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Abstract:  
Climate change is a global concern, standing as a key topic of the European Agenda. 
To ensure systemic changes towards a circular economy and achieve a low-emissions 
pathway, active public participation and confidence in the transition are essential. 
The paper reflects on such a challenge, drawing on co-design activities led by the 
Design Department of Politecnico di Milano and aimed at identifying actual possible 
research challenges and emergent research agendas, aligning them with 2030 
European goals. Through co-design sessions, an international and multidisciplinary 
team devised a digital system to engage young citizens, increasing the environmental 
awareness of their eating habits. The finalization of the digital system design and its 
testing activity will leverage both design for behavioural change and the citizen 
sciences approaches. The paper emphasizes the strategic role of design in adopting 
an interdisciplinary and multi-layered approach to find a solution to complex issues, 
as the transition towards zero waste is. 
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1. Introduction 
The paper presents the outcome of a co-design experience addressing one of the key issues of the 

2030 European agenda: making Europe a climate-neutral continent.  

The 2019 UN Sustainability Report1 highlighted that, despite the progress achieved in many areas, 

there is now a need for faster and more ambitious actions to achieve the economic and social 

transformation required to reach the SDGs. The most pressing need for action is the fight against 

climate change, the catastrophic and irreversible effects of which will occur - and in some cases are 

already being felt - if greenhouse gas emissions are not reduced. This will make many parts of the 

world uninhabitable, particularly affecting the most vulnerable countries and people. The UN Report 

                                                                 
1 https://unstats.un.org/sdgs/report/2019/The-Sustainable-Development-Goals-Report-2019.pdf 
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highlights some strategic lines that can lead to significant progress, such as effective international 

cooperation in the multilateral perspective, better use of statistical data and the enhancement of 

science, technology and innovation, with a greater focus on digital transformation and education. 

More recently, the report “Progress towards the Sustainable Development Goals”2 reiterates the 

urgency of dramatically increasing the pace and scope of efforts over the next decade to achieve the 

SDGs. Within this framework and based on these assumptions, the case study presented here is an 

example of multidisciplinary and international collaborative design experience aimed at identifying 

inclusive solutions for citizens to educate them to adopt sustainable practices.  

2. A Co-Design Experience Towards Sustainability 

2.1 Why 
The co-design research experience, led by design researchers belonging to the Design Department of 

Politecnico di Milano had the main scope of identifying possible relevant research challenges and 

emergent research agendas aligning them with the 2030 European goals. The invited co-designing 

actors were selected in accordance with  

- the relevance of their expertise in relation to the challenge to be addressed; 

- the presence of ongoing collaborations, partnerships and research projects – so to be able to 

make the most out the existing eco-system.  

2.2 Who 
The co-design team involved eleven (11) partners, among Universities and Schools, SMEs and Large 

Enterprises, Technology Centres, Policy Makers and Media Agencies. Such team relied on 

multidisciplinary and complementary expertise: researchers in design and engineering, software 

developers, IT solutions providers, and AI experts. The design leadership of such a tech-based team 

was established to be in line with the vision for a New European Bauhaus: “By creating places, 

environments and experiences […] for prototyping and participation, the New Bauhaus can provoke 

and prompt Europe’s imagination of the Green Deal, as a social, cultural, economic and political act 

as well as a technological one.” (Bason et al., 2021, p. 11). 

During the co-design activities, design was used as a lens to envision possible systemic inclusive 

solutions. Many scholars acknowledge design as strategic for envisioning solutions that consider 

citizens’ demands and needs and the cultural context in which such requests and needs are 

generated.  Design is indeed about understanding how to shape what is possible in a desirable 

manner, helping citizens take on new behaviours and attitudes to better act and live (Ranjan, 2009; 

Tromp and Hekkert, 2018).    

2.3 When and How 
 The experience took place over four months, from September 2020 to January 2021, and was 

shaped through two main phases.  

