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Updates of previous version 

To answer the reviewerΩǎ comment: άHowever, the recommendation of the previous 

review for linking the serious game to the Augmented Reality app was not followedέ, 

although an interesting idea, building a Serious Game representation of a virtual town that 

would reflect changes made by users through their phone with Augmented Reality was 

unfortunately out of the scope of the current project (not in DoA), and we therefore did not 

have the resources to build such substantial additional work. 

 

In answer to the reviewerΩǎ comment: ά¢ƘŜ ŘŜƭƛǾŜǊŀōƭŜ ǎƘƻǳƭŘ ǇǊŜǎŜƴǘ ƳƻǊŜ ŎƭŜŀǊƭȅ ǘƘŜ 

specific features and results of the game for the 2 specific demo cases and give an outlook 

Ƙƻǿ ƛǘ ǿƛƭƭ ōŜ ǳǎŜŘ ƛƴ ŦǳǘǳǊŜέ, we have updated the deliverable by adding the following in 

the results section. 

άIn the Athens ŎŀǎŜ ǎǘǳŘȅΣ ŀ ǾƛǊǘǳŀƭ ƴŜƛƎƘōƻǳǊƘƻƻŘ ŎƻƴƴŜŎǘǎ ǘƘŜ ƘƻǳǎŜƘƻƭŘΩǎ ǿŀǎǘŜǿŀǘŜǊ ǘƻ 

a sewer mining unit. Energy and water savings made available by this sewer mining unit are 

linked to a tree nursery. These saving when made from sewer mining are put into perspective 

with the savings that can be achieved while switching water related household technologies. 

Typically, changes at the household level tend to have a much greater effect on the overall 

water and energy footprint than sewer mining.  For example, changing the shower heads in 

ŜǾŜǊȅ ōŀǘƘǊƻƻƳ ƛƴ ƘƻǳǎŜƘƻƭŘǎ ǘƻ ŀ άŦƻƎ-ǎƘƻǿŜǊέ Ŏŀƴ ƛƴŎǊŜŀǎŜ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ǘƘŜ overall 

neighbourhood to supply water by at least 15%, and increase energy savings up to 30%. By 

comparison, scaling all sewer mining activities to the maximum (50 units) will produce a 2% 

increase the ability of the system to meet water demand, and a 9% increase in energy 

savings. As far as the tree nursery is concerned, players are made aware that the bottleneck 

on reusing heat, producing fertilizer, and saving on waste pruning costs is the number of 

sewer mining units required to process the sludge. This serious game can help understanding 

relevant questions in the future for novel tree nurseries that seek to use sewer mining 

technology: finding the optimum number of sewer mining units depending on the size of the 

neighbourhood and produced sludge in order to minimise energy and water footprint, 

increase fertilizer production and minimise pruning waste landfill costs     

The Costa Brava case study, shows the simultaneous impact of two coexisting different 

urban areas: a touristic urban area that concentrates 90% of hotels and tourism activity and 

hosts 30% of the local residents, and a residential urban area that concentrates only 10% of 

hotels and tourism activity and hosts 70% of the local residents. The effects of different 

scenarios can be observed, and combinations of helpful measures can be explored. For 

example, excessive tourism corresponding to a tripling of the tourist population person-night 

stays in summer and winter results in an increase of 28% of the blue water demand and 

energy demand in the touristic area, and an overall increase aquifer stress from 43% to 

around 68%. Compounding this situation with a drought scenario will rise aquifer stress to 

100%, meaning that the aquifer level goes below a critical threshold for the months of June, 

July, and August for every one of the 20 simulated years. One of the advantages of using the 
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game, is that it allows a better understanding of what are the best measures that can help to 

mitigate this problem. As usual, switching water related technologies can have a major 

ƛƳǇŀŎǘΦ CƻǊ ŜȄŀƳǇƭŜ ǎƛƳǇƭȅ ŎƘŀƴƎƛƴƎ ǎƘƻǿŜǊ ƘŜŀŘǎ ǘƻ b!{! ƛƴǎǇƛǊŜŘ άŦƻƎ ǎƘƻǿŜǊǎέ ƛƴ ƘƻǘŜƭǎ 

will reduce the blue water consumption by 11% in the touristic area. Similarly, adding 

vacuum toilets, front loader eco laundry, and energy saving dishwashers in the same hotels 

will reduce the touristic area blue water consumption from 2.1 million cubic meters/year to 

