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Preface 

This report is part of the work within IEA HPT Annex 52 - IEA HPT Annex 52 - Long-term performance 
monitoring of GSHP systems for commercial, institutional and multi-family buildings, with project period 
January 1st 2018 to December 31 2021. Annex 52 Operating Agent is Sweden. 

Annex 52 aims to survey and create a library of quality long-term measurements of GSHP system 
performance for commercial, institutional and multi-family buildings. While previous work will be 
surveyed, the emphasis of the annex is on recent and current measurements. The annex also aims to 
refine and extend current methodology to better characterize GSHP system performance serving 
commercial, institutional and multi-family buildings with the full range of features shown on the market, 
and to provide a set of benchmarks for comparisons of such GSHP systems around the world.  

The results from the annex will help building owners, designers and technicians evaluate, compare and 
optimize GSHP systems. It will also provide useful guidance to manufacturers of instrumentation and 
GSHP system components, and developers of tools for monitoring, controlling and fault detection/ 
diagnosis. This will lead to energy and cost savings. 

Data to this has been collected from IKEA Uppsala with the help from ClimaCheck measuring system 
being in place. Data is available from December 2016 to April 2020 when the connection to the 
ClimaCheck server was lost. Data from the energy meters of the heating and cooling system was also 
intended to be evaluated, but no data was accessed due to noninterest from the responsible company. 
Due to Covid-19 no site visit was done, but Rouzbeh Löfberg at IKEA supplied high quality photo of the 
site giving us very good understanding of the heat pump system. 

The analysis was performed by Tommy Walfridson and Lovisa Axelsson at RISE AB. 

The work that has led to this report has been funded by Energimyndigheten through the Termo funding.  
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Summary 

The GSHP system in this report consists of two parallel heat pumps connected to a Borehole Thermal 
Energy Storage (BTES) producing both heating and cooling. The total heating capacity is 1.7 MW. A 
smaller heat pump is used for DHW. 

Due to lack of data only the two main heat pumps were analysed and only on Annex 52 system 
boundary level 1. No passive cooling of the building was captured with the data and DHW data was 
neither available. 

The control system of the heat pumps is likely corrupt as the system changes compressor frequently 
without reason and the heat output occasionally varies a factor of four during daytime. The heat pump 
system is not stable, despite that there are no major variations in heat demand by the heating system 
during daytime. During nighttime the heat demand is significantly lower as the ventilation system is 
turned off and the heat pump system stabilizes. 

The Seasonal Performance Factor for heating on system boundary level 1, SPFH1 was 3.9, 3.8 and 
3.6 the years 2017, 2018 and 2019, decreasing each year. This indicates that the BTES is drained of 
heat, meaning likely not enough heat is supplied during cooling season. The temperatures from the 
BTES seems to decrease each year as well, but conclusions are difficult to draw from the data.  

The Seasonal Performance Factor for cooling on system boundary level 1, SPFC1 was 3.9, 3.6 and 
3.6 the years 2017, 2018 and 2019, also decreasing each year. As the only data analysed was 
ClimaCheck data only the active cooling could be analysed, no passive cooling is seen in that data. 
The cooling performance on other system boundary levels could thus be significantly higher. 
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BACKGROUND 

The Domstolen building 

The IKEA Uppsala was finalised in 2009. It is situated 3 km southeast of Uppsala city center in the flat 
lands of the area Boländerna.  

The climate in Sweden is temperate, despite its northern location, thanks to the Gulf Stream forcing 
energy from the equator. As Uppsala is an inland city the climate is slightly colder in wintertime than its 
neighboring city of Stockholm. 

Thanks to the cold weather of Uppsala the building has significantly higher heating demand 
(1300 MWh/annum) than active cooling demand (170-470 MWh/annum). The building is heated by the 
GSHP-system likely without aid of any source at all hours of the year. The main heat pumps and the 
DHW heat pump are using the BTES as its source and has a heating capacity of 1.7 MW (DHW not 
known, but less than 70 kW). The backup heaters are electric, no connection to district heating is 
available. 

 
Figure 1. The west (left) and south facades of the IKEA Uppsala building. Photos Nicklas 
Ulvnäs, Wikipedia Common and arnepetter, Wikipedia Common. 

