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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 31st, 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. 

The pilot case in Kalnes is a district heating and cooling grid that provides energy to the nearby hospital 
complex. The focus is therefore a bit less on the building side, but more on the energy supply side, 
hence the energy system that provides heating and cooling to the local district grids.  

The report was written by John Clauß and Ellika Taveres-Cachat, both research scientists at SINTEF 
Community in Trondheim, Norway. Information regarding the energy system was provided by Egil 
Erstad, engineer at Østfold Energi AS.  

The work behind this report has been funded by ENOVA SF, a Norwegian government enterprise, and 
by the Research Council of Norway (ENERGIX-program) and the research partners of the research 
project "Rockstore – develop, demonstrate and monitor the next generation BTES systems" project 
number 28000. 
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Summary 

This report provides information on the thermal energy system at Kalnes energy central and monitoring 
results from 5 years of operation.  

Kalnes energy central (2016) – heating and cooling of Østfold Hospital 

• Kalnes energy central provides heating and cooling to a district heating and district cooling grid 
that again provides heating/cooling to Østfold hospital. 

• Energy provided to the hospital complex, namely space heating, domestic hot water heating, 
space cooling and process cooling. 

• This report focuses on the thermal energy plant of the energy central and does not consider 
losses in the heat distribution grid.   

• Two heat pumps connected to the borehole field serve the district heating and cooling grids. 
These are an ammonia heat pump and a R134a heat pump with total nominal heating capacity 
of 2.7 MWth. Excess heat from the district heating grid is dissipated to dry coolers and to the 
borehole field connected by the ground heat source pump. 

• Ground heat source pump (GHSP) with 100 boreholes, each 250m deep, divided into three 
sections with 30, 20 and 50 boreholes respectively.  

• Monitoring data of the operation of the borehole field and the energy central has been analyzed 
for the period between 2016 and 2020. 

The results developed in this report are also part of research carried out by SINTEF Community in the 
research project RockStore. 
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BACKGROUND 

The building 

Østfold Hospital is located close to Sarpsborg in Southern Norway, at a latitude of 59° North. Østfold 
Energi AS operates the local district heating and district cooling grid that provide heating and cooling to 
the hospital. The borehole field has been operating since 2016. It has a net floor area of approximately 
80.000 m2. The hospital has a heating dominated energy demand. The energy system contains two 
central reversible heat pumps which consists of two brine-water heat pumps with a nominal capacity of 
1.3 MWth (ammonia heat pump) and 1.4 MWth (R134a heat pump) respectively. The heat pumps 
provide space heating (SH) and domestic hot water (DHW) [1]. The heat pumps are connected to a 
borehole field with 100 boreholes. The energy system offers the possibility to dissipate excess heat 
from the district cooling grid either via dry coolers or by injecting it into the borehole field up until a pre-
set temperature set point (TSP). One electric boiler and two oil boilers are installed as back-up heating 
systems. In addition to this there are four separate cooling machines (R134a). 

 
Figure 1. Østfold Hospital in Sarpsborg. 
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Figure 2. Location of Østfold Hospital in Norway. 

 

Table 1. Summary of the building features. 

Location Sarpsborg, Norway 
Year of building construction 2015 
Ground source system operation start date 2015 
Building Type Hospital 
Building floor area (gross) 80.000 m² 
Analysed monitoring start date 2016-January 
Analysed monitoring period January 2016 until December 2020 
Unique features of the system Two heat pumps, where heat pump HP1 is always prioritized and covers 

whichever need is dominant between heating or cooling. When HP1 cannot 
cover the loads alone using the DC grid as a heat source, the second heat 
pump HP2 (also called cooling machine CM2), takes over the cooling and 
allows HP1 to focus on covering the heating load by switching to the borehole 
field as a heat source. When HP2 is providing cooling, it also contributes to 
the heating load by releasing the heat to the DH grid through a heat 
exchanger. When neither heat pumps are able to cover the heating or cooling 
loads, there is one electric boiler and two gas boilers as back-ups to cover the 
peak heating load and four separate cooling machines which can be used to 
cover the peak cooling loads.  
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Table 2. Summary of the system configuration. 

