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1 ABSTRACT

Availability of reliable data is one of the mostgortant elements for fact-based decisions. Urbanmihg

and spatial energy planning often suffers fromck laf availability of good, validated and up-to-eatata
sets. Furthermore, integrated spatial and energgnphg needs to incorporate new spatially distadut
energy sources and understand how these sourcée emed in the future to meet climate protectawgets.
These new energy sources can be, for example, weste from industrial food production, local
industrial/commercial enterprises, data centerqyrban infrastructure such as tunnels and mettinsta

The utilization of such waste heat sources in hgatnetworks has been demonstrated several times,
however, their proper identification in an urbarviesnment can be challenging, especially for snadied
unconventional sources (Schmidt, 2020).

Gamification as an innovative way to collect theeshed data was investigated within a national funded
research project called “HotCity”. Gamification lals on the use of game mechanics in contexts thabg
nature, unrelated to the game (Deterding, 2011hiwthe project the HotCity-App was developed dingb
users to spatially report and evaluate differentses of waste heat. The gamification of data ctbe was
also intended to raise awareness of waste hearardy use on the one hand, and to facilitate dieation

of data from small energy sources on the other.tR®ffirst time, the game framework is secured gisin
blockchain and mapped by means of a tol@rstem. The HotCity-App was tested in the Austidities
Vienna and Graz as a proof of concept to analysadf how the gamification approach can deliverdvali
results.

The HotCity-App, the game, makes it possible taniihe and georeference also smaller sources of evast
heat in order to use the available energy. Two nass were each conducted in Graz and Vienna, which
provided helpful feedback from the testers regaydgiromising features as well as showed barriersdiad

the success of this data collection approach. Aeractive web-application for the data collectedhvthe
HotCity-Appwas further developed to visualize teparted potential waste heat sources and to inieehc
evaluate the economic feasibility of using the wdstat sources under different frame conditions.

The paper will elaborate the game developmentudsthe gamification approach and the lessonsddarn
during the proof of concept project. We will furthgive an outlook of additional data types for greged
urban energy planning, which could be collectedhisy approach.

Keywords: mobile app, waste heat, energy planrdatg collection, gamification

2 INTRODUCTION AND CHALLENGE

The energy system of the future will consist mdstly of many different decentralized units (e.goftop
PV panels, individual heat pumps etc.). For theettjyment of districts with high energy efficiencyda

! https://en.bitcoinwiki.org/wiki/Token, tested 08.21
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increased use of locally available and sustainabérgy sources, a detailed spatial identificatibpassible
energy potentials is necessary in order to plateffisiently and future-proof. In particular wadteat from
industry (foundries, food production...) and comeceel(data centers, supermarkets...) as well as urban
infrastructure (tunnefs metro statior§ can make an important contribution to heating #otl water
production in plus-energy districts. While "low-kgaimg-fruits” such as waste heat from large scal@strial
plants are already widely used, the identificatdfremaller sources is associated with various daliffies
(Schmidt, 2020). Many larger cities already hawtata set, e.g., Open Government Data, which isllysua
not up-to-date enough, not sufficiently detaileplfgally) and often does not contain all necessata. Due
to the often chosen top-down methodology for thenidication of the waste heat potential, i.e.,ngsa
survey of the largest pollutant emitters (e.g. Bkner etal., 2014), smaller sources are not redpnaiich
therefore do not appear in these databases.

Gamification, on the other hand, offers the po$igibof generating targeted incentive systems fatad
collection (crowdsourcing/crowd collecting). Gamnlé® "Pokemon Go" have shown which undreamt-of
dynamics can be created.Within the project Hot@ityded by the BMK a Game (the HotCity-App) was
developed, enabling users to spatially report araduate new potentials of waste heat. The apptinatd
collect waste heat was chosen to be exemplarilyotber spatial energy data. The gamification ofdat
collection for waste heat was also intended toer#ti® general awareness of the topic and to fatelithe
collection of data from small energy sources thatreormally not considered in top-down methodolsgie

