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[bookmark: _Toc164367291]Introduction

In the current global landscape, the issue of food waste continues to be a multifaceted problem. Globally it is estimated that one-third of food production is sent to landfill each year, or around 1.3 billion tonnes (Mahroof & Sivarajah 2021).  This has far-reaching implications on the environment, economy, food insecurity, wastage of edible food, and strain on waste management systems. Cordingley et al. 2011 estimate that schools are some of the biggest producers of food waste with over 80,000 tonnes of food wasted per year in England alone. 

While the problem of food waste is daunting, it also presents an opportunity. Reducing food waste can yield significant benefits, including improved food security, reduced greenhouse gas emissions, and substantial financial savings and it offers a tangible way to combat climate change. However, achieving this requires substantial investment in innovation, technologies, and infrastructure. A potential strategy for mitigating this waste could include the small but mighty earthworm.

The adoption of vermicomposting in educational settings represents a significant stride towards instilling the principles of environmental sustainability and responsible waste management among students. Vermicomposting, the process of utilizing earthworms to convert organic waste into nutrient-rich compost, serves as an effective, eco-friendly, and cost-efficient method of managing waste (Malik 2020). It not only reduces the volume of waste that would otherwise end up in landfills but also produces a valuable end product that can be used to enrich the soil in school gardens. (Riggle 1998 & Libutti et al. 2023). Moreover, the integration of vermicomposting into the school curriculum provides a hands-on, experiential learning opportunity for students to understand the principles of ecology, biology, and environmental science. This practice fosters a sense of environmental stewardship among students, encouraging them to participate actively in sustainable practices (Mariam et al. 2022 & Nguyen et al. 2023). Therefore, the implementation of vermicomposting in schools holds considerable promise for promoting environmental education and sustainability.

This research will explore the potential of integrating vermiculture systems, specifically wormeries, into primary schools. The dual purpose of this initiative is to facilitate the recycling of food waste originating from the school cafeteria and to act as a stimulus for the instigation of pro-environmental attitudes and behavioural changes. 



[bookmark: _Toc164367292]Aim
A pedogeological study to reduce carbon emissions from food waste and insight behaviour change and work towards the decarbonisation of the whole school.

[bookmark: _Toc164367293]Objectives
•	Reduce carbon emissions from food waste being taken away from school sites within an academic year.
•	Create a field-to-fork food cycle within school grounds using a wormery. 
•	Quantify the likelihood of sustained behaviour change long-term amongst the wider community through the use of a survey, focus groups and workshops.


[bookmark: _Toc164367294]Literature Review

Existing literature pertinent to this subject matter has been meticulously scrutinised and systematically classified into three distinct domains: Vermiculture and 
Environmental Management, Waste Management, and Pro-Environmental Attitudes and Behavioural Change. Despite each domain being analysed and compartmentalised into its respective sub-categories, it is imperative to note that they are all interconnected in an intricate web of relationships. This interconnectivity highlights the complexity and multifaceted nature of the subject at hand.

[bookmark: _Toc164367295]Vermiculture and environmental management
Soil erosion constitutes a global threat, necessitating prompt interventions to mitigate the decline of ecosystem services. Soil takes an extremely long time to form, studies suggest that only 0.04mm of soil is created from bedrock per year, which is about the width of a human hair. Therefore, different land management practices are needed in order to mitigate these losses. Methods such as cover cropping and contour cultivation can extend the lifespan of topsoil. (Evans et al. 2020)
Baveye et al. 2020 echo the importance of focusing efforts on improving soil organic matter that is often depleted after particularly heavy rainfall events, which are now becoming more commonplace due to climate change (Kendon et al. 2023). The erosion of the soil from this increased rainfall is a serious threat to global socioeconomic development, and food production, and contributes to poverty in certain regions of the world (Golkarian et al. 2023). 

