daily Basis
Samples are collected using a trailer that avoids compaction on a daily basis for one week. This ensures samples are preserved with their original composition and density with minimal mixing between different waste streams making identification and sorting process easier. The practice of daily sample collection has been rejected by some scholars on the grounds of cost and inconvenience (Jörissen et al., 2015; Langley et al., 2010). Nonetheless, it has the potential to increase the relative accuracy of the sample, which can subsequently reduce the waste sample size, thus contributing to technical feasibility.

3.2.1.3. Sample Sorting On a Daily Basis
Sorting takes place within a few hours of collection. This process eliminates the need to store samples. The time interval between waste discarding, sampling and sorting is also eliminated. Thus, uncertainties that restrict the waste items’ identification is resolved and inaccuracies regarding the samples’ physical and chemical properties are avoided.

3.2.1.4. Capturing all Waste Streams
The likelihood of waste material side flows is decreased when all waste streams generated in a household are collected on a daily basis, with the exception of liquid food waste, which is typically discarded into the drainage system or used as pet food leftovers. This method can be applied to any given municipal waste-collection scheme (mixed and/or source separated collection schemes) since all waste streams are collected. Also, this method has another advantage of the ability to calculate the average amount of MSW produced on the household level, for instance, by dividing the total amount of waste produced by a single household during the course of the study by the number of sampling days (kg of waste per household per day). 

Table 1. The main challenges in estimating food waste, and the solutions suggested by the new method.
	Challenges in sampling food waste
	Implications
	Proposed solution in the new method

	Proximity to the waste-production source
	Decreased accuracy
	Sampling waste from the household’s doorstep 

	Long time gaps between waste discarding, sample collection, and sample sorting
	Reduces the ability to identify, separate, and classify each waste item
	Eliminating time gaps by collecting, sampling, and sorting waste on the day of disposal

	Degradability of organic matter
	Reduces the ability to identify, separate, and classify each waste item
	Samples are collected on a daily basis, ensuring ‘‘fresh” samples that preserve the original composition and density

	Unknown side flows of waste materials
	Inaccurate description of waste composition and quantity
	samples that preserve the original composition and density
- Doorstep sample collection decreases the probability of waste side flows
- All waste streams are collected

	Sampling of shared waste bins
	- Difficult to determine the exact number of households using a certain waste bin
- Increased variation in waste composition
	Each household represents a sampling unit, so there is a clear linkage between the waste-production source and its sample

	Almost impossible to collect data on waste-discarding behaviors and practices that affect waste production
	Difficult to evaluate the relationship between household behavior and waste production
	Sampling waste at the household level grants access to valuable data regarding waste behaviors, attitudes, and habits




In research carried out on food waste, the classification procedure used is given below(E. Elimelech et al., 2018). It is also better to know that Food waste was classified as any raw or cooked food. 
4. IMPORTANCE OF FOOD WASTE PREVENTION
There is need for the sound understanding of the importance of studying food waste because it provides a foundation for the development of policies to address it. Teaching people about the implications of food waste can change their perceptions and attitudes towards it, potentially yielding behavior that can reduce waste. The four primary motivations for studying food waste are summarized below;

4.1. Environmental Impacts of Food Production, Storage and Transportation
“There is a substantial environmental burden associated with food production, packaging, distribution and marketing. Food production affects the environment to the detriment of humans, animals, plants and ecosystems generally” (Gjerris & Gaiani, 2013). There has been a shift from local and seasonal food toward imported, non-seasonal fruits and vegetables, increasing transportation and energy use. More food processing as a result of growing population has led to increased energy and material inputs. The increased demand for resource intensive foods such as meats, makes the environmental impacts greater. 
“Food production and distribution requires large amounts of energy and other resources” (Cuéllar & Webber, 2010). Key environmental risk areas include water, soil, and air. Food production can contribute to water pollution and eutrophication, particularly due to the seepage of nutrients, such as manure and fertilizers, into the broader environment. 
“The wastage of edible food means that all of the resources that went into growing, producing, processing and transporting that food are also wasted resulting in needless environmental impact” (Gustavsson et al., 2011). “The production of this lost and wasted food globally has been estimated to account for 24 percent of total freshwater resources used in food production, 23 percent of global cropland, and 23 percent of global fertilizer use” (Kummu et al., 2012). “In the U.S., the production of wasted food requires the expenditure of over 25 percent of the total freshwater used in the U.S., about 300 million barrels of oil” (Hall et al., 2009), and represents two percent of annual energy consumption (Cuéllar & Webber, 2010). Venkat (2011) estimated that “112.92 million metric tons of carbon dioxide equivalent per year were emitted from the production, processing, and disposal of avoidable food waste in the U.S”. 
4.2. Economic Losses
All individuals and organizations involved in the food supply chain is affected by the economic impacts of throwing away food. 
Table 2. The financial estimated cost of food wasted and lost food from research.
	Country
	Year
	Estimate
	Sectors included

