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1 ABSTRACT

In course of the project “Creative Circle” a soledl“energy transition cycle” in Eisenstadt is deped.
This energy transition cycle aims to support thicieht use of the local renewable energy produrctio
addition, climate change adoption measures arecimguhted.

The local district heating network, the sewagettneat plant and photovoltaic systems form the bafsibe
project. A large part of the population is currgraipplied with heat from the district heating netiwthat is
mainly heated with biomass. Currently, a part & beat goes unused with the wastewater to the sewag
treatment plant. This is set to change in the &ttihe thermal energy in the wastewater will begrated
into the district heating network by using a heatp. With regards to the electricity supply, a reabkle
energy community was established. The electricitypand of the heat pump as well as the electricabde

of the inhabitants of Eisenstadt can be partly cedyevith renewable energy from the energy commuity
favorable tariffs. The energy from the energy titams cycle is also used for the environmentallgifidly
operation of a multifunctional Cooling Center, whinjgrovides a cool place to shelter from extreme frea

of charge and also functions as a social meeting.pss first part of the energy transition cydiee Cooling
Center located in the town house of Eisenstadtagaspleted in summer 2023. The foyer in the town hal
was redesigned to make the stay as pleasant ablpamsd an innovative cooling system was implemént
The planning of the wastewater heat utilizatiothatsewage treatment plant was carried out in leardhe
integration of a heat pump in the sewage treatmplamt shows considerable potential for reducingriaiss
and gas consumption and increasing the efficientythe district heating network. However, the
implementation of the project is not without itsatenges. The technical design of the heat punggiation
requires careful planning and coordination with éxesting systems. Choosing the right size of Ipeap,
taking the biomass system into account, and incrgasficiency are complex tasks that need to lokl¢al
carefully. Detailed planning and economic evalusiare currently being carried out.

Keywords: waste water heat pump, cooling centreryetransition cycle, energy community, participati

2 INTRODUCTION

To prevent a further progress of the climate chamge to achieve the European as well as the ntiona
climate targets, comprehensive measures are negtiah include an increasing share of renewableggne
sources in the energy supply. In addition to tbhéigs in particular are already strongly effectsdsummer
overheating. The number of hot days (days over B&&S doubled to tripled in Austria in recent dexsad
[GeoSphere Austria, 2022]. Thus, climate changetatian measures are also needed, which should take
place in addition or complementary to climate pcbt, as the inertia of the climate system medas t
climate change will continue to progress even ifreguce emissions. The aim of climate change atiapta

is therefore to react proactively to future climateange and to take measures to avoid future daaragje
take advantage of opportunities that may arise.

On behalf of the Austrian government and the fdderavinces, climate scenarios for Austria havenbee
created on the basis of global climate models oteoto have a reliable, high-quality and appligatio
oriented basis for dealing efficiently with the tbages of climate change at the level of the falder
provinces. These scenarios allow the following ktements to be made for Burgenland, the fedeatd s
in which Eisenstadt is located [Novakovits, 2020]:

* Mean annual temperatures rise from 10.0°C to astldd.3°C by 2050. By 2100, average
temperatures will rise to 12.2°C (climate protectiscenario) and 13.8°C (business-as-usual
scenario).
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* A slight increase in annual precipitation and egglgcwinter precipitation is to be expected in the
near and distant future.

» Today Burgenland has recorded an average of 1@.days per year. In the near future there will be
almost twice as many, in the distant future eveuad 25 or 42 days depending on our future way
of life and economy.

The aim of the project “Creative Circleis therefore to develop and implement an so caleergy
transition cycle” in Eisenstadt. The energy systanthe city will be set up as a circular econompaf
means, that the locally available resources andygriltows should be used locally. The local digtheating
network, the sewage treatment plant and photoeo$igstems form the basis of the project. A large ph
the population is currently supplied with heat frtime district heating network that is mainly heateth

biomass. Currently, a part of the heat goes unuéthdthe wastewater to the sewage treatment pldms. is
set to change in the future. The thermal energhenwastewater will be integrated into the disthietting
network by using a heat pump, thus closing the t'logele” in the city. In this way, the amount obhbiass
used should be reduced and an upcoming expansibe adlistrict heating network will be supportedyuitie
1 provides an overview of this overall concept.

