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Abstract

Solarthermaplantscanbe supplementedith a seasonallypperatinggeothermatleepprobeand
a heatpump,thuscreatingan enegy supplysystemin which thesedevicessupporteachotherin an
idealmanner The systempromiseshigh sharef renavableenegy andhigh efficiency of the solar
andthe geothermabystematthe sametime.
Thisreportintroducesheconcepbf thesystemexplainsits interestingechnicalpropertiespresents
the simulationmodelanddescribests economiccharacteristics.
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INTRODUCTION

To achieve substantiatontrilbutionsof regeneratre enegy sourcego theoverallenegy supply systems
mustbe ableto cover high sharesof heatdemandoy regeneratie sourcesUnfortunately thesesources
are characterisedby seasonafluctuations,low enegy densitiesand stochastigoroductionpatterns. If
only onerenavable sourceis used,theseshortcomingften leadto high coststhatcanbe avoided by
combinedsystems.

With supportfrom the GermanMinistry of EducationandResearctiBMBF), the heatsupplycompany
EKT hasbeenworking in cooperatiorwith the TechnicalUniversity Berlin (TUB) on a feasibility study
for the local heatingsystemGesothernt This is a combinationof a solarthermainstallationwith a
newly developedgeothermabDeepProbe.lt enablesiighregeneratie fractions,synegismeffectsof the
combinedoperatiorandacceptableostsperkWh heatdeliveredto the customerThe DeepProbeis not
only applicablen particulargeologicallocations but in mostareas.
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SYSTEM DESIGN

Thelocal heatingsystemGesothern§ consistf a collectorfield anda thermalbuffer, combinedwith
a DeepProbeanda gas-drven heatpumpwith wasteheatutilisation. It is designedo cover about50%
of theheatdemandhroughrenavablesourceswhile the remainingdemands coveredby a peakboiler

(Fig. 1).
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Figurel: Gesothern§- flow scheme

In contrastto usualgeothermaplants(aquifer hot-dry-rocksystemsegtc.) the newly developedDeep
Probeis a closedsystenrequiringno filtering, no subsuréceinstallationsof pumpsandlittle pumpen-
ergy. Howevertheoutputis restrictedby the naturalundegroundheatflow.

While ordinaryprobesusedastemperatureeserwirs for heatpumpsor storage$iave adepthof ca. 100
m, the DeepProbehasadepthof ca. 3’000 m, allowing extractionof geothermaheatatca.65°C outlet
temperature.

Only a singleboreholeof ca. 17 cm diameteris necessaryin which a tube-in-tubesystemis installed.
During normal operationcold water is pumpedthroughthe outertube and heatedon its way down,
returningup throughthe insulatedinner tube. This closedcircuit is filled only oncewith conditioned
water Enegy flow andoutlettemperaturef this groundheatexchangerarecontrolledby the masdlow.
A heatpumpraisesthe temperatureo the level requiredby the heatingnetwork. The systemis truly
regeneratie asheatis continuouslyconductedo the probefrom theearths core,replacingthe extracted
heat. A DeepProbeplantof thetype describecherehasbeenin operationin PrenzlayGerman) since
1994. The probeworksall yearin a baseload rangewith a capacityof up to 600 kW andcovers21%
of theannualheatdemandf thedistrict heatingcompawy (Kraft,1996). The geologicalsituationat this
locationis not specialandis comparableo thatof morethanhalf of Germary. Theinstallationof the
DeepProbein Prenzlawashonouredwith the Innovation Prize of the EuropearnThermieProgramin
1995.

In the plannedprojectthe DeepProbeandthe solarsystemareoperatedn seasonatoordination.Heat
flow into the probeis limited by the heatconductvity of the ground. Extractingmoreenegy out of the
groundthancanberecoreredthroughinstantheatflow enablesanoperationof the DeepProbedepend-
ing onthe seasonlin Figure2 thevaryingcontritutionsto the heatproductioncanbe seen:

In wintertimeasmuchgeothermaheatis extractedfrom the groundaspossible.If necessarythe heat
pumpor the peakboileris used.Dueto the heatextraction,the temperaturef the groundsurrounding
the probeis lower at the endof thewinter. At this time the power outputof the DeepProbeis reduced,
andthe outputof the collectorfield rises. In summertimehe solar systemcoversthe enegy demand,
while the eartharoundthe DeepProbecanwarm up again. Surplussolarenegy is usedto fastenthe
regenerationn the lower groundlayersaroundthe probeor canbe storedin layerscloserto thesurface.
At theendof thesummeiperiod,collectoroutputdeclinesandincreasinglymorestoredenegy hasto be
used.With falling outdoortemperaturethe contritution of the collectorgetssmaller andthe contriku-
tion of the DeepProberisesuntil thecycleis closed.
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Figure2: Gesotherng - seasonaénegy output

