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Abstract 
Artificial Intelligence (AI) can play a significant role in accelerating the green transition by enabling 
more efficient use of resources, reducing emissions, and promoting sensibility in various analysing: it 
can optimise waste management by analysing data on waste production and identifying opportunities 
for recycling and reducing waste.
Here are some examples of nudging in waste management:

Recycling reminders: AI-powered chatbots or mobile apps can send recycling reminders to 
users based on their location or the types of materials they have recently disposed of;

Gamification: AI-powered games can be designed to encourage users to recycle and reduce 
waste;

Personalized feedback: AI algorithms can analyse an individual's waste disposal patterns and 
provide personalised feedback on how they can improve their waste management practices; 

Social influence: AI algorithms can be used to analyse social media data and identify 
influencers who are promoting sustainable waste management practices;

Behavioural intervention is used to identify behavioural barriers to correct waste management 
practices and develop targeted interventions to address these barriers. 
This article aims to analyse the future of waste management, and AI-powered nudging looks 
promising, with many possibilities for improving efficiency, sustainability, and behaviour change. 
In particular, we will analyse the possibility that these tools have to modify the perception of the 
problem of garbage in urban spaces with a specific interest in those transformations necessary to face 
the climate change underway.
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1. Introduction
Waste management is one of the three main contributors to climate change, one of the vital 
challenges for the future of human society and our planet. As a result, the European Parliament 
declared a state of climate emergency in Europe and urged all Member States to reduce greenhouse 
gas emissions by 2030 and to zero by 2050. 
Proper waste management is a fundamental aspect of the ecological transition and the protection of 
the environment; the use of Artificial Intelligence can be an excellent solution to push people towards 
correct recycling practices and can revolutionise the contemporary research landscape by analysing
large amounts of data more quickly and efficiently than was possible in the past.  It means discoveries 
and trends that would otherwise have been difficult or impossible to spot can be made faster.
AI is changing how we work: many work processes, from routine tasks to complex decisions, can now 
be automated, freeing people from tedious and repetitive tasks and allowing them to focus on more 
value-added tasks. 
However, AI has also raised concerns about excessive automation and the possible lack of work that 
results from it, thus generating a debate on the need for continuous training and reskilling to help 
people create new skills and adapt to market changes.



 

 

AI is transforming our work and research, offering new opportunities and challenges. Therefore, it is 
essential to understand and adapt to its impacts to maximise its potential and minimise its possible 
risks.

1. Nudging and visual representation
Nudging is a theory of behavioural economics that can be translated as a "gentle push", a positive 
reinforcement or an indirect suggestion that can influence people's behaviour in a predictable way but 
without prohibiting the . Nudging is, in practice, a science that studies how we can 

without forcing or forbidding them to do something.
A nudge is "any aspect of choice architecture that alters people's behaviour in predictable ways 
without prohibiting the choice of other options and without significantly changing their economic 
incentives. To count as a mere prod, the intervention should be easy and inexpensive to avoid. Prods 
are not orders." (Thaler & Sunstein, 2009)
Nudging uses a combination of subtle stimuli, such as the arrangement of objects or the labelling of 
products, to guide people's behaviour; it is based on the theory of behavioural economics, according 
to which people do not always make rational decisions but are influenced by factors such as emotions, 
the surrounding environment and social influences.
A typical example of nudging is the "default option" or the default option. For example, when offering a 
donation option for a good cause, presetting the donation option is an essential nudging technique. In 
this case, the donation option preset implicitly suggests that donation is preferred and makes it more 
likely that people will opt for it.
Research published in PNAS (Garnett E., 2019) on methods to increase vegetable consumption in 
university cafeterias is one of several successful examples of nudging, gentle and non-explicit 
encouragement to make better choices for one's health or the environment.
Nudge, in general, can be defined as descriptive or injunctive, referring to the type of message: in 
particular, a descriptive nudge is a message that provides information about the behaviour of others.
In contrast, an injunctive nudge is a message that indicates what people should do. 
Descriptive nudge focuses on using social information to influence people's behaviour. In this type of 
message, a description of the behaviour of others is provided to encourage people to follow their 
behaviour. For example, a sign indicating the number of people who have already used the bicycle to 
work can be considered a descriptive nudge.
On the other hand, an injunctive nudge focuses on the use of directions or instructions to influence 
people's behaviour. In this type of message, an indication of what people should do to encourage 
them to take a specific action is given. For example, a sign stating, "Use your bicycle to get to work",
can be considered an injunctive nudge.
However, research has shown that descriptive nudges may be more effective in promoting sustainable 
behaviour than injunctive nudges. This is because descriptive nudge uses social influence to motivate 
behaviour, while injunctive nudge can be perceived as a restriction or obligation, leading to resistance 
or adverse reactions from people.
The visual representation and communication tools through images are essential for communication 
and education in general: using pictures and pictograms can help provide recommendations on 
comparisons and guide choices.
Visual representation is one of the techniques used in nudging to influence people's behaviour
sustainably, including in waste management. For example, visual cues or persuasive messages can 
encourage separate waste collection or reduce water waste. An example of the application of visual 
nudging with visual representation was an experiment that led to a significant increase in the separate
collection of garbage by students of the Sant'Anna University of Pisa (Cosic C. & all 2018) through the 
use of posters that encouraged recycling by speaking the percentages of recovered material of the 
University with those of Harvard. In addition, visual representation can be an effective way to promote 
sustainable behaviour without imposing rules or sanctions.
To implement the nudge strategy, however, it is necessary to establish constant communication that 
contains information and feedback. In this way, it is possible to create a decision-making environment 
that pushes people to make good decisions for their interests.
For example, using colours to signal the degree of danger can effectively push people to make good 
decisions for their interests. 
Environmental nudging techniques, in particular, offer several advantages: First, these techniques can 
help guide people's sustainable behaviours.
In addition, nudges can be used to promote collective action and environmental protection. 
The green nudge policy focuses, in particular, on creating decision-making processes that push 
people to undertake valuable solutions for the well-being of the community, to contribute to the 
promotion of sustainable behaviour and to improve the quality of the environment.
Visual communication is used in many areas, including advertising, security and sustainability, and
through images, colours, and layouts, it communicates a message. 



