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1 ABSTRACT

With the renewable energy directive of the Europ&mmission the path has been set toward more
emancipated end consumers in the energy systeaildwing shared energy use schemes such as rerewabl
energy communities. These were transposed intorratlaw in Austria in July 2021. But even befdnatt
energy could be shared between a producer/prosamaeone or multiple users via a so-called dirext br
direct line system. While the technical and legguirements for operating a direct line (system)amajor
barrier to overcome, direct line (systems) haveafdtong time been the only means to exchange rdslewa
energy between different buildings in the Austrggrergy system. In the municipality of Thannhausern s
direct line system with multiple end users has hiestalled and is in a test phase since Septent.2
During the implementation of the direct line systidm legal framework for energy sharing has charsget
renewable energy communities have been introdutddistria. The question arose, whether the diieet |
system can compete with renewable energy commanilinethis paper a comparison between these two
types of energy sharing schemes, a direct lineesysind a renewable energy community is made os bési
the Thannhausen pilot. As mentioned before, in Mhaasen, a direct line system, consisting of mieltip
direct lines to connect eight consumers with onat@loltaic generator was built. For the same camfigjon

a renewable energy community was investigated ynsief a simulation model. Even if it might seenatt

the direct line system is outdated by the new pdgss which are provided by the renewable energy
communities, a closer look showed, that both systbawve their advantages and disadvantages. For the
direct line system structural measures are neggssaich result in a certain amount of investmensts
which are higher than for a renewable energy conityjwwwhere the public grid is used. In contrasthat,

no grid fees have to be paid for the energy disteith via the direct line system. Another advantaigtihe
direct line system is the possibility of an islamgiimode in case of a disruption of the public gHdwever,

it always depends very much on the initial situatiDirect line systems are an attractive solutioty dan
cases where the consumers are located closelglootiaer, so that the digging effort is managedhlease

of the Thannhausen pilot, the evaluation showedt, ttie direct line system enables similar savimggte
participants to a renewable energy community, wtiensubsidies granted are taken into account. Since
there are no grid fees for the direct line systarhigher feed-in tariff is made possible for theninipality,
which amortises the higher investment costs, sbthiadirect line system has even the higher nesqmt
value at the end of the period under consideration.

Keywords: energy sharing, micro grid, renewableg@neommunity, pilot plant, direct line system

2 INTRODUCTION

To increase the share of renewable energy sounzkfogprovide incentives to produce and use theggne
locally, the EU renewable energy directive (Europ&zommission, 2018) has planned to advance the
process of emancipating the end consumers towatde garticipants in the energy system. Partshaf t
directive have been transposed to national lavhén“Erneuerbaren-Ausbau-Gesetzespaket” in Augtria i
July 2021 (Republik Osterreich, 2021), which enalies establishment of ‘renewable energy commusitie
A renewable energy community is a community of piafs, consumers and ‘prosumers’ amongst which
renewable energy can be exchanged. In case of alhewlectricity, the public distribution grid cha used.

To create additional incentives the energy exchamgéhe community is subject to reduced grid féases,
and levies. But even before the law was establighddly 2021, it was possible to share (renewadheygy,
even though a much higher technical effort had d¢onfmde, by installing and operating “direct lines”,
privately operated power lines outside the jurisdit of a grid operator. Given the arrival of ‘eger
communities’, direct lines might seem outdated. laser look shows, that both systems have their
advantages and disadvantages. Therefore, this papeds to compare an operational direct lineesyst
with a fictional renewable energy community basedhe municipality of Thannhausen.

REAL CORP 2022 Proceedings/Tagungsband ISBN 978-3-9504945-1-8. Editors: M. SCHRENK, V.ROPOVICH, P. ZEILE, E—
14-16 November 2022 — https://www.corp.at  P. ELISEI, C.BEYER, J. RYSER



Comparison of a Direct Line System and a RenewabéedyriCommunity on the Basis of a Pilot Plant in THeusen

The municipality of Thannhausen owns and operatphaovoltaic (PV) generation plant on one of its
buildings in the village centre. Additionally, tleeis potential for more PV generators on otherdiudjs in
the village centre owned by the municipality. Sitiee existing PV-generator produced substantigdlsses,
and there was an incentive to install additionapacdties, the idea of sharing the electricity with
neighbouring buildings via a micro grid was borrt.tAe time, when the pilot project was developée, t
Austrian legislation did not allow for direct eldcity trade between different users via the pulgid
without an energy supplier acting as intermediatyiclv would be possible later in renewable energy
communities. For this reason, it was decided tatera microgrid consisting of new direct lines tova for
direct supply of neighbouring consumers with eletty. In total eight consumers, consisting of i
households, small enterprises, small companiegtandnunicipality buildings have been identified,igfh
were interested and suitable to participate inntih@ogrid. All of them are in proximity of one ametr, to
make the realisation of a direct line system pdssithe basic parameters are shown in Table 1.