The health of soil is largely determined by the level of microbial activity, with earthworms contributing significantly to the enhancement of enzyme activities that support the decomposition of substrates containing carbon and nitrogen. The combination of old root channels, earthworm burrows and their activity greatly increase the plethora of microbes, mites, protozoa, fungi and other enzymes in the soil (Hoang et al. 2016). Earthworms are capable of increasing the porosity and fertility of agricultural soil through their natural activity thus they are an indicator of the general health of soil. Worms also possess a unique sensitivity to changes in soil quality and other environmental factors. This ability allows them to serve as indicators of toxic exposure in soil and water (Ray 2019).

Vermicomposting is primarily concerned with the use of epigeic worms as they are the most efficient in converting food waste into vermicompost. Anecic worms however are capable of processing food waste and also aid in the aeration of the soil by creating an effective drilosphere. Earthworms redistribute crop residue to lower soil horizons, providing macropores for root growth, increasing water infiltration, enhancing soil quality and organic matter, and stimulating nitrogen cycling (Malik 2020).

The generation and safe disposal of organic waste is a pressing global issue. At the same time, the restoration of deteriorated soils through topsoil conservation and the sustainability of fertile soils are of significant international concern. Solutions lie in enriching the soil with high-quality organic additives improving the soil’s ability to retain water and supply nutrients and also promoting the development of plant resistance to pests and diseases. Adding earthworm castings to kitchen waste composting reduces ammonia, methane and nitrous oxide gas emissions and improves compost maturity. The addition of earthworm castings and kitchen waste to compost could shorten the composting period and reduce labour and operating costs for producing compost. (Hwang et al. 2022)
Soil amended with vermicompost significantly improves the growth of plants compared with the use of inorganic fertilisers and commercially bought compost (Riggle 1998 & Libutti et al. 2023). Furthermore El-Shaieny et al. 2022 found that the combination of compost tea and vermicompost tea as fertiliser improve the growth, yield and quality of crops. Amending soils with vermicompost has also been shown to reduce the uptake of heavy metals in soils (Ana Yasinta et al. 2018). 

Earthworms are not only proficient in rapidly processing food and animal waste, but they also possess the ability to purify soils. Research into soil bioremediation has revealed that regardless of the type of contaminant, a symbiotic relationship is established among plants, earthworms, and microbes, which mutually stimulate each other even during soil decontamination processes. This highlights the significant role of earthworms in maintaining soil health and contributing to environmental sustainability. (Tagliabue et al. 2023 & Riwandi et al. 2022).

[bookmark: _Toc164367296]Waste Management
Globally it is estimated that one-third of food production is sent to landfill each year, or around 1.3 billion tonnes (UNEP, 2024). As this food waste decomposes it emits methane which accounts for around one-quarter of greenhouse gas emissions, 6% of total global emissions (Ritchie 2020). 
The United Nations realise the severity of this issue and has ensured that Sustainable Development Goal 12 calls for Responsible Consumption and Production. Specifically target 12.3 - By 2030, halve per capita global food waste at the retail and consumer levels and reduce food losses along production and supply chains, including post-harvest losses (United Nations, 2015). 

Despite Wales being one of the world’s top recycling nations, offering an efficient curb side food waste collection service, it is noteworthy that food waste still comprises a quarter of the average refuse bin’s contents. This highlights a significant discrepancy between the nation’s waste management efforts and the persistent issue of food waste (WRAP Cymru 2024). When it comes to tackling problems such as this, it is important to note that the perceived benefits and inconveniences are the main factors influencing these behaviours and also having the right tools and knowledge to recycle or compost (Nguyen et al. 2022). Research has shown that vermicomposting may be a viable and a very low-cost option to handle organic waste in an eco-friendly way, particularly in developing countries where often food waste is sent to landfills or processed by unregulated burning (Ali et al. 2015 & Girotto & Cossu 2019).

