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Executive summary 

This report provides a Roadmap for Municipalities in the context of Task 3.3 (Design and 

Development of Roadmap - A step-by-step methodological framework for implementing the 

food waste targets). The first part of the report (Section 2) discusses the background 

information required to develop the food waste (FW) reduction Roadmap for municipalities 

(e.g., importance of the problem, legislative framework, main barriers and drivers, etc.).  The 

second part of the report (Section 3) analyses the Roadmap development process, which 

includes several steps, as follows:  

• Conducting FW survey to understand the scale and scope of FW in the municipality and 

to identify where, how, and why FW occurs.  

• Developing a food waste reduction plan that will include the vision, targets, and 

priorities of the plan, the strategies and actions for reducing FW across the municipality, 

the roles and responsibilities of various stakeholders, the identification of funding and 

resources required to implement the plan, as well as the potential risks. 

• Raising awareness to educate the community about the importance of reducing FW and 

how they can contribute to this target through campaigns, workshops, and events. 

• Implementing the FW reduction practices and defining a timeline. 

• Monitoring the progress towards FW reduction targets regularly and adjust strategies 

as necessary. 

The Action Plan illustrates the main actions of the FW prevention and reduction Roadmap along 

with rationale and indicative methods/means and an indicative timeline. By following these 

steps and continually refining and expanding efforts, a municipality can make significant 

progress in reducing FW. However, every municipality has some unique characteristics, and, 

thus, the Action Plan should be customised to address these specific needs. 

The last part of the report (Section 4) focuses on existing best practices, i.e., successful 

examples from municipal FW management initiatives, as well as from applications of Industry 

4.0 technologies that have been used by municipalities to achieve advance FW prevention and 

reduction.  
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1 Introduction 

ADVANCE is an EU co-funded project, which is funded by the Erasmus+ programme under the 

Action “KA220-VET - Cooperation partnerships in vocational education and training” 

(Agreement no. Project 2021-1-EL01-KA220-VET-000033247). 

The main objectives of the ADVANCE project are, as follows: 

• To assess the current food waste management practices in selected municipalities and 

SMEs in the HoReCa sector and compare the assessment results with the best practices 

in the relevant fields. 

• To develop a concrete set of Circularity Indicators that will be used to describe both the 

current and the future description – monitoring of food waste management. 

• To assess the gap between the baseline assessment and the requirements posed by the 

EU Circular Economy Action Plan using the Circularity Indicators. 

• To develop two Roadmaps for municipalities and HoReCa SMEs and a step-by-step 

methodology to implement the EU Circular Economy Action Plan requirements 

regarding food waste. 

• To prepare all the above as training/educational materials and implement training 

courses in selected municipalities and SMEs in the HoReCa sector. 

• To develop an Open Education Resource online platform which will include & host all 

the above. 

In this direction, ADVANCE will produce the following results: 

• Baseline assessment (PR1) of the current waste food waste management practices in 

Municipalities and HoReCa SMEs – the baseline assessment will also include 

benchmarking to existing best practices in EU. 

• Gap Analysis methodology and tool (PR2) between current and required, according to 

the EU targets, waste management practices relevant to food waste. The main outcome 

of the Gap Analysis will be the Circularity Gap Indicators that could be used in other 

cases too. These indicators concern both the municipalities involved and the HoReCa 

SMEs that will participate in the program. 

• Development of Roadmaps (PR3) – The Roadmaps will be developed in two different 

types, one for Municipalities and one for HORECA SMEs. 

• ADVANCE Course (PR4) – Creation of a training material broken down into certain 

learning modules for waste management adopted to the needs of target groups 

• Open Education Resource (OER) (PR5) – An Online Platform, which will include and host 

interactively all the above. 

This document presents the food waste reduction Roadmap for municipalities. Specifically, the 

Roadmap consists a step-by-step methodological process for implementing the food waste 

targets. A special part of the Roadmap will be to demonstrate how Industry 4.0 can help 

municipalities to achieve better food waste management and advance food waste prevention.  
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2 Setting the stage for the Roadmap 

2.1 Scope of Food Waste Reduction 

Food loss and food waste have increasingly captured the attention of the public, academic 

community, and political sphere, leading to a surge in related research (Aschemann-Witzel et 

al., 2015; Godfray et al., 2010; Gruber et al., 2016). It has been estimated that approximately 

one-third (1/3) of the food produced goes to waste, resulting in significant resource, energy, 

environmental, and socio-economic consequences (Eshel et al., 2014). 

According to the UNEP Food Waste Index for 2021, the global generation of food waste in 2019 

amounted to roughly 931 million tonnes. Among this, households accounted for 61%, food 

service for 26%, and retail for 13% of the total waste. In 2012, the EU-28 region witnessed food 

waste estimated at 88 million tonnes, with European households contributing to more than 

half of this wastage, equivalent to nearly 47 million tonnes annually (Stenmarck et al., 2016). 

The financial cost associated with this food waste was estimated at approximately €143 billion, 

with households being responsible for around €98 billion of this total (Stenmarck et al., 2016). 

In 2020, marking the inaugural year of EU-wide food waste monitoring under Annex III of 

Commission delegated decision 2019/1597, the EU generated nearly 59 million tonnes of food 

waste, equivalent to 131 kg per inhabitant, and valued at €132 billion. Of this total, households 

contributed around 31 million tonnes of food waste (53% of the total), while restaurants and 

food services accounted for approximately 5 million tonnes (Eurostat, 2023b). A more detailed 

analysis is shown in Table 1 Table 2. In 2021, based on the most up-to-date sources from WWF-

UK (WWF-UK, 2021) and UNEP’s Food Waste Index (UNEP, 2021), it was estimated that EU 

wasted 153.5 million tonnes of food (Feedback EU, 2022). It is noted, however, that these 

estimates do not follow the methodology set out in Annex III of Commission delegated decision 

(EU) 2019/1597. As indicated in the Feedback EU report, the primary distinction arises in terms 

of food waste originating from primary production, as approximately 10% of primary 

production food waste, equating to nearly 9 million tonnes, aligns with the EU's measurement 

methodology. Meanwhile, food waste stemming from households and the food service sector 

is estimated at 32.5 million tonnes and 10.5 million tonnes, respectively. 
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Table 1. Food waste by sector of activities (in tonnes) 

  Total (aggregate 
changing according 
to the context) 

Primary production 
of food - 
agriculture, fishing 
and aquaculture 

Manufacture 
of food 
products and 
beverages 

Retail and 
other 
distribution of 
food 

Restaurants 
and food 
services 

Total activities 
by households 

EU-27 58,512,559 6,067,377 11,806,452 4,079,709 5,275,265 31,283,755 

Belgium 2,881,897 38,699 1,862,177 73,591 88,333 819,097 

Bulgaria 596,844 228,472 156,435 15,708 14,375 181,854 

Czechia 972,445 27,022 100,339 64,394 37,941 742,749 

Denmark 1,286,488 66,452 596,599 99,500 62,544 461,392 

Germany 10,922,321 190,203 1,612,505 762,352 1,860,980 6,496,282 

Estonia 166,513 23,612 31,622 19,976 10,739 80,564 

Ireland 770,316 70,413 219,453 60,894 178,507 241,048 

Greece 2,048,189 372,204 375,158 150,472 220,032 930,323 

Spain 4,260,845 845,620 1,419,257 348,219 213,023 1,434,726 

France 9,000,000 1,059,000 1,926,000 800,000 1,096,000 4,119,000 

Croatia 286,379 40,916 9,866 4,180 15,072 216,345 

Italy 8,650,456 1,270,638 510,018 343,535 193,915 6,332,349 

Cyprus 354,021 43,564 169,706 50,268 27,145 63,338 

Latvia 275,304 32,487 36,107 14,765 35,436 156,509 

Lithuania 382,665 81,202 28,057 27,342 4,495 241,570 

Luxembourg 92,580 7,384 10,692 8,525 8,739 57,240 

Hungary 905,068 16,587 187,391 41,952 19,331 639,806 

Malta 79,589 759 4,668 3,910 23,016 47,235 

Netherlands 2,811,000 463,045 1,031,407 209,805 83,035 1,023,708 

Austria 1,211,534 13,879 173,734 84,326 201,956 737,639 

Poland 4,002,099 670,547 544,942 320,396 190,293 2,275,921 

Portugal 1,890,712 101,384 61,719 214,233 237,486 1,275,891 

Slovenia 143,570 93 10,757 15,290 42,666 74,764 

Slovakia 455,587 71,889 4,113 15,825 7,110 356,650 

Finland 641,258 48,011 162,278 57,555 77,914 295,500 

Sweden 905,000 22,000 53,000 97,000 98,000 635,000 

Norway 769,967 162,158 29,088 61,281 97,547 419,893 

Source: (Eurostat, 2023c) 
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Table 2. Food waste by sector of activities (in kg per capita) 

  Total (aggregate 
changing according 
to the context) 

Primary production 
of food - 
agriculture, fishing 
and aquaculture 

Manufacture 
of food 
products and 
beverages 

Retail and 
other 
distribution 
of food 

Restaurants 
and food 
services 

Total 
activities by 
households 

EU-27 131 14 26 9 12 70 

Belgium 250 3 161 6 8 71 

Bulgaria 86 33 23 2 2 26 

Czechia 91 3 9 6 4 69 

Denmark 221 11 102 17 11 79 

Germany 131 2 19 9 22 78 

Estonia 125 18 24 15 8 61 

Ireland 155 14 44 12 36 48 

Greece 191 35 35 14 21 87 

Spain 90 18 30 7 4 30 

France 133 16 29 12 16 61 

Croatia 71 10 2 1 4 53 

Italy 146 21 9 6 3 107 

Cyprus 397 49 190 56 30 71 

Latvia 145 17 19 8 19 82 

Lithuania 137 29 10 10 2 86 

Luxembourg 147 12 17 14 14 91 

Hungary 93 2 19 4 2 66 

Malta 154 1 9 8 45 92 

Netherlands 161 27 59 12 5 59 

Austria 136 2 19 9 23 83 

Poland 106 18 14 8 5 60 

Portugal 184 10 6 21 23 124 

Slovenia 68 0 5 7 20 36 

Slovakia 83 13 1 3 1 65 

Finland 116 9 29 10 14 53 

Sweden 87 2 5 9 9 61 

Norway 143 30 5 11 18 78 

Source: (Eurostat, 2023c) 

The economic cost of food waste was estimated to be USD 1 trillion per year in 2014, according 

to the Food and Agricultural Organization of the United Nations (FAO, 2014). However, this 

figure does not account for the hidden costs associated with environmental damage and social 

impact. When these externality costs are included, the annual cost of food waste could rise to 

at least USD 2.6 trillion, which is equivalent to the GDP of France. Along with the negative 

economic impact of the FLW there are also environmental and social impacts as it entails the 

wastage of natural resources such as energy, water, and fuel (Chen et al., 2020; Corrado & Sala, 

2018; De Laurentiis et al., 2020; Esposito et al., 2020; Jain et al., 2018; Lopez Barrera & Hertel, 

2021; Priestley, 2016).  
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For instance, throwing away a kilogram of beef is equivalent to throwing away 50,000 litres of 

water. Pouring a glass of milk down the sink is nearly 1,000 litres of water wasted. Food waste 

contributes directly and indirectly to climate change. When food decomposes in the landfill 

methane is produced, a gas that is far more effective in trapping heat in the earth’s atmosphere 

(studies estimate that food wastage is responsible for around 6% of total global greenhouse 

gas emissions). Additionally, taking into account global food transportation, large amounts of 

oil, diesel and other fossil fuels are used, the combustion of which adds carbon dioxide to the 

atmosphere. But that is not all, since food waste contributes indirectly to the degradation of 

land and harms the biodiversity. 

The moral dimension of food waste becomes evident when considering that many people 

cannot afford a quality meal every other day, while 20% of the food produced in the EU is 

wasted. This increases the risk of food insecurity, malnutrition, and excessive water use, 

particularly as world hunger continues to grow. Establishing food redistribution and donation 

channels is crucial to mitigate hunger in the EU. According to the Food and Agriculture 

Organization latest report on the state of food security and nutrition in the world (FAO, 2022), 

it is estimated that between 702 and 828 million people (corresponding to 8.9 and 10.5 percent 

of the world population, respectively) faced hunger worldwide in 2021, a figure that is higher 

by 150 million since 2019, prior to the COVID-19 pandemic. Countries should establish food 

redistribution channels to divert food from being wasted and reach the people in need. Efforts 

should focus on policy interventions and food supply actors’ collaboration. 