Heat distribution Radiators (distribution temp 60°C), some floor heating 
and ventilation 

Cooling distribution Chilled beams and ventilation 
Domestic hot water (DHW) production by system Via HP1 as base system, and/or CM2 as first back-up 

system 
Supplementary heat for space heating Electric boiler, oil boiler 
Supplementary heat for DHW Electric resistance heating, oil boiler 
Supplementary cooling Cooling machines (4 pc. R134a) 
Nominal capacity of supplementary heating for space heating 9 000 kW 
Nominal capacity of supplementary heating for DHW 9 000 kW 
Nominal capacity of supplementary cooling 6 000 kW 
Heating load  8 700 MWh/year (average of 2016-2020) 
Cooling load 5 100 MWh/year (average of 2016-2020) 
Heat pump type Brine-to-water 
Reversible Yes 
Compressor type Screw compressor (for HP1) 
Speeds Variable speed 
Heat pump system Centralized 
Number of heat pumps 2 
Nominal total heat pump heating capacity 2.7 MWth 
Nominal total heat pump heating capacity available for DHW None 
Nominal total heat pump cooling capacity [kWth] 2,6 MWth 
Refrigerant Ammonia, R134a 
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The ground source system 

The borehole field at Kalnes consists of 100 boreholes divided into three sections (Figure 3). Each 
borehole is approximately 250 meters deep. The three sections of the borehole field consist of 30, 20 
and 50 boreholes, respectively. The boreholes are connected in parallel within each section. The flow 
through the circulation pump is demand controlled. The collectors are made of polyethylene (PE). The 
brine is an ethanol-based fluid (HX I-35 – 35% ethanol and 65% water) with a freezing point of -17,5°C 
is circulated within the collector.  

The borehole field is connected to two reversible heat pumps (HP1 and CM2) which are both able to 
provide heating and cooling. These two heat pumps in turn provide energy to the district heating and 
district cooling grid that the hospital is connected to. For the heating, an electric boiler and two oil boilers 
can be used as back-up systems. For the cooling system, four chillers (CM3, CM4, CM5, CM6) are 
installed as back-ups. Excess heat from the cooling loop can be injected in the borehole field until a 
given temperature is reached and is otherwise possible to dissipate via dry coolers. A schematic 
overview of the energy system at the Kalnes energy central is presented in Figure 4 and Figure 5. 

The reversible heat pump HP1 always has priority on other systems and will operate in heating or 
cooling mode depending on which demand is highest [2]. In heating mode, HP1 controls the supply 
temperature of the district heating grid and uses the district cooling loop of the hospital as a heat source, 
or if needed, the borehole field. If this is still not sufficient and HP1 cannot cover the heating load alone, 
the electric boiler and oil boilers will start in a decided order and cover the additional load. Note that 
when HP1 is fully connected to the borehole field, the temperature in the district cooling grid is regulated 
by CM2. A side effect of this is that the surplus heat extracted by CM2 is also redirected towards the 
DH grid, which means CM2 contributes both to cooling and heating when it is in operation. The 
temperature setpoints for the district heating / cooling grid are outdoor temperature compensated. 

In cooling mode, HP1 tries to keep the supply temperature of the district cooling grid. When HP1 alone 
cannot manage this, CM2 will start followed by CM3, CM4, CM5 and CM6 if necessary. When both HP1 
and CM2 operate in cooling mode, the temperature delivered on the condenser side of the heat pumps 
may be higher than the current supply temperature setpoint for the DH grid as they both continue to 
provide heating as a side effect of their operation. Any surplus heat in this situation is directed towards 
the excess heat loop to be dissipated either i) to the boreholes or ii) to the dry coolers if the circulating 
fluid temperature in the borehole field is too high. When in cooling mode, the cooling circuit valves 
towards the borehole field are closed, meaning that the borehole field is not used to provide cooling [2], 
hence the borehole field is not used for free cooling.  
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Figure 3. Illustration of the ground source layout in a Cartesian coordinate system. 

 

 

Figure 4. Simplified schematic of system with Annex 52 systems boundaries included. Credit: 
Pictograms by TU Braunschweig IGS, used with permission within the course of IEA HPT Annex 52. 
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Figure 5. Simplified schematic of the system. 