Participant Consuption per perigdPeak load Distance to the PV-plant/Lengh
(01.01.2022 — 30.06.2022)[kw] of the direct lines
[kwh] [m]
Household 1 1915 5.5 134
Small Enterprise 7940 192 28
Household 2 5334 8.9 118
Municipality 4953 5.4 62
Small Company 1 1600 37 62
Small Company 2 753 18 62
Small Company 3 192y 54 62
Small Company 4 1700 27 150

Table 1: Consumption data of the users of the direetsystem in Thannhausen for the period 01.@22030.06.2022

To supply the direct line system, a new PV genenatthh a maximum capacity of 29.6 kWp was instakbed
the roof of the waste collection centre, one ofrthaicipality buildings. By the time the decisiomsvmade,
the existing PV-generators had a high funded fedasiff, which made it less attractive to use thiemthe
supply of the direct line system.

For the same configuration a renewable energy camitgnwvas investigated by means of a simulation
model. Following Key Performance Indicators (KFHaye been defined for the comparison of the twdkin
of energy sharing schemes.

Number Indicator

Measurement un

it Description

KPI'1

Own consumption rate

[%]

Share of the PV-production which could be used
within the energy sharing schemes (direct own
consumption of the municipality + indirect own
consumption of the participants of energy sharing
schemes) divided by the total energy production.

KPI 2

Self supply rate

[%]

Share of the PV-production which could be used
within the energy sharing schemes divided by the
total energy demand of all participants of the gper
sharing schemes.

KPI 3

Net present value

[EUR]

Net present value of the municipality (investortlod
PV-generator respectively the direct line systefigra
20 years.

KPI 4

Savings of the participants

[EUR/period]

Amount and distribution of the savings among the
participants in relation to a 100 % grid consumptio

Table 2: Key Performance Indicators (KPIs) for tleenparison of the two types of energy sharing sesem

In addition to the KPlIs, further advantages anddairantages of the two types of energy sharing sebemre
discussed, such as the possibility of an emergepeyation in case of a power failure of the publid.

=
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3 THE DIRECT LINE SYSTEM IN THANNHAUSEN

The pilot in Thannhausen, which is part of the FfiGject SoWeiT Connectédind the Interreg Alpine
Space project ALPGRIDSwas taken into operation at the end of 2021 aedonitoring is still ongoing
but will be concluded by September 2022. It cossiétthe eight consumers (grid coupling pointsamnm
Table 1, which are connected to the public lowagdt (230/380 V) grid. As shown in Figure 1, eaclthef
users can be connected to the PV generator withdiwidual direct line (orange lines) or to the palyrid
(blue lines), depending on whether the entire conption can be satisfied via the direct line or fdtis is
necessary due to the legal requirements for dimees (Nacht T. et al., 2018). The PV generatoo &las a
switch which allows separation from the public grighich would effectively turn the system into a
microgrid, but this will only be used in the cabattislanding is necessary.

Each of the users is equipped with a measuremédintioumeasure the total power consumption, in aaldia
measurement unit was installed on each directdim# for the PV generation and the consumption ef th
municipality. The measurement units at the usétés svere installed behind the official meteringtsirof
the grid operator. These measurement units onlg lgeurpose for the control unit, while the measienm
units on the direct line also serve a metering gseor billing and thus need to be gauged.

The control unit (an energy management system)ivezdts data via Ethernet cables which are placed
together with the cables for the direct lines. Etlkécables are also used to control the switchéseadirect
lines which are be implemented as air gap switch.

