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Exploring the Trade-Offs between Plastic Packaging and Food Waste: 

Household Simulation Modelling for Chicken Fillets in the UK 

This study presents the new Household Simulation Model (HHSM), which uses 

Discrete Event Simulation (DES) to estimate the impact of different packaging 

and household behavior interventions on domestic food and packaging waste 

generation. Empirical testing of such interventions at scale is impractical, making 

it difficult to provide quantitative evidence of their comparative impact to 

policymakers and the supply chain. The HHSM model explores various 

household scenarios and archetypes, including pack sizes, shelf-life extensions, 

portioning behaviors, and storage-checking options, to provide insights for 

decision-makers. The results show that packaging innovations that extend shelf 

life could decrease domestic chicken waste by 59%. Increasing storage checking 

to 100% could decrease chicken waste by 29%, but it may also increase 

packaging waste by 4.5%. Furthermore, a negative correlation between chicken 

and packaging waste emphasises the significance of pack size-related 

interventions, which should be implemented along with sustainable packaging 

systems. Overall, the HHSM model provides a powerful tool for evaluating 

different interventions and comparing their impacts on waste generation. In 

addition, it offers valuable insights into the effects of various household 

behaviors and packaging innovations on waste reduction, helping prioritise 

interventions that minimize waste while minimising trade-offs between food and 

packaging waste. 

Keywords: Household Food and Packaging Waste,  Discrete Event Simulation, 

Household Simulation Model, Shelf life Extension, Consumer Behaviour Impact 

on Waste, Packaging innovations 

1. Introduction 

Food waste is a critical issue with both economic and environmental implications on a 

global scale (Horton, Koh, and Guang 2016; Horton et al. 2017). Despite increased 

awareness campaigns to reduce food waste, the retail and consumption stages continue 

to generate most waste in high-income countries (Parfitt, Barthel, and Macnaughton 

2010). In the UK alone, over 9 million tons of food are wasted annually, with 70% of 



the waste generated at the household level (Quested et al., 2013; Stenmarck et al., 

2016). While policies and interventions can encourage changes in household food 

behaviors, such behaviors are complex and diverse (Brennan et al. 2021; Brennan et al. 

2022). Mismatches between packaging, portion sizes, and household food habits have 

been shown to account for at least 31% of avoidable household food waste, as 

evidenced by food waste being thrown away in its packaging (WRAP 2014a; T. E. 

Quested et al. 2013). However, despite the abundant literature on interventions to 

reduce food waste, both avoidable and unavoidable, there is a lack of understanding 

about the interrelationships between household food waste and plastic packaging 

(Reynolds et al. 2019; Ibn-Mohammed et al. 2021; Atanasovska et al. 2022). This gap 

suggests that more comprehensive research is needed to identify the effects of various 

retail and packaging interventions on reducing food waste. 

Food packaging prevents food waste by protecting and preserving food1. 

However, food packaging is usually single-use, and in the UK, one million tonnes of 

packaging waste are generated annually from food, with only one-third currently 

recycled due to contamination and inefficient collection systems (Morgan et al. 2018). 

In addition, disposable plastic packaging has become a public issue due to increasing 

public concern about the environmental impacts of plastic pollution (Fernqvist, Olsson, 

and Spendrup 2015), which has led to efforts to reduce or remove plastic packaging 

from products entirely. 

Potential environmental trade-offs complicate identifying the best interventions 

to reduce avoidable household food and packaging waste. For instance, removing 

 

1  Packaging does much more than this, as it is intrinsically connected to the historical process of food retail product development 

throughout the 20th century, maintaining and enhancing values of standards, quality, safety, freshness, hygiene and 

convenience (Parsons 2021). 



packaging from fresh produce could shorten shelf life and increase food waste. Finding 

the optimal pack size is also difficult, as packaging that contains an appropriate amount 

of food based on assumed consumption patterns may reduce food waste but may also 

increase packaging waste and per-unit costs. While food and plastic packaging waste 

cannot be meaningfully compared in terms of environmental impact by weight, there 

may be options for packaging scenarios (i.e., packaging material, package size) that 

minimise both (Wikström et al. 2014; Williams et al. 2020). Additionally, different 

household types may require different packaging sizes to minimise food waste, but this 

may not work for households with different behaviors and consumption patterns. 

Operational Research (OR) model-oriented methods have been increasingly 

applied to food supply chains, particularly simulation modeling approaches, due to 

uncertainties in logistics, food quality, and environmental sustainability (van der Vorst, 

van der Zee, and Tromp 2010; Zhu et al. 2018). However, there is limited research on 

OR-model-oriented methods to capture food and food packaging waste at the household 

level. Although empirical studies have identified factors driving waste and interventions 

to prevent it (Berjan et al. 2022; di Talia, Simeone, and Scarpato 2019; Ilakovac et al. 

2020; Nakamura, Kojima, and Ando 2022; Sattlegger 2021; Wikström et al. 2019; 

Williams et al. 2012), the impact of packaging across a range of behavioural patterns 

and household types has not been considered at large. While effective in identifying 

factors contributing to food and packaging waste, empirical studies have limited 

capacity to understand the temporal and large-scale relationships between waste and 

interventions and quantify the effects of suggested interventions, as Reynolds et al. 

(2019) noted. 

Simulation techniques can incorporate dynamic concepts and relations in 

representing systems like households, but studies addressing household food waste 



through these methodologies are limited (Kandemir et al. 2020). Previous studies, such 

as those by Lusk and Ellison (2017) and Galli et al.(2019) have developed conceptual 

models for food waste but have limitations in understanding the relationships between 

food waste and packaging. For example, van der Vorst et al. (2010) developed a 

simulation platform that includes the entire supply chain, but households were omitted. 

Discrete Event Simulation (DES) is a suitable modelling method for addressing 

household food and packaging because of the stochastic nature of shopping and 

consumption patterns over time and the capacity of DES to model such behaviour in 

specific systems like households. It has been used for previous versions of the 

Household Simulation Model (HHSM) (Kandemir et al. 2020) and the Milk Model (T. 

Quested 2013), which simulate the effects of various interventions on food waste only, 

including in other contexts (S. K. Stankiewicz 2019; S. Stankiewicz, Auras, and Selke 

2019). Another potentially useful modelling approach is Agent-Based (ABS) 

Modelling. However, it is more suited to modelling the aggregated decision-making of 

populations through the interactions between people in the population (Kandemir et al. 

2020) than the outcomes of specific stochastic systems. 

This paper introduces a new version of the HHSM, which builds on the previous 

version by adding functionality to model packaging waste. This new version of the 

model simulates the amount of food and packaging waste produced from chicken fillets. 

Chicken meat is the UK's most popular animal protein source (Salazar, Billing, and 

Breen 2020) and one of the most wasted, with 38% wasted by the consumer and 58% of 

all chicken in the UK value chain lost and wasted (World Bank 2020; de Gorter et al. 

2021). In particular, chicken fillets are common perishable items in British shopping 

baskets that are generally bought in single-use plastic containers. In addition, like other 

animal-derived protein products, their environmental footprint is significantly higher 



than most plant-based products (Poore and Nemecek 2018). Lost or wasted chicken in 

the UK embodies 8.43 million tons of CO2e (54.4% of total production emissions) 

(World Bank 2020; de Gorter et al. 2021). Thus, chicken fillets waste represents a 

significant environmental burden that could be minimised by implementing different 

interventions at the supermarket and consumer levels. This research aims to identify 

effective and efficient waste-reducing interventions for chicken fillets in the UK by 

simulating the effect of (1) different pack sizes available for purchase in supermarkets, 

(2) shelf-life extension of the chicken fillets due to packaging innovations, and (3) 

different household storage and planning dynamics, specifically chicken pack 

portioning and storage checking. The HHSM can model additional interventions (e.g., 

use of short-life fridges in supermarkets, freezer use details in the household), but due to 

space limitations, this paper focused on the effects mentioned before.  

Previous and current versions of the HHSM were developed in collaboration 

with WRAP (WRAP 2023a), a UK-based NGO focused on reducing food and 

packaging waste. WRAP provided essential datasets to ensure the model accurately 

reflects UK households. The UK is a suitable subject for modelling since it is an 

example of a higher-income, high-development country exhibiting the distribution of 

waste throughout the food supply chain usually demonstrated by such a country. It also 

has comprehensive and publicly available consumption and packaging data for 

households. 

2. Materials and methods 

2.1 Model structure 

The HHSM used in this research was developed using the Arena simulation software 

version 16.2 (Rockwell Automation 2022). The model consists of six modules that 

simulate the chicken fillet packs flow from supermarket stocking on shelves to their 



consumption and disposal in households and are denominated as (1) model setup, (2) 

market, (3) shopping, (4) storing, (5) consumption and (6) expiry modules (see Figure 

1). Additionally, a series of input variables can customise each module (see Tables A-1-

7 in Appendix A) to simulate different product characteristics (e.g., shelf life), market 

interventions (e.g., pack size placed on the supermarket) and household behaviours 

(e.g., shopping patterns, leftovers consumption). The development of the HHSM 

modules and dynamics have drawn on existing findings of social science and 

anthropological studies such as Evans (2014) and WRAP (WRAP 2007; WRAP 2012), 

as well as new primary qualitative research (Pickering 2022a; Pickering 2022b) from 28 

respondents consisting of online semi-structured interviews,  and diary research 

involving visual elements. 

