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Conventional solar systems - collector standstill whenever
the maximum temperature of the ctarana ic raached

Motivation

Approach:

- Combination of market pr,
I

«  Minimal additional investn

Goal:
- Selection of appropriate r

I
- Simulation and optimisati'- - - - @ ——————

- Energetic and economic :
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Combined solar system

collector
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Overview of the System

Single family house
German low-energy standard
Floor space: 150 m?

Heating power: 5 kW
Borehole depth: 80 m

Evac. tube collector area: 10 m2
Storage tank volume: 900 | '
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Software SH-PORT
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Simulation results

Ankara ORC conv. Denver ORC conv.
ORC gain / kWh 96 - ORC gain / kWh 112
Energy demand / kWh 1444 1524 Energy demand / kWh 1735 1849
savings (20 years) / € 389 - savings (20 years) / € 333

i The combined ORC-system is energetically superior
i but under current conditions economically unfeasible! |

Bochtm ORE SO Electr. pricing Ankara: 14,7 ct/kWh
ORC gain / kWh 37 Electr. pricing Denver: 8,9 ct/kWh
Energy demand / kWh 2144 2164 - Electr. pricing Bochum: 21,4 ct/kWh
savings (20 years) / € 142 : - Inflation electricity: 5 %
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Modelling the ground heat exchanger

Soil Relation between
A o Rs ' heat extraction rate
- and fluid temperature

B s s o -

Fluid
_ S,, R, U—tube
Eskilson (19873 pipe 2
Long-term response o
Heat capadities inside the boréhple are ngglected,
model B¥R%oMes valitkafter a few hours ” Vs
Representative for models+a-buileing energy analysis software
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. A, O T,

Analytical short timestep model

’Javed and Claesson (2011): Simplifies geometry but considers
-aII parts of the borehole and thermal resistances.
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Simulation results — Comparison of GHX-models
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ORC-system saves energy but its economic feasibility Is
guestionable

Conclusion

Comparison of two ground heat exchanger models

Hakesiomnd 933¢skmy ({041 ye sppahgecal short-time step model
neglects heasirapiitsegeaffiatdyand grout
representative for building energy software

Long-term response model overestimates ORC-gain

Simulation of small-scale ORCs with condensation in a
ground heat exchanger requires a short-time step model
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Influence of the regeneration caused by the ORC

with ORC without ORC
Annual electricity demand and gains October | Movember | December ! October | Movember ; December
electricity consumption of the heat pump for space heating  [k\Wh] 6.0 212 342 4 68,5 2727 3438
electricity consumption of the heat pump for domestic hot water  [kWh) 11 19.8 209 0.8 19.9 21.0
Influence of the regeneration caused by the ORC
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