1 Microgrid-Thannhausen

Household 1
1915 kwh
Peakload: 5.5 kW
Legende

I | Housshold 2
3338 kWh
E‘"E E‘g E"BAB \T Peakload: 8.9 kW ¢ Consumption
WU MU MU
Small Enterprise ? Generation

7940 kWh
Peakload: 19.2 kw

Contral Unit —— Public Grid
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PV-Gaenaraticn Municipality
17194 kwh [Waste collectlon centre)
4953 kWh
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b Y
’_‘ ’_‘ 230/400V
Small G 1 Small Company 2 mu | Small Company 3 Small Company 4
ecom 753 kWh (] 1927 kih 1700kWh
Peakload: 3./ kW Peakload: 1.8 kW Peakload: 5.4 kW Peakload: 2.7 kw
10 kv

Energy data valid for zhe pericd 01.01.2022 - 30.06 2022

Figure 1: Technical set-up of the pilot in Thanndeu

The energy distribution within the direct line syrst happens because of the switching process dfitbet
lines. For normal operation, the following ruleplyfor the control regime:

» First off, the consumption of the municipal builggwill be covered, only excess energy will be
provided to the direct line system.

! https://nachhaltigwirtschaften.at/de/sdz/projeda@/eit-connected.php
2 https://www.alpine-space.org/projects/alpgridsiente
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e The control unit will then check the power consuimptvalues of the users and will sort them
according to an internal ranking system so thattrobthe PV generation can be used directly.

* Only users whose demand can be fully satisfiechbyRV generation will be connected to the direct
line system and separated from the public grid.

e The internal ranking system will ensure that over tourse of a certain period distribution of PV
generation will happen on a fair and transparesisba

* Any remaining excess PV generation will be fed it public grid

To ensure the fair distribution of the PV genermatietween all users, the target function of thekiran
system consists of two parts. The first part addreghe maximisation of the self-consumption witthie
direct line system, and the second part coveretiual distribution of the PV generation. Two weigt
factors were used to determine, which part is nmgortant for the ranking system. For the Thannbaus
pilot a balanced setting was chosen, which ensufes distribution with only slight reductions tife self-
consumption rate in comparison to the maximum fpbssine.

The equality of the distribution is controlled bppdying a prioritising factor for each user in tterget
function of the optimisation algorithm, thus incsg or decreasing the importance of individuarsis€his
factor is updated daily and reflects how much eperach user has already obtained from the diraet li
system. The user who got the lowest share of enargglation to his total energy demand by thectinfithe
factor update gets the highest factor, and so Anégh factor means, that this user also has agnighiority
for the optimiser. A low factor indicates that a&ubas already got a high relative share of energglation
to the other users and therefore has a lower pyriorithe ranking system.

The optimisation is carried out every 15 secondshy control system. To avoid a constant switching
between the direct line system and the public grittlocking prevention” was implemented. This was
necessary to prevent premature wear of the swigcbiements and increase the lifetime of the system.
certain switching contingent is available to thentcol system. If this switching contingent has been
exceeded, users may be reconnected to the direetsljstem no earlier than five minutes after their
switchover from the direct line system to the palgid. If this is not the case the users can bmected
already after one minute. At times when no switghoperations are necessary, e.g. during night tihes,
switching contingent is successively increasedragBhis ensures that the maximum number of switchin
operations (time when the components must be reg)ds not reached prematurely.

Switching from the direct line to the public grglpossible at any time to ensure that no more RYggns
drawn from the direct lines than is actually avalga

3.1 Legislative framework

Operating a direct line or a direct line systemniade possible by the Elektrizitats- Wirtschaftsd un
Organisationsgesetz (EIWOG) (RIS, 2022), Austri@deral energy law. The concept of “direct line” is
defined in the basic provision of Section 7 (1)8nBIWOG as follows:

“Direct line: either a line connecting a singleguction site to a single customer, or a line coting an
electricity producer and utility company for the rpose of direct supply to their own permanent
establishment, subsidiaries and approved custortiees, within residential complexes are not congde
direct lines.”

For that reason, the system must consist of maltipes and each consumer will be connected ongnto
direct line as well as the public grid and eacledtidine will thus only be connected to the PV gatw
(production site) and one user (single customér@ direct line system is operated outside the domfihe
grid operator.

While the EIWOG provides only very limited rulegjidelines or general information on how to operate
direct lines, the following basic principles neede taken into account (Nacht T. et al., 2018):

* There must be separation between the direct lira(@)the public grid to avoid direct exchange of
electricity between the direct line(s) and the pugtid

e ltis not allowed to fed PV surplus into the puliglitd via the direct line
e The direct line must be operated by the producer
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» A star network, as used in Thannhausen, is nohaaxtiction to applicable electricity law

3.2 Tariff system

In Thannhausen, a uniform tariff for all participgrof 8.14 cent/kWh before taxes was fixed for fingt
months of operation. In July, the tariff has bestréased to 15.00 cent/kWh, which is still far beto the
average energy costs on the market at the momedrdlao below the feed-in tariff which is been offgiby
the OeMAG at the moment (see Table 3). The munitypeeliberately accepts revenue cuts to provide
participants with a favourable energy supply.