Figure 1. HHSM process chart showing inputs, outputs and the model's modules. 
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2.1.1 Model setup module 

The model setup module sets some general conditions in the model, such as the shelf 

life of the product, the packaging system used by the retailer (e.g., disposable, refillable 

or returnable), the main characteristics of the food storage containers used in the 

household (e.g., Tupperware®) and the end-of-life (EOL) destination of the food and 

packaging waste from the Household containers.  

In the model, households buy pre-packed chicken fillets in disposable containers 

(variable 1.3) and do not consume chicken beyond their shelf life (variable 1.2) for the 

default scenario. In addition, the main characteristics of the Household containers (e.g., 

size, lifespan, weight and emptying preference) (variables 1.5-1.8) and the EOL of the 

food (variable 1.10) and the Household containers (variable 1.9) waste was set as 

constant values for the whole investigation (see Table 1 in Appendix A).  

Furthermore, the model setup module also sets the shelf life of the chicken 

pieces using variable 1.1. The product shelf life is the length of time the product is 

suitable for use and consumption by the household. The model considers different shelf 

life lengths for chicken according to the storage location (freezer, fridge or counter) and 

package state (opened or unopened). The shelf life of the product at the point of 

purchase (also denominated as retail shelf life or unopened fridge shelf life) was set by a 

triangular probability distribution function with a lower limit equal to 2 days, a higher 

limit equal to 9 days and a mode equal to 5.2 following back-of-packaging information 

and the Industry Guidance on Setting Product shelf life (Food & Drink Federation, 

2017).  

After the chicken packs are purchased and stored in the households, their shelf 

life can adopt five scenarios: 



(1) The unopened chicken packs keep their retail shelf life value when stored in the 

fridge (variable 1.1a), which decreases each day in storage. 

(2) After a household opens and stores the pack in the fridge, two options are 

possible (variable 1.1b): 

(2.1) If the retail shelf life is longer than three days, the pack's shelf life 

shortens to three days (opened shelf life).  

(2.2) If the retail shelf life is equal to or less than three days, the pack's retail 

shelf life remains. 

(3) After a household store the packs (opened or unopened) in the freezer, their 

shelf life adjusts to 120 days (variables 1.1c and 1.1d). 

(4) After a household defrosts a previously frozen pack, its shelf life adjusts to 1 day 

(variable 1.1f). 

(5) After a household store opened/unopened packs on the counter at ambient 

temperature, their shelf life shortens to 1 day (variable 1.1e). 

2.1.2 Market module 

The market module determines the supermarket dynamics and product cost details. This 

includes the available pack sizes and the number of packs replenished for each pack size 

(variable 2.1), the shelves replenishment rate (variable 2.2), and the chicken pack cost 

(variables 2.3-2.7, which are not used in this investigation). 

The module considered three chicken fillets pack sizes: (a) 2-piece packs, (b) 4-

piece packs and (c) 6-piece packs, according to the available pack sizes in retailers 

across the UK from Valpak's EPIC database (Valpak, 2022) and each chicken piece 

weight was considered 188 grammes. 

2.1.3 Shopping module 



The shopping module determines the details of shopping events, including their type, 

frequency and the average amount of product bought per shopping trip. 

The households can purchase chicken in four types of shopping trips: (a) main 

shops (variable 3.2), (b) randomly (variable 3.3), (c) for top-up (variable 3.4) and (d) for 

special occasions (variable 3.5). The occurrence of these different types of shops can be 

turned on/off by the user. According to Prior et al. (2014), households usually perform 

one weekly main shop, and the amount of food in storage and consumed in consumption 

events randomly determine top-up shops. Thus, this paper considered a weekly main 

shopping trip and omitted the remaining three shop types. However, top-up shops were 

triggered by the model when product storage was insufficient to fulfil an upcoming 

consumption requirement. For instance, if a household requires four chicken pieces for 

an upcoming meal event but its storage is empty, a top-up shop is triggered for the next 

morning, as long as no main shop is planned for that day. However, the consumption 

event and amount are recorded as unfulfilled. This unfulfilled amount reflects situations 

in which a household, due to running out of this food item, may order other food, go out 

to eat, or choose something else to eat due to the lack of the chosen food. 

The user can also set the number of packs bought per shopping trip and 

household archetype. The pack size each household archetype buys was determined 

based on their weekly average purchase amount (see Table 1), consumption rate, 

storage and the range of sizes available in the supermarket. For instance, households 

requiring 4 chicken pieces to fulfil their weekly consumption requirement would 

prioritise buying a 4-piece pack on their main shopping trip, while households requiring 

two chicken pieces would opt for 2-piece packs on their main shopping trips. However, 

if the household checks its storage before shopping (variable 3.1), the model will adjust 

the weekly purchase amount according to a percentage input value representing the 



degree to which the households adhere to the storage check. For example, if a 

household consuming four chicken pieces per week already has two pieces in the 

storage on a given week and checks its storage, the model adjusts its purchase amount 

to two chicken pieces at the next main shop to meet its weekly consumption 

requirement of four pieces. However, the model also includes the possibility of 

considering the likelihood of a household forgetting to buy the item in their main shop 

(variable 3.2e), so the purchased amount does not always meet the consumption 

requirement. In addition, the purchase module also considers if a household checks the 

chicken pack shelf life due to preference for packs with the longest shelf life (variable 

3.6) by using an on/off switch. 

TABLE 1. Modelled Household preference for a specific pack size according to 

purchase amount 

Amount of chicken purchased per 

shopping trip by Households 

First-choice pack 

to purchase 

Second-choice pack 

to purchase* 

Third-choice pack 

to purchase** 

    

2 pieces 2-piece pack 4-piece pack 6-piece pack     

4 pieces 4-piece pack 2-piece pack 6-piece pack     

6 pieces 6-piece pack 4-piece pack 2-piece pack     

*If the first choice is not available 

** If the first and second choices are not available 

2.1.4 Storage module 

The storage module simulates different household patterns and capabilities for storing 

raw and cooked chicken pieces in different locations, modifying the product shelf life 

accordingly.  

The model considers three storage locations: counter (stored at ambient 

temperature), fridge and freezer. In addition, the user can adjust the household storage 

capacity (variable 4.11) and the probability of pack storage location for unopened 

(variable 4.7) and portioned packs (variable 4.8).  



Freezer use can be switched on by the user (variable 4.10) to store raw chicken 

pieces (likelihood entered as variables 4.7 and 4.8) and leftovers (variable 4.9, 

likelihood of leftovers freezing). Then, once a pack is frozen, it is assigned with the 

frozen product life (variables 1.1c and 1.1d), as mentioned in Section 2.1.1. 

In addition, there are three household storage patterns (variable 4.4) that the user 

can adjust. In the first storage pattern, Scenario A, households take home a purchased 

chicken pack, remove its original disposable packaging, and introduce all the chicken 

pieces in a single Household container for storage. As the chicken is removed from its 

modified atmosphere packaging, the model adjusts its shelf life according to the 

scenarios discussed in Section 2.1.1. In the second storage pattern, Scenario B, 

households open the original chicken packaging and portion the product in two or more 

containers (variables 4.1, 4.2 and 4.3). In this scenario, the model user can also specify 

if the household uses Household containers, original retail containers or both for the 

portioning. Finally, Scenario C simulates a storage pattern where households store the 

chicken packs in their original retail packaging without portioning and not using 

Household containers (variable 4.5). 

The model also considers the possibility that households open an original 

chicken pack for cooking but do not require all the chicken pieces it contains for their 

meal. In this case, a household can return the remaining chicken to storage, either 

keeping them in the original container or transferring them to a Household container 

(variable 4.6). 

2.1.5 Consumption module 

The consumption module simulates when chicken is consumed and in what quantities. 

When a Household requires chicken to consume, it first checks the storage available on 

the counter (e.g., stored at ambient temperature due to the household not refrigerating 



the product after purchase), then in the fridge and finally in the freezer to get the amount 

required to fulfil the requirement of a meal event. The amount of chicken required in the 

household for consumption depends on three input variables: the number of people 

living in the household (variable 5.1, distinguishing between adults, children and 

teenagers) (WRAP 2022a), the number of chicken pieces required per meal event 

(variable 5.2), and the amount of chicken consumed per meal (variable 5.11) (Public 

Health England 2016). 

The model considers Variables 5.1 and 5.2 to create the variable 'Planned Meal' 

(Equation 1), the amount of chicken the household plans to cook for a given meal event 

and Variables 5.1 and 5.11 to create the variable 'Consumed Amount' (Equation 2), 

representing the amount of chicken the household decides to eat in the next meal event. 