 

 

Visual communication focuses on using visual elements to capture attention and convey a message 
effectively; for this reason, it is effective in environmental nudging projects. 
An example of visual green nudging is the labels for communicating the ecological value already in 
use with different types of products: the representation methods take up those of the colour variants 
from red to green for the energy consumption certifications of appliances and homes.
The gentle push in this image exploits the association between red as a stop danger message and 
green with the meaning of natural green light, taking up the colours of the road regulations. This
association makes the message clear and fast.

Fig. 1: Examples of Nutri-Score, Planet Score and Eco-Score labels for the classification of different 
types of products

Fig. 2: Examples of labels to highlight the impact of the product on CO2 production.

3. AI, Green Nudging and municipal waste management, practical examples
Proper waste management is a fundamental aspect of the ecological transition and the protection of 
the environment. Artificial Intelligence can be an excellent solution to push people towards correct 
waste management practices. 
One possible application of AI is intelligent robots that can recognise and dispose of waste correctly. 
For example, these robots could be used in public areas such as parks or beaches, where people 
often abandon waste inappropriately.
Robotics and artificial intelligence can also be used to achieve recycling targets and increase the 
value of material flows; They can play a central role in automation and provide useful information to 
solve operational problems and improve the efficiency of recycling processes.
In addition, AI could be used to develop mobile applications that help people manage their waste 
correctly by providing information on how different types of waste are disposed of and the nearest 
collection points or by offering incentives such as discounts or rewards for those who dispose of their 
trash correctly.
AI could be used to analyse data on waste generation and management to identify areas where more 
action and improvements are needed by developing a more effective and targeted waste management 
strategy. The use of Artificial Intelligence can be an effective solution to push people towards 
Good waste management practices and thus contribute to the ecological transition, the effectiveness 
of nudging in the environmental field is recognised at the European level.



 

 

Fig. 3: Examples of sites dedicated to recycling incentive projects that combine gamification and 
artificial intelligence.



 

 

Recycle Bank, for example, is an AI-powered mobile app that helps users identify types of recyclable 
materials and provides information on how to recycle them properly. It also sends personalised
recycling reminders to users based on their location and waste collection schedule in their area.
Gamification is a technique that uses elements and mechanics of games to motivate and engage 
people in non-playful activities such as work or learning. Thanks to gamification, creating an engaging 
and fun experience that encourages people to actively participate in an activity, achieve specific goals 
and improve their performance is possible.
Artificial intelligence (AI) can improve the gaming experience and customise game mechanics based 
on preferences and habits. In addition, AI-powered games can be designed to raise awareness 
about important issues such as recycling and waste reduction.
AI-based games make it possible to create an engaging and interactive experience that can
incentivise people to change their behaviours positively. For example, a game might reward users who 
recycle properly or reduce waste, increasing awareness importance.
Gamification can be an essential strategy to motivate people to participate in an activity and improve 
their performance actively. AI can further enhance this gaming experience by customising game 
mechanics to users' preferences and creating games that raise awareness about important issues 
such as recycling and waste reduction. 
A possible application of gamification in municipal waste management could be to encourage people 
to recycle correctly through apps or games that offer prizes or awards for the correct disposal of 
waste.  In addition, a scoring system or ranking could be created among the various households or 
neighbourhoods of the city based on the amount of garbage adequately disposed of. 
Gamification and artificial intelligence can be used to promote recycling and waste reduction. For 
example, the Catalan startup "Go Zero Waste" has created a platform that offers personalised
challenges through an application in collaboration with local governments, schools and educational 
organisations with several objectives.
"Go Zero Waste" creates technological solutions to promote the reduction of residues through 
challenges with municipalities, companies and educational centres. In addition, the startup has 
launched a resolution to encourage the removal of residues and the local economy thanks to 
gamification.
The "Moving Towards Zero" platform combines the best of gamification and digitalisation into a flexible 
platform that helps transition to relevant behavioural changes. In addition, the platform uses artificial 
intelligence and green blockchain to achieve its goals.
The project allows the launching personalised challenges for a community or a group of people to 
encourage adopting new sustainable habits. In addition, the startup facilitates the technologies and 
tools necessary for the implementation of the campaign, including continuous technical support and 
department.
Adopting a zero-waste lifestyle can significantly benefit the environment by reducing waste in landfills 
or at sea, reducing the environmental impact of waste production and disposal processes, and 
promoting the circular economy. 