In order to make the two systems easily comparadléjfferent direct line tariff was chosen for the
calculations, so that the same savings resultsh®participants in both systems. In case of thecdiline
system, the purchase tariff of the consumers is tis feed-in tariff of the municipality. To calet® the
savings in comparison to a 100 % grid consumptiomn;ent consumption and feed-in tariffs were usex,
shown in Table 3.

Tariff for the consumption of electricity from tlaérect line system 41.86 Cent/kWh

Tariff for the feed-in of energy in the direct lisgstem 41.86 Cent/kWh

Tariff for the consumption of energy from the paldirid (incl. grid fees and taxes)

based on current marked tariffs (E-Control, 2022b) 50.17 Cent/kwh

Tariff for the feed-in into the public grid — OeMATariff for the 3. Quarter of 202

D
(E-Control, 2022a) 30.70 Cent/kWh

Table 3: Tariffs used for the calculation of themamic effects of the direct line system

The remaining energy, which is not supplied via direct line system has to be purchased from arggne
provider via the public grid on individual basiorFsimulation purposes all users have the sametayriid,

as depicted in Table 3. The investment costs ofitfext line system were taken over by the muniitipa
Therefore, no investment or operational costs appid the consumers. The consumers only pay for the
energy consumed via the direct line system.

4 RENEWABLE ENERGY COMMUNITY

A renewable energy community may generate renewabbrgy itself, consume, store, and sell self-
generated renewable energy to members, act as giegatpr, and provide energy services. For these
purposes the public power grid can be used, anatestigrid fees, taxes, and levies apply. A morailéet
description is provided on the homepage of the @loation office for energy communities. (Osterrésche
Koordinationsstelle fir Energiegemeinschaften, 2022

4.1 Legislative framework
A number of legal requirements apply to energy comitres, which are regulated in the Erneuerbaren-

Ausbau-Gesetzespaket (Republik Osterreich, 202d)ttee EIWOG (RIS, 2022). The most important ones
are summarised in the following section. First,t@mbership in energy communities is limited to:

* private consumers
* small and medium enterprises
* public bodies (such as municipalities) and thempeercial bodies

Therefore, large enterprises and energy providees ot allowed to participate. Moreover, a formal
membership in the energy community is required. &hergy community itself needs to take the forna of
legal body (e.g. an association, cooperative, lessinpartnership, or corporation). Whichever form of
organisation is chosen, the energy community mpstaie as non-profit organisation. The financialdfit
must stay with the members of the community. Funtioee, the members have to be in close proximity to
one another. The degree of proximity is definedh®ygrid levels the members are connected to (gasef

2). In this respect, a distinction can be made eetwwo types of energy communities.

¢ Local energy communities: This includes levels 6 @n

* Regional energy communities: This includes levete 3 and also the “Sammelschiene” (collector)
at level 4.
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During the founding phase of the energy commuriitgeeds to be decided whether the energy community
will be implemented as local or regional energy oamity. The proximity type also influences the cost
savings the members of the renewable energy contyncam generate. For each kWh exchanged within the
energy community, the receiving member will be ipdlyt exempted from paying grid fees and from derta
taxes and payments. For local energy communitiegtia fees are reduced by 57 % and for regionaigsn
communities the reduction is 28 % for the grid lsev&and 7 and 64 % for the grid levels 4 and 5.

Import

i, Export

. Hoéchstspannung /’ Transit
Gridlevel 1 350 1v/220 kv Kraftwerke  —» ‘%‘

Grid level 2 —_— —

N Umspannwerk I . e E
Grid level 3 '1"108?(5\73””””9 %\ ST
Grid level 4

. Mittelspannung Umspannwerk - g
Grid level 5 1 KV/36 kV .