2.1 Gamification as a bottom-up method for identifying ener gy-oriented data

The massive distribution and market penetratiodigital games (approx. 37 billion dollars in salle020

in the USA alone as stated by Statista, 2021) messive. For example, 510 million people are aulye
actively playing games (5.3 million in Austria agted by OVUS, 2019), with an average age of 35.
Gamification is based on the use of game mechanic®ntexts that are, by nature, unrelated to games
(Deterding, 2011). The aim of gamification usuadiyo apply the motivational and feedback techricinat
have been tried and tested in games. Games prolede goals (Hunicke et al., 2004; e.g. quest®y th
reward (Vorderer et al., 2004; e.g. badges, leps)huthey allow to compete or cooperate with otlf¥ee,
2006; e.g. in the form of rankings, multiplayerretnts) and they provide an interactive framewornk fo
different experiences and skills (lvory & Kalyanawan, 2007; Jansz, 2005).

Gamification has already been successfully usedhiious application areas to promote participatguch
as in the context of civic courage (Coronado & ety 2014), citizen participation (Thiel & Lehn215),
e-learning (Barata et al., 2013) and e-governmeitYafi & EIl-Masri, 2016). The application of
gamification has also yielded positive resultsha tnobility sector, e.g. in terms of promoting austble
forms of mobility (Kazhamiakin, Raman et al., 2015)

Pfeiffer et al. (2020) coined a new definition ddr@ification: “Gamification is the use of game meatika as

a further dimension within and around both gaming aon-gaming contexts, in an endeavour to nudge
participants to perform certain actions, by adaptia playful attitude”. This definition shows that
gamification can also take place within games, elien further elements outside the core mechanids an
the core storyline are used to get the playersxpioee certain content. Furthermore, the definitadeo
shows the relation to the principle of nudging #mat gamification can be seen as one of the toaisgger
behaviourchange.

2.2 Blockchain Technology as a transpar ent way of handlingreward systems

Due to its decentralisation, transparency and #gdarthe blockchain technologyoften part of teclugical
and social discourses (Buhl et al., 2017) and isgotreated as a disruptive innovator for a widegea of
applications: from transaction processing to laggistry entries to logistics chains, the intermadia to be
eliminated in the future (Hopf & Picot, 2018). Piews crypto technologies such as Bitcoin and Etirare
rely on "proof of work™" and reward "miners", whodgethe entire network alive and validate all tratisas,
for solving randomly generated computing tasks. Etsputing power required for this increases liear

2 https://sciencevl.orf.at/science/news/154441 kested 07.06.21
® https://www.reuseheat.eu/berlin/tested 07.06.21
* Federal Ministry Republic of Austria for Climate#on, Environment, Energy, Mobility, Innovationdaffechnology
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with the difficulty of the computing tasks and camges more and more resources. This is where new
blockchain technologies such as "Ardor" or "NXT'm@® into play, which are based on a "proof of stake"
algorithm and are much more energy-efficient. Hetrig, not about computing power in the form of gnecs

card performance or CPU-power, but about holdirgréain stake in the network-maintenance tokergroth
aspects like the total time of taking part as dfieation node and a certain aspect of randomriRegardless

of the approach, the peer-to-peer principle, thengt encryption and the permanent and validatablege

of information represent an opportunity for diversdustries - including, of course, the gaming isity
(Pfeiffer et al., 2020).

Ardor offers the possibility to generate utilitkems on the child chain Ignis. Approval models barset up
around these created tokens and therefore thefsetlas can be specified. Furthermore, there is the
possibility to develop smart contracts. As a borhsre is also a ready-made marketplace that carsée
within the scope of the decentralised applicatiiddpps) generated using the Ardor blockchain asd it
child chain Ignis.

In HotCity, the blockchain was used to prevent thgaon the one hand and to ensure transparenayndor
players on the other. It was used to automate engagement of redeemed prizes and rewards anduoered
the administrative effort to a minimum. The concepblved incentives (such as coffee vouchers) pped
on a blockchain token - that could be redeemed@egqt partners. Double spending or counterfeitifig
vouchers can thus be avoided. In addition, the adong settlement can be automated. For examptelasi
to a current accounting system, the partners ceeitd the tokens to our billing account on a monlialgis,
thus triggering the transfer of Euro funds from ¢jagne operator to the prize provider.

The blockchain system for the HotCity-Apphad to trike following basic requirements:
« It must be a fully decentralised public blockchain.

- Users can, if they want, run a node of the blockclom one of their devices, such as a laptop or
mobile phone.