Through their pivotal position, municipalities can support a local sustainable food system by 

establishing a holistic way to prevent and reduce food waste. As dictated by the food waste 

management hierarchy, municipalities should first focus at preventing food waste and reserve 

food donation or redistribution as a secondary option. By establishing an integrated approach 

to tackle food waste municipalities can trigger positive impacts both for the environment (e.g., 

reduction of greenhouse emissions) but also for the local community (i.e., health, hunger etc.). 

In addition, it can promote food biodiversity, support urban or peri-urban sustainable food 

production, and at the end of the loop bio-waste collected can serve as a fertilizer for local 

corps (Zero Waste Europe & Slow Food, n.d.).  

 

2.2 The European and National Context 

The broad range of areas affected by food waste is evident through the involvement of 
numerous Directorates General (DGs) within the European Commission (Eriksson et al., 2020a). 
It is estimated that a minimum of seven Directorates General (DGs) within the European 
Commission are engaged in addressing food waste, with each DG having at least one policy 
area dedicated to this issue: 

1. rural development and agriculture (DG AGRI),  

2. maritime affairs and fisheries (DG MARE),  

3. food safety and health (DG SANTE),  
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4. industry, entrepreneurship, internal market and SMEs (DG GROWTH),  

5. energy (DG ENER),  

6. environment (DG ENV) and  

7. customs union and taxation (DG TAXUD). 

In addition, since food waste represents one of the important causes of greenhouse gas 

emissions (FAO, 2013), the Directorate General for Climate Action (DG CLIMA) is also directly 

concerned.  

There are different definitions of food loss and waste across the globe, making the 

quantification of the problem challenging (Nicholes et al., 2019). In an effort to achieving a 

baseline and monitoring progress towards Target 12.3 of the UN Sustainable Development 

Goals, the Food Loss and Waste Accounting and Reporting Standard (FLWS) was developed 

(Food Loss and Waste Protocol, 2016), which divides food waste into ‘wasted food’, i.e. “any 

substance- whether processed, semi-processed, or raw- that is intended for human 

consumption”, and ‘associated inedible parts’, i.e. “components associated with a food that, in 

a particular food supply chain, are not intended to be consumed by humans”. 

Food waste, which the main focus of ADVANCE, means for the European Commission “all food 

as defined in Article 2 of Regulation (EC) No 178/2002 of the European Parliament and of the 

Council that has become waste” (Directive 2018/851, 2018). Hence, food waste “can comprise 

items which include parts of food intended to be ingested and parts of food not intended to be 

ingested” but it “does not include losses at stages of the food supply chain where certain 

products have not yet become food as defined in Article 2 of Regulation (EC) No 178/2002, such 

as edible plants which have not been harvested. In addition, it does not include by-products from 

the production of food that fulfil the criteria set out in Article 5(1) of Directive 2008/98/EC, since 

such by-products are not waste” (Commission Delegated Decision (EU) 2019/1597 of 3 May 

2019 Supplementing Directive 2008/98/EC of the European Parliament and of the Council as 

Regards a Common Methodology and Minimum Quality Requirements for the Uniform 

Measurement of Levels of Food Waste, 2019). 

In 2017, the European Parliament called on Member States to “take the measures required to 

achieve a Union food waste reduction target of 30% by 2025 and 50% by 2030 compared to 

the 2014 baseline”. The European Commission has taken steps towards tackling food waste 

and the EU members are committed to the target of the Sustainable Development Goal 12.3 

of the United Nations’ 2030 Agenda. SDG Target 12.3 focuses on food and inedible parts lost 

or wasted and is tracked through two indicators: the Food Loss Index (Indicator 12.3.1(a)) and 

the Food Waste Index (Indicator 12.3.1(b)). The EU aims to enhance efforts in preventing food 

waste, and the Food Waste Index employs a three-level methodology, including modelling for 

estimating food waste, measurement of food waste at the country level, and providing 

additional information for policy and intervention purposes to reduce food waste. In this 

direction, Directive 2018/851 requires Member States to: 
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• Incorporate specific food waste reduction programs as part of their waste prevention 

initiatives, including initiatives aimed at raising consumer awareness (e.g., explaining 

the significance of 'use-by' and 'best-before' dates). 

• Offer incentives to facilitate the collection of unsold food items at every stage of the 

food supply chain and promote their safe redistribution, including to charitable 

organizations. 

• Monitor and evaluate the implementation of food waste reduction measures by 

measuring the levels of food waste. 

Additionally, another target that supports efforts to prevent food loss and waste while 

promoting sustainable agriculture is Sustainable Development Goal (SDG) Target 2 (European 

Commission, 2020). This goal aims to eliminate hunger and malnutrition, ensuring that 

everyone has access to nutritious, safe, and sufficient food. For instance, the Fund for European 

Aid to the Most Deprived (FEAD) (European Commission, 2021) supports actions in EU 

countries to provide food and essential material assistance to the most vulnerable populations. 

Globally, the United Nations has launched the Zero Hunger Challenge (United Nations, 2015) 

to reduce food waste while addressing poverty and ensuring equitable access to adequate food. 

Moreover, Target 15 aims to restore, protect and promote the sustainable use of terrestrial 

ecosystems halting and even revering land degradation and preventing biodiversity loss 

(European Commission, 2020). This target ensures that the health and functioning of 

ecosystems and the delivery of ecosystem services remain a priority, particularly in light of 

global trends such as population growth, rapid urbanization, and increasing demand for natural 

resources. Terrestrial ecosystems provide numerous benefits to society, including recreation, 

natural resources, food, and clean air and water. 

The European Commission, in line with the Farm to Fork Strategy, intends to propose legally 

binding targets for reducing food waste throughout the EU by the end of 2023, using a baseline 

for EU food waste levels (European Commission, n.d.-b). The targets will be proposed as part 

of a wider initiative to revise the “Waste Framework Directive” (European Commission, n.d.-b). 

The Commission will also implement measures to expand and promote sustainable and socially 

responsible production practices and circular business models in the food processing and retail 

sectors. This initiative will place particular emphasis on supporting small and medium-sized 

enterprises (SMEs) and aligning with the objectives and initiatives outlined in the new Circular 

Economy Action Plan (CEAP). The promotion of a circular and sustainable European Union (EU) 

Bioeconomy presents potential economic prospects, such as leveraging the utilization of food 

waste. By fostering circularity and sustainability, the Commission aims to create business 

opportunities and advance the overall efficiency and resourcefulness of the food industry. 

Besides food waste reduction targets, the Commission has implemented further actions to 

reduce food waste. Specifically, it has established the EU Platform on Food Losses and Food 

Waste1, has developed a common EU methodology to measure food waste (Commission 

Delegated Decision (EU) 2019/1597 of 3 May 2019 Supplementing Directive 2008/98/EC of the 

 
1 https://food.ec.europa.eu/safety/food-waste/eu-actions-against-food-waste/eu-platform-food-losses-and-
food-waste_en  

https://food.ec.europa.eu/safety/food-waste/eu-actions-against-food-waste/eu-platform-food-losses-and-food-waste_en
https://food.ec.europa.eu/safety/food-waste/eu-actions-against-food-waste/eu-platform-food-losses-and-food-waste_en
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European Parliament and of the Council as Regards a Common Methodology and Minimum 

Quality Requirements for the Uniform Measurement of Levels of Food Waste, 2019), has 

adopted guidelines to facilitate food donation (Commission Notice — EU Guidelines on Food 

Donation, 2017) and use of food no longer intended for human consumption in animal feed 

(Commission Notice — Guidelines for the Feed Use of Food No Longer Intended for Human 

Consumption, 2018), and will propose the revision of EU rules on date marking to prevent food 

waste linked to misunderstanding and/or misuse of "use by" and "best before" dates (European 

Commission, n.d.-a). Measures such as dual-date labelling, discounted sales of close-to-expiry 

goods, and improved storage instructions are being considered to address the issue. The ban 

of sell-by and display-until indications, which create consumer confusion, could significantly 

reduce waste (FAO, 2013).  

On 21st of April 20232, the Commission put forth a proposal to modify the current marketing 

standards that pertain to a variety of agri-food products, such as fruits and vegetables, fruit 

juices and jams, honey, poultry, and eggs. These proposed amendments are designed to 

empower consumers, enabling them to make more informed choices towards a healthier diet 

and simultaneously contributing to the reduction of food waste. Concerning food waste, these 

proposed changes address both food waste and packaging waste. As an example, fruits and 

vegetables that may have external imperfections but remain suitable for local or direct 

consumption would be exempt from complying with marketing standards when directly sold 

by producers to consumers in local markets. This exemption aims to promote the utilization of 

these products in their fresh state and provide consumers with more affordable options to 

purchase fresh produce. Additionally, certain products affected by natural disasters or 

exceptional circumstances may also be allowed to be sold, provided they are safe for 

consumption. 

Moreover, aligned with the Circular Economy Action Plan and in collaboration with the EU 

Platform on Food Losses and Food Waste (PFLW), the European Commission has embraced 

guidelines for food donation within the European Union. These guidelines aim to streamline 

the process of recovering and redistributing surplus food that meets the required standards of 

edibility to individuals in need. The primary objectives of these food donation guidelines, as 

outlined by (Deloitte et al., 2020), are twofold: 

1. Facilitate the adherence of surplus food providers and recipients to the pertinent 

regulations set forth in the EU regulatory framework. 

2. Foster a consistent understanding and interpretation of EU rules pertaining to the 

redistribution of surplus food among regulatory authorities in EU Member States. 

By establishing these guidelines, the European Commission seeks to enhance compliance with 

regulations, promote efficient redistribution practices, and encourage a harmonized approach 

across EU Member States when it comes to the redistribution of surplus food. 

 
2 https://ec.europa.eu/commission/presscorner/detail/en/ip_23_2366     

https://ec.europa.eu/commission/presscorner/detail/en/ip_23_2366
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At the national level, the majority of Member States have either formulated or are currently in 

the process of creating national plans or strategies aimed at reducing food waste. These 

strategies encompass a range of approaches, including both regulatory and non-regulatory 

measures, along with specific targets for reducing food waste. Many of these strategies and 

action plans incorporate the food use hierarchy, and some have introduced regulatory 

measures to encourage food donation and prevent the unnecessary disposal of edible food. 

Typically, these strategies and plans are integrated into broader initiatives related to circular 

economy principles and sustainable food systems, and they often intersect with various policy 

areas such as agriculture, nutrition, and more (European Commission & Directorate-General 

for Health and Food Safety, 2021). In an effort to reduce food waste, most Member States have 

structured processes to engage stakeholders, conduct consumer information and awareness 

campaigns to clarify the difference between “use by” and “best before” dates, use fiscal 

instruments to provide incentives for food waste prevention (e.g. tax credits and deductions 

and reduced VAT for donated food), and offer financial support, for example, to programmes 

managed by local or regional authorities, SMEs, etc. (European Commission & Directorate-

General for Health and Food Safety, 2021).  

A descriptive analysis of how Member States implement EU rules to facilitate food donation in 

practice is provided in the “Redistribution of surplus food: examples of practices in the Member 

States” report (EU Platform on Food Losses and Food Waste, 2019). Further, a detailed analysis 

of existing measures impacting food redistribution from all Member States based on a literature 

review, scoping interviews and input provided by the members of the EU Platform on Food 

Losses and Food Waste, is provided in the “Food redistribution in the EU: Mapping and analysis 

of existing regulatory and policy measures impacting food redistribution from EU Member 

States” report (European Commission & Directorate-General for Health and Food Safety, 2020). 

 

2.3 Evolving the Waste Management System in your municipality  

Municipal solid waste compromises 30-55% of organic (bio-degradable) matter, with this 

percentage varying by the size of the city, season and income group. Various studies have 

highlighted that the organic waste diversion from the landfills could result in a GHG emission 

reduction (Yoshida et al., 2012). Nevertheless, collection practices must be modified in this 

direction, provided that organic waste diversion accounts for 80% of current operational cost 

for managing organic waste.  