Grid level 6 /

. Niederspannung Trafostation = r

Grid level 7 400 V/230 V . A

Figure 2: Grid levels in Austria, based on (Verbuz@?2)

For metering purposes smart meters need to bdl@ustar every consumer. The grid operator will @@

the consumption and generation of each member aitemporal resolution of 15 minutes. The totally
available infeed by the members (omitting self-congtion) will be subsumed and divided amongst the
members according to a distribution key providedhi grid operator. The distribution key describhesv

the available energy within the energy communitygpdit amongst the members. Each member will thus
receive two or possibly even three bills for elietty supply, one from its regular energy supplighich
according to EU law can be changed at will by tlemsumer) and one from the energy community.
Furthermore, if the bill from the grid operatornst part of the bill from the energy supplier, thndl
become the third bill.

A renewable energy community with local proximitipunded as an association, was chosen for the
comparative calculation of the Thannhausen pilot.

4.2 Tariff system

The renewable energy community was designed in awedy that only the costs necessary for the dperat
of the energy community (fees association, billieig,.) remain in the community itself and all otsaxings
are divided among the participants and the munlitypd his is about 130 EUR per year. The curreziief
package of the Austrian government was not takém &tcount, as it was assumed that it will not be
available in this form over the entire period undsariew.

For the calculation of the energy community, a dixeniform tariff was chosen for all participants tbe
renewable energy community. The purchase tarifefectricity from the public grid was also set wnifily

for all participants as specified in Table 4. Thed-in tariff of the renewable energy community watat
32 cent/kWh. This ensures that the municipality diién from the feed-in to the renewable energy
community, despite the high feed-in tariff of 3@&nt/kWh currently granted by the OeMAG (E-Control,
2022a). Even if these financial incentives were detisive in the case of the municipality of Thasuen
this assumption was made because it might be ity oner cases.

Tariff for the consumption of electricity from thenewable energy community 42.70 Cent/kwWh
Tariff for the feed-in of energy in the renewablesyy community 32.00 Cent/kWh
Tariff for the consumption of energy from the peldirid (incl. grid fees and taxes)

— based on (E-control, 2022b) 50.17 Cent/kWh
Tariff for the feed-in into the public grid — OeMAGariff for the 3. Quarter of

2022 (E-Control, 2022a) 30.70 Cent/kWh

Table 4: Tariffs used for the calculation of theewable energy community
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5 RESULTS

In this chapter the results of operating the dili@et system in Thannhausen are compared withethats of
the simulated renewable energy community by compgate values of the KPIs, indicated in Table 2e Th
analyses are based on the monitoring data frorfirginalf of 2022 (1st of January until 30th oihdy. This
approach was chosen due to the reason that thiecfimfiguration of the direct line system was pnt i
operation by the end of 2021, and therefore noykedir of measurement and operational data wasahieil
The renewable energy community was simulated with data from that period, using the measured
consumption data of the energy demands and therayee data from the PV-production as input, to
compare the two possibilities to exchange renewaideqy.

In Figure 3, the comparison of the own consumptaia (KPI 1 — see Table 2) for the direct line sgstind
the energy community are shown. The direct own wapgion value describes the share of energy wisich i
consumed directly by the municipal building on whithe PV-generator is installed on. Both systeims, t
direct line system and the renewable energy commané designed in that way, that the energy densdind
the municipal building, is covered first. This shaf energy is not part of the energy sharing sehemither

in the direct line system nor in the energy comrtyur®nly the remaining PV-surplus was distributed
amongst the other users/participants (which malgetha indirect own consumption). Therefore, the own
consumption of the municipality is the same forhbgystems.

The share of energy, which can be distributed iMeaenergy sharing schemes, is lower in case afiteet
line system as compared to the renewable energyncmity for several reasons. The first reason iat &t
each given point of time, the participants of tived line system have to be either completely agpvia
the direct line system or completely supplied W@ public grid. A partial supply from both the gadd the
direct line system at the same time is not allogéatcht T. et al., 2018). So, whenever the totakoamption
exceeds the available PV-surplus, one/some of seesuwill not be supplied via the direct line systend
parts of the generation will be fed into the pubdidd. This is different in the case of the dynamic
distribution of PV-surplus in the renewable enemgymmunity. There the whole PV-surplus can be
(arithmetically) distributed between the particifsareven when the energy demand exceeds the Plusurp
The remaining demand will be supplied via the pulgiid. If the total energy demand within the ererg
community is lower than the PV-surplus, the renmanPV-energy has to be feed-in to the public grid
(surplus shown in Figure 3). In this calculatiorrsario it was assumed, that the municipality feiadiss
surplus itself.

