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Updates of previous version

Toanswerthe reviewef2 @@mment:dHowever, the recommendation of the previous

review for linking the serious game to the Augmented Reality app was fotlbwede,

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 Reakty
unfortunatelyout of the scope of the current project (not in DoAhd wetherefore did not
have the resources to build such substantial additional work.

In answer tothe revieweQé&mment:d ¢ KS RSt AGSNI of S &aK2dzZ R LINKBA
specific features and results of the game for the 2 specific demo cases andagiweitiook

K2g Al oAt ouwe hazmuBi®Red the devetzbldgNaBding the following in

the results section

éntheAthensOl &S aiddzReésX I @GANLdzZ f ySAIKOo2dzNK22R 02
a sewer mining unit. Energy and water s@gmade available by this sewer mining i

linked to a tree nurserylrhese saving when made from sewer mirmiregput irto perspective

with the savings that can be achievetiile switchingwater relatedhousehold technologies.
Typically, changes at ¢hhousehold level tend to have a much greater effect on the overall
water and energy footprint thasewer mining.For example, changing the shower heads in
SOSNE o0l GKNR2Y AyaKRIEBNEK O Ba Ay NivéredB2 3 KS | 07
neighbourhoda 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 concerngéyers are made aware thahe bottleneck

on reusing heat, producing fertilizer, and saving on waste pruning costs is the number of
sewer mining units required to process the sluddes 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 sludgeoialer to minimise energy and water footprint,

increase fertilizer production and minimise pruning waste landfill costs

The Costa Bravacase studyshows the simultaneous impact of two coexisting different

urban areas: a touristic urban area that contates 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 residentsefldasof different

scenarios can be obseryeahd combinations of helpful measures can be expldfed

example, excessive touristarresponding to a tripling of the tourist population persoght

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

¢tKAAa LINRP2SO0 KIFa NBOSAOGSR FdzyRAy3dI FTNRBY (KS 9dz
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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 technologa@shave a major

AYLI OGd C2NJ SEFYLIE S aavYL e OKFy3aaAy3a aKz2seSN K
will reduce the blue water consumption by 11% in the touristic.&8eailarly, adding

vacuum toilets, front loader eco laundry, and energy savisigwbshers 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 pakke 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 probkems.

In answerthe revieweQémment:a L G A & hethdr theOgarelwhs indplemented in
RAFTFSNBY G fFy3dz 3Sa 27F R SvEBaveaptidies the deld@erabl@ NS & S S
by adding thdollowing in section 3.2 about the user interface:

oRegardinghe facilitation oflanguageaccesdgor the demosites 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 Spanists) shovn in the screenshots now visibleajppendix AL. It is

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

development andhat it wasagreedthat duringthe local engagement gaming sessions,

someone familiar with the game wispeaks the local language would be facilitating the
sessiorand that there was therefore no need to translategamme indicators

Appendix Al has been added with screenshots of welcome screens in different languages

programme under grant agreement RF6541
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Summary

This deliverabledescribesthe final version of the Serious Game for water in the circular
economy, developed within the NextGen projelittaccompanies the actual game available
online: http://nextgen-seriousgame.s3website.eucentrall.amazonaws.com/nextgen
choice.html

The NextGenSerious 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 watand energy and material recoveRarticipants can
range from the general public to policy makers, to water, energy, and environment specialists.

The NextGenSerious Gambas beerdevelopedin three different versions: airtual generic
urban catchment & I NB F SNNB R it dema casdor Athensthat foguses on
sewer miningandthe demo case fo€osta Bravéhat focuses on a Mediterranean touristic
setting with aquifer management and desalinisation

e CIRCULAR ECONONY SCORE: W#2.377 | | Scores V)

VECENTRALISED

WATP

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

Several physical and online gaipkaying 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., lmugfalls and population growth.
The players included students, environmental scientists, engineers, policy makers, and
members of the public.