 

Table 3. Summary of the ground source and sink. 

Ground source Vertical boreholes 
Loop type Closed loop 
Ground composition Granite 
Groundwater level [m] Ca. 13 m 
Annual mean air temperature (measured) 8.9 °C (in 2020) 
Undisturbed ground temperature [3] 8.1 °C 
Design ground thermal conductivity [3] 3.4 W/m.K (e.g., from TRT) 
Specific ground heat capacity - 
Minimum ground heat exchanger exiting fluid temperature (ExFTmin) -1.0 °C (in 2020) 
Maximum ground heat exchanger exiting fluid temperature (ExFTmax) 20 °C (in 2020; based on hourly average) 

 

Table 4. Summary of the ground heat exchanger – Boreholes. 

Number of boreholes 100 
Borehole length 250 m 
Total borehole length 25.000 m 
Average distance between boreholes 7 m 
Borehole geometric distribution Rectangular net, trapezial 
Borehole diameter 14 cm (5,5'') 
Borehole filling material Grout 
Borehole heat exchanger type Single U-tube Turbo type 
Design Effective thermal resistance per unit length No information 
Source side pipe characteristics PEM DN40 PN8 (40 mm/35.2 mm) 
Source side brine type Water-Ethanol 35% 
Average source side brine flow in operation Approximately 52 l/s (2016-2021) 
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Monitoring 

Table 5. Summary of the system monitoring. 

Measurement point Instrumentation Accuracy 
Source side circulation pump electricity use Nemo 96 HD+ [4] Active energy: Accuracy 

EN/IEC61557-12: cl.0.5 
Source side volume flow rate Metrima SVM F4 [5]/ Krohne 

UFM3030 flow meter [6] 
- 

Source side ground source exiting temperature SVM North Node Pt100 or Pt500 [7] According to IEC751 class B 
±0.15 %t ±0.02 °C Source side ground source return temperature 

Source side heat flow rate Metrima SVM F4 [5]/ Krohne 
UFM3030 flow meter [6] 

- 

Source side pressure drop - - 
Heat pump electricity use Schneider Electric 

Masterpact/Micrologic 5.0 [8] 
±1% 

Heat pump pressure drop - - 
Load side circulation pump electricity use Nemo 96 HD+ Active energy: Accuracy 

EN/IEC61557-12: cl.0.5 
Load side volume flow rate Metrima SVM F4 [5]/ Krohne 

UFM3030 flow meter [6] 
- 

Load side heat pump exiting temperature SVM North Node Pt100 or Pt500 According to IEC751 class B 
±0.15 %t ±0.02 °C Load side heat pump return temperature 

Load side pressure drop - - 
Supplementary heating electricity use Schneider Masterpact/Micrologic 5.0 ±1% 
Supplementary cooling electricity use - - 
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Performance metrics 

The way the measurement data is reported it is not possible to determine performance indicators for 
the heating operation or the cooling operation separately, but since the heat pumps provide heating 
and cooling simultaneously, a performance factor (PF) for the two machines is calculated by 

𝑃𝐹! =
𝑄" + 𝑄#
𝑊$%,!

 (1) 

where PFx is the performance factor for either HP1 or CM2, QH,x is the heating energy output and QC,x 
the cooling energy output from the HP1 or CM2 respectively, and WEl,x is the electricity use of the 
respective machine. 

For the boundary level 1, the PF is calculated by 

𝑃𝐹𝐻𝐶1! =
𝑄",! + 𝑄#,!
𝑊$%,!

 (2) 

For boundary level 4, the PF is calculated by  

𝑃𝐹𝐻𝐶4! =
𝑄","'( + 𝑄",#)* + 𝑄",+,%,-" + 𝑄#,"'( + 𝑄#,#)* + 𝑄#,#)!