'Planned Meal' (chicken amount to cook) and 'Consumed Amount' (chicken amount to 

eat) are independent of each other and are used to simulate the 'Meal Amount', the 

chicken amount the model considers the Household cooks in the meal event. The 'Meal 

Amount' (Equation 3) corresponds with the maximum value obtained in the Planned 

Meal and Consumed Amount variables. For example, let us assume the model user 

inserts the desired values for input parameters in variables 5.1, 5.2 and 5.11, and with 

those values, the model generates a Planned meal = 500 grammes of chicken and a 

Consumed amount = 600 grammes. Then, the Meal Amount assumed by the model will 

be 600 grammes, the biggest of the values obtained. Thus, the household will look for 

600 grammes of chicken in storage for eating and cooking. Similarly, if the model 

generates a Planned meal = 600 grammes and a Consumed Amount = 500 grammes, the 

simulated Meal Amount will also be 600 grammes. However, in this case, the 

household will cook 600 grammes of chicken and consume 500 grammes, leaving the 

remaining 100 grammes as leftovers. 



 

Planned meal=V5.1a∙V5.2a+V5.1b∙V5.2b+ V5.1c∙V5.2c (1) 

Consumed amount=V5.1a∙V5.11a+V5.1b∙V5.11b+V5.1c∙V5.11c (2) 

Meal Amount = Max (Planned Meal, Consumed Amount)  (3) 

 

If the household finds the required chicken amount in storage, they will consume it. 

Otherwise, the model will record that amount as an unfulfilled requirement, triggering a 

top-up shop to purchase it on the following day if a main shop event is not recorded for 

that day. 

The model also takes into consideration some Household behaviours and 

patterns towards food consumption, such as household prioritising the consumption 

from in opened packs or leftovers (variable 5.3), leftovers consumption and storage 

(variables 5.4, 5.5, 5.6 and 5.8), storage of partially used chicken packs (variables 5.7 

and 5.9) and meal event frequency (variable 5.12). 

2.1.6 Expiry module 

This module triggers the household to check the 'used by date' of the packs in all the 

storage locations. Three types of expiry checks are carried out in the Expiry Module: 

(1) The pre-expiry check takes place before the expiry date of the chicken packs. 

Variable 6.3 controls the time in advance the household checks the BBD of the 

packs containing raw and cooked chicken pieces. The model can also simulate 

the household's action if the pack is near the end of life: cooking all the pieces, 

freezing them or doing nothing (variable 6.4). 

(2) An expiry check is performed after the chicken packs' expiry date is reached. 

Variable 6.1 controls the frequency and occurrence of expiry checks. 



(3) Post-expiry check. This check refers to the scenario where the household 

consumes chicken beyond their BBD. Variable 6.2 controls the time the chicken 

packs are stored past their shelf life on the counter, fridge, and freezer. 

In addition, the expiry module considers the retail packaging recycling rate 

(variable 6.6) to differentiate in the model results between the amount of recycled 

packaging and the amount sent to residual waste. 

2.2 Model outputs 

The model records the weekly average and standard deviation of a range of outputs for 

the model runtime, including the amount of chicken wasted in households expressed as 

a total and split by storage location and type (raw or cooked), the plastic waste 

generated in households (from retail packaging and household containers 

independently), household consumption and purchase details (e.g., chicken requirement 

per week, amount of chicken consumed per week, average weekly storage in the 

household, the average number of chicken pieces purchased per week, number of 

shopping trips performed) and a series of ratios that give insight into the food waste 

management effectiveness in the households (average ratio of chicken wasted-

purchased, average ratio of unfulfilled requirement-required number of pieces). 

2.3 Model verification and validation 

The values of the variables comprising the model's modules can be altered for different 

household archetypes to reflect the food and plastic waste generated in a range of 

households across the UK population (see Table 2). These household archetypes are 

based on WRAP's segmentation of the UK population and provide information about 

the household occupants and a range of their attitudes and behaviours related to food 

and packaging waste (e.g., amount of chicken bought, amount of chicken consumed, 

chicken storage preferences). 



TABLE 2. Household archetypes for the UK population based on segmentation research 

by WRAP (WRAP, n.d.) 

Household archetype 
Weight 

(%) 
Brief description 

Aspiration Discoverers 

(AD) family 
11.4% 

4-person household, younger children, not willing to take 

risks with food, confident, good planning, moderately likely 

to throw away leftovers 

Functional Fuellers  

(FF) single 
16.6% 

1-person household, less willing to take risks, low 

confidence in the kitchen, poor planning, likely to throw 

away leftovers 

Functional Fuellers  

(FF) couple 
8% 

2-person household, no children, less risk averse, low 

confidence in the kitchen, poor planning, likely to throw 

leftovers 

Spontaneous Creatives 

(SC) single 
11.4% 

1-person household, less risk averse, moderately low 

confidence in the kitchen, poor planning, leftovers likely to 

be thrown away 

Spontaneous Creatives 

(SC) couple with one child 
16% 

3-person household, one child, more risk averse, moderately 

low confidence in the kitchen, poor planning, leftovers likely 

to be thrown away 

Ideal Advocates 

(IA) couple 
16.8% 

2-person household, no children, less risk averse, high 

confidence in the kitchen, good planning, leftovers will be 

used 

Pressured Providers 

(PP) family 
9.6% 

4-person household with (generally older) children, medium 

confidence in the kitchen, good planning, leftovers will be 

used 

Pressured Providers 

(PP) single-parent family 
10.2% 

2-person household, single parent with teenager, medium 

confidence in the kitchen, good planning, leftovers will be 

used 

 

The validation of the model was achieved through comparison with chicken 

waste data from UK households. The model was run with the default parameters (see 

Tables 1-7 in Appendix A) to simulate the behaviour of each household archetype for 

80 years (30 replications) to generate an average weekly amount of chicken waste and a 

weekly chicken waste/purchase ratio, which resulted in 60.8 grammes and 8.3%, 

respectively (see Figure A in Appendix B). These values proved to be an excellent 

approximation to the chicken waste data available in the literature: 60.4 grammes 

generated per week and 10.24% chicken waste/purchase ratio. The estimated amount of 

chicken waste was obtained from WRAP (2018), considering the UK total population in 

https://docs.google.com/document/d/1Eo1b4Lo6Bl9I9JLN-_vLlKaOqWArJU9e/edit?usp=share_link&ouid=112288455449406717770&rtpof=true&sd=true


2012 (Office for National Statistics 2013) and the number of UK households purchasing 

chicken, 49.97% (Defra 2020). The chicken waste/purchase ratio was obtained from 

Jeswani et al. (2021) estimations. Still, when reporting the results from the current 

version of the HHSM, one must consider that the model only estimates the chicken 

waste created as a result of not being eaten within the use-by date and does not include 

the waste generated from personal preferences (e.g., removing and throwing away parts 

of the chicken fillets) or other causes. 

2.4 Interventions scenarios 

This paper investigated four interventions for reducing chicken fillet and packaging 

waste in UK households. These interventions were focused on the packaging sizes 

available for purchase in the market, the product shelf life extension, portioning the 

chicken packs in the households and storage checking before a main shop takes place. 

2.4.1 Intervention 1. Pack size 

The intervention on the package sizes available in the supermarket focused on the 

following seven  scenarios: 

(1) Default scenario. Packs with 2, 4 and 6 chicken fillet pieces were sold. This is 

the scenario that represents a current supermarket shelf 

(2) Packs with 2 and 6 pieces sold. 

(3) Packs with 2 and 4 pieces sold. 

(4) Packs with 4 and 6 pieces sold. 

(5) Packs with 2 pieces are sold. 

(6) Packs with 4 pieces are sold. 

(7) Packs with 6 pieces are sold. 

2.4.2 Intervention 2. Shelf life extension 



The second intervention focused on the chicken packs' shelf-life extension. Three sub-

interventions were studied here: (1) an increase in unopened shelf life (from one to six 

days shelf life extension of unopened packs), (2) an increase in opened shelf life (from 

one to three days shelf life extension of opened packs), and (3) a combination of an 

increase of unopened (from one to three days) + opened shelf life (one day). 

2.4.3 Intervention 3. Portioning 

The third intervention evaluated the behaviour of the households portioning out 

the packages in household containers after a shopping trip. Three portioning scenarios, 

created concerning possible portioning scenarios detailed in the qualitative dataset 

(Pickering 2022a), were considered: 

• Scenario A. Households did not portion but stored chicken in a household 

container. In this scenario, households take the chicken from the original 

packaging and store it in a household container. This behaviour adjusts the shelf 

life of the chicken to 'opened shelf life' (i.e., three days, unless lower when 

bought in the supermarket). 

• Scenario B. households portioned the chicken and divided it into two household 

containers. Households take the chicken from the retail packaging and divide the 

containment into two household containers. As in scenario A, the stored chicken 

shelf life adjusts to 'opened shelf life'. 

• Scenario C. Default scenario. Households did not portion the chicken packs and 

kept the chicken fillets in the original packaging during storage. 

These portioning scenarios were studied at different weightings in five different 

portioning subscenarios: 

(1) Subscenario 1. 100% scenario A. 



(2) Subscenario 2. 50% scenario A and 50% scenario B. 

(3) Subscenario 3. 100% scenario B. 

(4) Subscenario 4. 50% scenario B and 50% scenario C. 

(5) Subscenario 5. 100% scenario C. 