SIMULATION

To optimizeconfiguratiorandto analysehetime-dependeriehaiour of thecombinedsystemthecom-
putermodellingsoftnwareSMILE is used.SMILE is asimulationervironmentaswell asanequation-and
object-orientedlanguageor dynamicsimulation. It hasbeenusedfor researchn enegy engineering
sinceits developmentatthe TU Berlin. Modelling is convenient,becausexperimentdescriptionmod-
elling languageandnumericakolersareseparateth SMILE. Theprogramoffersanumericlibrary with
differentsolversfor differential-algebrai equationsanda technicaldatabasecontainingcomponentsn
thefield of high andlow temperatur@ngineeringcollector heatpump,storagepuilding, pipelinenet-
work, turbine,etc.)(Bartsch,1997).

TheDeepProbemodelis built from submodel®f thetube-in-tubesystemandthesoil layers.Theobject-
orientedstructureof the modelenableghe implementatiorof differenttruncationlevels andgeological
circumstancesln the first step,radial symmetryand pure conductve heattransferareassumed.The
modelis validatedwith othergeologicalsimulationtoolsanddatameasuredat theplantin Prenzlau.
Thismodeldetermineshecorrelatiorbetweertheheatflow in thegroundandthe potentialenegy output
of the probe. The outputdepend®n constructionpperationandgeologicalparametergtubedepthand
diametermasdlow, inlet temperaturegroundconductvity, etc.). Thesimulationfacilitatesanalysisof
anumberof questionsdiffering in theirtime scale:

e What is the long-termbehaiour of the probe? What massflow hasto be chosento avoid a
continuousdecreasef thegroundtemperaturandto establisha stationaryoperation?

e Foranoptimalcombinatiorwith solarenegy, the seasonalariationis crucial. How muchcanthe
temperaturef the groundbe loweredduringwinter andhow long doesit take to regeneratét in
summer#urthermorecantheyearlyoutputbeincreasedy variationof thetemperaturgradient
in theground?

e How shouldthe probebe coordinatedwithin the complex overall system?For quick regulations
thethermalinertiaof thegroundandthetime delayin this long buffer with upto 30 m® have to be
considered.



To studythe questionsoncerninghe long-termbehaiour of the ground,a standalonemodelis used.
To studythe short-termbehaiour of the completeGesotherns system,the modelis connectedvith
component$rom the databankandis usedto determine:

e thecontributionsandefficienciesof the differentcomponents;
e optimalsystemparametersjesignandcontrolstratgies;

¢ synegism effectsthroughthe combinationof solarthermabndgeothermaknegy: How far can
theregeneratiorbeinfluencedby surplussolarenegy andhov muchenegy canbe storedin the
undeground?Buffersoftenareuneconomicallyfarge,in orderto preventcollectorsfrom boiling.
To which extentcanthe combinationwith the DeepProbeavoid this stagnationHow muchcan
thecollectoroutputbeaugmentedvhenthefluid from the cold outletof the heatpumpentersnto
thecollector?

ECONOMY OF THE SYSTEM

Preliminarycalculationshav thatlocal heatingsystemsvith anoverall connectedheatloadof 1-5 MW
andaregeneratie enegy shareof 30-60%achie/e the besteconomicresults. The economicattractve-
nessof the Gesotherns systenresultsfrom thefollowing elements:

e Thecostsof drilling have declinedconsiderablyn recentyears thusreducingthegeothermaheat
priceto alevel comparabléo standardsolarthermabystems.

e Theseasonabperatiorleadsto synegetic effectswhich enhancahe economyof the DeepProbe.
e Thereis only aminimal drilling risk.

e Additionaleconomicaspect®f theDeepProbearealonglife expectang andlow overheadcosts.

A localheatingsystenmwith aheatingoadof 4 MW anda45%r renavableshareof heatdemandvaspro-
jectedin Berlin. Basedon offers from equipmensuppliersthe costof heatproductionwasdetermined
to beno morethan188 DM/MWh (heatprice of theregeneraire enegy: 211 DM/MWh).

The DeepProbesds, in contrasto othergeothermabystemsindependentrom local geologicalanoma-
lies andrepresentso risk to groundwater Suficient geologicalconditionsarefoundin wide partsof
Europeandtheworld. Deepprobescanbeinstalledin innercities.

The diffusion of the systemwill increasdts efficiengy andachiere economiesf scalefor drilling and
solarpanelcosts.A potentialof 30-50%costreductioncanbe expectedn the nearfuture. The goal of
the competitvenesf regeneratre enegy seemso bereachedindertheseconditions.
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