During the first one, the team confronted the ongoing activities, the results - in terms of tools and 

actions - generated by the two European initiatives Climate Adapt platform3 and Covenant of 

                                                                 
2 https://sustainabledevelopment.un.org/content/documents/26158Final_SG_SDG_Progress_Report_14052020.pdf 
3 https://climate-adapt.eea.europa.eu/ 
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Mayors4. What is more, the team members presented the knowledge and results gained through 

their previous experience in the field. This first phase was particularly helpful in framing the core 

challenges within the broader emergency of sustainability. In particular, the team members had an 

active role in relevant former EU-funded research projects that brought to the implementation of 

products and services intended to trigger a change in citizens’ behaviours and generate social 

innovation.   

The second phase, dedicated to co-design activities, was conducted through several multidisciplinary 

discussion sessions. The team members were involved in taking an active part, bringing their 

perspective to solve the design challenge. These sessions were conducted using web-based tools 

(Microsoft Teams) and recorded to track the progress and analyse the results. Each one-hour session 

was led and moderated by the project coordinator (i.e. a designer). Therefore, the presented output 

is the result of a design-driven action based on collaboration and integrated dialogue. 

3. The Challenge: Addressing Climate Change 
starting with a better Food Life Cycle 

 

During the first phase, through literature review and comparing data and results of previous and 

ongoing research, the team identified the macro and micro areas of interest to address the 

challenge. As a result, a specific framing of the problem was chosen, and the constraints and target 

users were defined. 

Our planet is experiencing an increased and accelerated climate change caused by greenhouse gases 

(GHG), otherwise called carbon footprint, with severe consequences for our economies and societies. 

Carbon footprint reveals precisely the total amount of carbon emissions caused by human activities 

or through the life cycle of products: from their creation, transportation, and use to their destruction 

or wastage. In the EU, food is the second-largest contributor to our carbon footprints, and its impact 

on biodiversity needs to be lowered soon. Therefore, both citizens and producers must contribute 

within an international and national shift commitment towards sustainable food practices. As 

consumers, the most significant difference we can make is to change our diet, preferring foods with a 

lower environmental impact. There are, indeed, massive differences in the GHG emissions within the 

food realm, and animal-based foods tend to have a higher footprint than plant-based5. A survey6 

conducted by the European Consumer Organization (BEUC) in 11 countries showed that 

environmental concerns influence EU citizens. They are willing to change their eating habits, with 

many prone to waste less food at home, buy more seasonal fruit and vegetables and eat more plant-

based foods. However, price, lack of information, and the challenge of identifying sustainable food 

options and their limited availability are the main perceived barriers to sustainable eating. Moreover, 

young generations’ concern for the environmental impact of their daily choices seems weak, 

especially when it comes to food. National and EU research (Diethelm et al., 2012) has shown a slight 

lack of interest in the food that young people consume daily. Those factors make citizens 

underestimate the environmental impact of their eating habits. Therefore, creating a sustainable 

food system is an opportunity at the European level to improve lifestyles, health, and preserve the 

                                                                 
4 https://www.covenantofmayors.eu/ 
5 Producing a kilogram of beef emits 60 kilograms of GHG CO2-equivalents while peas emit just 1 kilogram per kg (Ritchie 
and Roser, 2020). 
6 https://www.beuc.eu/publications/beuc-x-2020-042_consumers_and_the_transition_to_sustainable_food.pdf 
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environment, requiring active citizen participation, awareness-raising, and people’s behavioural 

change.  

Building on this ground, the co-design sessions had its perimeter on food, recognised as a strategic 

sample to move toward a more sustainable lifestyle, with Zoomers (from 8 to 27 years old) as the 

main target user. The team defined as its primary objective that of creating a network of young food-

savvy consumers who share their food values through peer-to-peer social media communication. In 

this way they would become healthy food influencers spreading the culture of healthy food.  

4. The Output: A Digitised User Experience 
As said, the second phase consisted in the actual co-design sessions aimed to identify possible 

solutions to foster social action towards more sustainable behaviours in food consumption, 

exploiting the potential of digital technologies. A total number of six (6) co-design sessions were 

performed involving thirty-two (32) participants.  