« We can use approval models to ensure that variondittons are met. One of these conditions is
that the tokens cannot be transferred to othemjistered wallets.

- Identity management can potentially be implemented.our case, this would be a possible
connection of decentralized identifi2(®IDs).

« Users do not need cryptocurrencies to pay netweek,fwe can take care of this as an operator with
bundling accounts.

- Individual transactions must be manageable in teshnosts, even if the crypto market fluctuates
massively.

« Messages attached to transactions must be enclg/ptab

« However, it must be possible to generate shared.k€p make the information readable for
authorised patrties.

- It needs the possibility to programme lightweightast contracts, in our case it is the exchange of
the different token classes, as part of the ganwharécs.

3 THEHOTCITY APP

3.1 GameM echanics & Dynamics

The basic idea of the HotCity App is that users cave through the city and identify possible wadstat
sources. In the past, a good understanding has deexoped of possible waste heat sources and their
characteristics. Chimneys indicate the location (ioflustrial) processes using combustion and might
therefore generate waste heat; and recooling urdisate large waste heat potentials from dataresntr
other cooling processes. Users of the HotCity App mentify chimneys and recooling units by takang
photo or doing some internet research, e.g. usbag® Mapssearch.

® https://www.w3.0rg/TR/did-core/#dfn-decentralizieentifiers tested 07.06.21
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The user (the player) can take a photo in the Hpt&pp to identify the object of a possible wastah
source. Additionally, the user also needs to previdormation about the type of object (chimnegoa@ing
unit). The user can then mark the exact GPS pagitidhe object on the map. The last step for gex is to
crop a satellite image of the set GPS position shigwing the waste heat source. After that therpiaie
waste heat source is saved to the map of the gaththa user is rewarded with heat tokens. Now eusey
can give additional information about this specifiaste heat source andverify the object,its siegght and
number of units.

The cities where the game can be played are segthéntireas through a grid. Each area can be cmajue
by a single player or a team. The player or teath thie most identified waste heat sources winatba.

The gamification concept is also extended throuplgh score system for single players and teamscas
their heat score (a number calculated based ounsties earned tokens — see next paragraph). Thedwa

from earned tokens also unlocks numerous badggs“teat Runner”, “Heat Scout”, “Conqueror”) inside
the app. The head score also puts gamers intdkangesystem (e.g. “Rookie”, “Amateur”, “Master”)

The app also incorporates a basic voucher incerstygtem, where earned tokens can be redeemed for
voucher of partners (such as coffee to go).

All those features add additional layers of garatificn elements to the app (see also next paragraph)

The gamification framework consists of three wtitibkens realised within the blockchain Ardor atsdchild
chain Ignisthat represent points: bronze, silvel gold tokens. Users receive bronze tokens for Isitgsks
such as uploading unconfirmed images and latervweq®ints with higher value, when heat sources are
confirmedby other payers. These tokens can lateredeemed for incentives, with better incentives
distributed for gold tokens than for bronze tokeks a further game mechanic, tokens can be exclgioge
each other, e.g., 10 silver tokens result in 1 golwken. Furthermore, all badges are display¢dkass.

3.2 App Development

3.2.1 Frontend of the HotCity App
The HotCity App uses a hybrid app technology witkirgle code base based on the hybrid app framework

lonic including Capacit8ras container, which delivers the app to diffeygatforms (in this project iOS and
Android).

UNTERTYP WAHLEN QUELLE MARKIEREN

¢ mEsTATIGT
Mehr Infos zu den Rauchfanatypen, 8 V12 2/5/1

HEAT TOKENS

— P —
( zurock ) BESTATIGEN (ABBRECHEN ) HOCHLADEN FOICIROCHLAREN
s , i )

Fig. 1: HotCity App Screens

The structure of lonic is web-based (HTML5, CSS$&s$), based on Angular (JavaScript/TypeScript) and
uses an open-source mobile user interface compdoelit as well as several plugins to bridge nativ
functionalities with the web-based code base. Aamework, lonic offers a cross-platform delivepature
set to address the native functions of the opeayatystems such as camera, GPS or memory. In additio

® Capacitor is a cross-platform native runtime fozbwapps and provides native app container for acgaand
deploying loinic apps to various mobile and deskitgiforms. https://capacitorjs.com
" https://sass-lang.com/
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native SDKs can be easily integrated. This sensesa aolution for smartphones of newer generations
(Android > 4.4, iOS > 10). Another advantage is deselopment using web technologies, so that tips ap
developed in lonic can also be made availableRM/A ®

The app is connected to a backend via an API tecga® data collection, data enrichment, user profile
information and blockchain related verification thanisms for gamification (see next paragraph). The
following figure shows main screens of the HotGigp.

