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An extension of Rosborg Gymnasium (Vejle, Denmark) is founded on 200

energy piles. The GSHP system has supplied heating to 4,000 m2 of living

area since 2011. The peak heating capacity of the installation is 200 kW and

the building is supplied by radiators. As a further benefit, the system provides

free cooling in the summer. The 15 m long energy piles have a quadratic

cross section, fitted with a W-shape pipe heat exchanger (Fig. 1).
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Description of the site

Energy pile foundations

Conclusions

An energy pile is a traditional foundation pile with a built-in heat exchanger

(Fig.1). Energy pile foundations therefore serve as a ground source heat

pump (GSHP) system. This poster summarises the work done by Alberdi-

Pagola et al. (2016) concerning the thermal performance of an actual energy

pile based GSHP system. Operational data from 2015 is analysed.
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The heat extraction from the ground can be further increased.

The foundation is over-sized in terms of thermal performance and

capacity.

A further optimized system can be achieved by:

- Supplying the heating by ventilation with the GSHP system.

- Using more free cooling to balance the ground use.

- Better adjusting the circulation pumps to the heat pump cycles.

The GSHP system can cover a heating-dominant demand.

Fig. 1: a) Demonstration model

of an energy pile with W-pipe

and steel reinforcement.

b) Energy pile cross section.

Fig. 5: 96 hour TRT data.
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Heat extraction = 70 MWh

Total heating = 100 MWh

Max extraction rate = 50 W/m (1.2h) 

Average extraction rate = 13 W/m (3400h)

Heat  injection = 8.5 MWh

Max. injection rate = 50 W/m (0.15h) 

Average injection rate = 1 W/m (800h)

Fig. 2: Monthly performance factors of the GSHP installation for

2015. COP: coefficient of performance, EER: energy efficiency ratio,

SPF: seasonal performance ratio. The average of the instantaneous

COP values is 3.0 (manufacturer’s estimation 3.49). The SPF for

heating has increased following summer. The circulation pumps were

continuously in operation until August 2015, which substantially

increased the corresponding electricity consumption and triggered

the heat injection to the ground (same effect as free cooling)

registered in winter (Fig. 3).

Fig. 3: Monthly extracted and injected thermal energy from and

to the ground. The energy rejected from January to May results from

the involuntary free cooling generated by the continuous circulation of

fluid during heat pump standby, which recharges the ground. The

GSHP consumption of the building is noticeably heating dominant.

Fig. 4: 30-hour performance on the 27/12/2015. The external

circulation pumps were programed to start only at every compressor

cycle. The fluid supply temperature to the tank is above 50 oC.

Fig. 5: Daily average of the supply and return glycol

temperatures in the ground loop. The unusual temperature

fluctuations in May and June are due to the system shutdown before

the change in operation mode from heating to free cooling. The initial

ground temperature is recovered and surpassed prior to October nor

does it decrease below 5 oC at any time.
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