With regards to the electricity supply, a renewadiergy community was established that contribiaeke
local use of locally generated electricity. Ene@ymmunities enable the exchange of electrical gnerg
across properties without involving an energy sigpdby using the public electricity grid. The elécity
demand of the heat pump as well as the electriealathd of the inhabitants of Eisenstadt can beypartl
covered with renewable energy from the energy conitpuat favorable tariffs. Another focus area loé t
project is the increasing overheating in summer @iedassociated need to adapt to climate change. Th
energy from the energy transition cycle is alsoduger the environmentally friendly operation of a
multifunctional cooling center, which provides aotplace to shelter from extreme heat free of changd
also functions as a social meeting point. The @goCenter will be open to all residents of Eisedlisthe
easily accessible and be characterized by multifomal usability in order to make the space moteaetive.
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Figure 1: Schematic illustration of the energy sitian cycle in Eisenstadt
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Spending a few hours in a cool environment redulcesrisk of vulnerable populations being exposed to
heat. Those who adjust their behavior to spend tim& cool place during a heat wave are less likely
suffer from heat wave mortality. A study of the 2dBuropean heat wave surveyed family members sktho
who died to determine behavioral factors that ericed mortality. The study concluded that staym@ i
cooler environment during a heat event was assutiaith a lower risk of death. [Vandentorren et 2008]

A meta-analysis of the risks and protective factmsociated with heat-related mortality found th@ihg to

an air-conditioned room reduced the risk of deatlabout 66 % compared to those who did not gorto ai
conditioned rooms. [Bouchama, A., et al, 2007]

Although cooling centers are a widely used clin@dtange adaptation measure in the United StatespEur
and Canada, there are only a few studies that baamined the direct health effects of their usestMo
research on cooling centers focuses on an evatuafiaomplementation and use. While there is a latk
research that directly assesses cooling centeorusealth outcomes, there is strong evidence ttatrae
heat is detrimental to health and that staying icoal environment can help maintain a safe coreybod
temperature and reduce mortality. The researchestigghat implementing more comprehensive heasplan
that include cooling centers as a strategy hasdstwes. Thus, the use of cooling centers shouldb®oa
stand-alone measure, but a part of a city's commste heat plan (heat stress response planning).
[Widerynski et al.,2017]

There is some evidence in the literature summariredViderynski et al. about what supported the
implementation and use of cooling centers, sucha@sompanying communication strategies, public
relations, and the involvement of a large grouglifferent stakeholders and multifunctional facdgi The
literature shows many different ways in which atieave informed the public about the location aflicm
centers and specific heat events. These includrdnig heat alerts with relevant information, inéhed
providing real-time information, locations on ansia accessible website, and reaching vulnerable
populations with brochures and other informatiamalerials. A cooling center that serves severdint
functions, such as a library or community centan belp attract a wider variety of visitors. [Wideski et
al.,2017]

Barriers or obstacles to accessing or using Codliegters include limited access to transportafiear, of
leaving home or inability to leave home, not wagtio leave pets behind, populations that do ndt sel
identify as vulnerable, and the general stigma @wiling Centers are only relevant for "old pedp&ome
individuals were unsure of what to do in a Cool®gnter and expressed concern about sitting in a adb

day with nothing to do. Many of these barriers b@novercome through awareness and proper planning.
Educating the public about what cooling centersase who is at risk can help increase occupancysawne
lives. [Widerynski et al.,2017]

Therefore, awareness-raising measures are anatpertant aspect of the project Creative Circle. @ime

is to reach local people, including those groupst thave so far been underrepresented in the energy
transition and climate policy and to take them glam the path to sustainable energy use and ayldes
adapted to climate change. In coordination with thnicipality, goals and measures for climate clkang
adaptation are also to be anchored in the urbagl@@went plan, which is currently being revised.

3 METHOD

The comprehensive research question of the progegtires a methodological diversity that includeshb
technological and participatory elements. With rdg@ the technological dimension, the focus istlos
integration of renewable energies and the cougingjfferent energy sectors. This includes the laltstrict
heating network, the sewage treatment plant, tbal lenewable energy community as well as the @goli
Center. In the first step, concepts were drawnangHe individual measures, which will be combined
further step to form the energy transition cycle.

3.1 Cooling Center

The first step was to carry out a requirementsyaigbf the Cooling Center and identify possiblealiions.
The requirements were divided into exclusion ddt@nd so-called location criteria. All locatiomt fulfill

the exclusion criteria were rated according toltwoation criteria in order to identify the optimalcation.
The criteria were defined as follows:
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e Exclusion criteria:
o0 Consumption free area not given.
o Exclusion of population groups.
0 Barrier-free access not given.