 
Figure 2 The IKEA building in Uppsala, Sweden. Picture Koyos, Creative Commons  
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Year of building construction 2009 
Ground source system operation start date 2009 
Building Type Furniture store 
Building floor area (net, gross) 36.000 m²  
Analysed monitoring start date 2016-12-01 
Analysed monitoring period 2020-04-10 
Unique features of the system Screw compressors with slide control. Compressor 

control not functioning well. Flooded evaporator type.  
 

 

 

Table 2. Summary of the system configuration 

Heat distribution Airborne in all ventilation systems, 
radiators/convectors by windows, underfloor heating 
and air heaters at the entrance. 

Cooling distribution Airborne in 8 of 10 ventilation systems 
Domestic hot water (DHW) production by system Dedicated heat pump  
Supplementary heat for space heating Electric boiler (only used if heat pumps are faulty) 
Supplementary heat for DHW Electric boiler 
Supplementary cooling None 
Nominal capacity of supplementary heating for space heating 600 kW 
Nominal capacity of supplementary heating for DHW 70 kW 
Nominal capacity of supplementary cooling None 
Heating load  1240 MWh/year (34 kWh/m2,y) 
Cooling load 170-670 MWh/year (4,7-19 kWh/m2,y) Only active 

cooling accounted for, passive cooling unknown 
DHW Unknown 
Heat pump type Brine-to-water 
Reversible No 
Compressor type 6 x screw + 1 x scroll (DHW) 
Speeds 16 slider capacity stages 
Heat pump system Centralized 
Number of heat pumps 2 + 1 
Nominal total heat pump heating capacity 1700 kWth 
Nominal total heat pump heating capacity available for DHW 70 kWth 
Nominal total heat pump cooling capacity [kWth] 1400 kWth 
Refrigerant 2 x 160 kg R134A + 9 kg R407C 
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The ground source system 

A closed loop Borehole Thermal Energy Storage (BTES) is used as the ground source in the IKEA 
Uppsala site. One hundred boreholes spaced by five meters are drilled to 168 m depth.  

The Ground Source Heat Pump (GSHP) system is likely heating the building without aid of any other 
heat source at all hours of the year. Both the two main heat pumps and the much smaller DHW heat 
pump are using the BTES as their source. The two main heat pumps have a heating capacity of 1700 
kW, while the DHW has a heating capacity of 70 kW. 

The GSHP system is heating the building with a supply temperature depending on the outdoor 
temperature. 

Cooling can be passively supplied from the BTES directly, but this cooling has not been possible to 
analyze since the data was not accessible. The active cooling is done by rejecting the heat via the dry 
coolers, while the more energy efficient method of dumping the condenser heat into the borehole 
system is not used. This means that the active cooling does not help the energy balance of the BTES 
by recharging it during summer. The brine temperature seems to decrease each year, this need further 
control in order to be able to operate the system into the future 

 

 

 
Figure 3 Simplified schematic of the IKEA Uppsala GSHP system, Pictograms by TU 
Braunschweig IGS, used with permission within the course of IEA HPT Annex 52. 
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Figure 4 Simplified schematic of the IKEA Uppsala GSHP system, with Annex 52 systems 
boundaries included, Pictograms by TU Braunschweig IGS, used with permission within the 
course of IEA HPT Annex 52. 
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Figure 5 Clockwise from top left: One of the two main heat pumps, DHW buffer tanks and heat 
pump, main brine pump and heating system buffer tanks, the two 300 kW electric boilers and 
last the compressor side of the main heat pump. Photos Rouzbeh Löfberg, IKEA 

Table 3. Summary of the ground source and sink 

Ground source Borehole Thermal Energy Storage (BTES) 
Loop type Closed loop 
Ground composition Tonalite- granodiorite 
Groundwater level [m] 3 m 
Annual mean air temperature (measured) 6.8°C (according to SMHI 2020, increasing each 

year) 
Undisturbed ground temperature 6.8°C 
Minimum ground heat exchanger exiting fluid temperature (ExFTmin) -0.2°C 
Maximum ground heat exchanger exiting fluid temperature (ExFTmax) 10.4°C (during heating season) 

 

 

