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Office building of Universidad Politecnica Valencia – System comparison
In order to obtain a complete characterisation of the ground source heat pump a comparison was performed with a conventional air to water heat pump system.

The conventional system consists of an air to water heat pump located on the building roof. The experimental unit is a reversible air to water heat pump manufactured by CIATESA (model IWA-80) with nominal cooling and heating capacities of 17.1 kW and 15.7 kW respectively. This system was installed in parallel with the water to water heat pump as presented in Figure 2.
The comparative energy performance results between the 2 systems are presented: i) daily performance factor and energy savings, ii) seasonal performance factor and energy savings and iii) power consumption for both systems. 

· Daily and Seasonal Performance Factor. At this point we want to make the following remark on the meaning of the results we are discussing. The values for heating/cooling capacities, heating/ cooling loads, performance factor and energy savings are related to both particular AC systems under consideration. Specifically, they include the heat losses, thermal inertias and dynamic effects caused by the particular layouts chosen. Thus the results obtained sometimes differ substantially from the nominal values provided by the heat pump manufacturer, which refer to data obtained in steady state heat pump characterization tests. Nevertheless and to the extent that we consider the design and layout of both systems as quite typical and representative, the obtained results shall give a much better idea of the comparative energetic performance of both types of systems in real life. The evolution of the daily performance is presented in Figure 6.
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Figure 6. Performance Factor and Daily Performance Factor evolution for both systems and both

Operating modes, heating and cooling. –the top solid lines and top broken lines correspond to the

water to water system (WW) and the bottom broken lines to the air to water system (AW)

Conclusion: At the end of the heating season the value for the performance factor was SPF = 3.46 for the geothermal systems and SPF = 2.00 for the conventional system. This result represents an average of 73% improvement in heating mode. At the end of the cooling season the final value of the performance factor was SPF = 4.36 for the geothermal system and SPF = 2.72 for the conventional system with a cooling efficiency improvement of 60%.
· Performance Factor and Energy Savings. Figure 7 presents the results obtained for the electric energy consumption of the systems. It can be concluded that the system based on ground coupled heat exchanger uses 41% less electric energy than the conventional one for the same heating requirements. In cooling mode, the ground coupled heat exchanger based system requires an average of 38% less energy than the conventional one. These results show that the use of the ground as a heat source allows achieving considerable energy savings in heat mode, and its use as a heat sink also allows achieving important energy savings in cooling mode.
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Figure 7. Monthly electrical consumption for both systems.

· Power Consumption. Figure 8 shows the power consumption for both systems in one particular operation condition during a day. We separate the contribution corresponding to the energy transport components (fan coils and internal circulation pump) from the energy production ones (water to water heat pump and external circulation pump for the geothermal system, and air to water heat pump for conventional system) in order to evaluate the impact of these secondary components in the energy balance.
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Figure 8. The power consumption for a particular day is shown for the geothermal system

in the left figure and for the conventional system in the right figure.
In Figure 8 it is presented a comparison between instantaneous power consumption during one particular day of operation. First, notice the lower power consumption of the water to water heat pump compared with the consumption of the air to water heat pump. Notice also that the power consumed by the secondary components is low, around 25% for the geothermal system and around 20% for the conventional one. Nevertheless, as these systems operate permanently, their impact in the overall energy consumption is proportionally larger.

The results of the study have allowed the following conclusions about the operation of both systems:

· For the heating system the geothermal system saves, in terms of primary energy consumption, an average of 41% of the energy consumed by the conventional one

For the whole cooling season, the average saving obtained by the geothermal system was 38% of the energy consumed by the conventional one.
