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Abstract

Decentralized surplus feed-in of solar heat inigtrict Heating Network (DHN) is here addressetie heat
collected from solar panels located on rooftop®ObfN connected buildings may either be used loctdly
domestic hot water and space heating or fed iredédating network. Two-way substations able tosfiearheat
from and into the network seem then to be requitiities of future DHN. In that context, two eqlyaimportant
questions were identified: i) what should be thec#jrations and architecture of such solar fedrbational
substations? and ii) what is the impact of decéin&d reinjection on the network operation? Thenfer is
addressed in the present paper while the latim mngoing study not presented here. In the pregenit first a
discussion on the specifications and architectdrsuch bidirectional substations led to the coriolughat
architectures for which the solar heat is entireipjected into the DHN without local consumpti@es more
feasible. Second, a Modelica-based modeling framevad the bidirectional substation is presented and
preliminary results highlight the potential of reiction on the DHN. The results presented herepareof the
first year work in the frame of the European projJ@tiERMOSS'.
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1. Introduction

In the “2way District Heating” course of action fnathe 4GDH concept (Lund et al., 2014), decentedliteed-
in of solar heat from prosumers, i.e. customengjeeting heat into a district heating network (DHNgems to
be a promising solution to increase the sharer@wable energy of DHNs. The latter is especiallg in dense
urban areas with limited ground surface. Reinjectid solar heat will maximize the use of well-expds
customers’ rooftops while minimizing the cost bytmalizing the equipment via the DHN.

However, when scattered heat reinjections occar DHN, new problematics arise. Among the most dexis
ones, prosumers must decide whether it is intemg@$ti consume or feed-in the collected solar enehgy must
control their reinjection temperature in a contehtariable differential pressure and the DHN oiaggcompany
must deal with distributed reinjection points.

Among the various reinjection principles (see Rig.the Return to Supply line (R/S) variant hightied in Fig.
la, seems to be the best option since it leadwettotvest temperature in the solar panels withadifging the

network return temperature (Lennermo and Lauent8@46; Schéfer et al., 2014). However, R/S feeithjrlies

to overcome the local differential pressure betwibenreturn and supply lines, which usually exisikignificant
variations due to rapid load fluctuations. Moregvbke feed-in temperature must be superior or egulke local
network supply line value. The latter constraintdtte local differential pressure and the localdypemperature
involve at the bidirectional substation level tree wf at least a variable speed pump and a finelgd control
strategy.
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Fig. 1. Schematic of two-way substation feed-in sitegies into a DHN — a) Return/Supply (R/S), b) Retn/Return (R/R) and c)
Supply/Supply (S/S)
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More than only considering decentralized reinjectie in Brange et al. (2016) or Heymann et a01(?), it is
of great importance to consider both the local aantion and reinjection of the excess heat as inuBaand
Papillon (2014) and Pietra et al. (2015). The lazaisumption possibility together with the locaffetiential
pressure and supply temperature constraints pezs@néviously lead to the requirement of innovatieetrol
algorithm at the substation level (Rosemann et24l1,7). At the network level, the operation with ltiple
prosumers also becomes more challenging with tbation of new pressure cones for example (Braral. et
2014) that may lead to flow stagnation in somegafthe network and even possible flow reverséhatmain
generator (Heymann et al., 2017). Additionally, treditional critical differential pressure driveperation
becomes more difficult to implement (Hassine ancké&i, 2014).

In this context, it seems necessary to addresgqubstion of bidirectional substation at both thessation and
network levels. Thus, on the one hand, the pretady addresses the specifications, architectaresmodeling
of a two-way substation for a multi-family buildimgcluding the possibility of local consumption. @re other
hand, work on the influence of decentralized reitigm on the network’s performance is ongoing bat n
presented here. These two studies are meant tmipected in future work by implementing the modeieloped
in the first task into the network of the secorskta