Location Criteria Description Weighting

Accessibility m_oblllty hub, local _publ|c transport, within wallgn 30 %
distance, intermodal, intervals

Location centr.al, presence in the urban space, user freque% %
possible added value in the route chain

Ownership/economy city-owned real estate, rentplunchase of real estate 20 %

seasonal, ensuring accessibility during predictibds of

heat, including on Saturdays, Sundays and publiddgs 10%

Opening hours

Fulfilment of requirements
for awareness raising,
knowledge  transfer  an
participation

multifunctional, temporary, permanent - spatiallydg
functionally separated possible or overlapping | 6f%
functions/uses

[®X

Technical infrastructure district heatingPV-Systelninking water, etc. 5%

accessibility and safety of use, fire protection,
statics/strength, thermal insulation, hygiene/leal %
building regulations, ...

Structural and legal
requirements

until when can the construction work be completed the
Cooling Center go into operation

Table 1: Location Criteria incl. weighting of theteria

Feasibility/time horizon 5%

Based on this evaluation, two locations were idiewtj both of which are very suitable for the Cagli
Center. One is the foyer of the town hall, anddtteer is a mobile solution that could be set up irentral

but shady location (Domplatz or main square). Gaplconcepts were developed for both solutions and
presented to the municipality as the decision-makee location in the foyer of the town hall wasmébtely
preferred, although it is still a possibility tredditional mobile solutions will be installed iretfuture if the
Cooling Center in the foyer of the town hall is kendied positively.

3.2 Wastewater heat utilization

A circular energy economy approach is realized tizing a heat pump, which will be installed ateth
wastewater treatment plant site. This heat pump trs® energy from the wastewater to supply he#heo
district heating network. To close the energy eir¢he heat pump is powered with energy from tloallo
renewable energy community, in addition to the pogevecured from the grid.

At the moment a biomass heating plant with a ttdtalmal output of 7 MW, supported by a gas boiler,
covers the city's heating requirements. A phot@wolsystem at the site of the sewage treatment plach
the local renewable energy community contributeleatricity generation. The technical design of tieat
pump integration was evaluated according to diffesézes of heat pumps (i.e., thermal powers ofMV8,

1.4 MW, and about 2 MW) and variable temperatures,) of the heat source (wastewater treatmemttpla
and heat sink (heat network). Data from the wadtEwaeatment plant, the heating plant and theidist
heating network from the last three years as vgefbeecasts for the future utilization of the hegthetwork
have served as the basis for the dimensioning.

Techno-economic analyses show that the biggestpugap can cover a thermal load of up to 2 MW, which
is sufficient to cover the entire summer load dftritt heating. As a next step, the research irdua
detailed analysis of the investment costs for ifferént heat pump sizes and an evaluation of Hsecated
business models. This will be crucial to determiine optimal size of heat pump to be installed and t
calculate the heat production costs. An additidifal cycle assessment will provide further evaloati
criteria for the comparison between the use ofed pemp and the previous operating strategy.
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3.3 Renewable Energy Community

To increase the share of renewable energy sounzkesogprovide incentives to produce and use theggne
locally, the EU renewable energy directive hashiertdeveloped the process of emancipating the end
consumers towards active participants in the ensygyem. Parts of that directive have been tramespts
national law in the “Erneuerbaren-Ausbau-Gesetdesthin July 2021, which enables the establishnunt
so-called renewable energy communities in Austhiarenewable energy community is a community of
producers, consumers and ‘prosumers’ amongst wtaoewable energy can be exchanged. In case of
renewable electricity, the public distribution giidn be used. To create additional incentives tiexgy
exchanged in the community is subject to reducatifges, taxes and levies.

As shown in Figure 1, the energy community can éensas the central element of the energy transition
cycle, as it supplies all three sub-areas (eléstraycle, heating cycle, Cooling Center):

« Local renewable electricity production is broughgedther by the energy community and distributed
back to local consumers.

e The heat pump for wastewater heat utilization Wl supplied with energy from the energy
community.

e« The chiller in the Cooling Center is supplied by tenergy community (in addition to the
municipality's own PV-consumption).

At the start of the project “Creative Circle”, ptawere already in place in Eisenstadt for the éistabent of

a renewable energy community ("Energiegenossertsdhisenstadt"). After consultation with those
responsible, the Raiffeisen NachhaltigkeitsintiatBurgenland and the municipality of Eisenstattyas
decided to cooperate and to integrate the aspédtscenergy transition cycle described above thie
energy community. This cooperation also ensurashiform of organization will continue to extstyond
the duration of the project, thus guaranteeing, aheentral element of the energy transition cyee been
structurally integrated and secured for the lommte

3.4 Participation

The involvement of the local population, especi@igse groups that have so far been underrepresante
the energy transition, is an important aspect tal@ishing the energy transition cycle. The oppaittes for
participation and the measures taken and planntiisimegard are shown in Table 2.