Capitalizing on the team's expertise, experience in previous and ongoing funded projects7 and results 

of the co-design sessions, the team ideated a digitized system where citizens could input a picture of 

the food they are buying/cooking/eating/discarding, in turn receiving information and suggestions to 

make sustainable choices. The system could leverage the social aspect of food to meet the young 

generations’ habits. Indeed, it would allow sharing on social networks pictures of dishes, recipes, 

video tutorials, joining and launching cooking challenges, giving and receiving approval feedback, and 

joining digital communities. 

More in details, in our vision, the overall system (Fig. 1) would be composed by:  

 the cross-platform FOODIE app able to calculate the carbon footprint of food through image 

recognition algorithms;  

 FOODIE Citizen Web Platform that acts as a connection point of citizens with the FOODIE 

system and will permit the creation of the FOODIE community;  

 a digital Communication Campaign to be displayed on Digital Totems to engage the largest 

possible number of citizens and increase collective awareness;  

 a Social Rewarding system: a gamified system based on points, stickers and badges which will 

span across personal (i.e., mobile app/ web platform) and collective (i.e., web 

platform/digital totems) interfaces to foster the engagement of the entire stakeholders’ 

network (i.e., restaurants, supermarkets, food markets etc.). 

By taking a picture or scanning the QR code of food, citizens would receive immediate feedback on 

the average carbon footprint of said food, translated into intuitive equivalent terms. Moreover, an 

AI-based recommender system would provide citizens with personalized suggestions and propose 

                                                                 

7 For Citizens Engagement: SALL (https://cordis.europa.eu/project/id/871794), FoodSHIFT2030 
(http://foodshift2030.eu), Open Schools for Open Societies - OSOS (https://www.openschools.eu), REINFORCE 
- Research Infrastructures FOR Citizens in Europe (https://www.reinforceeu.eu/), FIT4FOOD2030 
(http://fit4food2030.eu/); for Behavioural Change: PROTEIN (https://protein-h2020.eu/), NUTRISHIELD 
(https://nutrishield-project.eu/), Nestore (https://nestore-coach.eu/home), PEGASO - Personalised Guidance 
Services for prevention of Obesity in teen-agers (www.pegasof4f.eu); for Policy Making: Big Policy Canvas 
(https://www.bigpolicycanvas.eu/cookies). 
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alternatives for the future. Finally, a user-friendly data visualization system would allow citizens to 

keep track of signs of progress.  

While monitoring and observing the carbon footprint of their everyday food consumption, citizens 

would develop an awareness of their footprint. As happened in several previous projects, this 

awareness might nudge them towards changing their habits and demanding more sustainable food 

products, sparking and triggering a switch towards sustainability in the entire food chain. 

 

Figure 1: The FOODIE Overall System  

5. A Design-driven Set of Approaches  
By now, the multidisciplinary team has outlined the overall architecture of the FOODIE system, 

leveraging the knowledge and experience gained in previous projects.  

If the team receives the fundings it applied for, a set of multi-layered approaches - and associated 

methods for implementing and testing FOODIE will be adopted: (i) the design for behaviour change 

approach; (ii) the citizen science approach; (iii) the community engagement approach.  

5.1 Design for Behaviour Change 
There is a growing understanding that design can intentionally affect users’ behaviour to achieve a 

meaningful change related to sustainability goals (Herring and Roy, 2007; Tromp and Hekkert, 2018). 

To this end, in the implementation of FOODIE, the team will leverage design for behaviour change 

strategies (Cash, Hartlev, Durazo, 2017). In general, when designers are called on to design products 

intended to change user behaviour, there must be some reason why the desired behaviour is not the 

norm: what is best for the community is not always experienced as optimal for the individual. Thus, 

the designer’s task is to deliberately address individual interests to stimulate socially desired 

behaviours (Tromp, Hekkert, Verbeek, 2011). 