The present paper thus addresses the problem atitiséation level. It firstly deals with the spémtions and
architectures of bidirectional substations. Featsuch as the location of the hydraulic separdigtween the
network and the building, local consumption of tieat or total feed-in and control strategies armalined to
build an exhaustive list of possible configuratioBscondly, a promising setup is chosen from thialetbased
on a multi-criteria analysis. Finally, a modelingrhework for the simulation of bidirectional sultigtas is
presented with preliminary results. Contrarily toshpublications on this topic in the open literaitModelica
programming language is here used rather than TREAN@éaulus and Papillon, 2014), NetSim (Brand et al.
2014) or in-house tools (Pietra et al., 2015) sihbas native multi-physical modeling capabilitigs. thermo-
hydraulic) and allows for implementing new compasemBoth the details of the two-way substation #mel
impact of these prosumers on the network are ttugesl using the Modelica “Standard” Library, tduat with
the “Buildings” (Wetter et al., 2014) and the “DistHeating” (Giraud et al., 2015) libraries.

2. Bidirectional Substation Specifications

2.1. Initial Considerations

As previously discussed, the problem here addrassbd decentralized reinjection of solar heaa @HN using
R/S feed-in (see Fig. 1). The solar collectorssasimed to be on the rooftop of a multi-family dimity, equipped
with a unique bidirectional substation (see Fig.\Zriants relying on individual bidirectional dtais at the
apartment level have been discarded from this stlugyto prohibitive cost and increased complexitgeed,
solar bidirectional substations seem more apprtgptiar multi-family buildings rather than for inddual

apartments (Rosemann et al., 2017) since it simaplithe hydraulic connections at the building lewsbiile

reducing the costs. It also reduces the numbeeiofection points in the DHN, aggregate heat in@utd thus
simplifies the operation of the network.

2-way
Substation = j———
— Sewage Water
I ’L Cold Water

Fig. 2 Two-way substation in multi-family building prosumers
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The multi-family building considered in the presstidy consists in 3 floors with 2 apartments @edple per
floor. Each apartment has a height, width and kemdtrespectively 2.5m x 10m x 7m leading to anralle
footprint of the building of 7.5m x 10m x 14m. Aghiminary calculation leads to an overall spaceihggSH)
nominal power of about 42kW based on a consummfdr®0W/m? (poorly insulated buildings built in tB&’s
in western European climate) and an overall doméstt water (DHW) nominal power of 60kW. The latier
obtained using the daily draw-offs from COSTIC (8D1i.e. about 150 liters for an apartment of 3pglepand
the “DHWCcalc” calculator (Jordan and Vajen, 20abpbtain distributed daily or yearly profiles. Timaximum
10 minutes average from this profile is 16kW/apartinleading to the 60kW for the entire building whe
accounting for a simultaneity coefficient of 0.8he solar collector field has an area of 80mz2, Whicvers one
side of the rooftop with a 30° of inclination anglhe building solar production would reach 56kWhaé&n
assumption of 700W/m?2 of production based on IEACSHcommendations (IEA SHC, 2004).

The rest of the present section is dedicated tgtiestion of the architecture of such two-way saffist. Fig. 3
summarizes schematically the challenge posed highetlve bidirectional substation connected to théN\D to
the SH and the DHW loops, and to the solar collefiétd. The question to address in the followiregtp is how
to do so.

Irradiation
[ District

. . N Multi-Family
Heating _—
. 0 Solar Collectors
Network Building
]
2way SubStation
— — _ p

Solar Meolar

Space Heating

Fig. 3: Overview of the boundary conditions to acaant for in the design of the two-way substation

2.2. Selection of Features

In the present section, an exhaustive list of [piggs regarding the architecture of the substatwill be

established through the combinations of three featurhen, the purpose will be to select the mosijsing

ones based on various criteria. The three seldetgdres to characterize the bidirectional sulmtatiare the
following:

- Feature 1: Type of connection to the DHN, i.ealion of the hydraulic separations for SH and DHW
- Feature 2: Possibility or not to reuse the heeally, i.e. connection with the solar field
- Feature 3: Control strategy associated to thgeetion of heat.