Collecting separately organic waste is a critical step for the recovery of nutrients and energy 

(Jain et al., 2018). This means that municipalities may have to re-design and evolve their existing 

waste management system to fulfil the legislative and other food waste-related targets. So far, 

different food waste management systems exist in terms of collection (e.g. some systems have 

made food waste collection mandatory, while others have used waste management taxes to 

incentivise the separate collection) or food waste treatment (e.g. some systems treat waste via 

anaerobic digestion and others compost it) (Jain et al., 2018).  
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The characteristics of the waste management system (e.g. collection frequency, treatment 

processes, etc.), depend on the specific goals and factors in each municipality, e.g. existing 

infrastructure, demographics, type of housing, behavioural factors, climate conditions, 

available funding, etc. (Jain et al., 2018). 

In this direction, the evolvement of the municipal solid waste management system (MSWMS), 

like any other municipal solid waste (MSW) management plan should (D-WASTE, 2012): 

• Use the current system as a foundation. 

• Gain a comprehensive understanding of the system's functioning, available resources, 

and so forth. 

• Enhance the sustainability of waste management while staying within the bounds of 

social affordability. 

• Present recommendations for both physical components and governance matters. 

• Establish a defined time frame for implementation. 

• Clearly delineate all required resources. 

• Highlight the necessary alterations at the institutional and policy levels. 

The general approach for the re-design of the MSWMS involves the following elements (D-

WASTE, 2012): 

• Mobilising phase (background information), e.g., legislation, targets, and objectives, etc. 

• Status phase, i.e., diagnosis of the current MSWMS (e.g., amounts of wastes & 

composition, existing MSWMS, financing of the MSWMS, etc.), waste and 

socioeconomic projections, strengths and weaknesses, etc. 

• Planning phase, i.e., scope of the plan, assumptions, alternative scenarios, goals & 

targets, Action Plan. 

• Implementation phase, i.e., implementation instruments (political, legal, economic, 

environmental etc.) and implementation program. 

• Monitoring & Review phase, i.e., actions to be monitored, means and indicators to 

measure the performance of the re-designed MSWMS, assessment & review the 

applied MSWMS. 

Other issues to be taken into account as an integral part of the MSWMS design are the time 

horizon for which the MSWMS is designed (in any case, the MSWMS plan is should be revised 

in regular intervals, usually around 3-5 years), the identification and the role of relevant 

stakeholders, the public awareness and communication strategy, the environmental effects of 

the plan, the time schedule of the plan and its relationship with the general MSW management 

plan as well as the Energy, Health, Spatial and other plans of the municipality (D-WASTE, 2012). 

 

2.4 Drivers and Barriers  

As mentioned in ADVANCE’s deliverable D3.2 (ADVANCE project, 2022c), the main factors that 

can act as drivers or barriers in relation to food waste management are the following: 
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• City Demographics 

• Spatial Information 

• Risks in Circular Transition 

• Regulations and Legal Framework 

• IND 4.0 Appliances in Waste Management 

• Food Waste/ Food Loss Generation 

• Municipal Management 

• Waste Prevention 

• Waste Collection  

• Recycling 

• Financing 

• Disposal 

• Economic 

• Behavioural 

These factors that contribute to food waste, as follows: 

1. Overproduction and overconsumption: Overproduction of food leads to excess food 

that is not consumed and ultimately becomes waste. Overconsumption also contributes 

to food waste, as consumers may purchase more food than they need or throw away 

food that is still edible. Consumer food waste is to a large part driven by planning (e.g. 

checking inventory, making shopping lists, planning meals ahead) and shopping (e.g. 

buying too much food, buying unintended products) routines (Farr-Wharton et al., 

2014; Stefan et al., 2013). 

2. Inadequate storage and handling: Inadequate storage and handling can lead to food 

spoilage and waste. This can include issues with temperature control, poor packaging, 

and improper storage (FAO, 2011). In the same direction, low-income households 

follow strategies like impulse buying, monthly shopping trips and preference for large 

packages, etc. to save money and end up generating more food waste due to 

inappropriate storage and handling  (Porpino et al., 2015). 

3. Confusing expiration dates: Confusing expiration dates can lead to consumers throwing 

away food that is still edible. Expiration dates can be unclear or misleading, leading 

consumers to discard food that is still safe to eat (Van Boxstael et al., 2014; Waarts et 

al., 2015). 

4. Cosmetic standards: Cosmetic standards, which dictate that food must meet certain 

appearance and size requirements, can lead to perfectly edible food being discarded 

because it does not meet these standards. For example, HoReCa personnel may not use 

ingredients that do not conform to their internal aesthetic standards (Papargyropoulou 

et al., 2019). 

5. Retail practices: Retail practices, such as promotional sales, buy-one-get-one-free 

offers, and imperfect produce discounting, can lead to consumers buying more food 

than they need or throwing away perfectly good food because it was not sold at a 

discount. For instance, flawed sales forecasting by retailers, particularly as far as 
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seasonal products are concerned, may result in an increase in food waste (Eriksson, 

2012). 

6. Food service industry practices: The food service industry can contribute to food waste 

through practices such as oversized portions, buffet-style service, and food left on 

customers' plates. However, the food industry’s contribution to the problem is affected 

by other parameters, as well. For instance, HORECA businesses run by women usually 

produce less waste (Troitino, 2020). Also, low-income neighbourhoods offer greater 

access to food sources that promote unhealthy eating, e.g. fast-food outlets (Hilmers et 

al., 2012). 

7. Socioeconomic factors, such as:  

• Income, education, household characteristics, etc.: Food waste tends to be higher 

among higher income households, which may have more disposable income to 

purchase food and are more likely to over-purchase and discard food. Lower income 

households may also experience food waste due to lack of affordability or limited access 

to fresh food. Thus, areas with higher unemployment rates tend to waste less (Cerciello, 

2021), because unemployed people face a higher opportunity cost of wasting food 

(Hage & Söderholm, 2008). Also, individuals with higher education and income tend to 

waste more, while individuals living in rural area produce less waste (Hengi & House, 

2022). Households with children are more likely to have more food wasting behaviour 

(Grasso et al., 2019; Hengi & House, 2022). Finally, single-family houses have a greater 

potential for backyard composting compared to high-rise buildings and this affect the 

viability of decentralised and centralised composting facilities (Pai et al., 2019). 

• Consumer behaviour: Consumer behaviour, such as preferences for fresh food, can 

contribute to food waste. Consumers may prioritise fresh food, leading to a higher 

likelihood of discarding food that is past its prime. If communication is not optimal, 

consumers might buy food products with undesired characteristics (Segrè et al., 2014). 

• Food packaging and marketing: Food packaging and marketing can contribute to food 

waste by promoting large portion sizes or encouraging consumers to purchase more 

than they need. For example, portion sizes of ready to eat food products are not always 

adjusted to the actual needs of customers (Segrè et al., 2014).  

• Supply chain inefficiencies: Inefficient supply chains can contribute to food waste, such 

as overproduction, mismanagement, and losses during transportation or storage 

(Parfitt et al., 2010). 

• Retail practices: Retail practices, such as promotions, discounts, and price wars, can 

contribute to food waste by encouraging consumers to over-purchase or by causing 

retailers to overstock shelves (Quested et al., 2013). 

There are also several barriers to reducing food waste, such as: 

• Lack of awareness and understanding: Many people are not aware of the issue of food 

waste or do not fully understand the extent of the problem. This can make it difficult to 

motivate individuals to change their behaviour. For instance, lack of awareness about 
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the effect of food waste is leading young adults, ages 18 to 24, to waste more food than 

any other age group (Boyle, 2018; Goodwin, 2023). 

• Infrastructure and technology: Inadequate infrastructure, such as poor transportation 

systems or lack of refrigeration, can lead to food waste in the supply chain. Similarly, 

outdated or inefficient technology can contribute to waste. The results of the ADVANCE 

households’ survey (ADVANCE project, 2022a) shows that separate collection of food 

waste is more widespread when they have bins for separately collecting the food waste 

and there is an organised food waste management in their municipality. Similar findings 

are reported from previous research efforts (González-Torre & Adenso-Díaz, 2005). 

• Economic incentives: Economic incentives, such as low food prices or tax incentives for 

disposing of food waste, can discourage individuals and businesses from taking action 

to reduce waste. For instance, the rise in incomes has lowered the relative importance 

of food in household budgets, thus leading to a less careful attitude and more food 

waste (FAO, 2011). 

• Regulatory environment: Regulations that discourage food donation or encourage 

waste, such as expiration date labelling requirements, can also act as barriers to food 

waste reduction. If, for example, waste disposal is cheap, companies will not look for 

other ways of reusing their residual flows  (Waarts et al., 2015). 

• Lack of coordination and collaboration: Food waste is a complex issue that requires 

collaboration between multiple stakeholders, including consumers, producers, 

retailers, and government. A lack of coordination and collaboration between these 

groups can make it difficult to develop effective solutions (de Moraes et al., 2020; 

Mohamadi et al., 2021; Surucu-Balci & Tuna, 2022). 

 

2.5 Beyond Roadmap  

It is now commonly acknowledged that municipal authorities must act in a holistic way to 

prevent food waste and become core to reaching cities’ climate objectives through a local 

sustainable food system (Zero Waste Europe & Slow Food, n.d.). This holistic approach involves 

a diversity of stakeholders including civil society, businesses, and policy- and decision-makers 

towards promoting food biodiversity and urban or peri-urban sustainable agriculture, ensuring 

the accessibility of organic and nutritious food for the local community, incentivizing food 

establishments to offer nearly expired food items, and ultimately collecting unavoidable food 

waste to utilize as fertilizer for local crops (Zero Waste Europe & Slow Food, n.d.). The holistic 

approach is necessary because high levels of food are lost pre-retail in the EU (De Laurentiis et 

al., 2020). For this reason, in 2017, the 67 European organisations who called for a legally 

binding EU food loss and waste mentioned that “this means that it should include not just 

retailer and consumer food waste, but also food wasted at the primary production, 

manufacturing, and distribution levels” (De Laurentiis et al., 2020). Hence, food waste reduction 

plans should cover pre-retail sectors to be efficient and effective. 
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However, the proposed roadmap does not consider food waste along the whole supply chain. 

It is designed to complement the transformational changes needed to achieve the EU food 

waste reduction target in consideration of municipalities’ capacity for change and aims to give 

a concrete pathway on what municipalities can do to reduce food waste to the stage of 

consumption in private households and HORECA businesses using financial incentives, capacity 

building, awareness campaigns, food donations, etc.  

 

3 Roadmap development process 

The development of the Roadmap involves several steps, as follows: 

• Conducting food waste survey to understand the scale and scope of food waste in the 

municipality and to identify where, how, and why food waste occurs.  

• Developing a food waste reduction plan that will include the vision, targets, and 

priorities of the plan, the strategies and actions for reducing food waste across the 

municipality, the roles and responsibilities of various stakeholders, the identification of 

funding and resources required to implement the plan, as well as the potential risks. 

• Raising community’s awareness about the importance of reducing food waste and how 

they can contribute to this target through campaigns, workshops, and events. 

• Implementing the food waste reduction practices and defining a timeline. 

• Monitoring the progress towards food waste reduction targets regularly and adjust 

strategies as necessary. 

The following sub-sections discuss the main points of the development process of the 

Roadmap.  

 

3.1 Food waste survey 

Conducting a food waste audit constitutes a crucial initial step in comprehending the volume 

and categories of food waste generated by municipalities, businesses, or households. Accurate 

data regarding the quantity and composition of food waste are indispensable to prevent 

misguided waste reduction measures and formulate effective intervention strategies 

(Adelodun et al., 2021; De Laurentiis et al., 2020). For example, a comprehensive understanding 

of food waste composition is vital in identifying opportunities for its utilization, either as an 

energy source or a material resource (Corrado et al., 2019). However, a review study by (Xue 

et al., 2017) which examined data from 84 countries spanning 52 years from 1933 to 2014, 

revealed that the majority of studies relied on secondary data sources. Similar findings were 

reported by (Corrado & Sala, 2018) who analysed selected studies and their underlying 

quantification methodologies at the global and European scales. 