1.2 million cubic meters/year (a 43% reduction). In this context, the serious game becomes a 

useful tool for exploring the future possible impacts of installing certain combinations of 

water technologies in an area like Costa Brava, dominated by tourism based economic 

activities and plagued by drought and aquifer management problems.έ 

 

In answer the reviewerΩǎ comment: άLǘ ƛǎ ƴƻǘ ŎƭŜŀǊ ǿhether the game was implemented in 

ŘƛŦŦŜǊŜƴǘ ƭŀƴƎǳŀƎŜǎ ƻŦ ŘŜƳƻ ǎƛǘŜǎ ŀǎ ŦƻǊŜǎŜŜƴ ƛƴ ǘƘŜ 5ƻ!έ, we have updated the deliverable 

by adding the following in section 3.2 about the user interface: 

άRegarding the facilitation of language access for the demo sites, the introductory text on 

the splash screen that describes each respective case study is now available in the given local 

language (for Athens, the description of the game for that case study is in Greek, and for 

Costa Brava, it is in Spanish) as shown in the screenshots now visible in appendix A11. It is 

also worth highlighting that the common working language was in English during 

development and that it was agreed that during the local engagement gaming sessions, 

someone familiar with the game who speaks the local language would be facilitating the 

session and that there was therefore no need to translate in-game indicators.έ 

Appendix A11 has been added with screenshots of welcome screens in different languages. 
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Summary 
This deliverable describes the final version of the Serious Game for water in the circular 
economy, developed within the NextGen project. It accompanies the actual game available 
online: http://nextgen-serious-game.s3-website.eu-central-1.amazonaws.com/nextgen-
choice.html  

The NextGen Serious Game aims to allow participants to understand circular economy for 
water by observing interactions between different components in the urban water cycle and 
energy and their effects on flows of water and energy and material recovery. Participants can 
range from the general public to policy makers, to water, energy, and environment specialists. 

The NextGen Serious Game has been developed in three different versions: a virtual generic 
urban catchment arŜŀ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ά¢ƻȅ ¢ƻǿƴέ, the demo case for Athens that focuses on 
sewer mining, and the demo case for Costa Brava that focuses on a Mediterranean touristic 
setting with aquifer management and desalinisation.  

 

 
 

Figure: Screenshot of the NextGen Serious Game (Toy Town). 

 
Several physical and online game-playing events took place where participants were able to 
take the appropriate measures to maximize Circular Economy for water when a virtual 
catchment was exposed to challenging scenarios, e.g., lower rainfalls and population growth. 
The players included students, environmental scientists, engineers, policy makers, and 
members of the public.  
 
The NextGen Serious Game was successfully used as a teaching tool in student classrooms. 
Participants who joined the supervised training sessions were on average 26% more likely to 

http://nextgen-serious-game.s3-website.eu-central-1.amazonaws.com/nextgen-choice.html
http://nextgen-serious-game.s3-website.eu-central-1.amazonaws.com/nextgen-choice.html
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answer correctly technical questions despite the added complexity of the subject studied: 
Circular Economy in the context of the urban water cycle. 
 
As a debate facilitation tool, the game also proved to be a surprisingly effective and thought-
provoking tool able to contribute to the discussion by bringing multi-disciplinary insights: the 
most notable one being the potential of metal mining wastewater to save exergy and carbon 
emissions.  
 
Finally, the NextGen Serious Game was used to organize the first e-sport competitive 
tournament between water professionals at an industry conference. The software 
architecture allowed rapid and reliable deployment to be done at the scale required for the 
estimated number of users and at a reasonable cost. This achievement could mark the start 
of a new series of hybrid events that could soon take place in the water industry: 
conferences where experts compete against each other to solve complex problems via 
Serious Games.  
 