2.4.4 Intervention 4. Storage checking 

The impact of the likelihood of HouseholdHHs checking their storage for chicken 

before a main purchase event on the amount of chicken and packaging waste produced 

was investigated (WRAP 2014b; WRAP 2022b). The probability of checking by 0%, 

20%, 32% (default scenario), 40%, 60%, 80% and 100% was simulated and analysed. 

3. Results 

3.1 Intervention 1. Pack size 

Table 3 reveals that the intervention of selling different chicken pack sizes in 

supermarkets significantly affected the average amount of chicken (F6-63 = 24.32, p < 

.001) and packaging waste (F6-63 = 1.03, p = .41) generated in British households. 

Generally, there was an inverse correlation between the chicken and packaging waste 

generated. While a slight increase in packaging waste accompanied a slight decrease in 

chicken waste, a slight decline in packaging waste implied a significant increase in 

chicken waste (r =-0.85). This inverse trend was attributed to the influence of the pack 

sizes available on the chicken purchase amount for different households. For example, 

in the modelled scenario where 4-piece packs were eliminated from the supermarket 

shelves (i.e., 2 & 6 pieces and 2 pieces scenarios), larger households tended to buy two 

2-piece packs instead of one 4-piece pack to fulfil their chicken consumption 

requirement (as displayed in Table 1). This led to a moderate increase in packaging 

waste per chicken weight purchased as the average weight of two 2-piece packs is 31.52 



grammes (2 units x 15.76 grammes per unit), while one 4-piece pack weighs 20.10 

grammes (Valpak 2022). In contrast, when the 4-piece packs were removed from the 

supermarket shelves, the chicken waste slightly decreased compared to the default 

scenario, where 2, 4 and 6-piece packs were sold. The suppression of 4-piece packs 

forced larger households to purchase 2-piece packs, which reduced the number of raw 

pieces thrown away due to a higher probability that the household consumes the 

package content before it expires due to the open shelf life. 

The scenarios in which 2 & 6-piece and only 2-piece packs were sold in the 

supermarket produced the least amount of chicken waste for UK average households, a 

decrease of around 7%, in both cases, compared to the default scenario (i.e., 2, 4 & 6-

piece packs are sold in the market). However, these two scenarios also produced the 

highest amount of packaging waste generated as the UK average, an increase of 12%. 

Compared to the default scenario, these waste differences on the population level 

mainly came from the intervention's impact on specific archetypes (see Figure 2). While 

the 2 & 6-piece and 2-piece scenarios had little effect in smaller households, they 

moderately affected the amount of waste generated in families with children (i.e., the 

archetypes producing more waste). For instance, while the 2-piece scenario reduced the 

amount of chicken waste generated from PP families by 19% and from SC families with 

one child by 20%, it had around 1% influence on the increase/decrease in the smaller 

households. Similarly, the 2-piece scenario increased the amount of packaging waste 

generated from PP families by 22% and from SC families with one child by 30%. 

However, it had very little influence on the packaging waste produced by smaller 

households (<1%). 

 

 



TABLE 3. Simulated amount of chicken and packaging waste generated in UK 

households in the four interventions investigated and simulated chicken waste origin (raw 

chicken  pieces never frozen, raw chicken pieces defrosted, cooked chicken pieces never 

frozen and cooked pieces defrosted). 

Intervention 

details 

Packaging 
waste 

(g/week) 

Weekly chicken waste generated in UK households 

Total 
(g/week) 

Wasted/ 
Purchased 

(%) 

Raw 
 pieces 
never 

frozen 
(%) 

Raw 
 pieces 
defrost. 

(%) 

Cooked 
pieces 
never 

frozen 
(%) 

Cooked 

pieces 
defrosted 

(%) 

1. Pack size 

2, 4 & 6 pieces 25.5±7 60.8 ±25 8.3 70.7 22.3 6.8 0.2 
2 pieces 28.6±10 56.4±22 7.8 73.8 18.7 7.3 0.2 

2 & 6 pieces 28.6±10 56.9±22 7.9 74.0 18.5 7.3 0.2 
2 & 4 pieces 25.5±7 61.1±25 8.4 70.6 22.4 6.8 0.2 

4 pieces 23.0±6 150.4±57 17.6 54.4 41.7 3.8 <0.1 

4 & 6 pieces 23.08±6 150.6±57 17.6 54.5 41.7 3.8 0.1 
6 pieces 23.5±6 298.8±121 27.8 44.0 53.8 2.1 <0.1 

2. Shelf life 
Default 25.5±7 60.8 ±25 8.3 70.7 22.3 6.8 0.2 

+1 day OP* 25.3±7 51.3±21 7.2 63.5 27.7 8.5 0.2 
+2 day OP 25.3±7 51.3±21 7.2 63.5 27.7 8.5 0.2 
+3 day OP 25.3±7 51.3±21 7.2 63.5 27.7 8.5 0.2 

+1 day UN** 25.3±7 50.3±23 7.1 63.8 27.5 8.4 0.3 
+2 day UN 25.2±7 46.3±22 6.6 61.0 29.5 9.1 0.3 
+3 day UN 25.2±7 44.6±21 6.4 59.4 30.9 9.4 0.3 
+4 day UN 25.1±7 43.4±21 6.2 58.5 31.5 9.6 0.3 
+5 day UN 25.1±7 42.9±20 6.2 57.8 32.2 9.7 0.3 
+6 day UN 25.1±7 42.8±20 6.2 57.6 32.3 9.8 0.3 

+1 day OP, +1 
day UN 

25.0±7 36.2±18 5.3 47.6 39.9 12.2 0.2 

+1 day OP & 
+2 day UP 

24.8±7 36.2±18 4.4 33.1 50.8 15.6 0.2 

+1 day OP & 
+3 day UN 

24.8±7 34.4±15 3.8 22.3 58.8 18.3 0.1 

3. Portioning scenario 
100% A 26.7±7 122.7±42 14.9 86.2 11.1 2.6 0.7 
100% B 27.3±6 136.9±45 16.5 92.8 4.5 2.6 0.7 

100%  C  25.5±7 60.8±25 8.3 70.7 22.3 6.8 0.3 
50%  A, 50% B 26.9±6 127.0±43 15.4 88.9 8.5 2.5 0.7 
50%  B, 50% C 26.4±6 98.8±35 12.5 85.6 10.4 4.0 0.5 

4. Storage checking 
0%  25.9±6 67.4 ±27 8.7 64.4 23.3 6.1 0.4 
20% 25.6±6 63.4 ±26 8.5 69.9 23.2 6.7 0.3 
32% 25.5±7 60.8 ±25 8.3 70.7 22.3 6.8 0.2 

  40%  25.4±7 59.1 ±25 8.2 70.6 22.3 6.8 0.3 
60% 25.0±7 54.0 ±22 7.8 71.9 21.0 6.9 0.3 
80% 

100%  
24.7±7 
24.4±8 

48.7 ±21 
43.2 ±19 

7.3 
6.7 

72.5 
73.6 

20.2 
18.9 

7.1 
7.3 

0.3 
0.2 

*OP: opened 

 **UN: unopened 

At the same time, removing the smallest pack size from the market (i.e., the 2-

piece packs) led to a drastic increase in food waste (148%) and a moderate drop in 

packaging waste (12%) compared to the default scenario. In addition, removing the 2-

piece packs increased the amount of chicken waste produced in all the archetypes but 



significantly impacted smaller households (i.e., singles and couples with no children). 

For example, while the 4 & 6-piece scenario increased the amount of chicken waste 

produced for the AD and PP families by 50% and 93%, respectively, it almost tripled 

and quadrupled for IA couples (262%) and PP singles (372%), respectively. 

 

 

 

 

Figure 2. Influence of chicken fillets pack sizes placed on the market on the (A) weekly 

chicken waste produced and (B) the weekly packaging waste by UK household archetype. 

Simulation details: 30 replications, 80 years. The results from the scenario where only 6-

piece packs are sold are not shown in these graphs to facilitate the visualisation of more 

favorable scenarios. 
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For all archetypes, the average amount of weekly packaging waste was reduced 

when removing the 2-chicken piece-packs. For example, for 4 & 6-piece packs, the 

most significant impact was for the IA and FF couples, both with a 13% decrease, and 

the lowest for the PP family, with a 5% decrease. Removing the 2-chicken piece packs 

also led to a significant increase in the average amount of chicken purchased by 

households, with significant differences in the amount purchased each week, leading to 

a relatively high standard deviation.  

Figure 3 shows the relationship between the wasted/purchased and unfulfilled 

requirement/requirement ratios and the weekly chicken waste produced for all the UK 

household archetypes and pack size interventions investigated. The chicken 

wasted/purchased and the unfulfilled requirement/requirement ratios showed a strong 

cubic polynomial correlation (R2 = 0.95342). Therefore, a lower ratio of chicken waste 

generated over the amount purchased was generally associated with higher consumption 

unfulfilled. In addition, the most wasteful scenarios for chicken waste were associated 

with higher wasted/purchased ratios and lower unfulfilled/requirement ratios. 