The methods used to measure food waste generated by food business operators or households 

can be divided into direct and indirect (Caldeira et al., 2017; Commission Delegated Decision 
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(EU) 2019/1597 of 3 May 2019 Supplementing Directive 2008/98/EC of the European 

Parliament and of the Council as Regards a Common Methodology and Minimum Quality 

Requirements for the Uniform Measurement of Levels of Food Waste, 2019; Corrado et al., 

2019; Xue et al., 2017). More specifically, the direct methods are based on direct 

measurement/direct access to food waste and include the following approaches: 

• Conducting direct weighing or volumetric assessment of separately collected FW by 

means of a measuring device. 

• Scanning/counting the individual items constituting FW, which is subsequently used to 

calculate the total mass of FW. 

• Conducting waste composition analysis, involving the physical separation of FW from 

other waste fractions to ascertain the mass of the separated fractions. 

• Maintaining FW diaries, where individuals or groups regularly record information about 

FW. 

• Implementing garbage collection procedures that segregate FW from other categories 

of residual waste containers.  

• Conducting surveys based on information collected through questionnaires from 

individuals or entities. 

The indirect measurement methods include (Caldeira et al., 2017; Commission Delegated 

Decision (EU) 2019/1597 of 3 May 2019 Supplementing Directive 2008/98/EC of the European 

Parliament and of the Council as Regards a Common Methodology and Minimum Quality 

Requirements for the Uniform Measurement of Levels of Food Waste, 2019; Corrado et al., 

2019; Xue et al., 2017): 

• Mass balance calculations that determine the quantity of FW by comparing the mass of 

inputs and outputs of food within a measured system, considering factors such as food 

processing and consumption. 

• FW coefficients or percentages estimated through various means, including sampling, 

data provided by food business operators, or other methods specific to certain food 

industry sectors or businesses. 

• Mathematical models relying on factors related to food waste generation to estimate 

the amount of FW. 

• Literature data or calculations based on information reported in other publications. 

• Proxy data based on the latest available data from companies, statistical agencies, or 

socioeconomic data relevant to different stages of the food supply chain. 

The choice of method depends on factors like the study’s purpose, desired depth, accuracy, 

reliability, and available resources (time, budget) (Caldeira et al., 2017). Additionally, legislative 

requirements play a role in method selection. For instance, in the Annex III of the Commission 

Delegated Decision (EU) 2019/1597, in-depth measurement of food waste generated by 

restaurants and food services must be conducted using methods such as waste composition 

analysis, counting/scanning, diaries, or a combination of these approaches, or any other 

method that is equivalent in terms of relevance, representativeness, and reliability. As far as 
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households’ food waste generation is concerned, the acceptable methods involve composition 

analysis and diaries (or a combination or, again, equivalent methods). If an in-depth 

measurement in accordance with Annex III is not used, then a methodology based on the latest 

available data or indicators as defined in Annex IV of the Commission Delegated Decision (EU) 

2019/1597 can be implemented.  

For example, using the latest Eurostat’s data on food waste production and the real GDP per 

capita, proxy data can be created to calculate the expected food waste production in a 

municipality in the absence of in-depth measurements (Table 3). 

 

Table 3. Food waste production in kg per capita and ‘000 Euros of real GDP 

Country Real GDP per 
capita (Euros) 

Total FW (all 
sectors) 
(kg/ca.’000 €) 

Restaurants and 
food services FW 
(kg/ca.’000 €) 

Total activities by 
households FW 
(kg/ca.’000 €) 

EU-27 26,440 4.95 0.45 2.65 

Belgium 34,020 7.35 0.24 2.09 

Bulgaria 6,410 13.42 0.31 4.06 

Czechia 17,400 5.23 0.23 3.97 

Denmark 47,890 4.61 0.23 1.65 

Germany 34,590 3.79 0.64 2.25 

Estonia 15,280 8.18 0.52 3.99 

Ireland 62,570 2.48 0.58 0.77 

Greece 16,210 11.78 1.30 5.37 

Spain 22,210 4.05 0.18 1.35 

France 30,550 4.35 0.52 2.00 

Croatia 11,680 6.08 0.34 4.54 

Italy 24,910 5.86 0.12 4.30 

Cyprus 24,120 16.46 1.24 2.94 

Latvia 12,330 11.76 1.54 6.65 

Lithuania 14,050 9.75 0.14 6.12 

Luxembourg 81,660 1.80 0.17 1.11 

Hungary 12,730 7.31 0.16 5.18 

Malta 20,470 7.52 2.20 4.49 

Netherlands 40,130 4.01 0.12 1.47 

Austria 35,480 3.83 0.65 2.34 

Poland 12,810 8.27 0.39 4.68 

Portugal 17,100 10.76 1.35 7.25 

Slovenia 19,740 3.44 1.01 1.82 

Slovakia 15,400 5.39 0.06 4.22 

Finland 36,220 3.20 0.39 1.46 

Sweden 42,910 2.03 0.21 1.42 

Norway 68,850 2.08 0.26 1.13 

Source of data: (Eurostat, 2023a, 2023c) 
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3.2 Food waste reduction plan 

3.2.1 Visions, targets and priorities 

A food waste reduction plan should clearly outline the municipality’s vision, goals and targets. 

The vision might refer, for example, to establish a zero-waste framework is to avoid valuable 

resources from ever becoming waste, lower the environmental impacts of food waste, capture 

energy and recycle essential nutrients, increase economic benefits by using material resources 

more efficiently, etc. 

The primary objective of a municipal food waste reduction plan is to reduce food waste at the 

source and divert it from the landfill. The plan should clearly define specific goals and targets 

that align with the municipality's overall sustainability objectives. These goals and targets can 

include a reduction in the amount of food waste sent to landfill, an increase in the amount of 

food donated to charitable organizations, a reduction in the amount of food waste generated 

per capita, etc. For example, the municipality could aim to achieve 0% growth in food waste 

generation per person over the next three years, reduce the overall amount of food waste 

generated in the municipality by 50% over the next five years, increase food donations to local 

food banks by 25%, divert at least 80% of food waste from the landfill, etc. 

The list of targets can be extensive and resource-intensive, both financially and in terms of 

human resources. Some objectives and targets may even conflict with one another. 

Consequently, there’s a need to prioritise these targets, often using a ranking system that 

categorizes them as high, medium, or low priority. It’s worth noting that priorities can be 

determined at various stages of a food waste management (FWM) plan, such as setting 

priorities for specific targets or actions. 

 

3.2.2 Food waste reduction strategies and practices 

FWM encompasses strategies and practices employed to either reduce food waste or 

effectively manage it once it arises along the supply chain. To aid the prioritisation of different 

methods for handling surplus food, the European Commission (EC) has developed the Food 

Waste Management Hierarchy (Figure 1). This hierarchy accounts for three sustainability 

factors (environmental, economic, and social) and promotes a comprehensive approach to 

addressing the food waste problem (Papargyropoulou et al., 2014).  Practices at the top of this 

hierarchy receive higher priority and offer more significant socioeconomic benefits, whereas 

those at the bottom are less preferable. Numerous studies (Bajzelj et al., 2019; Benetto et al., 

2018; Eriksson et al., 2020b; Garske et al., 2020; Ingrao et al., 2018; Morganti & Chen, 2017; 

Ojha et al., 2020; Slorach et al., 2020; Torres De Matos et al., 2016) have put forth various 

solutions to address food waste at each stage of the food supply chain, spanning from primary 

production to final disposal (Aramyan et al., 2020; Kolk & Ciulli, 2020; Närvänen et al., 2020). 
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The Waste Framework Directive mandates that EU Member States monitor food waste 

generation while developing specific waste prevention programs (European Commission, 

2008). The primary aim is to reduce the occurrence of food loss and waste by preventing 

surplus food and avoiding the disposal of food that could be saved (Giordano et al., 2020). The 

resulting food recovery hierarchy takes into account the three main sustainability factors 

(environmental, economic, and social), offering a holistic approach to addressing the food 

waste problem (Papargyropoulou et al., 2014).  However, there are still several challenges to 

be overcome in the realm of food waste prevention and management within the evolving 

circular economy (Teigiserova et al., 2020). 

 

Figure 1. Food waste management hierarchy (source: https://food.ec.europa.eu/safety/food-waste/eu-actions-
against-food-waste/food-waste-measurement_en) 

 

Waste prevention is the first step and the cornerstone of sustainable waste management, and 

it is the highest ranked option in the European waste (Directive 2008/98/EC of the European 

Parliament and of the Council of 19 November 2008 on Waste and Repealing Certain Directives 

(Text with EEA Relevance), 2008). Waste prevention implies measures taken before the product 

has become waste and involve 3 key steps - reduce, reuse, and donate or exchange (EU Actions 

against Food Waste, n.d.). 

Re-use food for human consumption through donation is the best way for avoiding food waste, 

and as most important, it simultaneously includes a social component. Also, preparation of 

creative meals from excess food and using ugly fruit and vegetables for marmalades, 

smoothies, juices, desserts, and similar products, makes a very effective way for waste 

reduction. When excess food no longer complies with human consumption standards it can be 

re-purposed for animal feed. Recycling and valorisation of food that is not usable in the basic 

process, as a by-product or raw material for another product is the next preferable option. Food 

waste is transformed into a new material that services another purpose and retains its value or 

https://food.ec.europa.eu/safety/food-waste/eu-actions-against-food-waste/food-waste-measurement_en
https://food.ec.europa.eu/safety/food-waste/eu-actions-against-food-waste/food-waste-measurement_en
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its nutrients are recovered through composting, anaerobic digestion etc. The least preferable 

options include incineration of food to recover its chemical energy and disposal to landfill. 

In this direction, the food waste reduction plan should include a range of strategies, as follows: 

a. Food Waste Prevention Programs: Municipalities can establish food waste prevention 

programs to help households, businesses, and institutions prevent food waste at the source. 

These programs can include education and awareness campaigns, workshops, and training on 

meal planning, food storage, and portion control. For example, municipalities can provide 

residents with tips on how to reduce food waste. This can include information on proper food 

storage, meal planning, and portion control. 

b. Food Recovery and Donation Programs: The municipality can work with local food banks, 

charities, and non-profit organisations to develop food recovery and donation programs. These 

programs can facilitate the collection and distribution of surplus food from local businesses and 

institutions to those in need. 

c. Food waste valorisation: The municipality can establish composting programs for households, 

businesses, and institutions to reduce the amount of organic waste sent to the landfill, can 

develop anaerobic digestion facilities, turn food waste into animal feed, etc. 

d. Education and Outreach: Municipalities can use various methods to educate and engage the 

community in reducing food waste. These can include workshops, presentations, and social 

media campaigns to raise awareness about the environmental and social impacts of food waste. 

Food donation is an important strategy not only to reduce food waste but also to provide 

assistance to those who are struggling with food insecurity. Municipalities can establish food 

recovery programs to collect unused food from businesses and households by taking the 

following steps: 

• Identify local food donation organisations: Municipalities can identify local food 

donation organisations, such as food banks, shelters, and community kitchens, and 

partner with them to promote food donation. This can include providing information 

on how to donate food, promoting food donation drives, and facilitating food donation 

events. 

• Provide resources to facilitate food donation: Municipalities can provide resources to 

facilitate food donation, such as refrigerated storage facilities, transportation services, 

and volunteers to help collect and distribute food donations. These resources can make 

it easier for businesses and individuals to donate their surplus food. 

• Create incentives for food donation: Municipalities can create incentives for food 

donation, such as tax credits, reduced waste disposal fees, or public recognition for 

businesses that donate food. These incentives can motivate businesses to donate their 

surplus food instead of throwing it away. 

• Develop partnerships with local businesses: Municipalities can develop partnerships 

with local businesses, such as restaurants, grocery stores, and catering companies, to 

encourage food donation. This can include providing training on safe food handling and 
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storage, promoting food donation programs, and incentivizing businesses to donate 

their surplus food. 

Food waste valorisation refers to the process of recovering value from food waste instead of 

disposing of it. Here are some of the main food waste valorisation options: 

• Anaerobic digestion: Anaerobic digestion is a process that breaks down organic waste 

in the absence of oxygen, producing biogas, which can be used as a renewable energy 

source. Food waste is a common feedstock for anaerobic digestion facilities. 