Tab. 1 presents the three possibilities listedHeature 1 ‘Network Connection’, Feature 2 ‘Locabygs’ and
Feature 3 ‘Control Strategy’. In this Table, théstation is represented by a grey rectangle. Mpeeiically,

the section of the substation dedicated to SH adW/production is highlighted by a ‘SH/DHW’ tag waithe
section dedicated to the solar heat is referrea 1®plar’ tag. The different features will be comdd in the next
section.

Feature ‘1’, referred as C for Connection, deakhwhe location of the hydraulic separation betwdgenDHN
and the consumer (SH and DHW). Here is the ligtasfsibilities for Feature ‘1;

- CO0: There is no hydraulic separation betweenDiN and the consumer inside the bidirectional
substation;

- C1: A single heat exchanger in the bidirectionabstation performs the hydraulic separation betwee
the DHN on one side and the DHW and SH loops ottresumer on the other side. C1’ indicates that
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DHW production is then collective for the entirelting while C1” indicates that DHW production is

decentralized at the apartment level;
C2: Two heat exchangers in the bidirectional tatim perform the hydraulic separation respecivel

between the DHN and the DHW loop and between th&l@Hd the SH loop of the consumer.

Feature ‘2, referred as U for Usage, deals withldtal consumption of the produced heat, i.e ctivenection
between the consumer and the solar field. It isthvorentioning here that the hydraulic separatiawéen the
solar field and the DHN will always be performediwa heat exchanger in the two-way substation:

UO: The produced heat is entirely reinjected thio DHN;
U1: The produced heat is partly used locallyDétW preparation and partly reinjected in the DHN;
U2: The produced heat is partly used locallyDeétW preparation and SH and partly reinjected in the

DHN.
Feature ‘3’, referred as S for Strategy, deals #ithstrategy/control associated to the reinjeciead-in), i.e.
the link between the substation and the DHN. Thiewidang possibilities are further detailed later:

- S0: A pump and a 2-way valve in series;
- S1: Apump and a 2-way valve as bypass;
- S2: Two pumps and a hydraulic separator.

Tab. 1: Possibilities for Features 1, 2 and 3 - Thgray rectangle represents the bidirectional substan perimeter, the ‘SH/DHW'
tag represents the substation part dedicated to Skind DHW while the ‘Solar’ tag represents the substgon part dedicated to the
solar heat

FEATURE 1: HYDRAULIC SEPARATION between DHN and SH+DHW (Network Connection)

co c1 C2
| | L 1] |

SH/DHW
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FEATURE 2: SOLAR FIELD CONNECTION (Local Consumptio n)
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FEATURE 3: FEED-IN ARCHITECTURE (Control Strategy)
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2.3. Features Combinations

As a first step, the two Features (‘C’ and ‘U’) a@nbined resulting in the configuration table T2abFig. 4 Fig.
5 show examples of such combined configurations whid two parts ‘SH/DHW’ and ‘Solar’ inside the

bidirectional substation. Additionally, here are ttonsiderations to account for when combiningeHist two
features:

- If there is no hydraulic separation between the D&itd the building in the bidirectional substation
(C0), then each apartment is equipped with an iddat small scale one-way substation with a DHW
heat exchanger and a SH heat exchanger in paadléighlighted in configuration COUO of Fig. 4

- If there is no hydraulic separation between the DHEIWd SH loops in the bidirectional substation but
they are themselves separated from the DHN (C&p ththe DHW production is individual, each
apartment is equipped with an individual small scahe-way substation with only a DHW heat
exchanger (C1"), as highlighted in configuratioft’©0 of Fig. 5

Tab. 2: Possible configurations for solar source Hirectional substation based on Features 1 and 2

DHN Local usage
Connection uo Ul U2
CO \ X X
cr \Y \Y \
c1l” \ X \Y
C2 V \% V
Building Heat Source Building Heat Source
Apartment Apartment
T ER
SH SH
NJ
DHW > DHW >
; @
Individual Substation N N7 Individual DHW Y
Substation
N
—® »®
Bidirectional
Substation Bidirectional
Solar : Solar
Substation SH/DHW|
H/DHW couo C1"uo
Fig. 4: COUO configuration with individual SH/DHW substation Fig. 5: C1"U0 configuration with individual DHW
in each apartment substation in each apartment