In the default scenario, households' chicken waste generally came from raw 

pieces never frozen (70.7%), followed by defrosted raw pieces (22.3%), cooked pieces 

never frozen (6.8%) and, finally, defrosted cooked pieces (0.2%). For all the 

interventions, the chicken waste reduction was related to a decrease in waste from raw 

pieces. For example, in the scenario where just 2-piece packs were sold, the one 

generating the lowest amount of chicken waste, the amount of waste from raw pieces 

was 92.5% of the total amount. On the other hand, the 6-piece packs scenario, 

producing the highest amount of chicken waste, a 391% increase compared to the 

default scenario, the chicken waste from raw pieces increased to 97.8%. 



 

Figure 3. Relationship between the waste/purchase and unfulfilled/requirement rations 

and the amount of weekly chicken waste produced for all the UK household archetypes 

and pack size interventions investigated 

3.2 Intervention 2. Shelf life extension 

As expected, the chicken waste generated in British households decreased with the shelf 

life extension of opened and unopened chicken packs (see Table 3). There was a gradual 

drop in chicken waste when the shelf life of unopened packs was extended from one day 

(by 17%) to five days (by 29%). This reduction was not statistically significant (p > .05) 

due to the high standard deviation of the average weekly waste generated. For example, 

for the default scenario (i.e., no shelf life extension), the average weekly chicken waste 

generated ranged from 27.7 grammes (PP family) to 88.9 grammes (SC family) (see 

Figure 4.A). 

 

 



 

 

 

Figure 4. Influence of shelf-life extension on the chicken waste generated in UK 

households when acting in (A) unopened packs, (B) opened packs and (C) a combination 

of unopened and opened packs. 
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 The shelf-life extension of unopened packs had a more considerable effect on 

the PP archetypes. As an illustration, for the PP family, increasing the shelf life by one 

day reduced the amount of chicken waste generated by 33% and, by three days, by 43%. 

On the other hand, SC archetypes underwent little chicken waste reduction with the 

increase in unopened packs' shelf life. For example, the SC single archetype reduced the 

amount of chicken waste produced by 10% and 16% when the shelf life increased by 

one and three days, respectively. 

The extension by one day of the shelf life of opened packs reduced the amount 

of chicken waste generated in the UK average by 20% (p > .05) but had virtually no 

effect from then (see Table 3). In this case, the archetypes that responded more 

favourably to the shelf-life extension were those with more members (i.e., families) (see 

Figure 4.B). Thus, while the SC family decreased the amount of waste by 26% with a 

one-day extension, SC single decreased it by 13.5%. 

When both the unopened and the opened shelf life were extended, there was a 

substantial decrease in the amount of chicken waste generated (Fig. 4.C). Combining a 

one-day extension for unopened packs and a one-day extension for opened packs led to 

a 40.5% decrease in UK average chicken waste, while three days unopened and one-day 

opened led to a 59% reduction. The PP households had the highest decrease in waste 

generation for the intervention considering a shelf-life extension for both unopened and 

opened packs. As an illustration, the PP family decreased the amount of chicken waste 

by 68% when the shelf life was extended by one day for both opened and unopened 

packs and by 82.5% when extended +3 days unopened and 1 day opened. 

As shown in Fig. 5, the shelf-life extension decreased very slightly the amount 

of packaging waste generated (p > .05). 

 



 

 

Figure 5. Influence of shelf life extension on the packaging waste generated in UK 

households when acting in (A) unopened packs, (B) opened packs and (C) a 

combination of unopened and opened packs. 
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3.3 Intervention 3. Portioning 

The portioning scenario significantly affected the chicken waste produced (F4-45 = 6.21, 

p < .001). However, it did not considerably affect the packaging waste generated ( p > 

.05).  

Households not performing chicken portioning (i.e., 100% scenario C, the 

default) generated the least chicken and packaging waste (Table 1). Opening the 

original container for home storage had a detrimental impact on waste production due to 

increased waste from raw pieces that were never frozen. For example, when households 

portioned 100% of their packs (i.e., Scenario B), chicken and packaging waste increased 

by 125% and 7%, respectively, compared to the default scenario. 100% portioning 

(Scenario B) increased the amount of packaging waste for all the archetypes, but more 

significantly for SC archetypes, growing by 12.5% and 9% for single and the family, 

respectively and 10.3% (Fig. 6.B). 

Similarly, households not portioning but storing their chicken in Household 

containers (i.e., 100% Scenario A) increased the chicken and packaging waste produced 

by 102% and 4.5%, respectively. While opening the retail package for household 

storage increased chicken waste production for all the archetypes, the PP archetypes 

(family and single) significantly increased (Fig. 6.A). For example, the family PP 

archetype quadrupled the amount of chicken waste generated when half or all their 

packages were opened for storage and doubled when half was opened, and a half was 

left in the original packaging (i.e., 50% Scenario B and 50% Scenario C). On the other 

hand, portioning had the lowest impact on smaller households. 

 

 

 



 

 

Figure 6. Influence of portioning behaviour of chicken fillets packs on the (A) chicken 

waste produced and (B) the packaging waste by UK household archetype. Simulation 

details: 30 replications, 80 years. 

3.4 Intervention 4. Storage and shopping list checking 

As shown in Table 3, as households increased the frequency of storage checking and 

preparation of shopping lists, the amount of chicken  (p > .05) and packaging waste 

decreased  (p > .05). 

Households never checking their storage and planning their shopping trips (i.e., 0% 

checking) increased the amount of chicken and packaging waste generated by 11% and 

A 

B 



2%, respectively, compared to the default scenario, where households checked their 

storage 32% of the time (see Table 1). In contrast, households with 100% checking 

underwent a decrease in the chicken and packaging waste generated by 29% and 4.5%, 

respectively, compared to the default scenario. The reduction in chicken waste with 

household storage and shopping list checking is attributed to the general trend of waste 

from raw pieces never frozen. 

The storage and shopping list checking had a similar impact in all the household 

archetypes, but it was slightly higher in larger households (see Figure 7). However, 

smaller and larger households exhibited different trends for packaging waste due to 

their pack size preference. In smaller households (singles and couples), buying 2-piece 

packs in their shopping trips, the amount of packaging waste decreased with the 

likelihood of checking the storage as they tend to buy the exact amount of chicken they 

consume. For example, if they are planning to consume 2 chicken pieces in the next 

meal event, but they already have one 2-piece pack in storage, if they check the storage 

before the next shopping event, they will not buy any chicken. Thus, if storage checking 

is more likely, smaller households will buy fewer chicken packs. In larger households, 

however, the amount of packaging waste increased with the likelihood of checking. 

Larger households tend to buy 4-piece packs in main shop events. Thus, if they do not 

check their storage, they will tend to buy 4-piece packs, even if they have some chicken 

in storage. However, if they have an upcoming meal requirement of 4 chicken pieces 

but have 2 chicken pieces in storage and check the storage, they will adjust their 

chicken purchase amount and buy one 2-piece pack instead of a 4-piece pack. Thus, if 

larger households are prone to check their storage, they are more likely to adjust the 

purchase amount to their consumption requirements, and consequently, they will 



purchase a higher number of 2-piece packs with a lower chicken/packaging weight 

ratio.  

 

 

Figure 7. Influence of storage checking and shopping list use on the (A) chicken waste 

produced and (B) the packaging waste by UK household archetype. Simulation details: 

30 replications, 80 years 

 

4. Discussion 

In the UK, households produce around 70% of the total post-farm food waste (WRAP 

2021a). Domestic waste is linked to choices made at all the stages of the consumer 

B 
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decision-making process, namely food purchasing, storing, cooking and consuming 

(Schanes, Dobernig, and Gözet 2018). Thus, to reduce the amount of food and packaging 

waste produced at the household level, there is a need to develop and implement 

appropriate interventions to optimise specific food-packaging systems and consumer 

practices at each stage (Brennan et al. 2022; Brennan et al. 2021). For this study, the 

HHSM simulated changes to pack sizes and product life extension as examples of market 

interventions and changes in storage practices (i.e., storage checking, portioning) as 

examples of household behaviour interventions aiming to reduce food and packaging 

waste. 

Compared to the previous HHSM, which focused on modelling household food 

waste generation, the new version of the HHSM added the functionality of modelling the 

amount of domestic food packaging waste. In addition, the updated version of the HHSM 

used in this paper showcases a substantial methodological improvement by incorporating 

findings from qualitative research with households to inform and validate the model logic 

pathways to match the reality of potential household practices and behaviours (e.g., 

portioning patterns). 

The first intervention studied was the impact of the pack sizes sold in the 

supermarkets on the amount of chicken and packaging waste generated in UK 

households. A strong inverse correlation was found between the chicken and packaging 

waste generated: a decrease in packaging waste accompanied an increase in chicken waste 

and vice versa. In addition, the results illustrated how the availability of small-sized 

packaging leads to food waste reductions for smaller households. In the default scenario, 

simulated supermarkets sold all three pack sizes: 2-piece packs, 4-piece packs and 6-piece 

packs. The simulated scenarios where all the households tended to buy 2-piece packs (i.e., 

selling 2 & 6-piece packs and only 2-piece packs) reduced the amount of chicken waste 



by about 7% compared to the default scenario, while the packaging waste they produced 

increased by 12%.  