Electricity cycle Heat cycle Cooling Center

Participation as a member of thdParticipation as a district heatingActive participation through the uge

renewable energy community consumer of the Cooling Center

Participation as a consumer, producekutomatic participation through theParticipation and opportunities for

and prosumer use of waste heat from wastewater | co-design through co-creative

Participation through voting rights at (further) development

the general meeting Survey and evaluation of design
requirements for the Cooling Cente
Opportunity for feedback directly in
the Cooling Center

Table 2: Participation and opportunities for imatvent in the energy transition cycle

4 INTERIM RESULTS

The research project is still ongoing but somerasng interim results have already been achievita
regard to the planning and simulation analysidefibhdividual aspects of the energy transition eycl

4.1 Urban development

At the level of urban development and spatial epgaiignning, the approaches to action are multifege
and complex. In addition to concrete spatial amthneeal measures, awareness-raising and integration
strategic planning instruments such as the urbaelolement plan play a crucial role.

The aim of the project is therefore also to readal people — including those demographic grougshihve
been underrepresented in energy transition andatdimpolicy so far — and to involve them in the siian
towards sustainable energy use.
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At the urban development level, the municipalityfi$enstadt is developing an urban development iplan
collaboration with external teams of experts. Inndaoso, the provincial capital is fulfilling an agation
under the Burgenland Spatial Planning Act 2019 ciwhiequires all Burgenland municipalities to drag u
such a concept by 2026.

The collaboration and integration of the findingsl aesults from the research project thereforeesat an
unique opportunity to anchor these in a formaktegic instrument at municipal level and to incogie
topics such as spatial energy planning, climatnfily mobility and the application of energy traiosi
cycles.

An exchange with representatives of the municipaiit Eisenstadt and the utilization of synergiegtia
further development process have already takere@ad are planned to continue. Synergies betwen th
research project and the requirements of the npadity to fulfill the obligations according to the
Burgenland Spatial Planning Act 2019 can be utiize

As one of the previous evaluation of the existimgam development plan of Eisenstadt, it was notedl t
further planning and concepts are necessary iratée of spatial energy planning as well as in tea af
climate-friendly mobility and infrastructural meass. Important goals and approaches for actiorudtecl
(cf. Municipality of Eisenstadt, 2022):

e Further implementation of PV systems on publicdinis
» Organising events on the topics of energy-efficemtstruction/renovation and renewable energy
« Establishment of a community for renewable energy

e Phasing out fossil fuels, especially gas heatimgl promotion of alternatives: District heating,
geothermal energy, heat pumps, PV systems etc.

* Building renovation strategy to reduce energy regjuents

* Expansion and improvement of public transport e reduction of inner-city private transport
« Expansion of cycling infrastructure

» Sustainable construction

* Unsealing and soil protection

e Greening with climate-adapted trees and shrubs

e Creation of a sustainability and climate protectismn for the city

* Information campaign (events, informational matsriactions) including the creation of a digital
information platform

¢ eftc.

4.2 Cooling Center

As first part of the energy transition cycle, tlleoling Center located in the town house of Eisagtsivas
completed in summer 2023. The foyer in the town Wwak redesigned for the Cooling Center to make the
stay as pleasant as possible and to create a soa#ing place.

The original concept of the energy transition cyatwisaged cooling the Cooling Center with an gitsom
chiller using the local district heating networkaasource. However, as the town house is not ¢gethected

to the district heating network, it was necessargetesign the operation of the Cooling Centerinstll a
classic compression chiller. But even in this c@bcenvironmentally friendly operation was ensuraakl
local energy resources were used - the town hassa, municipal building, has its own PV system &nd
also part of the energy community, i.e. if it i< possible to cover its own needs with its own §stem, the
demand is covered by the energy community. Thetfadtthe Cooling Center is operated in the summer
months (when most of the solar radiation occursameehat it is possible to achieve a high degresolar
coverage.

