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Abstract

Solarthermalplantscanbesupplementedwith aseasonallyoperatinggeothermaldeepprobeand
a heatpump,thuscreatinganenergy supplysystemin which thesedevicessupporteachotherin an
idealmanner. Thesystempromiseshighsharesof renewableenergy andhighefficiency of thesolar
andthegeothermalsystemat thesametime.
Thisreportintroducestheconceptof thesystem,explainsits interestingtechnicalproperties,presents
thesimulationmodelanddescribesits economiccharacteristics.
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INTRODUCTION

To achievesubstantialcontributionsof regenerative energy sourcesto theoverallenergy supply, systems
mustbeableto cover high sharesof heatdemandby regenerative sources.Unfortunately, thesesources
arecharacterisedby seasonalfluctuations,low energy densitiesandstochasticproductionpatterns.If
only onerenewablesourceis used,theseshortcomingsoften leadto high coststhatcanbeavoidedby
combinedsystems.
With supportfrom theGermanMinistry of EducationandResearch(BMBF), theheatsupplycompany
EKT hasbeenworking in cooperationwith theTechnicalUniversityBerlin (TUB) ona feasibilitystudy
for the local heatingsystemGesothermS. This is a combinationof a solarthermalinstallationwith a
newly developedgeothermalDeepProbe.It enableshighregenerative fractions,synergismeffectsof the
combinedoperationandacceptablecostsperkWh heatdeliveredto thecustomer. TheDeepProbeis not
only applicablein particulargeologicallocations,but in mostareas.
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SYSTEM DESIGN

Thelocal heatingsystemGesothermSconsistsof a collectorfield anda thermalbuffer, combinedwith
a DeepProbeanda gas-drivenheatpumpwith wasteheatutilisation. It is designedto cover about50%
of theheatdemandthroughrenewablesources,while theremainingdemandis coveredby a peakboiler
(Fig. 1).
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Figure1: GesothermS- flow scheme

In contrastto usualgeothermalplants(aquifer, hot-dry-rocksystems,etc.) the newly developedDeep
Probeis a closedsystemrequiringno filtering, no subsurfaceinstallationsof pumpsandlittle pumpen-
ergy. However theoutputis restrictedby thenaturalundergroundheatflow.
While ordinaryprobesusedastemperaturereservoirs for heatpumpsor storageshaveadepthof ca.100
m, theDeepProbehasadepthof ca.3’000m, allowing extractionof geothermalheatatca.65

�

C outlet
temperature.
Only a singleboreholeof ca. 17 cm diameteris necessary, in which a tube-in-tubesystemis installed.
During normal operationcold water is pumpedthroughthe outer tube and heatedon its way down,
returningup throughthe insulatedinner tube. This closedcircuit is filled only oncewith conditioned
water. Energy flow andoutlettemperatureof thisgroundheatexchangerarecontrolledby themassflow.
A heatpumpraisesthe temperatureto the level requiredby the heatingnetwork. The systemis truly
regenerative asheatis continuouslyconductedto theprobefrom theearth’s core,replacingtheextracted
heat.A DeepProbeplantof thetypedescribedherehasbeenin operationin Prenzlau(Germany) since
1994. Theprobeworksall yearin a baseloadrangewith a capacityof up to 600kW andcovers21%
of theannualheatdemandof thedistrict heatingcompany (Kraft,1996).Thegeologicalsituationat this
locationis not specialandis comparableto thatof morethanhalf of Germany. The installationof the
DeepProbein Prenzlauwashonouredwith the Innovation Prizeof theEuropeanThermieProgramin
1995.
In theplannedprojecttheDeepProbeandthesolarsystemareoperatedin seasonalcoordination.Heat
flow into theprobeis limited by theheatconductivity of theground.Extractingmoreenergy out of the
groundthancanberecoveredthroughinstantheatflow enablesanoperationof theDeepProbedepend-
ing on theseason.In Figure2 thevaryingcontributionsto theheatproductioncanbeseen:
In wintertimeasmuchgeothermalheatis extractedfrom thegroundaspossible.If necessary, theheat
pumpor thepeakboiler is used.Dueto theheatextraction,thetemperatureof thegroundsurrounding
theprobeis lower at theendof thewinter. At this time thepower outputof theDeepProbeis reduced,
andthe outputof thecollectorfield rises. In summertimethesolarsystemcoversthe energy demand,
while the eartharoundthe DeepProbecanwarm up again. Surplussolarenergy is usedto fastenthe
regenerationin thelower groundlayersaroundtheprobeor canbestoredin layerscloserto thesurface.
At theendof thesummerperiod,collectoroutputdeclinesandincreasinglymorestoredenergy hasto be
used.With falling outdoortemperaturesthecontribution of thecollectorgetssmaller, andthecontribu-
tion of theDeepProberisesuntil thecycle is closed.
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Figure2: GesothermS- seasonalenergy output