3.2.2 Backend of the HotCity App

The actual transfer of the respective assets fallaes entirely on the blockchain. A lightweight tact (cf.
smart contract) was developed for this purposechytin conjunction with the API, ensures that teeets
are transferred correctly.This contract is initiattiggered by the backend and contains, for exampl
information about which "heatspot" has triggeredaaset transfer. The lightweight contract thensctie
API and checks whether the entries and informadi@nvalid and correct and then transfers them.fieely
definable period of time, the APl checks whether #sset transfer was successful. If, for exampie, t
transfer of the assets fails due to technical anstances or insufficient fee, a new process talees p

The Ardor node primarily manages and executesigheneight contracts for the transfer of the apgtiion.
As already mentioned, the API acts as a validatiainfor this contract and only transfers assetsaatges if
the correct information is available.

In summary, blockchain technologies in the HotQitgject secure those relevant parts of the gameevhe
values for the players or project partners arectdfit On the one hand, tokens, badges and vouehsred
and, on the other hand, the accounting modalifi#sther data, such as the description of the ik heat
sources, are saved in a conventional databasehwicontinuously backed up. Transactions on the
blockchain, as accessed from the graphical interzéfcthe main account full-node as well as a trigde
badge are displayed in figure 2.

Recent Transactions

Fee:0.053  a
—— W HUN,
1182020 13:02.27 2 <
2
Fee: 0.0397 ou € Yo
V—----
VB/2026 11:£5:00 SILVER
Fest0053  Wou @ .AVKY.
F U Yau
V TEILEN
1az020 1
Foo: 0,053 o WEITER

Fig. 2: Blockchain token transaction& visualisatmira triggered badge

4 HOTCITY FIELD TEST

The field test took place in two different phasasiy the winter 2020/2021. The first phase wadqoered
in November 2020, while the second phase was lathofid of February 2021 for 2-3 weeks. For a part o
the test persons, fees were awarded for at le@didars playing time. All participants receivedraefing in
advance in the form of a tutorial on the app anthnform of marked districts that showed a higteptial
in terms of waste heat sources. The responses aedleeted in anonymous form with a request for open

8 PWA = Progressive Web Apps are web applicatiosetban modern web browser standardswith additiemalires
for desktop and mobile similar to mobile apps (egfification system). Users can therefore putéhweb apps to the
home screen of their smartphones. https://en.wikiperg/wiki/Progressive_web_application
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critical feedback. A total of 836 tokens were sauttfor a) heat sources, divided into bronze, siared gold
and b) badges.

After a 2-3 week test phases, an online questioaneas created and submitted using the "Survey kyghk
software. The item collection contained both oped @osed questions with dichotomous and ratindgdca
gradations.A total of 31 people took part in th&t tend filled out the online questionnaire. Thearigj of
the test persons (almost 68%) tested the app imndiethe rest (32%) in Graz.

4.1 Usability Score & Acceptance Rating

| had to study the app extensively before | could use it 91

| had security concerns when using the app 4,53

The cperation of the app is rather inefficient 4,22

| can imagine that most players® will quickly understand and
master the app

Ifind that the game has inconsistencies in some places 286

The different game elements (e g. heat source upload, token logic,

2,19
badges...) in the app were well integrated |
The Hot City app is easy to use 2,03
The game structure (e.g. capturing heat sources, crews) is | 203
unnecessarily complex | !
I can well imagine using the Hot City app on a regular basis 258
[
T
1 2 3 4 5

Fig. 3: Usability & Acceptance Score; low values agual to high levels of agreement

Satisfactory values could be reported with regarthe usability & acceptance of the app. The udgghd
subjectively high (mean values from 2.0 to 2.58)e Bimple user interface (M=2.0) and the assessafent
the comprehensibility for other users (M=2.03) paeticularly noteworthy in this regard.