Household food waste accounts for the largest share of total food waste globally, followed closely by the supply chain. Most commonly wasted foods are fresh fruit and vegetables followed by dairy and frozen food. One of the most common reasons for this was the overprovisioning of food there are also issues around confusion of best before and use by dates. (Ananda et al. 2022). Interventions that focus on education/information giving on dates, what they mean and also how to store food properly to ensure the longevity and freshness of the food have been successful in reducing waste. Cropley et al. 2022 found that the use of the “Wasteogram” (using photographs for recording food waste) was a far superior metric than the traditional self-reporting method. 

Waitt & Rankin (2022) Found that Individuals engaged in composting activities undergo an enhanced awareness as ecological citizens. Composting fostered a deeper understanding of their role within the environmental ecosystem, thereby cultivating a more profound sense of environmental stewardship and responsibility. This heightened consciousness is a testament to the transformative potential of active participation in sustainable practices such as composting.

Globally the most common practice used to process organic waste is by incineration or landfill. Various studies have shown that vermicomposting is far more efficient and better for the environment than the current status quo. (Hoang et al. 2016, Yatoo et al. 2020 & Sinha et al. 2022). Employing the use of vermicomposting to process organic waste at the site of generation should be integral in waste management protocols. This approach not only diminishes the financial burden associated with transportation of waste and reduces the potential for disease transmission, but it also lessens the demand for landfill sites. Vermicomposting plays a significant role in decreasing greenhouse gas emissions, alleviating contamination of surface and groundwater, and concurrently produces an organic fertilizer that can function as a soil amendment. This array of advantages emphasises the critical role of vermicomposting in the implementation of sustainable waste management practices. Some countries that don’t have established waste facilities adopt uncontrolled burning. Vermicomposting is used in many countries, but this is usually limited to small scale use rather than large municipal processing. (Yatoo et al. 2020). Furlong et al. (2017) recommend that further research is undertaken to investigate the potential for using vermiculture in emerging economies such as China, and low-to middle-income nations where there is a potential for large scale vermicomposting technologies to process organic waste. 

Sinha et al. 2022 conclude that the use of vermiculture is highly efficient at processing community organic waste and can be used as a way to relieve some pressure on municipal waste. Vermicomposting can be done at an industrial scale due to the efficiency of worms in processing up to half of their body weight in a day. At an industrial scale and at peak performance vermiculture can produce thousands of tonnes of vermicasts and worms per month. This can generate revenue but more importantly, prevent food waste from going into landfill or incineration. It reduces greenhouse gasses and also the risks of land and water contamination. 

[bookmark: _Toc164367297]Pro-Environmental Attitudes and Behavioural Change
A study of food waste in primary schools in Italy assessed the impact of an awareness session into the negative consequences of food waste on the environment. It found that although it did raise awareness of the issue it was not enough to influence behaviour change. What did seem to have more influence on the pupils’ choices and behaviour was that of social influence of their peers through the direct observation of their actions.  This underscores the necessity for a more focused, comprehensive school strategy to address the issue of food waste. This strategy would comprise a mixed-methods approach, incorporating practical activities, peer-to-peer learning, and promotional assemblies. This holistic approach aims to foster a culture of waste reduction and sustainability within the educational environment (PIRAS et al. 2023).

Research examining individuals’ environmental values and pro-environmental behaviour change among individuals from low socioeconomic backgrounds revealed that they exhibited reduced concern regarding environmental issues. However, there was evidence of heightened consideration for future generations. Consequently, the study concludes that early education and targeted behaviour change interventions during formative years can cultivate favourable pro-environmental behaviour among some of the most economically disadvantaged citizens. Respondents found it difficult to adopt pro-environmental behaviour if they could not see a direct benefit to them and their families. However, it did note the importance that the younger generation can play in educating the older generation. There is scope for intergenerational activities promoting pro-environmental behaviour change, but there are limitations when it comes to reducing car use or energy consumption (Ahmat Zainuri et al. 2022).
Education for Sustainable Development (ESD) is one of the United Nations Sustainable Development Goals. Target 4.7 states that by 2030, all learners acquire the knowledge and skills needed to promote sustainable development (United Nations 2015). Although Environmental Education is being taught globally, the effectiveness of these interventions is mixed. Researchers found that Nature-Based Environmental Education increased environmental attitudes by up to 9% compared with traditional classroom-based teaching (Collado et al 2020. Cincera & Krajhanzl 2013) found that membership in the eco-school’s team fostered positive action among young people. 