Table 4. Summary of the ground heat exchanger - Groundwater 

Number of boreholes 99 
Borehole length 168 m 
Total borehole length 16534 m 
Average distance between boreholes 7 m 
Borehole geometric distribution See sketch below  
Borehole diameter 160 mm casing and 140 mm open hole 
Borehole filling material Groundwater 
Borehole heat exchanger type Double U-pipe, PE100 4x32 mm SDR17 
Ground thermal conductivity (TRT) 3,75 W/m,K 
Effective thermal resistance (Estimated) 0,07 K/(W/m) 
Source side pipe characteristics PE100 DN40, SDR17 
Source side brine type Water-Ethanol 15% 
Maximum brine flow   0,75 l/s per borehole 

 

 
Figure 6 The BTES 99 borholes.  
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Monitoring 

The IKEA Uppsala building was measured with ClimaCheck between December 1st 2016 until April 10th 
2020 when the measurement failed. The dataset had many hours with lack of data. In order to be usable 
the data set was treated with Python by Lovisa Axelsson. For example the Performance Factors was 
calculated as the average value from the measured data points, with the two first values after each start 
of the compressor erased. 

Table 5. Summary of the system monitoring 

Measurement point Instrumentation Accuracy 
Source side circulation pump electricity use No data  
Source side flow rate No data  
Source side ground source exiting temperature ClimaCheck  
Source side ground source return temperature ClimaCheck  
Source side pressure drop No data  
Heat pump electricity use ClimaCheck  
Heat pump pressure drop No data  
Load side circulation pump electricity use No data  
Load side flow rate No data  
Load side heat pump exiting temperature ClimaCheck  
Load side heat pump return temperature ClimaCheck  
Load side pressure drop No data  
Supplementary heating electricity use ClimaCheck  
Supplementary cooling electricity use ClimaCheck  
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Performance metrics 

It is easily seen from the source temperatures that the heating is turned off and the active cooling is 
turned on at around 13°C ambient temperature, see  Figure 7 below.  

 
Figure 7 Temperature from source (BTES) as a function of ambient temperature for the entire 
measurement period. 

This was used as the criteria to determine if the heat pump was heating or cooling the building. Above 
an ambient temperature of 13°C all energy was allocated to cooling and below to heating. Note that 
no passive cooling was measured as that data not accessed. 

As only ClimaCheck data was available, meaning the only electricity measured was compressor 
electricity, the system could only be calculated for the System Boundary 1. No electricity was 
allocated to cooling at time with heating demand (when the ambient temperature was below of 13°C) 
and vice versa. 

 
Table 6. Calculated system boundaries for the system according to the Annex 52 boundary schema.   

Boundary description HPT Annex 52 Boundary levels 

H1/C1  

Heat pump unit including internal energy use, 

excluding internal circulation pump X  

Equivalent in the SEPEMO boundary schema H1/C1  
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PERFORMANCE MONITORING RESULTS 

Building heating and cooling loads 

The IKEA Uppsala store has significantly higher heating demand than the active cooling demand, this 
is common in the northern country of Sweden as the summers are very short. In Figure 8 it is seen that 
the heating demand is much higher during daytime than during nighttime. This is no surprise as the 
ventilation is turned off at night. Looking at cooling it seems to be the same thing, delivered cooling is 
lower at nighttime. 

 

Table 1 Overall load characteristics 

Start of evaluation period 2017-01-01 2018-01-01 2019-01-01  
End of evaluation period 2017-12-31 2018-12-31 2019-12-31  
Building space heating load met by system [MWhth] 587* 1280 1240  
Building active cooling load met by system [MWhth] 73* 469 167  
DHW load met by system [MWhth] unknown unknown unknown  
Thermal energy extracted from the ground [MWhth] 447* 959 918  
Thermal energy injected to the ground [MWhth] unknown unknown unknown  
Thermal balance ratio (extracted/rejected) unknown unknown unknown  
Heating load (incl. DHW) met by ground source (%) 100 100 100  
Cooling load met by ground source (%) 100 100 100  

 

* Significant amount of data is missing 2017 

 

 
Figure 8 Measured building energy signature for IKEA Uppsala December 2016 to April 2020 
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Figure 9 Monthly heating and active cooling loads over the monitoring period 

 

 

 
Figure 10 Annual heating and active cooling provided. For passive cooling data is missing. 
During the spring of 2017 ClimaCheck measurements where missing. 
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Ground heat exchanger performance 

The lowest temperatures from the BTES are more common the year 2019 than 2018 and especially 
than 2017. It can not be excluded that the BTES is not recharged enough each year. This needs to be 
investigated. The measurements show that the only cooling method used is dumping the heat in the 
dry coolers. This means that no active cooling is reloading the BTES. Due to lack of data only the heat 
extraction from the BTES to the main heat pumps is measured (with ClimaCheck) see Figure 12.  