• Composting: Composting is a natural process that breaks down organic waste into 

nutrient-rich soil. Composting is a common way to valorise food waste, and the resulting 

compost can be used in agriculture. 

• Animal feed: Some food waste can be used as animal feed, either for pets or for 

livestock. This can include food scraps or by-products from food processing. 

• Biorefinery: Biorefineries are facilities that use biomass, such as food waste, as a 

feedstock to produce a range of products, such as biofuels, chemicals, and materials. 

• Upcycling: Upcycling involves transforming food waste into higher-value products. For 

example, food waste can be used to produce ingredients for new food products, such 

as plant-based proteins or ingredients for pet food. 

• Food donation: While not strictly a form of valorisation, food donation is an important 

way to prevent food waste and provide assistance to those in need. 

• Incineration: While not an ideal option for valorising food waste due to its 

environmental impact, incineration can be a way to recover some energy from food 

waste that cannot be valorised through other means. 

Municipalities have the opportunity to explore different scenarios for managing food waste by 

utilising available Food Waste Management (FWM) calculators. For instance, the European 

Commission Joint Research Centre has developed an evaluation framework for food waste 

prevention initiatives, which aids the EU Platform on Food Losses and Food Waste. Within this 

framework, a food waste prevention calculator3 has been established, using a life cycle thinking 

approach to offer a consistent assessment of the environmental and economic advantages of 

such efforts. This tool also helps identify potential trade-offs at the early stages of design (De 

Laurentiis et al., 2020). Also, Quantis as part of the FReSH program of World Business Council 

for Sustainable Development (WBCSD) and with input from World Resources Institute, has 

created a calculator4 that facilitates the comparison of the environmental and nutritional 

impact of various actions aimed at reducing food loss and waste. The calculator complements 

the Food Loss and Waste Accounting and Reporting Standard by allowing users to describe and 

convey the scale and significance of food loss and waste in terms that may resonate more 

effectively with certain audiences than just stating weight measurements (Food Loss and Waste 

Protocol, n.d.). Finally, US EPA has created the Food Waste Management Calculator5 that 

 
3 https://eplca.jrc.ec.europa.eu/permalink/valeria/prevention_action_calculator.xlsm  
4 https://www.flwprotocol.org/why-measure/food-loss-and-waste-value-calculator/  
5 https://www.epa.gov/sites/default/files/2017-01/foodcost3.xls  

https://eplca.jrc.ec.europa.eu/permalink/valeria/prevention_action_calculator.xlsm
https://www.flwprotocol.org/why-measure/food-loss-and-waste-value-calculator/
https://www.epa.gov/sites/default/files/2017-01/foodcost3.xls
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estimates the cost of alternatives to food waste disposal, including source reduction, donation, 

composting, and recycling of yellow grease (Further with Food, 2016). 

 

3.2.3 The role of partners and stakeholders  

Stakeholders are persons, groups, institutions or organisations that have a stake in an activity 

or project and may be directly or indirectly affected by the project or to have the ability to 

influence it either positively or negatively (D-WASTE, 2012). The stakeholders can play a very 

important role in FWM planning process and, thus, their identification is of great importance 

(Pimentel et al., 2022). The FWM plan should clearly outline the roles and responsibilities of 

various stakeholders in implementing the food waste reduction plan. There are several 

stakeholders involved in food waste prevention and reduction at the municipal level, such as: 

• Municipal authorities: Municipal authorities are responsible for implementing policies 

and programs that support food waste reduction and prevention. In this context, they 

can provide funding for food waste reduction initiatives, implement local regulations 

around food waste, and coordinate with local businesses and organizations to reduce 

food waste. 

• Food retailers: Retailers can convince consumers to adopt sustainable behaviours, can 

promote collaboration through information sharing, can develop partnerships and 

improve the supply chain to prevent FW, etc. (Aschemann-Witzel et al., 2019; Pimentel 

et al., 2022; Teller et al., 2018) 

• HORECA businesses: HORECA businesses are a key stakeholder in food waste reduction 

efforts, as they generate a significant amount of food waste. They can implement food 

waste reduction measures, such as reducing portion sizes, implementing composting 

programs, and donating surplus food. 

• Residents: Residents as consumers also play a role in food waste reduction efforts, 

because they generate a significant portion of food waste. They can reduce food waste 

by planning meals, buying only what they need, storing food properly, separating it at 

the source, and composting food scraps (Aschemann-Witzel et al., 2015). 

• Non-profit organisations: Non-profit organisations can provide food recovery services, 

such as collection and distribution of surplus food to those in need. They can also 

provide education and outreach to the community on the importance of food waste 

reduction. 

• Food banks and pantries: Food banks can accept surplus food and provide it to food 

pantries that directly serve municipality’s residents who suffer from hunger and food 

insecurity within a specified area. They can also work with local businesses and non-

profit organisations. 
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• Waste management companies: Waste management companies are responsible for 

collecting and disposing of waste, including food waste. They can play a role in food 

waste reduction efforts by implementing composting programs, providing waste 

reduction education to the community, and partnering with businesses and 

organizations to reduce food waste. 

• Government Departments/Agencies: Municipalities must collaborate with 

governmental authorities, especially those responsible for bio-waste and food waste 

streams, as they coordinate national efforts to reduce FW. 

• Regulators/Policy-makers: They are responsible for state coordination and policy 

settings. They collectively provide frameworks to guide action, set specific targets 

aiming at specific parts of the food recovery hierarchy, offer supportive investments to 

adopt and deploy innovative FW reduction and prevention practices and technologies, 

etc.  

 

3.2.4 Funding schemes and mechanisms 

The economic instruments required for the implementation of a FWM plan serve two main 

purposes: firstly, they aim to recuperate the costs associated with providing FWM services, and 

secondly, they exert influence on the behaviour of waste generators, encouraging them to 

minimise food waste and adhere to the desired direction of the waste stream (D-WASTE, 2012). 

There are several funding schemes and mechanisms available to support food waste prevention 

and reduction initiatives, e.g., taxes subsidies but other schemes, as well. Some common 

mechanisms used to promote municipal FWM are, as follows: 

1. Grants and subsidies: Governments and foundations often provide grants and subsidies to 

organisations and businesses working on food waste reduction initiatives. These grants can 

cover a wide range of activities, from food waste audits to the development of new 

technologies for reducing waste. For example, towards supporting the transition to a circular 

economy several funding programmes are provided by the European Union, including FW 

prevention and reduction, such as the Horizon Europe, the LIFE programme, the European 

Structural and Investment Funds, and the Single Market Programme (European Union, 2020). 

Moreover, the European Investment Bank (EIB) is providing finance and advice for circular 

economy projects through the InvestEU Advisory Hub6 (European Union, 2020). 

2. Tax incentives: Tax incentives can encourage businesses to reduce food waste by providing 

financial benefits for adopting waste reduction practices or donating surplus food to charity. 

These can include, among others, VAT exemptions or zero-rate VAT on food donations, tax 

credits or tax deductions (European Commission & Directorate-General for Health and Food 

Safety, 2020). For example, In Belgium, VAT is not imposed when food is donated to the nine 

food banks registered by the Belgian Food Bank Federation. In France and Spain, 60% and 35% 

 
6 https://advisory.eib.org/  

https://advisory.eib.org/
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respectively of the net book value of donated food can be claimed as a corporate tax credit (EU 

Platform on Food Losses and Food Waste, 2019). In Greece, there is tax exemption for the 

donation of food products close to their expiration date, according the article no.21 of the 

National Law 4819/2021. 

3. Impact investment: “Impact investment” is defined as the quest to “invest for impact” 

beyond the financial bottom line (Food Trails, 2022). Impact investors provide funding to 

businesses and organisations that are working on social or environmental issues, including food 

waste reduction. Impact investments can take the form of equity investment or debt financing. 

For example, Capital One Ventures has invested in Goodr, a sustainable waste management 

platform that leverages technology to reduce food waste and combat hunger (Wolf, 2020). 

4. Crowdfunding: Crowdfunding platforms can provide a way for individuals and organizations 

to raise funds for food waste reduction initiatives. This can include funding for research, 

development of new technologies, or community-based projects. For instance, Tesco launched 

the BackIt crowdfunding platform for projects that eliminate food waste across the supply chain 

(Goulding, 2016). 

5. Collaborative funding models: Collaborative funding models, such as public-private 

partnerships, can also provide a way for local governments, businesses, and NGOs to work 

together to fund food waste reduction initiatives. For example, in Greece, there is the funding 

program "Investment Plan of the Law 4887/2022 for Entrepreneurship” in which recycling 

actions are included. Applicants can be from SMEs to public companies. 
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Table 4 presents a summary of selected economic tools and incentives identified by FUSIONS 

partners and experts as having the most potential in reduction and prevention of food waste 

(FUSION, 2016a).  
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Table 4. Price and quantity-based instruments 

Taxes, fees and charges Subsidies, grants, tax benefits 

Unit pricing policies by charging on 

the basis of the volume or weight of 

trash discarded (e.g. “PAYT themes) 

instead of a flat tax or monthly fee 

Subsidies/regulations to stimulate private companies to invest in 

food waste reduction technologies 

 Subsidies for free redistribution and new processes 

 Subsidies to farmers to stimulate food waste reduction by X% 

 VAT exemptions on food donations, fiscal incentives for food 

donation such as tax breaks (e.g. France) 

 Matching funds-private public partnership 

 Venture capital funds to develop new business models or invest 

in novel technology 

 Local community and authorities can stimulating gleaning for 

products with imperfect sizes by supporting entrepreneurs (e.g. 

involving local communities and providing financial and non-

financial support 

 Food service establishments can receive tax benefits from 

donating wholesome, edible food to food banks or food rescue 

organizations. 

 Provide tax credit as an incentive for taxpayers to engage in food 
waste reduction 

Source: (FUSION, 2016a) 

 

3.2.5 Risk management 

Risk management aims to identify risks related to the FWM plan and suggest appropriate 

measures to keep those risks to an acceptable minimum. The risk management methodology 

consists of the following main elements: 

• Identify: identify a risk (threats or opportunities) and document the risks. 

• Assess: to document the net effect of all identified threats, by assessing: 

o Likelihood of threats (risks); 

o Impact of each risk; 

o Prioritisation based on scales. 

• Response: preparation and implementation of management responses to mitigate 

threats and maximise opportunities. 

• Monitor and review: monitor and review the performance of the risk management 

actions.  

Indicative risks may be:  
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• Design issues (e.g., inaccurate assumptions on FW generation in planning stage, 

incomplete or wrong FW composition, etc.). 

• External factors (e.g., geopolitical issues, high expectations from stakeholders, political 

factors that affect FW policies, changes in permits required, FW donation regulations 

changes, lack of administration and management capacity from the relevant authorities 

involved, low involvement or performance of critical stakeholders, etc.). 

• Environmental risks (e.g., unanticipated environmental impacts, etc.). 

• Organisational risks (e.g., lack of specialised staff, Inconsistent cost, time, inconsistent 

scope and quality objectives, lack of understanding of complex internal funding 

procedures, etc.). 

• Financial risks (e.g., budget deviations, unavailable funds, funding changes, inefficient 

funding mechanisms, etc.). 

• FWM plan risks (e.g., FWM plan overall goal and need is not well-defined, no control 

over staff priorities, lack of coordination/communication, unresolved FWM planning 

conflicts, added workload or time requirements because of new direction, policy, or 

statute, unforeseen agreements required, etc.). 