TheNextGen 8riousGame was successfully used as a teaching tool in student classrooms
Participants who joined the supervised training sessions were on average 26% more likely to

¢tKAAd LINRP2SO0 KIFIa NBOSAGSR FTdzyRAy3a FTNRBY (KS 9dz
programme under grant agreement RF6541
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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 rdifciplinary insights: the
most notable one being the potential of metal mining wastewdtesave exergy and carbon
emissions.

Finally, theNextGen 8riousGame was used to organize the firssport competitive

tournament between water professionals at an industry conference. The software
architecture allowed rapid and reliable deploymentiie 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 againstieather to solve complex problems via

Serious Games.

To conclude, the NextGen Serious Game proved topmeerful tool that allowslayersto
visualise and understand options, scenarios, opportunities and challenges in a more circular
approach to watemanagement

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 andicao way be
taken to reflect the views of the European Union

programme under grant agreement RF6541
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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 endeis 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 engagingisamd and
citizens in experiencing and visualisinguaiar 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,ugdwater use, water drainage,
wastewater treatment and discharge. As an anthropogenic water cycle, it can be easily
F3a20AF0SR 6AGK &/ ANDdz | NJ 902y 2Yeéx AilaStF R
Fa | aa@adaSYlFadaO | LILINE to Bekefitib@sineRs8d S iedy| avidStiyeli R S ?
SYGANRYYSylidé LG NBftASa 2y GKNBS LINAYyOALX Sa
infinite resources: reducing waste and pollution, reusing products and materials, and the
regeneration of natural systems. Whapplied to the urban water cycle, it becomes a

complex multidisciplinary endeavour that demandsdepth knowledge of interconnections

between areas such as wastewater treatment, energy and water management, environmental
health, and material reuse. Pralg 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 Gamesponds 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 wetey U N2 RdzOSR o6& ! 60 omdtrnv +Fa a3l yYSa
SYGSNIFAYYSylGiéd b2 OASHGSR a Fy AyiSaNIt LI
taken advantage in substantial advances in the field of computing to allow innovative
methodobgies 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 celateg

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 kisrlefough input reduction,
efficiency gains, waste avoidance and reduction of environmental impacts. There are
SEFYLX S&a 2F &aSNAR2dza 62F NR 3l YSa PMhadedeatalyd 2y
2018) and mostly energy transition toward saistable 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 carnpemissions (Climate Change Serious Game, 2020), the
economic, environmental and security tradéfs and opportunities associated with different
energy sources (Energyville, 2020), energy conservation for householders (Encen City
Stanitsas et al., 2019and industrial training to support sustainable practice (Rai and Beck,
2017).

¢tKAAd LINRP2SO0 KIFIa NBOSAGSR FTdzyRAy3a FTNRBY (KS 9dz
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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 sewgngcan

lower carbon emissions; and how nature based solutions such as sustainable drainage systems
can deliver coseffective ways to limit discharges of untreated water into rivers. Similarly,
although surveys looking at the use of Serious Gamingardtdmain 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 prevent(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 ggsnatic 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 tarfiacilitate

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 waydabhen constructivism (Devries
FYR %lysS HnnoO O68KSNB fSFENYSNBR GF1S Fy | OGAC
experiential learning (Kolb, 1984; Angehrn and Maxwell, 2009) (where experience leads to the
formulation of hypotheses and then their Naation). 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 wka 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.

¢tKAAd LINRP2SO0 KIFIa NBOSAGSR FTdzyRAy3a FTNRBY (KS 9dz
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2. Conceptual design

TheNextGenSerious Gamaims at enabling both experts and neophytes to reach three
sequential goals: goal onreinderstand the building blocks of the urban water cycle; goal

two - discover the influence of external factors such as rainfall and population growth; goal
three - dismver 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, @ is als
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 exampé, 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 Gartements the
following five learning staggybrid learning methodology (as shown iRigure )
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.

¢tKAAd LINRP2SO0 KIFIa NBOSAGSR FTdzyRAy3a FTNRBY (KS 9dz
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