It is observed in Tab. 2 that three configuratiaranely COU1, COU2 and C1"U1 are unrealistic. ledefor
the first two, since in configuration CO the biditienal substation has no heat exchanger sepathtngetwork
from the building, individual one-way substatiofi®in network to consumer) are needed in each apattm
Thus, if local usage is implemented, it means #ath individual substation needs to handle ther duat
produced. The latter seems inappropriate as exgudim Section 2.1 (cost and complexity issues).il&ity in
configuration C1”U1, since DHW is not separatednfr SH at the substation level and is produced iddally
in each apartment, it means that in order to be &bfeuse the solar heat for DHW preheating, dradeat
exchanger is needed in each apartment, which is aagher costly.

For all the other feasible combinations, variol®da listed below have been considered and Tabn®narizes
the performance of each of these configurationshfese criteria:

- Cost: Related to i) the pressure and temperaéweld in the building (lower if hydraulic separatio
present in the substation), ii) the necessary engi in the two-way substation (amount of pumps,

valves, heat exchangers), and ii) the necessaigmgut in the building (extra individual substatin
DHW production or indirect space heating)
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- Operation: Related to the operation of the soéd fivith respect to the DHN and the consumers. &mp
if the solar production is decoupled from the cansupart (UO solutions)

- Ownership: Related to who owns what in the ovesgfitem, i.e. is the barrier between the DHN
operating company and the consumer clear? In the aflocal consumption (U1 and U2), it is clear if
the solar field belongs to the consumer but nairdfeit belongs to the DHN company.

- Extra DHW production in the apartments: Relatethsrequirement of an extra hydraulic separation
between SH or DHN water and DHW water outside ef titio-way substation. This is linked to the
location of the hydraulic separation.

- Sanitary loop Requirement: Related to the requirgnod a sanitary loop for DHW production. If
individual DHW substations are used, sanitary lsopot needed.

Tab. 3: Performance criteria for the selection of he most promising architecture

Couo C1uU0 C1"U0 C2U0 Cr'Ul C2ul Cruz cCi1vuz2 cauz

Cost +/- +/- - + +/- + +/- -- +
Ownership + + + i +/- +/- +/- +/- +/-
Operation + + + + +/- +/- +/- +/- .

Extra DHW production

Yes Yes Yes No Yes Yes Yes Yes No
needed

Sanitary loop required No Yes No Yes Yes Yes Yes No Yes

In general, operation and ownership are easibetktis no local usage of the produced solar héas6lutions)
since the DHN could then own the decentralizedrsééds and operate them at wish, as common gésra
(but of small size). Solutions involving additionatlividual substations (CO and C1”) are more kobut do
not require sanitary loops and allow for individumétering. C2U1 also seems interesting since it dug
increase drastically the number of components wdlilewving self-consumption of the locally generateszht.
However, that configuration is more complex to aper

2.4. Selected Architecture

For the continuation of the present study, configion C2UQO, i.e. with the hydraulic separationfoth the space
heating and the DHW performed in the bidirecticnadstation and with no local consumption, has Iseéected
for the following reasons:

- Inthis configuration, the DHN operator could rére building’s rooftop to install the collector fie
and would then operate it at wish to suit the erfiHN operation;

- In this configuration, the operation of the consupert of the substation remains as usual;

- It is cost efficient since the hydraulic separatisnperformed at the building scale and thus
individual one-way substations are not necessadgitdnally, since the hydraulic separation is
performed at the building scale, the building’sipipwould run at lower pressure and temperature;

- It presents the simplest operational scheme / cbsitrategy.