All risks should be registered, thoroughly analysed, and evaluated. The risk assessment must 

include methods for prioritising the identified risks for further action, as follows (Table 5 and   
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Table 6): 

 

Table 5. Likelihood evaluation matrix 

Likelihood Evaluation Matrix 

(5) Almost Certain (4) Likely (3) Moderate (2) Unlikely (1) Remote 

-Expected to occur 

frequently i.e. more 

likely to occur than not 

-More than 90% 

chance of happening 

-Strong possibility of 

occurrence and 

could occur several 

times  

-61% to 90% chances 

of occurrence 

-Fairly likely to 

occur 

-31% to 60% 

chances of 

occurrence 

-Not expected to 

happen but 

potential exists – 

unlikely to occur 

-Less than 30% 

chance of 

occurrence 

-May occur only in 

exceptional 

circumstances or 

virtually impossible 

-Less than 10% 

chance of 

occurrence 
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Table 6. Impact evaluation matrix 
Impact Evaluation Matrix 

(5) Catastrophic (4) Major (3) Moderate (2) Minor (1) Insignificant  

A risk event that, if it 

occurs, will have a 

severe impact on 

achieving the desired 

results, to the extent 

that one or more of the 

outcomes will not be 

achieved. 

A risk event that, if it 

occurs, will have a 

critical impact on 

achieving the 

desired results, to 

the extent that one 

or more of the 

outcomes will fall 

below acceptable 

levels. 

A risk event that, if 

it occurs, will have 

a moderate 

impact on 

achieving the 

desired results, to 

the extent that 

one or more of the 

outcomes will fall 

below goals but 

above minimum 

acceptable levels. 

A risk event that, if 

it occurs, will have 

a minor impact on 

achieving the 

desired results, to 

the extent that 

one or more of the 

outcomes will fall 

below goals but 

well above 

minimum 

acceptable levels. 

A risk event that, 

if it occurs, will 

have little or no 

impact on 

achieving 

outcome 

objectives. 

 

According to the above risk criteria, the risk heat map can be generated ( 

Table 7). 

 

Table 7. The Risk Heat Map 

Risk Heat Map Likelihood 

Impact (1) Remote (2) Unlikely (3) Moderate (4) Likely (5) Almost Certain 

(5) Catastrophic 5 10 15 20 25 

(4) Major 4 8 12 16 20 

(3) Moderate 3 6 9 12 15 

(2) Minor 2 4 6 8 10 

(1) Insignificant 1 2 3 4 5 

 

For each identified risk, a response must be identified. It is the responsibility of the project 

committee to select a risk response for each risk. The possible risk responses are: 

• Avoid, eliminate the threat by eliminating the cause. 

• Mitigate, identify ways to reduce the probability or the impact of the risk. 

• Transfer, make another party responsible for the risk. 

• Accept, nothing will be done. 
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3.3 Awareness campaigns 

Raising awareness and educating the community members about the importance of reducing 

FW is a critical step in promoting behaviour change (Caldeira et al., 2019; FUSION, 2016a). 

Awareness campaigns should systematic and targeted, start at an early stage and need to be 

intensified and continued throughout the upscaling of the intended scheme until the entire 

municipality is covered (I. Franzis & Associates LTD & Black Forest Solutions GHBM, 2020). 

Changing customers daily behaviour requires ongoing communication and adaptation to the 

specific requirements and, therefore, these campaigns cannot be "one size fits all"; they need 

to be tailored to specific target groups and prioritise those groups that can lead in raising 

awareness among the population.  

Some actions to raise awareness and educate the community about the importance of reducing 

food waste are the following: 

• Outreach programs: Outreach programs can help raise awareness and educate the 

community about the importance of reducing FW. These programs can include 

community events, workshops, and educational sessions. They can be organised by 

local government agencies, non-profit organizations, or businesses. 

• Use of social media: Social media platforms can be a powerful tool to reach a broader 

audience. For instance, social media attract more young people than the old-fashioned 

techniques do. Municipalities can use their social media accounts to share information 

on FW reduction, including tips for reducing FW at home, food donation opportunities, 

and local initiatives.  

• If any FW campaigns are displayed in social media, young customers will adopt new 

habits without any hesitation. 

• Partnerships with local schools: Municipalities can partner with local schools to educate 

children on the importance of the problems. This can include incorporating FW 

reduction lessons into the class, hosting educational events, and encouraging children 

to participate in cooking and food donation programs. 

• Support of food recovery programs: Municipalities can support food recovery 

programs, which collect unused food from businesses and households and redistribute 

it to those in need. By promoting and supporting these programs, municipalities can 

raise awareness of the issue of FW and demonstrate the benefits of reducing food 

waste. 

• Collaboration with local businesses: Municipalities can collaborate with local 

businesses, such as restaurants and food stores. This can include promoting the use of 

composting and food donation programs, providing training on proper food storage and 

handling, and incentivising businesses to reduce their FW using appropriate economic 

and other instruments. 
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• Provision of education resources: Municipalities can provide educational resources, 

such as brochures, posters, and online guides, to educate the community on the 

importance of reducing FW. These resources can include tips for reducing FW at home, 

information on the environmental impact of FW, and strategies for reducing FW in 

commercial settings, as well as digital tools (apps) to guide and educate consumers and 

businesses towards FW issues. For instance: 

o SavingFood’s Food waste calculator7 is a self-assessment tool for businesses like 

supermarkets, restaurants, bakeries etc. The tool assists businesses to 

understand the financial and environmental impact of their food waste 

activities. 

o The food waste calculator by The Less Food Waste Project8 is based on an 

extensive food waste diary study by Natural Resource Institute Finland. The 

calculator is addressed to households and the questions that includes were 

selected by statistical methods to generate a FW prediction of highest possible 

precision with a limited set of questions. 

o The Food Waste Impact Calculator9 developed by ReFED, a national non-profit 

organisation dedicated to ending food loss and waste, quantifies the 

environmental, economic, and social impacts of FW on the climate, natural 

resources, lost meals, and the economy for several sectors in food supply chain. 

o The IGA Food Waste Calculator10 serves to enlighten consumers about the 

actual expenses incurred when food is wasted. This tool offers an approximation 

of the comprehensive impact of a product, considering factors such as cost, 

energy consumption, and water usage. These calculations are made using a 

'Farm to Gate' Life Cycle Assessment approach. 

 

3.4 Proposed actions and timeline 

3.4.1 Actions 

The following table describes the main actions of the FW prevention and reduction Roadmap 

(Action Plan), along with rationale and indicative methods/means. Each action must be 

monitored to estimate its effectiveness and enable continuous improvement. More details on 

the performance framework are provided in Section 4 of this document. By following these 

steps and continually refining and expanding efforts, a municipality can make significant 

 
7 https://savingfood.eu/food-waste-calculator/  
8 https://www.lessfoodwaste.fi/paulig/en/Home  
9https://insights-engine.refed.org/impact-
calculator?inputs=%7B%22sector%22%3Anull%2C%22type%22%3A%22standard-
mix%22%2C%22unit%22%3A%22tons%22%2C%22alternative%22%3Afalse%2C%22destinations%22%3A%5B%5
D%7D  
10 https://www.iga.com.au/food-smart/  

https://savingfood.eu/food-waste-calculator/
https://www.lessfoodwaste.fi/paulig/en/Home
https://insights-engine.refed.org/impact-calculator?inputs=%7B%22sector%22%3Anull%2C%22type%22%3A%22standard-mix%22%2C%22unit%22%3A%22tons%22%2C%22alternative%22%3Afalse%2C%22destinations%22%3A%5B%5D%7D
https://insights-engine.refed.org/impact-calculator?inputs=%7B%22sector%22%3Anull%2C%22type%22%3A%22standard-mix%22%2C%22unit%22%3A%22tons%22%2C%22alternative%22%3Afalse%2C%22destinations%22%3A%5B%5D%7D
https://insights-engine.refed.org/impact-calculator?inputs=%7B%22sector%22%3Anull%2C%22type%22%3A%22standard-mix%22%2C%22unit%22%3A%22tons%22%2C%22alternative%22%3Afalse%2C%22destinations%22%3A%5B%5D%7D
https://insights-engine.refed.org/impact-calculator?inputs=%7B%22sector%22%3Anull%2C%22type%22%3A%22standard-mix%22%2C%22unit%22%3A%22tons%22%2C%22alternative%22%3Afalse%2C%22destinations%22%3A%5B%5D%7D
https://www.iga.com.au/food-smart/
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progress in reducing FW. However, every municipality has some unique characteristics. Thus, 

the Action Plan should be customised to address these specific needs. 

 

Table 8. Proposed Action Plan  

Actions Rationale Means/methods 

Action 1: Assess the 

current situation 

 

Identify key stakeholders, including households, 

restaurants, food stores, food processing 

facilities, etc., to understand their contribution 

to FW. 

Conduct a comprehensive survey to determine 

the amount and causes of FW within the 

municipality. 

Use the information gathered to provide 

feedback to stakeholders. 

Stakeholder analysis  

Direct methods (e.g. waste 

composition analysis, direct 

weighing, surveys, etc.) (see 

section 3.1) 

Indirect methods (e.g. mass 

balance calculations, proxy 

data, etc.) (see section 3.1) 

 

Action 2: Vision, targets 

and priorities 

 

Outline the municipality’s vision, goals and 
targets that align with its overall sustainability 
objectives. 

Internal procedures (e.g. 
municipal council decisions) 

Participatory Decision-Making 

Action 3: Awareness and 

Education 

 

Raise awareness about the impacts of FW on the 
environment, economy, and community well-
being. 

Provide residents and businesses with practical 

tips on reducing FW. 

Provide feedback to residents, businesses, and 
stakeholders on their progress in reducing FW. 

Share success stories and best practices. 

Educational campaigns, 

workshops, seminars, social 

media, and community events 

(see section 3.3) 

Support to NGOs that reach 

different audiences 

Action 4: Establish 

partnerships 

 

Collaborate with local businesses, charitable 

organisations, and food banks to redistribute 

surplus food. 

Partner with restaurants, caterers, and food 

service providers to promote sustainable food 

practices, and implement strategies for reducing 

FW in their operations. 

Collaborate with schools, hospitals, and other 

institutional settings to implement sustainable 

food procurement policies that prioritise 

reducing FW and supporting local food systems. 

Targeted communication 
channels (e.g. emails, phone 
calls, in-person meetings, etc.). 

Participation in local events 

related to FW 

Memorandums of 

Understanding (MOUs) 

Provision of training and 

resources to educate food 

industry professionals 

Action 5: Implement 
food waste prevention 
measures 

Provide residents with tips regarding household 
recipes for utilising the generated FW. 

Provide residents and businesses with practical 

tips on preventing FW. 

Promote the use of a shopping 
list 

Weekly menu planning tips 

Cook the riper food or/and the 
food that was bought first 

Action 6: Implement 

food recovery programs 

 

Set up a food recovery program that involves 
collecting surplus food from restaurants, hotels, 
and other businesses and redistributing it to local 
food banks, shelters, and community centres. 

Incentives for businesses could 

include tax actively involved 

(e.g. subsidies, municipal tax 

credits, recognition programs, 

etc.) 
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Actions Rationale Means/methods 

Encourage food retailers to donate excess food 

that is safe for consumption but not suitable for 

sale. 

Establish guidelines to ensure the safe handling 

and transportation of recovered food. 

Platforms (e.g. and apps (e.g. 

“Too Good To Go”, “Food 

Rescue Hero”, “Waste No 

Food”, “Boroume”, etc.) 

Assist in the logistics of 

collecting and distributing 

surplus food to ensure safe 

handling and transportation 

Support to local NGOs involved 

in food donation 

Action 7: Implement 

source reduction 

measures 

 

Encourage residents to compost their food 

scraps. 

Promote backyard or community gardens where 

residents can grow their own food. 

Provision of composting bins  

Educational materials on 

composting techniques 

Provision of municipal land for 

community gardens 

Action 8: Implement 

separate collection 

measures 

 

Encourage residents and food service 

professionals to separate inedible FW to increase 

recycling and valorisation of food that is not 

usable in the basic process and diverted it from 

landfills. 

Information campaigns for 
households on separate 
collection of FW and available 
infrastructure 

Provision of training and 
resources to educate food 
professionals 

Provision of bins/special bags 
for separate collection of FW 

“Door-to-door” collection 
whenever via separate 
containers 

Action 9: Support FW 

tracking and 

measurement 

Develop a system to track and measure FW 

generation across different sectors and areas 

within the municipality. 

Assess food waste generation in public facilities, 
including government offices, schools, and 
hospitals. 

Analyse the data collected on FW to identify 

patterns, trends, and areas of focus. 