The technical concept was developed by the projgw, implementation was commissioned by the

municipality of Eisenstadt. In order to keep thelcr on the floor in the open space, an innowatixpe of
air distribution was used. The air is guided actbgsroom by means of textile ducts, which are argly
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perforated, allowing the air to flow out evenly atslow velocity. These enable pleasant cooling,levhi
simultaneously reducing operating costs. Morear,Cooling Center should also become a socialingeet
place, where the energy transition in Eisenstaleisg driven forward together with the inhabitants

PERSEPEKTIVEN
FURMORGEN SCHAFFEN
o

%
2% AUSOER REGION -
FURDIEREGION. S

Figure 2: Left: Opening Ceremony of the Cooling Cemight: Distribution of the cool air via textileudts (© Sandra Koeune)

4.3 Wastewater heat utilization

The planning of the wastewater heat utilizatiothat sewage treatment plant was carried out in lpar#
was decided that the heat pump should be ablekto daer the operation of the district heating nelwo
during the summer months. Therefore, a thermal aigpaf about 2 MW is needed. Moreover, the heat
pump had to be designed for the flow temperatuth@heating plant (currently approximately 85 *Che
current layout with such a heat pump, yields a lyeaverage coefficient of performance of 3.30.
Subsequently, the biomass boiler could be deaetivat the summer months (i.e., June to Septeminer) a
the district heating network could be fully supgligy the heat pump, as shown in figure 3. Additiignshe
heat pump is able to substitute the use of thebgier, which is a further step towards a fully ddaonized
and renewable coupled energy system. A parallaiatipa of the heat pump and the biomass boiler weas
possible in this particular case as the biomasietbisi already operating in the lowest range otighload
operation during the summer months.

The detailed planning and the economic evaluatfdheowastewater heat utilization are still ongoihmtial
estimates have shown that the current tariff sitnatelectricity vs. biomass and heat) makes tlanemic
evaluation of the investment project a challengeaddition, it is still difficult to estimate hovaiiffs will
develop over the next few years. On the other htrete are good funding opportunities for the respi
investment costs and the integration of the heatpinto the energy transition cycle also has atpesi
effect on economic efficiency.
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Figure 3: Comparison of the heat demand with headyxtion and the potential of a heat pump withearhal capacity of 2 MW
based on data from the year 2023.
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4.4 Renewable Energy Community

The renewable energy community in Eisenstadt wasirga operation in 2022. It is a regional energy
community that enables all residents and SMEs éndily area to participate, regardless of whethey t
have a generation plant (mostly photovoltaic sysjear not. The energy community was started with a
small number of participants but is expected tongsdrongly over the upcoming months and years. The
electricity available within the energy communisydistributed fairly among the participants accogdio a
fixed distribution formula. Lower tariffs are chadjfor electricity purchased via the energy comityuhian

for electricity purchased from the public electgiaiyrid. The same applies to producers or prosunvens

can feed their (surplus) electricity into the elyecgmmunity at favorable conditions. The speciéidffs are
adjusted on an ongoing basis, depending on the@etevelopment of the electricity market.

Once the heat pump has been installed and putdratpn, it is planned that the heat pump will jogvate
in the energy community as an additional consuroghat the power supply can be partly covered bgllo
renewable electricity from the energy communitye Fimoportion of this depends mainly on how the gyer
community develops in the meantime. As the heatgpisna significant consumer, the additional intéigra
of large generation plants into the energy communauld favorable.

5 CONCLUSION AND OUTLOOK

The results of the “Creative Circle2 project sodeg very promising. The integration of a heat pumihe
sewage treatment plant shows considerable potefttiareducing biomass and gas consumption and
increasing the efficiency of the district heatirgfwork. The local energy community enables incréase

of locally generated electricity and helps to rezldependence on external energy sources.

The Cooling Center in Eisenstadt's town hall, whighs already opened in summer 2023, is another
milestone in the project. It not only offers a coetreat on hot days, but also promotes sociatdot®n and
exchange between residents. The successful imptatinof the Cooling Center shows that the poparat

is actively involved in the energy transition pregs@nd is responding positively to the changes.

However, the implementation of the project is ndthaut its challenges. The technical design of libat
pump integration requires careful planning and do@tion with the existing systems. Choosing tluhtri
size of heat pump, taking the biomass system iotownt and increasing efficiency are complex tabks
need to be tackled carefully.

In addition, it was shown that social acceptanae articipation are of crucial importance. Comprediee
awareness-raising is necessary in order to invalveections of the population, especially those whave
been underrepresented in the energy transitiorckmete policy to date. The Cooling Center is apamant
tool here, not only to provide protection from theat, but also to act as a social meeting place.

The “Creative Circle” project in Eisenstadt therefshows a promising way how urban energy systems c
be sustainably transformed. The integration of wexide energies, the coupling of different energstaes
and the active participation of the population ke components for a successful energy transifidrme
preliminary results are promising, but there i atbrk to be done.

The research will continue in order to refine teehinical implementation, strengthen social accegtamd
ensure the economic viability of the project. Thegoess made is not only important for Eisenstauit,can
also serve as a model for other urban areas faaimitar challenges in the context of the energggition.
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