The selected configuration C2UOQ is shown on Figd®.this Figure, control strategy SO (see Tab.fip® last
feature, i.e. Feature ‘3’, has been superimposéldet@2UO configuration. In general, the main otiyecof the
control strategy is to obtain a feed-in temperatavel above the local supply temperature in theNDkhile
fulfilling the following constraints:

- Obtain the lowest temperature in the solar fielde@mch high efficiencies;

- Overcome the strongly varying local flow resistgrice differential pressure drop;

- Well adjust the feed-in flow rate so that the féedate matches the strongly varying heat rate

produced by the solar field.
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As highlighted in Schéfer et al. (2014), the chadle here lies in the combination of two parameiétis strong
and fast variations, i.e. the solar heat producéind the local differential pressure drop. In gahef a speed
controlled pump alone is used to maintain the taxdyjeemperature, too many startup/shutdown cyctesaticed
when the differential pressure exhibits strongations.

In control strategy SO (see Tab. 1), the pumpspaasible for the pressure differential while tladve is applied
to regulate the flow in order to meet the targeatdperature. This method exhibits good performdndethe

control valve results in higher electricity demdondthe pump. In control strategy S1 (see TabthB,pump is
responsible for the pressure differential and thay2valve used as shunt is responsible for the-fedidw and

temperature. The feed-in pump, shall only have ghquressure head to exceed the differential pres3Jire
cold temperature on the hot side of the heat exgdvais higher than it needs to be resulting in logadar field

efficiency. Finally, in control strategy S2 (seebTd), the hydraulic separator divides the systata two

hydraulic loops. The pump located after the extoads used for temperature control while the ottree targets
a pressure differential set point. The solutiom$uvut to be a good approach for solving the probléHowever,
the cost is high as the use of additional compan@ntira pump and hydraulic separator).

A 3-way valve solution is also possible but wasselected here because of the fast-varying diffedgoressure,
impossible to handle using a 3-way valve (Lenneetal. (2014).

Building Heat Source
Apartment

T

S——
No Individual
Substation @
™ A 4
/N
>
7
SO
C2U0 - SO0

o —

Fig. 6: Bidirectional Substation configuration C2UO with control strategy SO

As a conclusion of the present section, the perorassessment led to the selection of configur&®@dO as
promising architecture for a bidirectional substatiln this configuration, the hydraulic separati@tween both
the building SH and SHW loops and the DHN is perfed in the substation and the solar heat is ewntirel
reinjected in the DHN. Three control strategiesenbeen identified and will be compared in futurekvd@he
next section presents the modeling framework d@esl@and the associated preliminary results obtained

3. Modelling Framework

3.1. Modelling

This section aims at presenting the framework dgped for the comparison of the bidirectional suista
architectures and control strategies in the framth® THERMOSS’ project. It is based on the opeunirse
modelling language Modelica used in the commeiiaulation environment Dymola. Modelica is an aedus
(equation-base) and object-oriented programmingudage with a large and fast-growing community oth
industrial and academic applications (Schweigealgt2017). Modelica has native multi-physical miédg
capabilities (thermo-hydraulic), is structured ibraries enabling exchange of methods in the séient
community and allows for implementing new composektoreover, the Annex 60 project from the IEA (Y&et

et al., 2015) promotes the development of compratitools for building and community energy sysidrased
on Modelica and FMI standards, motivating the choat this modelling framework. As mentioned in the
introduction, the Modelica “Standard” Library fas common connectors and fluid ports, the “Buildihigorary
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(Wetter et al., 2014) for its general building awadar panels models and the “DistrictHeating” lilgréGiraud et
al., 2015) for its heat exchanger and piping mouddise used.

As highlighted previously in Fig. 3, the bidireatad substation is surrounded by four boundary dam blocks,
namely the space heating needs, the domestic hetr weaw-offs, the solar gains and the network atieg
conditions. Thus, the present section begins \uittcbre model of the bidirectional substation dmhtcontinues
with the description of these four boundary comwdisi blocks.