To conclude, the NextGen Serious Game proved to be a powerful tool that allows players to 
visualise and understand options, scenarios, opportunities and challenges in a more circular 
approach to water management. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Disclaimer 

The authors of this document have taken all possible measures for its content to be accurate, 
consistent and lawful. However, neither the project consortium as a whole nor individual 
partners that implicitly or explicitly participated in the creation and publication of this 
document hold any responsibility that might occur as a result of using its content. The content 
of this publication is the sole responsibility of the NextGen consortium and can in no way be 
taken to reflect the views of the European Union. 
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1. Introduction  
 
NextGen aims at actively involving and engaging stakeholders from the whole water value 
chain, with a particular emphasis on end-users and the general public and offering an 
engagement environment around the innovations demonstrated. This is done among others 
by demonstrating Serious Games activities with the purpose of engaging end-users and 
citizens in experiencing and visualising circular water solutions. 
 
In contrast with the natural regional hydrological cycle that focuses on environmental 
condensation, precipitation and evaporation, the urban water cycle focuses on how human 
activity changes stormwater intake, water conveyance, groundwater use, water drainage, 
wastewater treatment and discharge. As an anthropogenic water cycle, it can be easily 
ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ά/ƛǊŎǳƭŀǊ 9ŎƻƴƻƳȅέΣ ƛǘǎŜƭŦ ŘŜŦƛƴŜŘ ōȅ ¢ƘŜ 9ƭƭŜƴ aŀŎ!ǊǘƘǳǊ CƻǳƴŘŀǘƛƻƴ όнлмлύ 
ŀǎ ŀ άǎȅǎǘŜƳŀǘƛŎ ŀǇǇǊƻŀŎƘ ǘƻ ŘŜǾŜƭƻǇƳŜƴǘ ŘŜǎƛƎƴŜd to benefit businesses, society, and the 
ŜƴǾƛǊƻƴƳŜƴǘΦέ Lǘ ǊŜƭƛŜǎ ƻƴ ǘƘǊŜŜ ǇǊƛƴŎƛǇƭŜǎ ǘƻ ŘŜŎƻǳǇƭŜ ƎǊƻǿǘƘ ŦǊƻƳ ǘƘŜ ŎƻƴǎǳƳǇǘƛƻƴ ƻŦ 
infinite resources: reducing waste and pollution, reusing products and materials, and the 
regeneration of natural systems. When applied to the urban water cycle, it becomes a 
complex multidisciplinary endeavour that demands in-depth knowledge of interconnections 
between areas such as wastewater treatment, energy and water management, environmental 
health, and material reuse. Providing a broad understanding of the essential mechanisms 
behind the water in the circular economy for a general audience can therefore be quite 
problematic.  
 
The NextGen Serious Game responds to this challenge: a Serious Game taking the shape of a 
simulation based online educational tool designed to engage all types of stakeholders 
including citizens, businesses, and policy makers on the topic of Circular Economy for Water. 
Serious Games were ƛƴǘǊƻŘǳŎŜŘ ōȅ !ōǘ όмфтлύ ŀǎ άƎŀƳŜǎ ǳǎŜŘ ŦƻǊ ǇǳǊǇƻǎŜǎ ƻǘƘŜǊ ǘƘŀƴ ƳŜǊŜ 
ŜƴǘŜǊǘŀƛƴƳŜƴǘέΦ bƻǿ ǾƛŜǿŜŘ ŀǎ ŀƴ ƛƴǘŜƎǊŀƭ ǇŀǊǘ ƻŦ {ƛƳǳƭŀǘƛƻƴ ōŀǎŜŘ 9ŘǳŎŀǘƛƻƴ ό{9ύΣ ǘƘŜȅ ƘŀǾŜ 
taken advantage in substantial advances in the field of computing to allow innovative 
methodologies to be applied for educational purposes, decisions support, and public policy 
making (Campos et al., 2020). Many serious games have been developed on the topic of 
sustainability (Katsaliaki and Mustafee, 2012; Stanitsas et al., 2019) as a broad concept related 
to people, the planet, and the economy. Regarding the related and more specific concept of 
Circular Economy, there is evidence of a smaller body of work (De la Torre et al., 2021) with 
an emphasis on resource management, individual economic benefits through input reduction, 
efficiency gains, waste avoidance and reduction of environmental impacts. There are 
ŜȄŀƳǇƭŜǎ ƻŦ ǎŜǊƛƻǳǎ ōƻŀǊŘ ƎŀƳŜǎ ŦƻŎǳǎƛƴƎ ƻƴ ƳŀǘŜǊƛŀƭ ŎǊƛǘƛŎŀƭƛǘȅ όάLƴ ǘƘŜ ƭƻƻǇέ - Whalen et al., 
2018) and mostly energy transition toward sustainable generation (with the examples of 
Energy Safari (Gugerell and Zuidema,2017) and Energy Transition Game (2020) with an 
emphasis on role playing. Digital Serious gaming is being applied to topics such as the impact 
of renewable energy policies on carbon emissions (Climate Change Serious Game, 2020), the 
economic, environmental and security trade-offs and opportunities associated with different 
energy sources (Energyville, 2020), energy conservation for householders (Encon City - 
Stanitsas et al., 2019), and industrial training to support sustainable practice (Rai and Beck, 
2017).  
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Although serious games on Circular Economy do often mention and include water as an 
important of part of the problem, they do not, to our knowledge show in a cohesive way how 
combinations of components inside the urban water cycle such as households water reuse 
technologies can have for example a major impact on water stress, energy use, and water 
quality; how wastewater treatment technologies like biogas generation and sewer mining can 
lower carbon emissions; and how nature based solutions such as sustainable drainage systems 
can deliver cost-effective ways to limit discharges of untreated water into rivers. Similarly, 
although surveys looking at the use of Serious Gaming in the domain of water (Savic et al., 
2016; Mittal et al., 2022) show a focus on the management of water systems (Savic et al., 
2016; Geneva Water Hub, 2016; Games at the World Water Day, 2015; Tygron Engine, 2016, 
Susnik et al, 2018), flood and drought prevention (Rijcken and Christopher, 2013; Khoury et 
al., 2018; Hill et al., 2014), training for emergency response (Wang and Davies, 2015; De 
Kleermaeker et al., 2011; De Kleermaeker et al., 2012), and conflict resolution (Seibert and 
Vis, 2012), there is no systematic emphasis on a link to Circular Economy.  
 