Another reason is the implemented clocking prewentivhich is described in section 3. The immediate
reconnection of a user to the direct line systeprévented if he was disconnected from it a shiore tago.
That means that after a user is disconnected lyg disconnected for a certain time to prevent anptare
wear of components. Even if these intervals aret kefher short (in most cases one minute), a slight
reduction in the achievable own consumption viadinect line system must be accepted due to thekicig
prevention. And finally, another reduction of theximum achievable own consumption is consciously
accepted to achieve a fair distribution betweeruders (see section 3).

Due to these reasons, the own consumption viaithetdine system is six percentage points lowantthe
own consumption rate in case of a renewable ermymmunity.

DLS 14% 42% 43%
(2450 kWh) (7302 kWh) (7442 kWh)
REC 14% 48% 38%
(2450 kwh) (8170 kWh) (6574 kWh)
0% 20% 40% 60% 80% 100%
Direct own consumption Indirect own consumption Surplus

Figure 3: Comparison of the own consumption betviberdirect line system (DLS) and the renewablegneommunity (REC)
based on data of the first half of 2022
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The same reasons as for the own consumption alstw la lower self-supply rate in the direct linestgyn.
While an overall self-supply rate of 40 % can ba&cted by participating in a renewable energy conityun
the overall self-supply rate of the direct linetsys is 37 %. Figure 4 compares from which sourbes t
demand is satisfied (direct and indirect own corgiion as well as grid consumption). The direct own
consumption is only possible for the municipal 8wy on which the PV-generator is operated, while a
other participants are either supplied via thedatiliee system/energy community or the public diialirect
own consumption).

It has to be mentioned that the self-supply raededo be rated differently for both approache® dinect

line system is able to switch in an islanding modease of a failure of the public grid, which medhat
theoretically it would still be able operate in Buz case. In the current state of the direct listesn this
islanding operation is not possible as the requilexdbilities to balance out generation and conption
(control reserve) is not yet installed. But it webulechnically be possible to implement the required
components and thus allow for an islanding opematibhis is not possible with a renewable energy
community. A high self-supply rate of the renewablergy community means, that less energy has to be
purchased from the public grid. However, as thelipufrid is used for the energy shared within the
renewable energy community, the energy communityotsable to operate in case of a failure of thielipu
grid.

DLS 9% 28% 63%
(2450 kwh) (7302 kwh) (16373 kWh)
REC 9% 31% 59%
(2450 kwh) (8170 kwh) (15505 kWh)
0% 20% 40% 60% 80% 100%
Direct own consumption Indirect own consumption Grid consumption

Figure 4: Comparison of the self-supply rates betwihe direct line system (DLS) and the renewabézgy community (REC)
based on data of the first half of 2022

The cost saving potentials of the participantsstu@vn in Figure 5. In both cases this is stronglgethdent

on the chosen tariff system, which is describeskiction 3.2 for the direct line system and in sect.2 for

the renewable energy community. In the evaluatientariff of the direct line system was set in sachay,

that the total savings for the participants woulel the same for both systems to make them easily
comparable. Therefore, the tariff of the direceligystem was defined with 41.9 cent/kWh, instead%of
cent/kWh which is the currently used tariff in Thansen. The reference were the costs of grid psecha
which were assumed to be 51.7 cents/kWh incl. fged and taxes. (see Table 3).
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Figure 5: Cost savings of the participants of thergy sharing schemes in comparison to a 100 %cgridumption for the period of
01.01.2022 — 30.06.2022 (half year)
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It was shown, that with this setting the savingghaf individual participants are similar for botystems.
This confirms that the algorithm of the direct lisgstem for the equal distribution works well ahdttthe
PV-surplus is distributed in a fair way between plagticipants. The benchmark would be the savirfidheo
renewable energy community, as the PV-surplussisiduted in relation to the actual consumptionvisgs

in comparison to a 100 % grid consumption wereead for all participants, so that from a finangalnt

of view, the participation is advantageous for dlhe savings are in a range between 21 EUR (small
company 2) and 216 EUR for the small enterprisa imalf year. The savings are dependent on the ¥nerg
demand of the participants as well as on the daytwhen most of the energy is needed. The Small
Company 2 is the participant with the lowest enatggnand (see Table 1) and has further a high loase |
demand during night times. Therefore, only a smhHre of their electricity demand can potentialéy b
supplied by the energy sharing schemes. The Smadiririse on the other hand is the largest consumer
with most of the energy consumption occurring dyidiaytimes. The others are in between.