On the other hand, simulated scenarios where the 2-piece packs were eliminated 

from the supermarket (i.e., 4 & 6 pieces and 4 pieces scenarios) decreased the amount of 

plastic packaging waste by 12% as pack sizes with higher chicken/packaging weight 

ratios were purchased by the smaller household archetypes. Regarding chicken waste, the 

suppression of 2-piece chicken packs on supermarket shelves forced the households that 

require one 2-chicken-piece pack per week to purchase a 4-piece pack weekly. This 

increase in weekly purchase amount led to an increase of 148% in the amount of chicken 

waste generated in this scenario (i.e., 4 & 6-piece packs sold). 

The second intervention investigated how extensions to the shelf life of the 

chicken packs affected the amount of food waste and packaging waste 

generated.  Extending the shelf life of opened and unopened packs notably reduced the 

amount of chicken waste produced in households, mainly due to the decrease in 

household waste from raw pieces never frozen. According to the model results, this was 

the major source of household food waste, and extending the shelf life meant that 

households could store unfrozen chicken pieces longer before spoilage, reducing the 

potential for wastage. Furthermore, the chicken waste decreased significantly when the 

shelf-life extension was applied simultaneously to opened and unopened packs. As an 

illustration, extending the shelf life of an opened pack by a single day and increasing the 

shelf life of the unopened pack by three days reduced the amount of household chicken 

waste by 59%. The reduction in chicken waste due to shelf-life extensions was more 

noticeable in households purchasing higher amounts of chicken weekly, i.e., households 

with a higher number of occupants. This is to be expected to a degree, as 

sociodemographic factors, including age, household composition and size, have been 



found to influence levels of food waste (Schanes, Dobernig, and Gözet 2018; Ananda et 

al. 2021), and food waste has been found to be higher in families with higher numbers of 

children (Brennan et al. 2021; Ananda et al. 2021). The packaging waste generated when 

the shelf-life of the chicken packs was extended remained virtually constant because the 

increase in shelf-life did not impact the number of packs the household bought per week. 

The significant relationship between chicken waste and shelf-life implies that 

packaging innovations and storage and consumption behaviours that maximise chicken 

packs' shelf life are essential for reducing food and packaging wastage. For example, 

portioning the chicken packs (intervention 3) is a consumer storage behaviour that may 

reduce food waste as it involves splitting large food packs into portions that are potentially 

closer to the portion sizes required for consumption. However, the model showed that 

portioning led to more chicken waste. This may be because, in some simulated situations, 

the households opened the chicken packs and partially used them, shortening the shelf-

life of the remaining chicken pieces and decreasing the probability of consumption 

occurring before spoilage. However, it should be noted that portioning combined with 

other storage behaviours, such as a higher probability of freezing, will likely lead to a 

reduction in food waste.  

The final intervention investigated was the practice of checking household storage 

for existing products before performing a shop. Household stock management and 

forgetting to check what is in storage before shopping trips are some of the main drivers 

of domestic waste generation (Farr-Wharton, Foth, and Choi 2014). Prior studies argued 

that planned shopping could reduce food waste resulting from inadequate planning of 

quantities to buy, frequent random purchasing of goods and subsequent spoilage of excess 

food (Tucker and Farrelly 2016). In our simulation to assess the impact of such checking 

behaviours, a lower amount of chicken waste was generated when storage checking was 



conducted as purchased amounts were adapted to what was already in storage, but it was 

not statistically significant. These results agree with Ananda et al. (2021); they did not 

find that grocery planning practices, such as household storage, have a statistically 

significant effect on food waste. The simulation results of storage checking practices draw 

attention again to the significance of pack size availability and the packaging waste 

produced in households. Surprisingly, smaller and larger households displayed inverse 

trends when checking storage. Smaller households bought fewer chicken packs when 

checking their storage; thus, they generated less packaging waste. Larger households, 

however, produced a greater amount of packaging waste when they checked their storage. 

For larger households, checking the storage implies a higher probability of purchasing 

smaller chicken/packaging waste packs  (e.g., 2-piece packs) than they would normally 

buy, leading to increased packaging waste. 

4.1 Implications for researchers, the food industry and policymakers 

(Greenwood et al. 2021; Ellen MacArthur Foundation 2016; 'Directive 2008/98/EC of the 

European Parliament and of the Council OJ L 312 22.11.2008, p. 3 of 19 November 2008 

on Waste and Repealing Certain Directives' 2008)('Directive 2008/98/EC of the European 

Parliament and of the Council OJ L 312 22.11.2008, p. 3 of 19 November 2008 on Waste 

and Repealing Certain Directives' 2008; Ellen MacArthur Foundation 2016; Greenwood 

et al. 2021)(Greenwood et al. 2021; Ellen MacArthur Foundation 2016; 'Directive 

2008/98/EC of the European Parliament and of the Council OJ L 312 22.11.2008, p. 3 of 

19 November 2008 on Waste and Repealing Certain Directives' 2008)('Directive 

2008/98/EC of the European Parliament and of the Council OJ L 312 22.11.2008, p. 3 of 

19 November 2008 on Waste and Repealing Certain Directives' 2008; Ellen MacArthur 

Foundation 2016; Greenwood et al. 2021)(Greenwood et al. 2021; Ellen MacArthur 

Foundation 2016; 'Directive 2008/98/EC of the European Parliament and of the Council 



OJ L 312 22.11.2008, p. 3 of 19 November 2008 on Waste and Repealing Certain 

Directives' 2008)('Directive 2008/98/EC of the European Parliament and of the Council 

OJ L 312 22.11.2008, p. 3 of 19 November 2008 on Waste and Repealing Certain 

Directives' 2008; Ellen MacArthur Foundation 2016; Greenwood et al. 2021)(Greenwood 

et al. 2021; Ellen MacArthur Foundation 2016; 'Directive 2008/98/EC of the European 

Parliament and of the Council OJ L 312 22.11.2008, p. 3 of 19 November 2008 on Waste 

and Repealing Certain Directives' 2008)('Directive 2008/98/EC of the European 

Parliament and of the Council OJ L 312 22.11.2008, p. 3 of 19 November 2008 on Waste 

and Repealing Certain Directives' 2008; Ellen MacArthur Foundation 2016; Greenwood 

et al. 2021)The four interventions investigated in this paper highlighted how packaging 

innovations are key in reducing household chicken waste by addressing some of the root 

causes of domestic food waste production. These include product shelf life, labelling and 

portion sizes ('Directive 2008/98/EC of the European Parliament and of the Council OJ 

L 312 22.11.2008, p. 3 of 19 November 2008 on Waste and Repealing Certain Directives' 

2008; Ellen MacArthur Foundation 2016; Greenwood et al. 2021). In this paper, 

interventions 2 (shelf life extension) and 3 (portioning) demonstrated how packaging 

innovations aiming to extend the shelf life of food products could potentially reduce 

household food waste. In addition, interventions 1 (pack sizes availability) and 4 (storage 

checking by households) highlighted how appropriate pack sizing could lower household 

food and packaging waste. The model showed that using smaller packages could reduce 

the amount of chicken waste and increase the amount of plastic packaging generated. It 

can be argued, therefore, that food waste causes a greater economic, environmental and 

societal burden than packaging waste; thus, food waste reduction should be prioritised. 

However, researchers, the food industry, and policymakers should adopt a holistic 

strategy to address food and packaging waste streams to achieve more sustainable 



development and move towards a more circular economy. Therefore, research and 

application of novel packaging technologies aiming to extend food shelf life and open life 

should be encouraged, alongside actions to move future developments in packaging 

systems towards higher levels of the waste hierarchy (e.g., reduce, reuse and recycle) 

(Greenwood et al. 2021; Ellen MacArthur Foundation 2016; 'Directive 2008/98/EC of the 

European Parliament and of the Council OJ L 312 22.11.2008, p. 3 of 19 November 2008 

on Waste and Repealing Certain Directives' 2008). For example, a potential scenario 

could represent a supermarket butcher counter selling a custom chicken amount in 

modified atmosphere packaging or vacuum packaging that can be resealed or repacked at 

home without impacting shelf life after opening (e.g., vacuum packaging).  Nevertheless, 

it should be acknowledged that this solution is very rare in current practice. However, 

considering this intervention as a policy option, it is possible to understand how the model 

effectively identifies policies among a range of policy options with varied and complex 

trade-offs between policy goals.  

Additionally, to help reduce the amount of raw chicken wasted, packaging design 

innovations, such as portion-size packaging or packaging labeling providing better 

storage and freezing instructions on the packaging, would be beneficial as they could 

encourage consumers to store and use their chicken more effectively. 

The model also showed that chicken and packaging waste increased when the 

weekly purchase amount considerably surpassed the weekly consumption requirement. 

As a result, the food industry should consider implementing retail changes that discourage 

overbuying to reduce waste. 