Bidirectional substation
It is composed of three heat exchangers and assdcialves, two pumps (for SH circulation and fbe t

reinjection) and connection piping as shown in Bigl' he heat exchangers are discretized in nz eltenaad the
heat exchange in each element ‘i’ is calculated)as (UA/nz).AT with a constant overall heat transfer
capacitance UA and the local temperature differexicédbetween the hot and cold streams. The overall hea
transfer capacitance for each heat exchanger éngut based on nominal operating conditions (séed)alt is
worth mentioning that the network side is the hoé dor both the DHW and the SH heat exchangersevitis

the cold side for the Solar heat exchanger Thedwaztangers are modeled with no flow resistaneepthssure
drop being entirely considered in the associatddegamodel. For the latter, a quadratic model suased.
Finally, regarding the pumps, they are both comsidéo run at constant speed with the flow rate utettbn
being performed by the feed-in valve (see SO in &jgn the case of the feed-in pump and a theraiostalve

for the SH, as explained in the next paragraph.

Tab. 4: Nominal operating conditions for the Heat Echangers of the bidirectional substation

Heat T hot,in T hot,out T cold,in T cold,out DTLM Power UA
Exchanger| [*C] °C] [°C] °C] °C] W] [KWIK]
Solar 90 60 50 85 7.2 56 7.8
DHW 80 50 10 55 31.9 60 1.9
SH 80 50 45 70 7.2 42 5.8

SH needs

The boundary condition dealing with the space hgatiemand is modeled with i) a heating system gral i
mono-zone building. For the former, it is connedtethe SH pump and is composed of a thermostatiewand
a radiator modelled using the “RadiatorEN442_2" siddom the library “Buildings” (Wetter et al., 201 In
this model, the transferred heat is computed usirgjscretization along the water flow path, andtlisa
exchanged between each compartment and a unifoom &ir and radiation temperature. The mono-zone
building is modeled using the “mixed air” model (e et al., 2011) from the library “Buildings” (Wer et al.,
2014). The latter considers a perfectly mixed mithie room and takes into account heat exchangeighr
convection, conduction, infrared radiation and sodaiation. Internal heat gains due to occupaiatent heat),
lighting (radiation) and home appliances (convegtare included in the model. Constant single-fl@tilation
is considered with a flow-rate of about 0.4 roonfumee per hour. For the present study, the dimensfahe
building considered were listed in Section 2.1. Tdtel glazed area for the building representoitfe building
living area, shared as follows, 50% on the South, #&% on the West wall and 35% on the East willle
envelope of the building (layers composition anfiltration) can be set to follow various French rinal
regulations (RT2000, RT2005, RT2012).

DHW draw offs
For now, the water draw-off system is consideretiouit sanitary loop. As explained initially, thelgar annual

(depending on the simulation) profile of draw-cdfe obtained from the software DHW calc (Jordan\4aén,
2005) from Task 26 of IEA which distributes DHW draffs throughout the year or the day with statesti
means, according to a probability function. The mdaily DHW consumption was obtained from a remdrt
COSTIC (2016) based on the type of apartment amcitimber of people living in it. Additionally, artection
of the cold water temperature is also includediénsimulations using the model of Burch and Chmista (2007).

Network
The network side inputs are the local differenpigssure and supply temperature. It was explaiséat&hand

that these two variables are decisive regardingahé&ol scheme of the two-way substation. In ttesent model,
these two variables can either be set to constargtudy specific operational conditions or sefditow real

DHN variations. For the latter, data were colledtethe frame of the THERMOSS project at the DHNSah
Sebastian, Spain. Fig. 7 below presents thesdalatiaree days with a time step of 15 minutes.



N. Lamaison / SWC 2017 / SHC 2017 / ISES Conference Proceedings (2017)

- — DP
5 4.0
a
=
0 35
3
a 3.0
g3
o
= 2.5
£
c
g 2.0
£
o 15
01-03 / 02:00 01-03 / 14:00 02-03 / 02:00 02-03 / 14:00 03-03 / 02:00 03-03 / 14:00 04-03 / 02:00
Time [days]
- 90 —— Tsupply
(%)
i 88
£
2 86
s
2 e
§
S &2
)
o
3
v 78
01-03 / 02:00 01-03 / 14:00 02-03 / 02:00 02-03 / 14:00 03-03 / 02:00 03-03 /14:00 04-03 / 02:00
Time [days]