The Motivation Opportunities and Ability (MOA) framework highlights the importance of motivation as a driver of behaviour change. Siemsen et al. 2007 take this further by studying the likelihood of knowledge sharing behaviour amongst work colleagues and found that the implementation of the Constraining Factor Model sought to find the constraints preventing people from sharing knowledge. This framework could be adapted and used in a classroom setting or as a whole school approach to explore what would be the barriers to knowledge sharing amongst pupils when it comes to environmental education or interventions. 
When exploring the reasons behind food waste Vittuari et al. 2023 found that using behavioural models such as the Theory of Planned Behaviour (TPB) and Motivation Opportunity and Ability (MOA) frameworks are useful however for more robust evidence they recommend the use of a more specific theoretical framework dedicated to researching the drivers behind food waste. This highlights a clear gap in research that could be used as a whole package of interventions. 

Pedagogical strategies aimed at mitigating food waste have demonstrated efficacy when they adopt a holistic approach and actively engage students in the process of data collection and analysis, as opposed to merely disseminating information in a one-off assembly. The incorporation of students’ own ideas and strategies to curtail food waste has been observed to enhance the success rate of these interventions. This approach not only fosters a sense of ownership and responsibility among the students but also encourages innovative problem-solving and critical thinking skills, thereby contributing to the overall effectiveness of the intervention. (Mariam et al. 2022 & Nguyen et al. 2023). Research by Derqui et al. 2018 further posits taking a whole-school approach to tackling plate waste in schools, stating the importance of involving teachers, headteachers, kitchen staff and canteen supervisors in facilitating, designing and implementing waste minimisation interventions. 

The Eco-Schools initiative is an international programme orchestrated by the Foundation for Environmental Education (FEE). This programme engages students in a variety of activities in the classroom, school, and community, with the objective of enhancing the environmental management of schools (Eco-Schools 2023).
Cincera & Krajhanzl (2013) found that membership in the eco-school’s team fostered positive action among young people. 

Within this literature review, it is clear that there is a substantial body of research on each of these subsections. However, there appear to be gaps in the interconnections, particularly in the context of implementing vermicomposting within educational settings as a strategy to manage the food waste generated from school canteens and how to influence pro-environmental attitudes and behaviours.  These gaps in the scholarly landscape warrant further exploration and research.
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[bookmark: _Toc164367299]Recruitment lessons 
The proposed methodology involves a multi-faceted educational approach, which can be outlined as follows:

1. Introductory Lesson on Worms: This session will provide an overview of worm history, referencing notable figures such as Cleopatra, Aristotle and Charles Darwin, and their contributions to our understanding of worms. The lesson will also delve into worm ecology, supplemented with educational videos, such as those by David Attenborough. The life cycle of a worm, the process of composting food waste, and the maintenance of a worm bin will be key topics of discussion. A practical demonstration involving live worms will be conducted to provide students with a tangible understanding of worm behaviour, including the identification of worm cocoons and mating patterns. It is hoped that this lesson will then recruit “Worm Warriors” to participate in this research. It is important to note that prior consent will be sought from the parents or carers in the participation of this initiative. This is detailed in the Ethics form.

2. Word Cloud Activity: Prior to and following the introductory lesson, students will participate in a word cloud activity to gauge their initial and subsequent perceptions of worms. This will serve as an informal assessment of the impact of the lesson on students' understanding and attitudes towards worms.

3. Follow-up Session: After the installation of the wormery, a second session will be conducted to reinforce the concepts learned in the introductory lesson. This session will provide more detailed instructions on the care of the worm farm and the completion of the monitoring form.