4.2 Implications for consumer behaviour 

The findings from the model indicate that consumer habits such as purchasing, storage, 

consumption, and planning impacted the amount of household food and packaging 

waste generated from chicken fillets. Addressing these drivers at the consumer level in 

conjunction with measures implemented at the retail level is necessary to reduce waste 

effectively. This approach requires a comprehensive understanding of the complex 

relationships between these drivers. Notably, most food waste associated with chicken 

breasts arises from the same sources, such as raw pieces that are never frozen, raw 

pieces that are defrosted, and leftovers, and interventions must focus on education and 

awareness-raising efforts to tackle these. For instance, measures targeted at consumers 

could promote best planning and stock management practices, such as writing shopping 

lists, portion control, using leftovers, freezing food, and maintaining the fridge at an 

optimal temperature. To encourage these behaviors, comprehensive campaigns, such as 

Love Food Hate Waste in the UK (WRAP 2023b), education campaigns (Pinto et al. 

2018), and technology (Cappelletti et al. 2022), can be employed. The HHSM model 

can be a valuable tool in designing and assessing the effectiveness of these measures 

5. Conclusion 

This paper demonstrates the wider capabilities of the new HHSM model and its 

potential to provide valuable insights into the complex dynamics of domestic food and 

packaging waste generation by simulating the interlinked stages of the consumer 

decision-making process. By simulating various retail and household scenarios in the 

chicken HHSM, this study highlights interventions that target both the food industry 

and households' behaviour to reduce the amount of food and packaging waste generated 

in households.  

The results obtained from the HHSM show that packaging innovations can 

considerably impact the amount of domestic waste generated. In particular, shelf life 



and pack size are the key parameters that affect waste generated in British households. 

For example, combining shelf life extension for opened and unopened packs can 

significantly reduce food waste (59%) due to reduced raw chicken pieces wasted. 

Furthermore, implementing packaging innovations aiming to extend product shelf life 

by encouraging certain household behaviours, such as portioning and freezing, could 

lead to further reduced food waste. 

When the influence of the available pack sizes on the market was studied, a 

strong negative correlation was found between food and packaging waste. Encouraging 

households to purchase smaller pack sizes can reduce chicken waste by approximately 

7%, as in this pack size scenario, they were more likely to consume the full amount of 

chicken in the pack before the used-by date. However, this intervention also increases 

packaging waste by around 12% due to smaller packs' lower chicken-to-packaging 

weight ratios. The pack size intervention also correlates with household behaviours. 

While increasing the likelihood of checking the storage before visiting the supermarket 

by 100% of the time can decrease chicken waste by 29%, it increases packaging waste 

slightly, by 4.5%, due to an adjustment in purchase amounts to actual consumption 

requirements. Thus, promoting household planning should also be addressed with 

complementary actions, such as implementing sustainable packaging innovations. 

In future HHSM research, additional parameters impacting domestic waste 

generation could be incorporated. For example, it could be valuable to include 

household expenditure, the impact of supermarket promotions on customers' decision-

making or the simulation of food waste generation due to overcooking or personal 

preferences (such as removing connective tissue from chicken fillets before cooking). 

Additionally, further qualitative research could deepen the understanding of household 

dynamics and improve the model's accuracy in simulating waste generation. 



Furthermore, the HHSM could be utilised to study the impact of different waste 

reduction interventions on various environmental and economic factors and expand its 

analysis to include the entire food supply chain. By exploring the impacts of the 

potential interventions with a more holistic approach, the HHSM could provide even 

more valuable insights into the most effective strategies for reducing food and 

packaging waste at all levels of the supply chain. 
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APPENDIX A. INPUT VARIABLES IN THE MODEL 

 

Table A1. Description of the variables for the chicken HHSM Model setup module and default values used for this research paper 

ID Parameter Type Default value Description and reference 

1.1a Fridge unopened shelf life Input TRIA(2, 5.2, 9)* Determined by storage location (counter, fridge or counter) and if the package 

is opened or unopened. Default parameters sourced by FSA (2021; 2016), FDF 

(2017) and WRAP (2019) 

 

 

*This variable are input as triangular distributions with lower limit=2, upper 

limit=9 and mode=5.2 

1.1b Fridge opened shelf life Input 3 days 

1.1c Freezer unopened shelf life Input 120 days 

1.1d Freezer opened shelf life Input 120 days 

1.1e On counter shelf life Constant 1 day 

1.1f Defrosted shelf life Constant 1 day 

 

1.2 

 

Days of consumption after BBD 

 

Constant 

5 

 

0 

Number of days after their shelf life the chicken is consumed. Chicken might 

be safe to consume after its shelf life; thus some consumers would be willing 

to consume it after an organoleptic assessment 

 

1.3 

 

Packaging system type 

 

Constant 

 

100% disposable 

packaging 

The model can simulate the use of three packaging retailing systems: (1) the use 

of regular disposable packaging, (2) a returnable system and (3) refillable 

system. For this research just disposable packaging is investigated 

 

1.4 

 

Packaging type shelf life modifier 

 

Constant 

 

TRIA(2, 5.2, 9) 

The variable refers to packaging type modifying the food products' shelf life. 

For this research, just one type was investigated: disposable packaging (same as 

variable 1.1a) 

 

1.5 

 

Number of HH containers by size 

 

Constant 

Small: 25 units 

Large: 25 units 

Number of containers (e.g., Tupperware®) a given HH owns. An arbitrarily high 

value was assigned that guaranteed HHs can use as many containers as required. 

The study of the HH containers is beyond the scope of this investigation 

 

1.6 

 

HH containers lifespan 

 

Constant 

 

500 

Number of times a HH container can be reused within the household before 

disposal. An arbitrarily high value was assigned 

 

1.7 

 

HH containers weight 

 

Constant 

Small: 35 g 

Large: 60 g 

Weight of the HH containers in grammes of plastic. 

 

1.8 

 

HH containers emptying preference 

 

Constant 

 

50% 

Two modelling options were considered for new HH containers required by the 

HH: (1) containers already in use (e.g., containing chicken) are emptied, washed 

and reused (2) new containers are incorporated into the system for new use. The 

variable represents the percentage of emptied HH containers over the percentage 

of new HH containers 

1.9 HH container EOL destination Constant 50% Plastic waste from HH container end-of-life destination: to recycling over 

residual waste (%) (WRAP 2021b) 

1.10 Food waste EOL destination Constant 47% Food waste destination: composting over residual waste (%) (WRAP 2022b)  



APPENDIX A. INPUT VARIABLES IN THE MODEL 

 

Table A2. Description of the variables for the chicken HHSM Market module and default values used for this research paper 

ID Parameter Type Default value Description and reference 

2.1 Stock replenishment Input  Stock replenishment in the supermarket for each replenishment cycle. An 

arbitrarily high value was assigned that guaranteed HHs can buy as many 

chicken packs as required. 
2-piece packs 10 packs/cycle 

4-piece packs 10  packs/cycle 

6-piece packs 10  packs/cycle 

2.2 Packs replenishment rate Constant 1 day Stock replenishment frequency. 1 day=daily. An arbitrarily high replenishment 

rate was assumed to guarantee stock was always available on the supermarket 

2.3 Pack cost to retailer Constant  The cost study of the retailer is beyond the scope of this paper 

2-piece packs - 

4-piece packs - 

6-piece packs - 

2.4 Pack cost to consumer Constant  The pack price to the consumer was sourced from online supermarkets on 

23/09/2022 (Cracknell 2022). The prices were verified using the living costs and 

food survey data (Defra 2020). However, the cost study to the consumer is 

beyond the scope of this paper 

2-piece packs £2.49 

4-piece packs £4.63 

6-piece packs £6.75 

2.5 Pack reduced price to consumer Constant  The price of the packs can be reduced when moved from the supermarket's 

normal fridge to the short-life fridge. The study of this operation is beyond the 

work of this paper  
 2-piece packs £2.35 

 4-piece packs £3.10 

 6-piece packs £4.40 

2.6 Pack standard price duration Constant  

0 days 

Standard price duration of the pack before moving to the short-life fridge and 

reducing the price. The impact of this variable on waste was not studied in this 

research 

2.7  Pack reduced price duration  

Constant 

 

0 days 

Reduced price duration of the pack before disposal by the supermarket. As 

variable 2.6, the impact of this variable on waste was not studied in this research 

 

 



APPENDIX A. INPUT VARIABLES IN THE MODEL 

 

Table A3. Description of the variables for the chicken HHSM Purchasing module and default values used for this research paper 

ID Parameter Type Default value Description and reference 

 

3.1 

 

Household storage check 

 

Input 

 

32% 

Likelihood of HH checking storage before purchasing. The impact of this 

variable on the food and packaging waste generated was investigated by 

selecting different input values.  

3.2 Main shop trip details Constant  

 

Details about the main shop carried out by the HH, including (1) a switch to 

activate/deactivate the variable, (2) shopping frequency, (3) maximum number 

of trips during the simulation, (4) number of pieces purchased per trip for each 

HH archetype and (5) the likelihood of forgetting to purchase the pack. The 

source for the average purchase/person and the duration of purchase was the 

Living Cost and Food Survey data (Department for Environment 2019) 

AD family, SC One Child and PP family purchased 4 chicken pieces per 

shopping trip. The rest of archetypes bought 2 chicken pieces per shopping trip 

 Switch On/Off  On 

 Frequency  1 trip/week 

 Maximum number of trips  9999 trips 

 Pieces purchase per trip  By archetype 

 Forget purchasing   0% 

3.3 Random shopping trips details Constant  Details about random shopping trips carried out by the HH. This variable is 

switched off for the present study.  
Switch On/Off Off 

Frequency - 

Maximum number of trips - 

Pieces purchase per trip - 

3.4 Top-up shopping trips details Constant  Details about top-up shopping trips carried out by the HH. This variable is 

switched off for the present study.   Switch On/Off Off 

Frequency - 

Maximum number of trips - 

Pieces purchase per trip - 

3.5 

 

Special occasion trips details Constant  Details about special occasions shopping trips carried out by the HH. This 

variable is switched off for the present study.   