The behavioural strategy implemented in FOODIE will be based on:  

 a non-authoritative instruction style, preferring a phrasing approach based on tips and 

suggestions rather than an authoritative one based on commands and characterized by high 

expectations of appropriate behaviour and evaluation criteria (Uibu and Kikas, 2014). 

 cooperative and competitive social feedback - users, will both have the chance to work in 

teams, to take part in challenges and complete their objectives, or to play against peers and 

be motivated to achieve their goal by winning competitions and score points.  
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 positive reinforcement: citizens will be persuaded mainly by adding constructive stimuli (e.g., 

positive notifications, reward points, level upgrades). They will be both extrinsically 

motivated by external factors (such as the possibility of winning a challenge, scoring reward 

points and receiving benefits) and intrinsically motivated by having a good feeling of 

themselves by engaging in sustainable actions and achieving set goals. 

As already outlined, a key aspect in the FOODIE behaviour change strategy will be the role of the so-

called taskification approach8 (Naeem et al, 2017, p. 631). This incorporates gamification features to 

increase citizens’ engagement and motivation, while they conduct tasks such as doing food shopping, 

cooking or performing new challenges. Gamification is intended as the use of video-gaming design 

elements in a non-game context (Deterding et al., 2011). It has been defined as “a persuasive 

technology that aims to exert influence over human behaviour, which can be more powerful than 

monetary incentives”. (Benner, Schöbel, Janson, 2021, p. 5).  

Deterding et al. (2011) introduced a categorisation of game design elements based on seven factors: 

progress: elements that visualise the progress of an individual during the system use; pressure: 

elements that influence a user’s behaviour not by a reward but by pressure or punishment whenever 

a task is not completed; rewards: for completing a task or activity; guidance: providing constant 

visual feedbacks to help to keep users aware of their progress or failures during the system use; 

competition: enabling users to challenge each other; collaboration: including elements that are given 

to users for successfully working with others; aspiration: refers to elements that challenge users to 

strive for something. In general, goals are used as specific design elements for challenging users. By 

exploiting those seven factors, the team ideated a taskification system with multiple features. The 

effectiveness of such a taskification system will be tested in specifically designed pilots.  

5.2 Citizen Science 
One of the main cores of the FOODIE system is both to inform and make citizens aware of the impact 

of their food choices, as well as let them participate in the production and exchange of relevant 

knowledge, by adopting a citizen science approach.  

The advancement of digital technologies empowers citizens to be both involved in knowledge 

production (Maccani et al., 2020) and mobilized for collective engagement. Citizen Science is a 

powerful tool to understand “what society wants and needs” with the help of citizens’ inputs 

(Figueiredo Nascimento et al., 2016). If we receive the fundings for testing and implementing 

FOODIE, we will adopt a citizen science approach based on:   

 Data collection of environmental data - information related to food products will be 

collected by taking pictures and entering the specific data, such as the origin and type of the 

product. This will enrich the FOODIE database to calculate and provide more accurate 

information about food carbon footprints. 

 Social learning/Knowledge production of food-related topics (“Wikipedia of Food”) - citizens 

will be engaged throughout all stages of their food experience to contribute with concrete 

“Facts and Figures,” nurturing FOODIE with their scientific knowledge. This process of civic 

involvement, learning, and education could foster innovation, a sense of ownership, and 

responsibility of the citizens to make their participation meaningful (Maccani et al., 2020).  

                                                                 
8 Taskification is a task management application, which tracks the progress of tasks (e.g. coursework) and rewards the user 
with XP (experience points) once they reach certain milestones while completing the task (Naeem et al, 2017, p. 631). 
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 Incentivising through gamification and rewarding – the gamification features might create 

incentives for science knowledge production and for science education for young 

generations. This aspect is intended to leverage the continuous engagement in citizen 

science activities. 

The FOODIE approach to citizen science will ideally overcome the recognised obstacles concerning 

both quality and reliability and consistency of citizen science data (Maccani et al., 2020), by 

incentivising continuous knowledge production and reinforcing civic engagement with the help of 

devices features, the Social Rewarding system, and the Communication Campaign.  

At this stage, all these are just assumptions, even if grounded on an extensive literature review and 

the team’s solid experience. It will be crucial to test them throughout the project implementation, 

leveraging community engagement. The team is ready to abandon any of the described assumptions 

if the users’ tests do not confirm them during the piloting activities.            