4. Welfare Visits: Regular visits will be made to ensure the health and productivity of the wormeries. These visits will provide an opportunity to address any issues or concerns that may arise during the course of the project.

5. Optional Workshop: An optional workshop will be offered, titled "Life in the Worm Bin", where students will have the opportunity to examine vermicompost under a microscope. This will reveal the diverse ecosystem within the worm bin, which includes not only worms but also mites, microbes, fungi, and protozoa.

This comprehensive educational approach aims to foster a deep understanding of worm ecology and the benefits of vermicomposting, thereby promoting sustainable practices among students.

[bookmark: _Toc164367300]Questionnaire
The proposed methodology involves the distribution of a structured questionnaire to the parents of the students involved in the 'Worm Warriors' initiative. This instrument is designed to evaluate their attitudes towards waste, their perceptions of its environmental impact, and their existing household recycling behaviours. The questionnaire will employ both closed and open-ended questions to elicit a comprehensive understanding of the participants' perspectives. The data collected from this survey will provide valuable insights into the community's recycling practices and environmental consciousness, thereby informing future interventions and educational programs.

[bookmark: _Toc164367301]Focus Group
The formation of a focus group comprising of parents and/or community members at each school aims to gain a better understanding of attitudes, and behaviours around food waste and recycling. The primary objective of this focus group is to delve into the exploration of attitudes, behaviours, and potential obstacles associated with recycling practices. This qualitative research method will facilitate an in-depth understanding of the participants' perspectives and experiences, thereby providing valuable insights into the complexities of recycling behaviour within the community context. The findings from these focus group discussions could inform the development of targeted interventions to overcome identified barriers and promote sustainable recycling practices.

[bookmark: _Toc164367302]Food waste monitoring
A quantitative assessment of food waste will be conducted after the dinner service at each participating primary school. The measurement will be the weight of all plate waste after the dinner service has concluded. It will not include any waste during preparation from the kitchen. This measurement will be carried out following a presentation to their peers on the subject of food waste, delivered by the school's eco-committee or school council. The timing of this intervention is strategically planned to coincide with the Waste and Resources Action Programme's (WRAP) designated Food Waste Action Week in March. This approach ensures the integration of community engagement, education, and empirical research in addressing the critical issue of food waste.

[bookmark: _Toc164367303]Community Workshops
Options will be made available to members of the community to participate in educational workshops on subjects such as composting and how to keep a wormery, food waste and climate change, healthy eating, understanding best before dates and use by dates and growing your own fruit and vegetables.  Potential collaborations with external organizations such as WRAP Cymru, Eco-Schools, Public Health and Healthy Schools Programme could be explored to enhance the educational content and mitigate any time constraints there may be on the delivery of this research. These partnerships could provide valuable resources and expertise to enhance the effectiveness of the educational initiative.

[bookmark: _Toc164367304]Field Trip
There exists a potential for the inclusion of an educational excursion to the Welsh Water Anaerobic Digester, a facility dedicated to the recycling of food waste and the production of renewable energy. The feasibility of this field trip is contingent upon obtaining parental consent and securing cost-effective transportation to and from the facility. While this excursion is not integral to the research, it could offer invaluable experiential learning opportunities for the participants, enhancing their understanding of renewable energy generation from food waste. This hands-on experience could further reinforce the theoretical knowledge imparted during the course of the study.

[bookmark: _Toc164367305]Limitations
	Possible Challenges
	Possible Solutions

	Seasonality of worms means they are less active in the winter months and most active in the summer.

	Install the wormeries in the winter so the worms have time to settle in and are ready to be fed in spring

	Lack of cooperation or commitment from teachers due to time and teaching constraints
	Empower pupils to take the lead role

	Problems with the worm bin e.g. worm mortality or anaerobic digestion
	Deliver comprehensive training with supporting resources and welfare checks in the early set up phase

	Pupils loose interest and momentum to be “Worm Warriors”.