 Switch On/Off Off 

 Frequency - 

 Maximum number of trips - 

 Pieces purchase per trip - 

3.6 Preference for longer shelf life Constant On HH's preference for purchasing the longest shelf life products available.        

 



APPENDIX A. INPUT VARIABLES IN THE MODEL 

 

Table A4. Description of the variables for the chicken HHSM Storing module and default values used for this research paper 

ID Parameter Type Default value Description and reference 
 

4.1 

 

Portioning. Switch On/Off 
 

Input 
 

Off 
When this variable is On, the HH portions the packs purchased in smaller 

rations to divide its consumption for different meal events  

4.2 Portioning ratio for 6-piece packs Constant 
 

 
Portioning pattern for HH when buying 6-piece packs. Three portioning 

options were considered: (1) two HH containers containing 3 pieces each, 

(2) two HH containers: 1 piece in one container and 5 pieces in the other 

and (3) two HH containers: 2 pieces in one container and 4 in the other.       

 Two containers: 3 pieces each  50% 

 Two containers: 1 piece – 5 pieces  25% 

 Two containers: 2 pieces – 4 pieces  25% 

4.3 Portioning ratio for 4-piece packs Constant  Portioning pattern for HH when buying 4-piece packs. Two portioning 

options were considered: (1) two HH containers containing 2 pieces each, 

(2) two HH containers: 1 piece in one container and 3 pieces in the other.  
Two containers: 2 pieces each 50% 

Two containers: 1 piece – 3 pieces 50% 

4.4 Portioning scenario Input  The model considers three portioning scenarios: (A) not portioning, but the 

HH uses HHC when storing the product, (B) portioning using different 

options (see variable 4.5), and (C) not portioning and keeping the retail 

packaging. The default scenario considers 100% scenario C.   

A. Not portioning, but using HHC 0% 

B. Portioning 0% 

C. Not portioning 100% 
 

4.5 

 

Portioning splitting in a HHC 
 

Input 
 

0% 
For the portioning scenario B, the likelihood of splitting portioning in HHC 

over the original retail packaging.   
 

4.6 

 

Storage of remaining raw pieces in a HHC 
 

Constant 
 

100% 
Storage probability of raw pieces from packs that have been partially 

consumed.  

4.7 Storage location of unopened packs Constant By archetype Probability of storage location of unopened packs by HH archetype. AD 

family, 25% freezer and 75% fridge; FF archetypes, 31% freezer and 69% 

fridge; SC archetypes, 36% freezer and 64% fridge; IA couple, 33% freezer 

and 67% fridge; PP archetypes, 33% freezer, 67% fridge.       

 
Freezer 

 
 

 
Fridge 

 
 

 
Counter 

 
 

4.8 Storage location of portioned packs Constant By archetype Probability of storage location of portioned packs by HH archetype. This 

variable takes the same values as Variable 4.7.  
 

Freezer 
 

 
 

Fridge 
 

 
 

Counter 
 

 

4.9 Leftovers freezing Constant 50% Probability of leftovers freezing.  

4.10 Freezing. Switch On/Off Constant On Switch to activate/deactivate the freezing of chicken in the HH 

4.11 Storage capacity Constant  Storage capacity in the HH obtained by empirical work observations. 

(Pickering 2022a; Pickering 2022b) 
 

Freezer 
 

25 pieces 
 

Fridge 
 

25 pieces 
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 Table A5. Description of the variables for the chicken HHSM Consumption module and default values used for this research paper 

ID Parameter Type Default value Description and reference 

5.1 Number of people in the HH Constant By archetype The number of people living in a HH. This variable is constant for each HH 

archetype which varies in the number of occupants, age of occupants, shopping 

habits and behaviours towards food  (WRAP, 2022). AD family, 2 adults and 2 

children; FF single, 1 adult; FF couple, 2 adults; SC single, one adult; SC couple 

with one child, 2 adults and 1 child; IA couple, 2 adults; PP family, 2 adults and 

2 teenagers; PP family, 2 adults and 1 teenager.       

Adults  

Teenagers  

Children  

5.2 Chicken pieces consumed per meal 

event 

Constant  Number of pieces eaten per person in the HH per meal event (Public Health 

England, 2016) 

Adults 0.50 pieces/meal 

Teenagers 0.40 pieces/meal 

Children 0.30 pieces/meal 

5.3 Consume first opened packs. 

Switch On/Off 

Constant On When 'On' the HH prioritises consuming the pieces in opened packs before 

opening new, unopened packs for new mean events (Pickering, 2022a, 2022b) 

5.4 Leftovers consumption 

Switch On/Off 

Constant On When 'On' the HH consumes leftovers  

5.5 Leftovers instant disposal Constant 13% Likelihood the HH dispose of the leftovers after a meal event 
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Table A6. Description of the variables for the chicken HHSM Consumption module and default values used for this research paper. 

Postconsumption-related variables 

ID Parameter Type Default value Description and reference 

 

5.6 

Storage of cooked chicken 

previously stored on counter  

Constant 

  

Storage destination probability of cooked chicken leftovers or from batch 

cooking that was stored on the counter before cooking. 

 

Freezer 75% 

Fridge 25% 

 

5.7 

Storage of raw chicken previously 

stored on counter  

Constant 

 
 

Storage destination probability of raw chicken leftovers or from batch 

cooking that was stored on the counter before cooking. 

 

Freezer 75% 

Fridge 25% 

 

5.8 

Storage of cooked chicken 

previously stored in the fridge 
Constant 

 

 

 

Storage destination probability of cooked chicken leftovers or from batch 

cooking that was stored in the fridge before cooking. 

 

 Freezer  75% 

 Fridge  25% 

 

5.9 

Storage of raw chicken previously 

stored in the fridge 
Constant  

 

Storage destination probability of raw chicken leftovers or from batch 

cooking that was stored in the fridge before cooking. 

 

 Freezer  75% 

 Fridge  25% 

 

5.10 

Storage of cooked chicken 

previously stored in the freezer 

 

Constant 

 

13% 
Storage destination probability of cooked chicken leftovers or from batch 

cooking that was stored in the freezer before cooking. 

 
 Freezer  0% 

 Fridge  100% 

 

5.11 
Amount of chicken consumed Constant  Amount of chicken consumed per meal event for each person in the 

household. The amount is randomly selected from a triangular function 

with a lower limit, mode and upper limit chosen using data from the NDNS 

(Public Health England 2016) 

 Adults  TRIA(5, 97.1, 578) 

 Teenagers  TRIA(12, 89.3, 940) 

 Children  TRIA(2, 46.7, 270) 

5.12 Meal event frequency  1 event/4 days Number of meal events per 4-day period (Public Health England 2016) 
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Table A7. Description of the variables for the chicken HHSM Expiry module and default values used for this research paper 

ID Parameter Type Default value Description and reference 

6.1 Expiry check conditions Constant  

 

Switch for HHs to check the expiry conditions of the chicken packs and 

the frequency of expiry date checking in all the storage locations.  

Switch On/Off On 

Frequency Daily 

6.2 Packs in storage after shelf life Constant   

The number of days chicken packs are kept in storage after their shelf 

life in the different storage locations.  
Freezer 0 days 

Fridge 0 days 

Counter 0 days 

6.3 Checking if a pack is near to end of its life Constant   

Switch for HHs to check if the raw and cooked chicken are near the 

end of their shelf life. In addition, it specifies the time in advance before 

expiry the HHs check the shelf life of the food items 

 

 Raw pieces switch On/Off  On 

 Cooked pieces switch On/Off  On 

 Time in advance checking before end 

of shelf life 

 1 day 

6.4 Action taken if a pack is near the end of its life Constant  

 

Probability of the action taken if pack is near its end of life 

 

 Cook all the pieces  25% 

 Freeze all the pieces  25% 

 Do nothing  50% 

6.5 Disposable packaging weight  Constant  

 

Disposable packaging weight in grammes of plastic (Valpak 2022) 

 2-piece pack  15.76 g 

 4-piece pack  20.10 g 

 6-piece pack  25 g 

6.5 Disposable packaging recycling rate Constant 90% Disposable packaging recycling rate over residual 
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Figure B1. Simulation length influence on the simulated chicken waste generated per week 

(g). Comparison with the figure obtained from the literature (60.4 grammes). Simulation 

details: 80 years, 30 replications 

 

Figure B2. Number of reps influence on the simulated chicken waste generated per 

week (g).  Comparison with the figure obtained from the literature (60.4 grammes). 

Simulation details: 80 years, 30 replications 

 



 

 