Fig. 7: Differential pressure and Supply Temperatue variations in the DHN of Giroa-Veolia in San Sebstian

Solar field

The solar field on the rooftop is modeled using ‘B@arCollectors’ package from the Buildings libravhich
models a solar thermal collector according to tt8HRAE93 test standard (ASHRAE93, 2010). The package
proposes different pre-defined solar panels sehafacteristics. The flat plate panel Guandong tareSolar
Energy Co, FS-PTY95-2.0 (area of 2m?) is thus usgdther with Glycol47 as working fluid. The collecarea

is discretized and considered to be 80m? for @tiB0° as explained in Section 2.1. A solar puniih wariable
speed is considered. That pump is set to starteab@iven level of solar irradiance (100W/m?2) andantrolled

so that the outlet temperature from the solar fieldains around 85°C.

Overall model

Fig. 8 presents the final Modelica-based framewmrikt for the bidirectional substation simulatiofi$ie core
block, i.e. the bidirectional substation, is sumded by the four boundary conditions blocks desctireviously,
i.e. the network inlets, SH needs, DHW draw-offd aalar gains.

St A4 B i~
4
DH

Tsolar_in Collector_Field Tsolar_out

SOLAR

I FPLmZ

Sola;
e
A

: ©7 i
NETWORK i A ¥E
Supply_DHN ] to 3
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= : =l s
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Fig. 8: Overall Modelica-based framework developed
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3.2. Preliminary results

In the present study, the modeling framework disedsn the previous section is used to highligatpgbtential
of solar heat reinjection from the multi-family lling described in section 2.1. For that prelimjnasults, only
the SH, DHW and Solar boundary conditions blocksevgimulated. The location selected for the sinnais
San Sebastian, Spain. Monthly energy gains/consangptesults are shown in Fig. 9. From this Figitrean
be calculated that if a configuration allowing focal consumption (U1 or U2) is chosen, up to 19VMyr
could be consumed locally by the building while tap41.2MWh/yr could be reinjected in the DHN. If a
configuration with no local consumption is chosernC2UO for example, up to 60.9MWh/yr could be redtgd

in the DHN. Future detailed simulations includihg bidirectional substation together with the d#fg control
strategies discussed in section 2.4 will allow gkattng which part of these potential amounts déecévely be
used locally and reinjected into the DHN.

At this point, it is worth mentioning that at thevel of the DHN, the usage of bidirectional substais rational
energetically speaking in two different situatiofitie first one is in the case that an inter-sedsstnaage is
installed on the DHN so that the decentralized rioutions from excess heat of different prosumeescallected
during summer (see Fig. 9) and reinjected in theNDHiring winter. The second one is in the case a/liee
reinjection from few prosumers allow reducing tleatralized heat production for the DHW of all tlemsumers
of the DHN, even during summer.
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Fig. 9: Simulated solar production and SH and DHW eeds for a multi-family building of 6 apartments anl a flat plate solar
collector area of 80m? located in San Sebastian

4. Conclusion

The present paper has set the basis towards thelogevent of a solar bidirectional substation alde t
reinject/consume heat on/from a district heatintyoek. Firstly, the main specifications of this attional
substation were established, i.e. Return to Suggtentralized feed-in, multi-family building scaleth able to
consume and reinject heat. Secondly, featuresasitne type of connection to the network and tpe tf local
consumption were combined to build an exhaustistedf potential architectures, and the most pramisine
was selected from a multi-criteria analysis. Fads thrchitecture, the hydraulic separation betweeth ithe
building SH and SHW loops and the DHN is perforrirethe substation and the solar heat is entirehjeeted

in the DHN. Finally, a modeling framework built study and compare different architectures and obntr
strategies was presented together with prelimiresylts highlighting the reinjection potential franulti-family
building equipped with solar bidirectional subgiati

In the frame of the European project THERMOSStjamts of the selected architecture with the vagicontrol
strategies discussed will be compared using theepted modeling framework. Additionally, the impaét
multiple reinjection points on the DHN operatiorlwie studied at the network scale in order to leaeemplete
picture of the development of bidirectional sulistzs.
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