5.3 Community Engagement 
Community engagement is key in accelerating change and innovation, creating shared ownership of 

the outcomes to address environmental issues, and ensuring a long-lasting impact on project 

activities (Varumo et al., 2020). The overarching goal of such an engagement is to create social 

cohesion among citizens and stakeholders by reinforcing interactions in addressing the global 

challenge of food sustainability, which would enhance the social capital of citizens.  

FOODIE aims at reaching community engagement and empowerment by activating:  

1. Codesign workshops and pilots – all the elements of the system and the behavioural change 

strategies as described here will be presented to and discussed with citizens, so to finalise 

them and embed the FOODIE system in local cultures, embracing local issues and 

opportunities. Three pilots in three different countries (Italy, Spain and Greece) will test and 

refine the system.  

2. Collective intelligence and knowledge sharing - creating good practices and new practical 

knowledge by sharing citizens’ own recipes and video tutorials. This DIY civic engagement 

provides out-of-the-box thinking and turns citizens into “catalysers of innovation” 

(Nascimento et al., 2016, p.32).  

3. Collective activities – engaging citizens to join challenges to reinforce their behaviour change 

and launch challenges to motivate food stakeholders to a transition towards more 

sustainable food services and productions leveraged by the FOODIE Social Rewarding 

System.  

6.  Limits of the FOODIE System  
The outlined FOODIE system presents some limitations and implementation difficulties, largely due 

to the level of complexity of the project itself. In FOODIE, indeed complexity manifests itself on 

several levels.  

Firstly, FOODIE tackles one of the most complex, yet urgent challenges posed by modernity: the need 

to use the available resources wisely, rethinking and redesigning shared consumption patterns.  

Like any change, the transition from one condition to another is non-linear, entails resistance, inertia, 

and a tendency to preserve the original state. FOODIE is therefore also challenging in terms of 

objectives. To overcome the inertia of (young) citizens, the team will engage in a design-driven 
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process based on three approaches: (i) design for behaviour change; (ii) citizen science; (iii) 

community engagement. 

Complexity is also in the number of variables involved and in the degree of uncertainty underlying 

the cause-effect relationship: the dynamics of mutual influence among individuals and the users’ 

engagement are highly unpredictable. Indeed, “People are notoriously nonlinear.” (Ramo, 1969, 

p.97). Selecting and combining game design elements does not necessarily support the intended 

behavioural change of users. A continuous verification process with users and numerous tests and 

iterations over an extended period is required.  

What is more, like other nudge and gamified projects (Sunstein & Thaler, 2008), there is always the 

possibility that the FOODIE initiative fails to make the expected socio-environmental impact due to 

lack of take up, glitches or other unforeseen issues, as happened to prior case studies of 

sustainable/ethical tech-based citizen engagement which incorporated gamification and 

taskification. 

The last shortcoming concerns how FOODIE will address issues of inclusiveness and barriers to 

adoption. Public acceptance and adoption cannot be controlled a priori and are not necessarily 

guaranteed. 

7. Conclusions 
This paper underlines the urgency of tackling the concern of climate change through active public 

participation. Within this scope, it identifies a relevant challenge and a possible research agenda 

aligned with the 2030 European goals.  

In particular, the paper draws on a co-design experience that emphasises the central role of design 

and the adoption of an interdisciplinary approach to finding a solution to complex problems. Such  

experience well illustrates the current role of contemporary designers, who are asked to operate in a 

dimension of ever-increasing complexity and fluidity. A dialogical approach shifts an individual and 

partial perspective to a choral, inclusive one and may enable shared and integrated solutions based 

on multilateral participation. In this coral perspective, design is fully entitled to play a central role in 

exploring innovative and creative directions to face complexity at the side of engineering, natural 

and social science.  

We are aware that adopting such a dialogical approach will not guarantee that the FOODIE system 

will effectively trigger the desired behavioural change. Therefore, a constant and open confrontation 

with citizens will be pivotal, allowing the research team to validate or falsify all the here described 

assumptions.       
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