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Introduction

Numerous simulation toolsare currently in ust investigate the solar systems the

one sideand separate tools exist to design heat pump systems. It is in particular in the
solar field that dynamic simulation with the use of statistical meteorologitalhds

been established and proven to be capable for speeding up design and optimization of
heating systems and for predicting the economic viability of the systems.

With integration of the heat pump as a new componethigisimulation software

Polysun a new tool becomes available, which covers the entire range from combined
solar and geothermal heating systems for single family houses up to big commercial
installations.Therefore, aealistic design of integrated solar thermal and heat pump
systems igeasible due to bottimerich database obtained from real heat pump
installations coupled to the geothermal heat source and the detailed numeric used to
model the physical components.

The modular approach and the hydraulicu®on real available compents alow the

use of Polysuim the early planning phase, as a planning tool for the design tiridyezs

well as for the ptimizationof system components and control strategies.

It has been recognized that a physics based numerical treatment Wiyhcadpled

system of equations is capable of predicting the system behavior and in principle is useful
for analysis, design and optimization.

1. Numerical Models

A common approach for the numerical treatment of complex systeangmgplicit

solving d equations. The corresponding simulation approaches are mature and are
already successfully used TRNSYS[1] andIDA-ICE [2] as two example$Polysun
alternatively pursues a direct solution procedas#t hasbeenprovedto bevery
effectiveaccordingo SM07[3]. Unlike similar program which every system has its
own pre-calculaedformula,each componerns displayedas a separate iteim Polysun
which only knows itglirectneighborcomponentsnd those on appropriate interfacés
heatexchangeThen, all components can be controlled by several kinds of controllers
available in Polysun



2. Comparison between Solar andHeat pump Systems

It is important to have solar agéothermal energy sources in the same progféith.

the extended Polysusolar systems can be compared directly with heat pump heating
systems. For aomparison of the CO2 balanc#sgreby the locatlectricity generation
mixture and the emission factonsust bederivedand consideredesides, dr the
comparison of the costan uncertaintyf the future electricity tarifhould be taken into
account as well

Figure 1. schematic omparison of a solar systeand a geothermal heating system

2.1. Combination of solar energy and heapumps asone System
For the combination of soléinermalcollectors and heat pumps recently several new
products were launchexh the market.

Solar energy can be used however stilcinmore efficiently, if the solar collectors are
combined directly with a heat pump, in erdo let the temperature of the heat source
side (evaporator) of a heat pump raise and thus the performance figeienfoved
(possible arrangemerd shownin Figure2).
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Figure 2: Direct connected solar thermal and heat pump system impledhienPolysun

A further possible system concept consists of the fact that solar energy from the
collectors is led into thgroundsource loogdields andoe stored.The main reason for
having such a system is that in mamgundsourceheat pump systemd)e earth
temperature dropgraduallyafter years of energy exploitatiohhis could reduce the
performance of the heat pump drastically. Therefore, the earth is then needed to be

restored and this can be done by delivering heat from a small collectoiffieldiesign
of such a system is possibleam appropriate @ension of PolysulfseeFigure3.

Figure 3: System with the capability ablar regeneration @roundsource loodields



3. Conclusion

The freedom in theystemdesign permits theomparisorof the different approaches,
which plays an important role particularly with the combination of different energy
suppliers as in the present example heat puangsolarthermal collectors

Further important conditions, whicre already realized in Polysun:

In the programmeteorological datarealreadyavailable which is important for
the computation of the heating load as well as for the interpretatioof @ig.
water heat pumps (outside temperature, air humiditg) ldtation is not yet
introduced Polysuncan calculate themformationfor the new locatiorby
interpolaing theexistingmeteorological data (Meteonorm of the company
Meteotest is integrated in Polysun).

Variable time step: A yearly simulation candigainedwith a variable time step
changing from 1 second to 720 second resulting in decent timdsgmnd
accuracy.

Automatic controller behaviotmportant componesin the system tuningre
controls.These arémplementedn Polysun likewise closto-realty.

Building simulation: Polysugontains an integrated building simulation for the
determination of the dynamic building load

Comprehensiveomponent selection already existing: Therentfunction range
in Polysun covers already all important compusef a heating systeratfrage
tanks boilers, pumps, heat exchangemixing valvescontrollers buildings).

Restt selection and visualizatiom iafriendly graphic usemterface

Polysun offers a modular concept for settingtlup heating systemswvhich permits
the computeassistecvaluationof differentsystemtypes.
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