The normalised SUS (system usability scale) sci#i675, which corresponds to an above average val
(maximum = 100, minimum = 0).

4.2 App testing lessons lear ned

The results of the field test show high valuesther acceptance of the app. The fun of play andeted of
difficulty were also rated as appropriate. The dadised SUS score is in the upper fifth, a highjexttive
usability is thus evident.

The core functionality of the app - the searchviaste heat sources, which was designed and inéelgnat
accordance with the project goals - is seen asvataig by the users; compared to other game festthe
entertainment value is particularly high.

With regard to the qualitative aspects, the desigihe app, the game idea and the ease of usepnesed
by the test persons.

Problems were encountered with regard to GPS posig, which sometimes did not work immediately and
had to be corrected manuallyn addition, as the first phase of the field tesparticular showed, it was
sometimes difficult for the users to find suitahkat sources, and chimneys from private househatiish
are no valid waste heat sources, were often phapbgd. Through clearer communication and tutorihls,
problem was alleviated in the second test phase.

° A technical problem here is that automatic GPSitjpming reduces the duration of one battery lotd)s a
compromise has to be chosen, or using manual GBt#®pimg, which reduces the usability experience.
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Suggestions for improvement mainly refer to an iopd tutorial (phase 1) and an automated locatiothe
map of the potential waste heat sources.

Recommendations:

« Provide an optional tutorial video and a half-haugbinar to introduce and explain the app. As user
segmentation in the future could include regularsisexperts as well as community experts.Such a
webinar is an efficient method for onboarding anavialing the necessary skills to assess waste heat
sources according to their potential.

- Simplify the registration process by publishingritthe app stores. The current process requires
several steps, which cause a time delay for usefdtaus make "seamless onboarding” difficult. In
addition, the release had to be done manually duedtrictive settings on company devices. A
release in the app store would prevent such prablem

« Integration of a button to update one's GPS pasititthin the app. This function facilitates correct
positioning, and a "double-select" interactiondpioading photos should be introduced so that users
can enter or readjust their GPS position correctly.

« Switching the map view to a satellite view. Thiskes it easier to recognise waste heat sources, and
it is also possible to estimate the height of disjeeat sources using Google Earth 3D, for example.

« Integration of notifications for finding heat soascand invitations to groups. This also regularly
encourages users to use the app, but a good batamtebe struck so as not to exert a disruptive
influence.

« The token logic should be adapted so that the woafion of heat sources is only possible between
different groups/crews. The "report" function fgrleaded heat sources should be reframed to create
a positive connotation and thus encourage usedrgus

5 RESULTS

The current results have been established dueddest phases with a very small amount of payegngs
and thus can not enable to elaborate the totalewssat potentials in Vienna and Graz. The 31 tsstsu
found about 230 individual spots with a possiblesteeheat potential, and for about 10% of them,ildekta
information was collected. It has to be noticed the test users werepayed for about 5-8 hourssting
including the survey and thus it can be assumedbtiig very limited time for searching was aquired.

The results have been evaluated on different levgist the images uploaded by the testers have bee
checked by waste heat experts within the HotCibjgmt team for validity (is it according to what \aee
looking for —as explained in the tutorial—,corretassification, correct GPS position). Second,dbtailed
input data to derive the waste heat potential \vatze validated by waste heat experts.

5.1 Visualisation and Economic feasibility evaluation of results

The data stored on the backend was accessed vikevledoped API, pre-processed and filtered to elata
the waste heat proposals reported by the playerbetmost likely wrong.Therefore R-Scripts haverbee
developed which makes it easy to analyse the dt@iaemch test run.

5.1.1 Visualisation

A simple web-application was developed to simptifig evaluation process for experts and visualige th
collected waste heat proposals by the tester.Til@nviog figure shows exemplarily one of these wdstat
proposals, a re-cooler on the roof top of a bugdimVienna.