Internet of Things (IoT) sensors 

Artificial intelligence, machine 

learning and data analytics 

Action 10: Implement 
local policy measures 

Introduce local policies that support FW 
reduction, such as mandatory composting 
programs, incentives for businesses that 
minimise FW, and restrictions on excessive food 
portion sizes in restaurants. 

Internal procedures (e.g. 
municipal council decisions) 

Participatory Decision-Making 

Collaboration with 
government agencies 

Action 11: Promote 
innovation  

Encourage innovation in FW reduction by 
supporting pilot projects and initiatives that test 
new technologies or approaches. 

Explore partnerships with research institutions 
to develop and evaluate innovative tools, such as 
FW tracking apps, FW donation platforms, smart 
bins, etc. 

FW Hubs 

Pilot projects 

Research grants 
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Actions Rationale Means/methods 

Action 12: Foster 

collaboration with 

neighbouring 

communities 

 Collaborate with neighbouring municipalities to 

share best practices, FW infrastructure and 

facilities (e.g. regional composting facilities or 

shared food recovery networks), coordinate 

efforts, and develop regional strategies for 

reducing FW. 

Joint agreements 

Internal procedures (e.g. 
municipal council decisions) 

EU and national funded 
programmes 

Action 13: Monitor, 
evaluate and share 

Monitor and evaluate the progress of food waste 
reduction initiatives. 

Collect feedback from residents, businesses, and 
community organisations to identify challenges 
and refine strategies accordingly. 

Regularly review and evaluate the impact of FW 
policy measures implemented in the municipality 
based on feedback, emerging research, and 
changing circumstances. 

Key performance indicators 
(KPIs) 

Progress reports 

Public consultations 

Workshops and community 
events 

 

3.4.2 Timeline 

The plan should provide a timeline for the implementation of strategies and actions, as well as 

identify key milestones and checkpoints for monitoring progress. The timeline should be 

realistic, feasible, and aligned with the municipality's overall sustainability objectives. 

For example, the plan can be implemented over a five-year period, with specific actions and 

strategies identified for each year. Key milestones and checkpoints can be established to track 

progress towards the goals and targets outlined in the plan. 

Action 
Months 

1 2 3 4 5 6 7 8 9 10 11 12 

A1  Assess the current situation                       

A2  Vision, targets and priorities                        

A3  Awareness and Education                         

A4  Establish partnerships                         

A5  Implement food prevention measures                          

A6  Implement food recovery programs                           

A7  Implement source reduction measures                         

A8 
 Implement separate collection 
measures                         

A9  Support FW tracking and measurement                         

A10  Implement local policy measures                         

A11  Promote innovation                          

A12 
 Foster collaboration with neighbouring 
communities                         

A13  Monitor, evaluate and share                         
 

             

  Starting month             

  Implementation month             



ADVANCE – PR3/Task 3.3 

 
34 

 
   

 

Each action has a period (starting months) in which every preparatory procedure is started. 

After this period, the implementation period starts without any limitation regarding its 

completion time. Ideally, as long as the action is implemented, it should not be ended in the 

next years, in order the municipality to maintain its circular concept that has launched.  

 

3.5 Monitoring the progress 

The Roadmap should outline a system for monitoring and reporting progress towards the 

municipality's FW reduction goals and targets. This can include regular reporting to the public, 

tracking and analysing data, and conducting periodic evaluations of the effectiveness of the 

plan. In this direction, the municipality can establish a FW dashboard that tracks the amount of 

food waste generated, the amount diverted for donation or composting, etc. that must relate 

to specific Key Performance Indicators (KPIs). The dashboard can be publicly available and 

updated regularly to provide transparency and accountability.  

 

3.5.1 Performance Measurement 

FW generation varies with respect to consumer behaviour (which is affected by demographic 

characteristics, cultural aspects, awareness, etc.), economic conditions (e.g. consumers’ 

income, public and private funds directed to FWM, etc.), and market characteristics (e.g. 

product availability, size of product packages, supply chain characteristics, etc.). Therefore, a 

more comprehensive approach should be established to investigate the role of the above-

mentioned factors on municipality’s effort to reduce FW.   

As far as the progress towards FW reduction is concerned, changes in the quantity of FW 

generated per capita, the percentage of FW diverted from landfills to donations and treatment 

facilities and other figures should be measured. The performance measurement framework 

aims to create the basis for evaluating the municipality’s activities the implementation of the 

Roadmap. Achievements, aligned to the FW reduction, are connected to key performance 

indicators (KPIs) and timeline targets that contribute to the municipality’s vision statement.  

The next section presents the suggested KPIs that were developed by the ADVANCE project’s  

baseline assessment and benchmarking and can be used to monitor the Roadmap’s progress 

(ADVANCE project, 2022b). 

 

3.5.2 Outcomes, Key Performance Indicators and each year targets 

During the baseline assessment and benchmarking on FW management performance that was 

conducted by the ADVANCE project (ADVANCE project, 2022b), a number of specific KPIs were 

developed. These KPIs can be used to monitor the progress of the FW reduction Roadmap as 
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they demonstrate how effectively a municipality is achieving its goals towards FW prevention 

and reduction in a quantitative manner.  

It is important to note that KPIs are only worth of the data that is used to calculate them. 

Although data limitations may exist at the beginning of the process with respect to the 

suggested KPIs, Municipalities can gather data to monitor the achievement of the targets 

against the timeline and the baseline conditions as the Roadmap progresses. The establishment 

of baseline conditions is also of crucial importance, because it determines the starting point of 

and can be used to assess the distance travelled during the implementation of the Roadmap. 

Finally, the following KPIs and the relevant benchmark indicators should be seen as a proposed 

framework, which is flexible and open to change in order to respond to any particular needs of 

the Municipalities that adopt it. 

The proposed KPIS and benchmarking indicators are the following: 

1. Frequency of municipal waste compositional analysis 

a. Benchmark indicator: once per year (non-touristic places) or twice per year 

(touristic places) 

The analysis of the composition of municipal waste is done to assess the type and quantity of 

waste generated by the municipality's community (residents, businesses, etc.). Based on the 

analysis, a municipality can obtain insights on the main waste streams and take action to 

prevent/reduce them. In addition, conducting compositional analysis frequently is important 

to identify seasonal patterns that may affect the quantity and composition of FW. It is evident 

that the more frequent the compositional analysis the quicker the response of the municipality 

to take action.  

 

2. Number of food waste prevention programs and/or initiatives, platforms, 

organisations, etc.  

a. Benchmark indicator: at least 1 program per category, e.g. prevention, 

donation, etc., at least one active platform/organisation and the number of 

influenced people 

Municipalities have a key role because they bring together different actors (businesses, 

residents, NGO etc) to tackle the problem of FW. For example, they can install community 

fridges so that HoReCa businesses can distribute excess food to those in need and organise 

food donation schemes. The literature shows that different types of intervention campaigns 

have different impacts on the final quantities of FW prevented (Sharp et al., 2010). Therefore, 

it is important to keep track of the number of these initiatives in order to monitor their current 

status, evaluate their impact and assess any gaps that may exist. 

 

3. kg of food waste generated per capita per year 

a. Benchmark indicator: progress monitoring indicator 
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b. Benchmark indicator: 30% reduction (baseline = 2025) of the produced food 

waste by 2035.   

The per capita amount of FW generated in a municipality each year is a very useful metric both 

because the monitoring of it gives a clear picture of how the total amount of food waste varies 

over a fixed period of time (e.g., each year) and because it can be used to compare 

municipalities with similar demographic characteristics. Thus, a municipality can easily quantify 

and assess the extent of food waste generated and take the necessary prevention and 

reduction measures in a timely manner. 

 

4. kg of food waste collected separately from the source to total kg of food waste 

collected by the MSW management system 

a.  Benchmark indicator: target 45% by 2030. 

5. kg of biowaste collected separately from the source to total kg of biowaste collected 

by the MSW management system (in case that no separate collection for food waste 

exists – second-best option) 

a. Benchmark indicator: target 20% by 2030. 

6. % of the population covered by a separate food waste collection system 

a. Benchmark indicator: progress monitoring indicator  

b. Benchmark indicator 100% by 2030 

7. % of the population covered by a separate biowaste collection system (in case that no 

separate collection for food waste exists – second-best option) 

a. Benchmark indicator: progress monitoring indicator  

b. Benchmark indicator: 100% by 2030 

Separate collection of organic material (biowaste and FW) is an essential step towards its 

sustainable management. This is because separate collection simplifies downstream 

valorisation processes such as upcycling or composting. The four indicators above are intended 

to facilitate the monitoring of separate collection systems established by the municipalities. In 

particular, the first two indicators show the percentage of FW/bio-waste collected from the 

source in relation to the total amount of FW/biowaste collected by the municipal solid waste 

management system (w/w), and the last two track the proportion of population covered by a 

separate FW/biowaste collection system.   

 

8. % of food waste being landfilled (to total amount of collected food waste) 

a. Benchmark indicator: progress monitoring indicator  

b. Benchmark indicator: 0% of food waste ended up in landfills by 2035 

9. % of food waste recycled, reused and treated (to total amount of collected food waste) 
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a. Benchmark indicator: progress monitoring indicator  

b. Benchmark indicator: 100% of food waste recycled/reused/treated by 2035. 

Landfilling organic materials, such as FFW, has a negative impact on the environment. The 

decomposition of FW in landfills not only contributes to climate change through the release of 

methane gas into the atmosphere but can potentially contaminate soil and groundwater. On 

the other hand, sustainable treatment of FW avoids these risks and reintroduces materials back 

into a system that needs them. Municipalities need to divert FW from landfills to more 

sustainable management options that promote circular economy. Thus, two indicators that 

help monitor this goal are the percentage of FW sent to landfill (to the total amount of food 

waste collected) and the percentage of FW that is recycled, reused, and processed (to the total 

amount of FW collected). These two indicators are in a sense identical since they consider the 

only two management options, i.e., landfill or sustainable treatment, and their sum should be 

100%. 

 

10. % of food waste recycled into animal feed (to total amount of collected food waste) 

a. Benchmark indicator: progress monitoring indicator 

11. % of food waste recycled via composting (to total amount of collected food waste) 

a. Benchmark indicator: progress monitoring indicator 

12. % of food waste treated for energy recovery (via anaerobic digestion/and or 

incineration) (to total amount of collected food waste) 

a. Benchmark indicator: progress monitoring indicator 

13. % of food waste bio-dried (for the production of SRF) (to total amount of collected food 

waste) 

a. Benchmark indicator: progress monitoring indicator 

Municipalities should also monitor the amount of FW repurposed for different processing 

methods, because some of them are preferable according to the FW management hierarchy. 

For example, it is preferable to use FW to feed animals, or to valorise it through composting, 

rather than incinerating it for energy recovery. The first indicator aims to monitor the 

percentage of FW recycled into feed (to the total amount of FW collected). The second 

indicator shows the percentage of FW that is recovered through composting, the third indicator 

shows the percentage of FW treated for energy recovery (via anaerobic digestion/and or 

incineration) and the fourth indicator shows the percentage of FW bio-dried to be used for soil 

recovered fuel (SRF). Note that since these indicators cover the whole spectrum of the FW 

management hierarchy, the sum of the individual indicators should equal the percentage of FW 

recycled, reused, and treated (9th indicator).   
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14. Number of communication and educational actions /campaigns per year (e.g. numbers 

of articles published about food waste, leaflets mailed to households, visits organised 

to households, schools, etc.)  

a. Benchmark indicator: at least one campaign per target group (e.g. households, 

HORECA businesses, schools, etc.) including 

i. the number/ percentage of people/pupils that were informed  

ii. the working hours and staff that participated in the campaign strategy  

iii. duration of the actions/campaigns (e.g. 1 semester, 4 months etc.) 

iv. money spent per action/ campaign 

Municipalities should conduct communication and educational campaigns to raise the 

awareness of the community on FW and to promote FW prevention and reduction. There are 

numerous methods that can be employed in this direction such as social media campaigns, 

school workshops regarding FW, billboards, leaflets etc. It is important that all actors in the 

municipality take part in the educational campaigns to amplify the dissemination of information 

regarding FW to as many people as possible. Municipalities should keep track of the number of 

campaigns that have been conducted and ensure that diverse audiences have participated. 