	New Zealand
	2015
	$589 million/year
	Avoidable household waste (WasteMinz, 2015)

	Australia
	2015
	$5.8 billion/year
	All sectors (Food Wise, 2015)

	Global
	2013
	$750 billion/ year
	All sectors (seafood excluded (FAO, 2013)

	U.K.
	2012
	$18.3 billion/year, $689/household/year
	Household (WRAP, 2013)

	U.S.
	2011
	$197.7 billion/year, $643.3/person/year
	Avoidable distribution, retail and consumer waste (Venkat, 2011)

	U.S.
	2010
	$161.6 billion/year, 1249 calories/person/day
	Avoidable retail and consumer food waste (Buzby et al., 2014)

	Canada
	2010
	$21.1 billion/year
	All sectors (Gooch et al., 2010)

	U.S.
	2008
	$165.6 billion/year, $390/person/year
	Avoidable retail and consumer food waste (Buzby and Hyman, 2012)





4.3 Food Insecurity
“Food security is the availability of and access to sufficient and healthy foods. Good nutrition is imperative for the wellbeing of individuals and nations” (Soussana, 2014). “Even though there appears to be sufficient food available to feed the world’s population, nearly 11 percent of the global population still suffers from food insecurity” (FAO, 2015). “Due to this high prevalence of food insecurity, food wastage has an important ethical dimension” (Gjerris & Gaiani, 2013). Resources could be used to help feed the hungry if food resources were better managed and wastes were minimized. If all available food waste in Australia were rescued by charity, it could feed 921 thousand people for a year, Reynolds et al. (2015) theoretically estimated.
Also, food loss and waste amplify the environmental impact of food production along the entire supply chain by requiring more production than is needed based on market demand. Therefore, reducing food waste, while maintaining current production levels, could help meet global food needs.
5. CONCLUSION
Increasingly citizens, scientists, businesses, institutions, and policy makers are realizing that the current food system is unsustainable and changes are required if the world will be able to support a population of over nine billion by 2050. An increasingly important strategy to help feed this growing human population is reducing food waste (Godfray et al., 2010). Food wastage is a global phenomenon and it is likely going to keep growing if it is not curbed by prevention policies. An urgent priority is the understanding of the implications of food waste and adjusting attitudes and behaviors towards food in order to prevent it. 
Even though complicated and challenging, quantitative measurement of food waste samples is critically important for waste management. The method proposed above in this paper was designed to address the challenges of connecting the household’s food waste to its source and keeping the waste fresh. This method has the potential to become a promising tool for addressing the challenges of food waste measurement.
6. RECOMMENDATIONS 
Improving food waste measurement through the proposed daily doorstep collection method, and addressing prevention through multifaceted behavior driven policies, aim to tackle the identified challenges (inconsistent definitions, shared bin sampling, and degradation) while promoting sustainable practices to meet global goals like SDG 12.3. following recommendation are suggested:
Standardized Food Waste Definitions promoting universally agreed-upon definitions for food waste, distinguishing between avoidable (e.g., edible food) and unavoidable (e.g., bones, peels) waste, to enhance consistency and comparability across studies and regions should be developed.
in addition, Governments should create standardized protocols for physical household waste surveys, incorporating high-resolution sorting (e.g., classifying specific food types like vegetables, dairy, or meat) to improve accuracy compared to general municipal solid waste surveys. Furthermore, combine doorstep waste collection with questionnaires or interviews to study household waste-disposal behaviors, attitudes, and cultural factors, enabling targeted interventions to reduce avoidable food waste should be enhanced.
Furthermore, Public Awareness Campaigns, educate households about the environmental impacts of food waste, such as methane emissions from landfills and resource wastage to encourage Multifaceted Prevention Policies targeting values (e.g., cultural appreciation of food), skills (e.g., meal planning and storage techniques), and logistics (e.g., improved supply chain efficiency), tailored to diverse communities, especially in high-density or economically deprived areas should be promoted.
Longitudinal Research, collaboration with universities, NGOs, and research institutions to fund longitudinal studies and build comprehensive databases on food waste quantities, drivers, and prevention outcomes, addressing data gaps and supporting evidence-based policymaking should be invested in.
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