4. AI, Green Nudging and Ethical and legal implications
Green nudging is a technique that uses subtle interventions to push people towards sustainable 
behaviours, but using these techniques raises some ethical implications. 
For example, visual nudging could be considered manipulative and restricts freedom of 
choice. In addition, the effectiveness of nudging techniques depends on people's ability to decode 
people's emotional world, which could raise concerns about data privacy and security. However,
encouraging techniques can help promote sustainable behaviour and improve the 

-being. In addition, integrating nudge into European policies has been recommended as 
a support tool for fostering sustainable behaviour.
Using nudging in public policy raises ethical and legal implications that must be addressed at the 
political level.
Nudge projects aim to improve people's decisions by changing how options are presented rather than 
changing the choices themselves. However, some argue that nudges are unethical because they 
overextend government control to behaviours that should not be controlled. The effectiveness and 
ethics of nudge politics are also debated, as they capitalise on psychological insights into human 
behaviour to inform central policies. Ethical issues largely depend on whether nudges promote or 
undermine people's autonomy and freedom of choice. Therefore, it is essential to address the 
practical and ethical issues of nudging in public policy, considering the complex moral, social and 
cultural problems of unconscious influence.
L'introduzione dell'intelligenza artificiale (AI) e del green nudging ha aperto nuove opportunità per 
migliorare il nostro mondo dal punto di vista ambientale, ma anche ha sollevato preoccupazioni 
riguardo alle implicazioni etiche di queste tecnologie. 



 

 

To address these ethical concerns, experts suggest developing moral norms governing the use of AI. 
These rules should include transparency, consent, accountability, fairness and privacy. For example, 
AI should be transparent in data collection and processing, and those involved should be able to
consent to use their data. In addition, organisations that use AI should be accountable for
and ensure fairness in data processing.
Green nudging can interfere with people's free will, pushing them to make specific choices rather than 
leaving them free to decide. In addition, green nudging can promote particular ideologies, creating 
social pressure based on what is considered "right" or "wrong". This can lead to a lack of respect for 
diversity of opinions and values.
Artificial intelligence can raise ethical concerns about data privacy and security. For example, machine 
learning and data analytics techniques can allow organisations to collect sensitive personal 
information about their users and use it for improper purposes, such as discrimination or manipulation. 
To avoid these risks, strict ethical standards and laws that protect the privacy and security of user data 
are needed.
In addition, using artificial intelligence can also raise concerns about moral responsibility and liability. 
For example, suppose AI is used to make crucial hiring, lending, or holding decisions. In that case,
there may be a risk that decisions will be influenced by bias or errors in the algorithm without human 
responsibility. In this case, regulations are needed to ensure transparency and accountability in 
decisions made by AI.
Nudging, on the other hand, can raise ethical questions regarding manipulating human behaviour.
Nudging is based on the fact that people are influenced by small changes in their surroundings, such 
as advertisements or default choices. Although nudging can promote positive behaviours, such as 
physical activity or energy saving, it can also manipulate people's choices without consent. To avoid 
these risks, ethical norms and laws are needed to guarantee transparency and informed consent in 
using nudging.

5. Conclusion
In Italy, the waste recycling rate is the highest in Europe, reaching 83.2% of total waste, which is more 
than double the European Union average and higher than all other large countries, such as Spain 
(60.5%), France (54.4%) and Germany (44%). Moreover, Italy is one of the few European countries 
that, despite already a high recycling rate, improved its performance between 2010 and 2018, with an 
increase of 8.7% (Repubblica, 24 November 2022).

Fig. 4 Refreshing graph of the percentages of recycled waste for Regione.in Italy, data for the year 
2021

In particular, the city of Treviso, with 88%, ranks first for the amount of recycled material for provincial 
capitals, while the city of Genoa, with 39.92 % (Data from the Liguria Region Environment Sector), is 
far below the Italian average.
The factors that determine this result are many: from the logistical difficulties in waste management 
given by the conformation of the city itself, squeezed between sea and mountains with a lack of space 
for plants able to deal with the size of waste flows of a large city, to the problems of involving the local 
population in recycling practices.
For these reasons, in a situation like the one in Genoa, nudging practices combined with AI can offer 
the active involvement of citizens in waste management practices: the urgency of finding solutions that 
provide a significant improvement in awareness and education not only in schools to young people but 



 

 

methods that can also reach the adult population and that rapid trigger results in the choices for 
recycling.

Fig. 5 Images of recycling and waste collection centres of AMIU city of Genoa.
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