 

3.5.3 Progress Reporting 

A progress report on the implementation of Roadmap, presenting the results for the suggested 

(or additional) KPIs should be published every year. Detailed measurements of actions will be 

carried out internally to support a summary public report. 

A template form for monitoring and progress evaluation is presented in Annex I. 

 

4 Best practices for municipalities 

Towards preparing a FWM Roadmap is always useful to take into account existing best 

practices. The following sections provide some successful examples from municipal FWM 

initiatives, as well as from applications of Industry 4.0 technologies that have been used by 

municipalities to achieve advance FW prevention and reduction. 

 

4.1 FWM best practice examples 

Some best practice examples of European cities that have already implemented FW reduction 

initiatives, are the following: 

• Copenhagen, Denmark: Copenhagen has implemented a FW reduction program that 

includes mandatory separation of organic waste, food waste prevention campaigns, and 
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an initiative to provide surplus food to people in need. Food Sharing Copenhagen is one 

of Demark’s largest volunteer-led organisations working to raise awareness of and 

prevent food waste (Ghafoor, 2021). The program has resulted in a 25% reduction in 

food waste and is equivalent to 4,4 billion DKK (FUSION, 2016b). In addition, 

Copenhagen has also implemented a FW reduction program specifically targeting 

schools. The program includes education and awareness campaigns, as well as a food 

sharing program that allows schools to share surplus food with other schools and 

community organisations (Stop Spild Af Mad, n.d.). Also in Copenhagen, the Denmark’s 

first ever food surplus supermarket opened, which sells products at prices 30% to 50% 

cheaper than usual retailers (Rodionova, 2018).  

• Milan, Italy: In 2015, Milan embarked on an ambitious program with the goal of 

reducing food waste by 50% by 2030. The city's Municipality forged a collaborative 

agreement with Assolombarda and the Polytechnic University of Milan to devise 

innovative and participatory solutions to combat food waste. This collaboration led to 

the establishment of Milan's first Local Food Waste Hub, a pioneering initiative 

dedicated to recovering surplus food from local supermarkets and canteens and 

redistributing it to those in need through local neighbourhood networks (FAO, 2018). 

Presently, Milan boasts three Food Waste Hubs, each recovering approximately 130 

tonnes of food annually or 350 kilograms per day, which equates to an estimated 

260,000 meals (The Earthshot Prize, 2023). Additionally, in 2018, the Municipal Council 

made a significant decision to reduce the waste tax by 20% for food businesses (such as 

supermarkets, restaurants, canteens, producers, etc.) that donate their food surpluses 

to charitable organizations. In the same year, 106 out of a total of 418 canteens were 

affiliated with food banks, contributing to the recovery and redistribution of 140 tonnes 

of fruit and bread (FAO, 2018). Furthermore, Milan saved and donated 6,995 tons of 

food losses, equivalent to over 13 million meals (Zero Waste Europe & Slow Food, n.d.).  

• Paris, France: Paris has launched a comprehensive food waste reduction initiative as 

part of the city's Circular Economy Plan. This program encompasses mandatory 

separation of organic waste for both residents and businesses, along with a target to 

reduce food waste by 50% by 2025. So far, Paris has successfully collected over 1,346 

tonnes of organic waste from 53 food markets. In addition, 19 non-profit organizations 

are set to receive subsidies of €500,000 each to equip themselves with the necessary 

logistics, kitchen equipment, and supplies for recovering unsold food from 

supermarkets and redistributing it to vulnerable or low-income communities. 

Furthermore, the city boasts 554 collective composting sites and 18 neighbourhood 

compost bins (C40 Cities Climate Leadership Group & Nordic Sustainability, 2019). 

• Ghent, Belgium: In 2013, Ghent implemented a food strategy (‘Gent en Garde’) and 

established a ‘food policy council’ that consists of about 25 members from various 

sectors (Gent en Garde, 2016). This strategy has a multifaceted approach, including the 

reduction and reuse of food waste as a raw material. The City of Ghent and the Public 

Center for Social Welfare (PCSW) jointly established Foodsavers Ghent, a program 

dedicated to collecting food surpluses from supermarkets, depots, auctions, and 
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farmers. These collected items are then redistributed free of charge through social 

restaurants and organizations focused on poverty reduction. In just two years, the 

program managed to save 1000 tons of food, employ 25 disadvantaged individuals, and, 

with only nine donors, collected 640 tons of food in 2018. It reached 38,000 people 

experiencing poverty (FoodsaversGent, n.d.). 

• Ljubljana, Slovenia: Ljubljana has implemented a food waste reduction program that 

includes organic waste separation, as well as a FW reduction campaign called “Raise 

your voice against food waste”, which aims to educate people about FW and to promote 

more sustainable habits (Zero Waste Europe & Slow Food, n.d.). Several 

communications tools have been developed, including a video with a bin singing a blues 

song to show its distress regarding wasteful habits11. 

• Oslo, Norway: Oslo has implemented a FW reduction program that includes a FW 

collection process from 660,000 inhabitants of Oslo that includes door side collection 

by the city as well as delivery of waste to kerbside collection points or recycling stations 

by residents. Collected FW is sent to the Romerike biogas plant. In 2013, 1.164 million 

Nm3 biogas from FW were produces, sufficient to fuel 135 buses (Jain et al., 2018). 

Moreover, Oslo’s supermarkets have set in place different strategies to reduce FW. 

Many of them promote food with short shelf life for up to a 50% discount, but only 20% 

were donating their food surplus to charity, in 2017. The food is used to make meals 

through the Food bank in Oslo, but most of the times it goes directly from donor to 

charity organisation (Capodistrias, 2017). 

 

4.2 Industry 4.0 technologies 

Industry 4.0 technologies can help municipalities to achieve better FW management and 

advance FW prevention and reduction. Hereinafter, the main technologies are described, 

accompanied with relevant examples where available. 

• Internet of Things (IoT) sensors: IoT sensors can be used to monitor FW levels in bins in 

real-time. This data can be used to optimise waste collection routes, reduce FW 

generation, and improve operational efficiency. As an example, Dublin City Council has 

collaborated with Big Belly Bins to deploy 110 smart bins throughout the Dublin 

Docklands area within a span of 30 months. These bins are equipped with Internet of 

Things (IoT) sensors that offer real-time data to the municipal waste management team, 

indicating the current capacity of each bin. Moreover, these sensors can detect bins 

that have not yet reached their full capacity but are obstructed, often due to bulky items 

such as pizza boxes. This wealth of information is readily accessible via internet-enabled 

devices like smartphones, granting access to an online dashboard and a digital map for 

easy monitoring and management (Smart Docklands, n.d.). 

• Artificial intelligence (AI), machine learning (ML) and big data analytics (BDA): AI and ML 

can be used to analyse big data from IoT sensors and other sources to identify patterns 

 
11 https://www.youtube.com/watch?v=V2p2AwcBTnQ  

https://www.youtube.com/watch?v=V2p2AwcBTnQ
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and trends in FW generation. This can help municipalities to better understand the root 

causes of food waste and develop more effective prevention and reduction strategies. 

For example, in the city of Milan, Italy, Elior Italy, a leader in the contract catering, 

announced a pilot AI-powered FW prevention program in a restaurant that uses 

machine learning to analyse data on FW generation and identify opportunities for waste 

reduction. The system comprises digital scales integrated with an optical recognition 

system, with the captured images being processed by artificial intelligence. This 

advanced technology enables automatic weighing, identification, and categorization of 

discarded waste, ultimately transforming it into a precise and comprehensive dataset. 

Since the installation of the system, the pilot restaurant reduced its FW by 60% (Food 

for Good, 2021).  

• Blockchain: Blockchain technology can be used to create a transparent and secure 

system for tracking FW throughout the supply chain (Dey et al., 2022). This can help to 

identify areas where waste is being generated and develop more effective prevention 

and reduction strategies. For example, in the hospitality industry Blockchain can be used 

to track food problems from the first stages of their production to the final stage 

(consumption) and prevent FW, fraud, and any other unethical practice or action, and 

to make food supply chains more transparent (Stroumpoulis et al., 2022). 

• Predictive analytics: Predictive analytics can be used to forecast FW levels, allowing 

municipalities to plan and allocate resources more effectively (e.g. to ensure that waste 

is collected and processed efficiently, reduce the risk of overfilling bins, etc.). A hosptech 

company, Tenzo, aspires to save the food industry around 75,000 tonnes of waste 

globally by 2027 using an AI-powered predictive analytics platform (Taylor, 2023). 

• Cloud computing: Cloud computing can be used to store and manage large volumes of 

data from multiple sources, making it easier for municipalities to access and analyse 

data on food waste generation and management. Cloud computing plays a pivotal role 

in enabling real-time information exchange throughout the farm-to-fork value chain, 

facilitating the integration of smart applications and assets. This integration has the 

potential to significantly reduce food waste (Funchal et al., 2022). 

• Smart packaging: Smart packaging can be used to monitor food freshness and quality, 

reducing the risk of food wastage globally (S. Chen et al., 2020). The technology is still 

in its infancy but many companies are already using like the Sealed Air’s automated 

packaging solutions systems (Feed & Nutrition, 2022). 

• Robotics and automation: Robotics and automation can be used to sort and process 

FW, reducing the need for manual labour and improving efficiency. This can reduce 

processing costs and increase the amount of waste that can be recycled or repurposed. 

• Augmented reality (AR) and virtual reality (VR): AR and VR can be used to educate and 

engage consumers on the importance of food waste prevention and reduction and to 

raise awareness and encourage more sustainable behaviour. FW and AR is still in its 

infancy but some applications have been developed, where models of food are 

projected onto real-world environments to provide scale on FW waste and help 

consumers understand the level of waste (Honee et al., 2022). 
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• Mobile apps and online platforms: Mobile apps and online platforms can be used to 

facilitate communication and collaboration between municipalities, businesses, food 

banks, organisations, and consumers to share information and resources on FW 

prevention, reduction, and donation. For instance: 

o “Olio” app serves as a platform for neighbours to share unwanted food and 

other items freely. "Olio" also collaborates with catering, hospitality, and retail 

businesses, enabling them to pick up surplus food 24/7 and distribute it within 

the local community (ODDBOX, 2021). 

o “Fridgely” informs the user when food is going to expire and prevents FW. It 

works by scanning the barcodes of the food items. The app itemises them and 

estimates the expiration date (Fridgely, n.d.). 

o “Food Rescue Hero” app has been designed to mobilise volunteers for the 

transportation of surplus food to individuals in need. Volunteer drivers receive 

alerts when surplus food becomes available for pickup nearby. Since its launch 

in 2016, this app has redirected over 77 million pounds of perfectly good food 

from landfills to those who can benefit from it (Food Rescue Hero, n.d.). 

o “Imperfect Foods” app helps reducing FW by offering farm fresh produce, 

pantry staples, animal and plant-based proteins, dairy and alternatives, 

beverages and that are imperfect (e.g. have irregular sizes, or a unique cosmetic 

feature) at reduced prices (Imperfect  foods, n.d.).  
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Annex I: Template form for monitoring and progress evaluation 

Monthly Evaluation  
   

1) Do you implement compositional analysis?                                                                           Yes/No   
    

 if yes:    

 Provide the number of the compositional analysis  

 Provide the products and their percentage   

  Products % 

      

      

      

      

      

      
    

   Kg 

2) Number of food waste prevention programs and/or initiatives, platforms, organisations, etc. 
  

    

3)  
kg of food waste collected separately from the source to total kg of food waste collected by 
the MSW management system   

    

4)  
kg of biowaste collected separately from the source to total kg of biowaste collected by the 
MSW management system   

    

5) Population covered by a separate food waste collection system   
    

6) 
Population covered by a separate biowaste collection system (in case that no separate 
collection for food waste exists – second-best option)   

    

7) kg of food waste being landfilled    
    

8) kg of food waste recycled, reused and treated    
    

9) kg of food waste recycled into animal feed    
    

10) kg of food waste recycled via composting    
    

11) kg of food waste treated for energy recovery    
    

12) kg of food waste bio-dried    
    

13) Number of communication and educational actions /campaigns per month   
    

14) kg of TOTAL food waste produced   
        
15)  Indicate other actions that implemented during this month and should be referred in the annual report 
 

 

 