 
Figure 11 Entering fluid temperature from the BTES or from the cooling system heat 
exchanger to the main heat pumps for the year 2017-2019. 

 

 
Figure 12 Annual ground heat exchange over the monitoring period. Data over the passive 
cooling not available to the project. 
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Figure 13 Monthly ground heat exchange (extraction and injection). Injection data missing. 
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Heat pump performance 

The heat pump system could have higher heating performance factor, see Figure 17, Figure 20 and 
Figure 21 below, as the system is large and the heat source is at fairly high temperatures. 

It is found that the heat pump control system (likely the internal) is not operating optimally. The 
consequences are highly fluctuating heat output, despite no known fluctuation in the need from the 
heating system. See an example from December 2018 in Figure 14 and Figure 15 below. 

 
Figure 14 Total heat delivered from the heat pump system during December 2018. Heavy 
fluctuations in the delivered heat are seen. 

 

Figure 15 Total heat delivered from the heat pump system during December 13th 2018. Heavy 
fluctuations in the delivered heat are seen (left) and irregular compressor control is seen 
(right).  

This illogical control will likely wear the compressors down prematurely as compressor lubrication risk 
to be less than perfect at startup. 

In Figure 16 it is seen that the System Efficiency Index is also highly fluctuation. This is partly the same 
problem as the compressors are capacity controlled with a slide. The slide control means much lower 
compressor efficiency and should thus only be used when absolutely necessary. The hydronic heating 
system at IKEA has two large buffer tanks and likely a large water volume in the heating system itself. 
This means that the compressors could be controlled to operate at full capacity (no slide control used) 
and in an on/off manner when the capacity doesn’t match the need of the system perfectly. This is the 
common way of operation in smaller scale heat pump systems, and we see no reason to adopt it at the 
IKEA heat pump system as well. Controlling the compressor better could easily increase performance 
with 20%, meaning some 70.000 kWh of electricity could be saved each year. 
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Figure 16 System Efficiency Index over the entire measurement period showing many hours 
with lower than necessary performance. Colouring according to ClimaCheck software, see to 
the right. 

The poor performance is also seen in Figure 20 and Figure 21, where data around the white line (Figure 
21) are expected performance, while well below that white line means an underperforming heat pump 
system. 

It is found that the active cooling is not using the BTES as the sink but dump the excess heat into the 
dry cooler instead. This means cooling at high condensation temperatures and thus poor performance 
and that the BTES is not reloaded during cooling season. It has not been able to investigate the passive 
cooling system due to lack of data. Thus, it is not known if it used and how large share of the cooling it 
is taken. Passive cooling should be able to satisfy most of the cooling need during the “lukewarm” 
Swedish summers. During the uncommon very warm days the temperature inside the IKEA store could 
be elevated somewhat without discomfort of the personnel or the customers, meaning passive cooling 
could support those days as well. 

From the ClimaCheck data it is clear that the condenser and especially the flooded type evaporator are 
having high efficiencies. 

 

Overall system performance 

 
Figure 17 Monthly heating performance factors for system boundary 1 
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Figure 18 Monthly cooling performance factors for system boundary 1. 

 
Figure 19 Monthly Performance Factor for the entire system over the measured period on 
system boundary 1 (MPFHC1) 

 

 
Figure 20 Overview of heat pump system performance factor on system boundary 1 as a 
function of heat provided to the IKEA Uppsala store, blue line shows lowest capacity, red line 
maximum heating capacity. Controlling the slides in the compressors can reduce capacity for 
each compressor below each line, but at the expense of lower compressor efficiency. 
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Figure 21 The heat pump system heating Hourly Performance Factor, HPFH1. White line 
showing good performance points of the heat pumps, while lower points are likely due to slide 
capacity control with low performance. 

 

Figure 22 The heat pump system cooling Hourly Performance Factor, HPFC1. 
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Figure 23 Hourly performance factor for heating (red) and cooling (blue) on system boundary 1 
as a function of ambient temperature. 