In case of the direct line system no grid costslyapphich makes a higher feed-in tariff possible tbe
municipality in comparison with the renewable eyexgmmunity. This results in higher revenues coragar
to feeding the energy into the public grid. Whike tmunicipality can assume additional revenuesén t
range of 212 Euro/year in case of an energy comyuthie expected revenue is significantly highertfe
direct line system with about 1853 Euro/year. Intcast, however, higher investments are requiredhe
direct line system as shown in Table 4. In cagh@frenewable energy community only the costs ®fR\-
generator incur, while for the direct line systedditional costs for the direct lines, the excavatieork and
the energy manager apply.

without funding with funding*
Costs of the direct line system (without PV-genanat 50 723 EUR 27 311 EUR
Costs of the PV-generator 10 285 EUR 22 358 EUR

Table 4: Investment costs for the direct line systend the renewable energy community with and witfionding. *the amount
with funding corresponds to the total costs mirgesfinding support which could be achieved forthannhausen pilot.

In Figure 6 the development of the net presentevedishown for both approaches. In this calculatitowas
assumed that the savings and costs of the secdindf liae year, equals those of the first half. Hetected
tariffs were assumed constant over the years andffhctive interest rate was defined with 2.5 % ymsar.
The currently (08.2022) exceptionally high eledtyigrices in Austria have led the government tegpa
relief package which reduces the taxes and levieslectricity consumption for all consumers. Thisoa
affects energy communities, as inner-community gongion would be exempt of the same taxes and
levies. For the economic analysis of the energy manity this relief package was neglected, as no
indication exists that it will be continued afteé}23.
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Figure 6: Comparison of the development of thepnesent value between the direct line system (Citf6)a renewable energy
community (REC) — left: without funding of the invemnt costs; right: with funding of the investmeasts

If no funds would be received, the investment cogtslld be amortised after four years in case of the
renewable energy community (only the PV-generand after seven years in case of the direct listegy
(PV-generator and direct line system). At the ehtheir lifetime, both would have approximately thame
net present value.
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If the received funding money is considered, therisation occurs already after two, respectivéiret
years, and after nine years, the net present \@lube direct line system exceeds the renewableggne
community.

Especially in times when the situation on the eieity market is changing very quickly, evaluationgh

assumptions of energy tariffs of the next 20 yeagessubject to a certain degree of uncertainty ektbeless,
the evaluation shows, that direct line systems stdhbe an interesting alternative to renewablergp
communities also from the financial perspectivihd initial situation is appropriate.

6 CONCLUSION

The evaluation shows that in case of the Thannimapiéat, the direct line system enables similariisgs to

the participants as a renewable energy communitiernwthe subsidies granted are taken into accoant. |
order to operate the direct line system econonyicillis important that all participants are lo@hisithin
close proximity to each other to minimise the neaeg excavation work. In addition, certain amounits
energy are required on both the generation anducass sides to ensure amortisation of the additional
investment costs within a reasonable period of .timethis respect, an energy community has greater
flexibility. The distances between the participarapart from the legal limitations, are not relavanthis
case and it is easier to integrate a larger nurabearticipants. It is therefore to be expected tzergy
communities will be the common type of micro gridsthe near future. It would also be questionable
whether the construction of a parallel grid infrasture, as is the case with a direct line systenio be
supported on a large scale. It needs to be comsideghat the direct line system is an additional
infrastructure, which is operated in parallel te #xisting and well working infrastructure of thebfic grid.
This is a critical point as the macroeconomic dffaxf operating a direct line system are not careid in
this paper.

Furthermore, the currently high electricity pricesrk well in favour of the direct line system, as a
amortisation of the investment costs is reachelieeayVhile this holds true for the investment cosef the
energy community as well, the total costs of thergm community are far less in relation to the gyper
shared than the costs of the direct line systeras;Tine energy community case would reach an ssatign
even in case of lower energy tariffs.

In some cases, however, direct line systems mdlybstian interesting option in the future. Direitel
systems enable an island operation, which mearnsthibg can also be operated in the event of a power
failure of the public grid. A direct line system tiserefore the better option if the focus is orl-$aie
operation or blackout protection and a smaller nema participants are to be connected at a shstdrtte.

It is also possible to integrate a (central) sterengo the direct line system which would furthecriease the
self-supply rate.
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