	Provide a variety of support and activities, activities involving seed sowing (sunflower race) and life under the microscope sessions, will keep pupils engaged and keen to keep being the custodians of the worm bin. Growing and cooking their own vegetables from vermicompost will be a huge achievement for some pupils that don’t have access to any green space at home

	Social desirability bias in questionnaires, Participants might bias their responses to some of the questions to underestimate their food waste or what they deem socially acceptable.
	Anonymity and self-administered surveys will help, also asking questions with a variety of responses such as order of importance, Likert scale as well as open ended opportunities

	Limited participation from parents and the community
	Network with a range of organisations such as Eco-Schools & Healthy schools’ schemes, local community garden and allotments, after school clubs and nature conservation groups, the local nature partnership





[bookmark: _Toc164367306]Results

The data collected through this research will predominantly be qualitative in nature, gathered via the employment of questionnaires and focus groups. Observations conducted by the researcher and educators will serve as a critical source of information, revealing the extent of attitudes and behavioural changes that have transpired. The quantitative data, which is being collected by the pupils, serves a dual purpose. Primarily, it creates a sense of ownership among the pupils towards the project. Concurrently, it acts as a catalyst, driving positive behavioural change. 

[bookmark: _Toc164367307]Predicted results 
· Reduction in carbon and methane by recycling food waste
· Increased awareness of the problems associated with food waste and how to reduce it.
· Knowledge and understanding of how to look after a wormery.
· Behaviour change amongst pupils' eating habits and food waste.
· Sustained farm-to-fork food cycle within the school and local community

[bookmark: _Toc164367308]Independent Variables:
Type of Food Waste: The type of food waste fed to the worms can affect the quality of the compost produced. Worms can consume vegetable and fruit scraps, coffee grounds, tea bags, and crushed eggshells. However, they should not be fed meat, fish, dairy products, citrus, twigs, and branches.

Number of Worms: The number of worms in the bin can influence the rate of composting, worms can consume up to half of their body weight in a day. 

Temperature: The temperature inside a worm bin should be 15-25 degrees. The temperature can affect the activity level of the worms and thus the rate of composting.

Bin Location: The location of the bin (indoors or outdoors) can affect the temperature and moisture levels, which in turn can influence the composting process.
[bookmark: _Toc164367309]Dependent Variables:
Rate of Composting: This is the speed at which the worms convert the food waste into compost and is dependent on the independent variables mentioned above.

Quality of Compost: The quality of the compost produced can be influenced by the type of food waste and the conditions in the bin.
Worm Population: The population of worms can increase or decrease depending on the conditions in the bin.

Implementing vermicomposting in schools will significantly reduce the amount of food waste generated by school lunches and transform it into nutrient-rich compost that can be used for school gardens or other green initiatives. This process will not only contribute to environmental sustainability but also serve as an educational tool for students to learn about waste management and the importance of recycling. 
While the incorporation of vermicomposting systems within educational settings may indeed contribute to a substantial decrease in carbon emissions, the primary emphasis of this investigation will be directed towards the potential changes in pro-environmental behaviour patterns stemming from this intervention. This approach underscores the importance of education as a catalyst for behavioural change in the context of environmental sustainability.

 


[bookmark: _Toc164367310]Evaluation

The implementation of vermicomposting in schools represents a transformative approach to waste management and environmental education. This practice not only provides a practical solution to the disposal of food waste generated in school canteens but also serves as a powerful tool for instilling pro-environmental attitudes and behaviours in students. Through hands-on involvement in the vermicomposting process, students gain a deeper understanding of the cycle of organic matter and the importance of sustainable practices. However, the successful implementation of vermicomposting in schools is not without its drawbacks, it requires careful planning, ongoing maintenance, and a commitment to environmental stewardship. 
Research should focus on addressing the identified gaps, particularly the linkages between vermicomposting and behaviour change, to further enhance the effectiveness and impact of this initiative. As we strive towards a more sustainable future, the role of education in shaping our environmental practices and attitudes cannot be overstated, and vermicomposting in schools offers a promising pathway in this endeavour.
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