  



 

20 
 

 

Table 8. Provided heating and cooling and used electricity  

Start of evaluation period 2017-01-01 2018-01-01 2019-01-01  

End of evaluation period 2017-12-31 2018-12-31 2019-12-31  

Heat output from the ground source, used by heat pump for heating [MWh] 447 959 918  

Heat output from the heat pump [MWh] 587 1280 1240  

DHW output from the heat pump [MWh] unknown unknown unknown  

Heat output from supplementary heating between boundary 2 & 3 [MWh] unknown unknown unknown  

Cooling output from the ground source [MWh] unknown unknown unknown  

Active cooling provided from the compressor [MWh] 73 469 167  

Total electricity used by all pump in the system [MWh] unknown unknown unknown  

- allocated to the cooling side [MWh]     

- allocated to the heating side [MWh]     

Electricity used by the Main heat pump compressor, excluding internal 

circulation pump in heating mode [MWh] 

156 359 358  

- allocated to the cooling side [MWh] 0 0 0  

- allocated to the heating side [MWh] 156 359 358  

Electricity used by the DHW heat pump compressor, excluding internal 

circulation pump in heating mode [MWh] 

unknown unknown unknown  

Electricity used by the supplementary heating btw boundary 2 & 3 [MWh] unknown unknown unknown  

Electricity used by load side circulation pump between heat pump and 

distribution system in heating mode [MWh] 

unknown unknown unknown  

Electricity used for load side building heat distribution [MWh] unknown unknown unknown  

Electricity used by source side circulation pump in cooling mode [MWh] unknown unknown unknown  

Electricity used by the compressor in cooling mode [MWh] 23 145 55  

Electricity used for load side building cooling distribution [MWh] unknown unknown unknown  

 

Table 9. Performance factors over the monitoring period 

Start of evaluation period 2017-01-01 2018-01-01 2019-01-01  
End of evaluation period 2017-12-31 2018-12-31 2019-12-31  
PFH1 3.95 ± 0.18 3.76 ± 0.17 3.63 ± 0.16  
PFC1 3.92 ± 0.18 3.63 ± 0.16 3.58 ± 0.16  
PFHC1 3.94 ± 0.18 3.72 ± 0.17 3.63 ± 0.16  

 

Table 7. Additional performance indicators 

Start of evaluation period 2017-01-01 2018-01-01 2019-01-01  
End of evaluation period 2017-12-31 2018-12-31 2019-12-31  
Heating mode ratio of source side pumping electricity to 
Main heat pump electricity (allocated) [%] 

unknown unknown unknown  

Heating mode ratio of load side pumping electricity to 
Main heat pump electricity [%] 

unknown unknown unknown  

Ratio of supplementary heater electricity to Main heat 
pump electricity [%] 

unknown unknown unknown  

Ratio of supplementary heating provided to heat pump 
heating provided [%] 

unknown unknown unknown  

Mean heat exchange per unit length of heat exchanger, 
heating [W/m] 

unknown unknown unknown  

Mean heat exchange per unit length of heat exchanger, 
cooling [W/m] 

unknown unknown unknown  
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LESSONS LEARNT 

It is difficult to work with companies not being interested to show their eventual design flaws. The data 
from the energy meters was thus not delivered to RISE, despite many talks and emails. 

The control company is likely not responsible for the highly fluctuating heat output, it seems to be a 
design flaw within the heat pump control system, else the compressors would not be acting as 
hysterically as they are. 

But the poor control of the active cooling is likely programmed by in the external controller. It should be 
fixed to reload the BTES instead of dumping the heat into the dry coolers and at higher than necessary 
condensation temperatures. 

The ClimaCheck internal measurement method is superior to any other method, giving the analyser a 
powerful tool to find errors in the system. The staff of ClimaCheck, especially Klas Berglöf (CTO) and 
Jakob Månberg, has been a great help to RISE in this and other projects. 

The common method of working with energy and electricity meters only give few clues on why a system 
performance is lower than expected. 

The data from ClimaCheck was lacking many datapoints, likely due to poor signal on the mobile 
communication used to transfer the data. Many hours had only slightly more than half of the data points 
and thus the hour calculation method ClimaCheck uses in their Online tool didn’t work. The data was 
run through Python software by my talented colleague Lovisa Axelsson to be able to calculate 
performance from the inconclusive data. This method is time consuming, but highly efficient when data 
is corrupt. 

 

Improvement measures 

Change of the heat pump control system is necessary 
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