SIMULATION

Tooptimizeconfigurationandtoanalysethetime-dependentbehaviour of thecombinedsystem,thecom-
putermodellingsoftwareSMILE is used.SMILE is asimulationenvironmentaswell asanequation-and
object-orientedlanguagefor dynamicsimulation. It hasbeenusedfor researchin energy engineering
sinceits developmentat theTU Berlin. Modelling is convenient,becauseexperimentdescription,mod-
elling languageandnumericalsolversareseparatedin SMILE. Theprogramoffersanumericlibrarywith
differentsolversfor differential-algebraic equationsanda technicaldatabasecontainingcomponentsin
thefield of high andlow temperatureengineering(collector, heatpump,storage,building, pipelinenet-
work, turbine,etc.)(Bartsch,1997).
TheDeepProbemodelis built from submodelsof thetube-in-tubesystemandthesoil layers.Theobject-
orientedstructureof themodelenablestheimplementationof differenttruncationlevelsandgeological
circumstances.In the first step,radial symmetryandpureconductive heattransferareassumed.The
modelis validatedwith othergeologicalsimulationtoolsanddatameasuredat theplantin Prenzlau.
Thismodeldeterminesthecorrelationbetweentheheatflow in thegroundandthepotentialenergy output
of theprobe.Theoutputdependson construction,operationandgeologicalparameters(tubedepthand
diameter, massflow, inlet temperature,groundconductivity, etc. ). Thesimulationfacilitatesanalysisof
anumberof questions,differing in their timescale:

� What is the long-termbehaviour of the probe? What massflow hasto be chosento avoid a
continuousdecreaseof thegroundtemperatureandto establishastationaryoperation?

� For anoptimalcombinationwith solarenergy, theseasonalvariationis crucial.How muchcanthe
temperatureof thegroundbeloweredduringwinter andhow long doesit take to regenerateit in
summer?Furthermore,cantheyearlyoutputbeincreasedby variationof thetemperaturegradient
in theground?

� How shouldtheprobebecoordinatedwithin thecomplex overall system?For quick regulations
thethermalinertiaof thegroundandthetimedelayin this longbuffer with upto 30m3 have to be
considered.



To studythequestionsconcerningthe long-termbehaviour of theground,a standalonemodelis used.
To studythe short-termbehaviour of the completeGesothermS system,the model is connectedwith
componentsfrom thedatabankandis usedto determine:

� thecontributionsandefficienciesof thedifferentcomponents;

� optimalsystemparameters,designandcontrolstrategies;

� synergism effectsthroughthe combinationof solarthermalandgeothermalenergy: How far can
theregenerationbeinfluencedby surplussolarenergy andhow muchenergy canbestoredin the
underground?Buffersoftenareuneconomicallylarge,in orderto preventcollectorsfrom boiling.
To which extentcanthecombinationwith theDeepProbeavoid this stagnation?How muchcan
thecollectoroutputbeaugmentedwhenthefluid from thecoldoutletof theheatpumpentersinto
thecollector?

ECONOMY OF THE SYSTEM

Preliminarycalculationsshow thatlocalheatingsystemswith anoverallconnectedheatloadof 1-5MW
anda regenerative energy shareof 30-60%achieve thebesteconomicresults.Theeconomicattractive-
nessof theGesothermSsystemresultsfrom thefollowing elements:

� Thecostsof drilling havedeclinedconsiderablyin recentyears,thusreducingthegeothermalheat
priceto a level comparableto standardsolarthermalsystems.

� Theseasonaloperationleadsto synergeticeffectswhichenhancetheeconomyof theDeepProbe.

� Thereis only aminimaldrilling risk.

� Additionaleconomicaspectsof theDeepProbearealong life expectancy andlow overheadcosts.

A localheatingsystemwith aheatingloadof 4 MW anda45%renewableshareof heatdemandwaspro-
jectedin Berlin. Basedon offers from equipmentsuppliersthecostof heatproductionwasdetermined
to benomorethan188DM/MWh (heatpriceof theregenerative energy: 211DM/MWh).
TheDeepProbesis, in contrastto othergeothermalsystems,independentfrom localgeologicalanoma-
lies andrepresentsno risk to groundwater. Sufficient geologicalconditionsarefound in wide partsof
Europeandtheworld. Deepprobescanbeinstalledin innercities.
Thediffusionof thesystemwill increaseits efficiency andachieve economiesof scalefor drilling and
solarpanelcosts.A potentialof 30-50%costreductioncanbeexpectedin thenearfuture. Thegoalof
thecompetitivenessof regenerative energy seemsto bereachedundertheseconditions.
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