5.1.2 Economic feasibility evaluator

Based on a limited amount of input parameterspeldied economic feasibility calculation of wadteat
utilisation is carried out in order to evaluatehé waste heat sources identified by the userdeaactually
used. Here, the characteristics of the waste featsand possible heat consumers (e.g. nearbyirms)d
were compared with regard to: energy supply andashein available and required temperature level
(including the requirements for the integrationhafat pumps if the source temperature is lower than
consumers temperature), economic factors, a pessipé routing and substations. The economic etialua
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of the utilization of the different waste heat putals found by the users is done on the basibetwo key
figures "profitability" and "payback time" and isdicated in the form of a "profitability score".

e a

r/

Fig. 4: Waste heat proposals result visualisatieh-application screenshot

The results are displayed with help of "economficieincy scores" i.e. a traffic light system (gregallow,
red), a comparison with a reference system forighog the heating service (e.g. gas boiler) is fsslt
should be noted that these estimates are basedrty jglealised assumptions. Nevertheless, theltsesu
indicatesif an economic use of waste heat soue®ss to be realistic.

The developed method was implemened with R-Sfinyo an interactive web-application enabling ugers
evaluate, by chooosing the location and pathwayerethe waste heat source would be needed. The
following example shows the application (left side well as an example of evaluationfor a choosen
pathway (right side).

se Wirtsehaftlichkettsa
ot

Fig. 5: Screenshots of the Economic feasibilityleaeor web-application

6 CONCLUSION AND OUTLOOK

Gamification can be a promising way to identify ambenergy data such as waste heat. The rewardrsyste
could be secured in a transparent way using thegessdficient proof of stake blockchain Ardor. The
HotCity App has been sucessfully developed andckdest two Austrian cities. The two test phases have
shown that the app seems to be very promising fxamer point of view as the usability score shoite
lessons learned from the two test phases demanshrait a good briefing (tutorial material) is imfzant to
gain useful results within the respective cont&dmpared to the already existing waste heat datdiémna
and Graz new promising waste heat proposals caufdund, which have not been in the data setsrsanfh

for some existing data sets an increased accurattlyeoGPS position could be established thankséo t
crowdsourcing approach. Interestingly even withrilatively low amout of testers a significant nieniof
valid waste heat proposals could be found. Howéwertests also helped us to identify potential aties
especially regarding details attached to heat sptries which can be used for estimating the amofint

10 https://shiny.rstudio.com/
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waste heat for each waste heat proposal. The sdadicate that these are hard to collect withdieent
app, thus more advanced users (experts) or higlveniives are needed to collect this informatiohe T
developed interactive evaluation tool (web-appi@gt seems to be a very good starting point foreetsp
(not necessarily players) in order to filter thestnpromising waste heat proposals and to estinfesie t
actual potential.

6.1 Further data collection possibilities

The HotCity project aimed for a proof of concepg#mification is a valid method to collect usefphsal
energy data in an efficient way, waste heat wag onk example for this the following section dises
other possible use cases for the Game/App. Thedgira|so investigated conceptually which data ahithv
methods are needed to collect energy-relevant lmatmeans of gamification. In the project, the foésis
basically on the topic of determining waste heateptial. However, in order to make more general
statements about which energy-relevant data camlberted over-all via crowd-based methods, furtieta
and possible sources were analysed.

The following core questions were addressed:

« How can the game be generalised and used to caledde range of energy-relevant data and
applications?

+ What data can be collected?

« How can the effort for the players on the one hamd, for the software developers with the greatest
possible benefit be reduced?

When comparing the results from the players' pointiew with the software developers' point of vigtis
noticeable that the data that is easy to collectpfayers is quite difficult to implement for thefsvare
developers. For many of the data sets to be celle¢he players can upload photos in the app, wisich
possible without much effort. The photo providedwddthen be analysed using automated methods ar ord
to derive energy-relevant data from it. Algorithfios image recognition should be applied or devethpe
which considerably increases the effort for thdt(gare) developers.

The method of "self-assessment” is again time-coimsy for players or only possible with expert
knowledge anyway; on the programming side, thimm@emented through forms so that the findings loan
entered as free text or by means of guided question

In the course of the app development, a way wasdaa keep the complexity of the app as low asiptess
for the players, but still to design the functiones for data collection and to choose the featafethe app
in such a way that the programming effort remairssifiable.

The gained results and the additional use casesissisd above vote for a further development of the
prototype, especially as it seems that many ofetlsti open issues can be solved with relative &ffort
and the applicability in different regions and aodts are high.
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