This work aims at bridging this gap by introducing a serious game that aims to raise public 
awareness of circular economy for water, to increase understanding of the interactions 
between different components of the urban water cycle in circular economy, and to facilitate 
the dialogues between different stakeholders to reach consensus in decision making. The 
learning methodology in use combines a pedagogically driven design that gently introduce 
participants to the relevant concepts in an interactive way based on constructivism (Devries 
ŀƴŘ ½ŀƴΣ нллоύ όǿƘŜǊŜ ƭŜŀǊƴŜǊǎ ǘŀƪŜ ŀƴ ŀŎǘƛǾŜ ǊƻƭŜ ŎƻƴǎǘǊǳŎǘƛǾŜ ƪƴƻǿƭŜŘƎŜ ōȅ άŘƻƛƴƎέύ ŀƴŘ 
experiential learning (Kolb, 1984; Angehrn and Maxwell, 2009) (where experience leads to the 
formulation of hypotheses and then their validation). Furthermore, building on previous work 
(Khoury et al., 2018) that incorporates the Socratic method (Hunnicutt, 1990), participants are 
prompted to question some of their own assumptions and replace them with more sound 
alternatives uncovered while exploring the serious game.  
 
In this document, we will first discuss the conceptual design, and then look at the 
implementation. Finally, we will analyze the results and discuss further work in conclusion. 
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2. Conceptual design 
The NextGen Serious Game aims at enabling both experts and neophytes to reach three 
sequential goals: goal one - understand the building blocks of the urban water cycle; goal 
two - discover the influence of external factors such as rainfall and population growth; goal 
three - discover what actions lead to minimising stress on the system and maximising 
circular economy. Furthermore, basic concepts of the urban water cycle need to be made 
clear and easy to explore for the benefit of the general public and, at the same time, it is also 
necessary to inject specific facts from different disciplines for the benefit of experts 
(typically, water, energy, or environmental sciences professionals will be offered interesting 
insights that can only be gathered from running the model - for example, how installing a fog 
shower in every household can reduce the overall energy footprint for water usage inside 
the virtual catchment by up to around 30%). 
 

2.1 Learning methodology 

Concretely, in order to reach these three learning goals, the Serious Game implements the 
following five learning stages (hybrid learning) methodology (as shown in Figure 1) 
extending work done by Khoury et al. (2018): 
 

 

Figure 2. The serious game uses a five learning stages methodology mixing constructivist 
experiential learning (introduction followed by a calibration phase) and the 
disruptive three stages Socratic method.  






























































