𝐸./,,$%0-. + 𝐸./,,12%0-. + 𝐸./,,$%0"'( + 𝐸./,,$%0#)* + 𝐸./,,$%034!
 (3) 

 

where EUse,El is the electricity use of the electric back-up system (El-BU), the oil boiler back-up (Oil-BU), 
the HP1, the CM2 and the auxiliary devices such as circulation pumps (El-Aux). QH and QC are the 
heating and cooling energy output by the respective machines. CMx are the four back-up cooling 
systems. QH,Del,BH is the energy delivered to the boreholes. The electricity use of the circulation pump in 
the borehole field is not considered as this data is not available.  

 

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

Boundary description H1/C1 H4/C4 

Heat pump unit including internal energy use, 
excluding internal circulation pump 

X - 

Circulation pump on load-side (between buffer tank 
& building Heating/Cooling distribution system) 

- X 
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PERFORMANCE MONITORING RESULTS 

Building/grid heating and cooling loads 

This section presents data on the heating and cooling loads delivered by the DH and DC grid. The 
hospital was, up until autumn 2020, the only consumer connected to the two grids, and it is therefore 
assumed that the entirety of the delivered energy by both grids was solely used by the hospital until this 
date. An additional office building was connected to the DH and DC grid in autumn 2020 leading to 
higher overall heating and cooling demands which have to be covered by the DH and DC grids. 

The measurement data is provided by the operator of the DH and DC grid. Regarding the DH grid, the 
focus is on the total heat delivered, thus it is not distinguished between space heating and DHW 
demands. Similar for the DC grid, the main interest for the DC grid operator is the total/combined cooling 
energy and it is not distinguished between the energy use for process cooling and room cooling. 

 

Table 7. Overall load characteristics. 

Start of evaluation period January    
2016 

January 
2017 

January 
2018 

January 
2019 

January 2020 

End of evaluation period December 
2016 

December 
2017 

December 
2018 

December 
2019 

December 
2020 

Building space heating load met by system 
[MWhth] 

- - - - - 

DHW load met by system [MWhth] - - - - - 
Total heating load met by the system [MWhth] 9 682 9 349 8 897 8 174 7 287 
Building cooling load met by system [MWhth] - - - - - 
Total cooling load met by the system [MWhth] 5 299 4 909 5 772 4 552 4 785 
Thermal energy extracted from the ground 
[MWhth] 

81.72 819.78 1 814.19 1 780.91 1 361.36 

Thermal energy injected to the ground [MWhth] 143.57 544.98 754.41 618.74 1 595.63 
Thermal balance ratio (extracted/rejected) 0.57 1.50 2.40 2.88 0.85 

 

Figure 6 shows the energy signature curve for the DH and DC grids for the Kalnes energy central based 
on monthly average values for the period between January 2016 and December 2020. As the supply 
temperatures for both grids are outdoor temperature compensated, the trends are as expected, showing 
a decreasing heating demand and an increasing cooling demand for higher outdoor temperatures. Due 
to a constant need for process cooling, there is also a constant cooling demand at low outdoor 
temperatures and similarly, because of the year round need for DHW, there is also a constant need for 
heating regardless of outdoor temperatures. The base cooling load for process cooling is estimated to 
be in the range 300-400 MWh/month while the base heating load connected to domestic hot water 
appears to be between 250-300 MWh/month. The demand for space cooling increases at outdoor 
temperatures above 12°C.  
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Figure 6. Energy signature of the DH and DC grid for Kalnes energy central based on monthly 

average values from Jan 2016 to Dec 2020. 

Figure 7 shows the monthly heating and cooling loads delivered by both grids for the period January 
2016 to December 2020. This figure confirms the trend shown in Figure 6 about the constant need for 
cooling even during the winter months, and heating during summer months. The breaking point for 
which heating or cooling become dominant appears to be around 12°C. Above this temperature, there 
are higher cooling peaks due to space cooling demands and the cooling need is dominant. It is also 
interesting to note that the heating demand is much more sensitive to variations in the outdoor 
temperature, The additional need for space heating can lead to an increase of up to 500% compared 
when there is only need for domestic hot water.  

 
Figure 7. Monthly heating and cooling loads over the monitoring period. 

It can be seen from Figure 8 that the delivered energy for heating has decreased from 2016 to 2020, 
likely as a result of warmer temperatures in the winter. However, as can be seen in Figure 10, the 
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amount of energy extracted from the borehole field steadily increased until 2018. Since then, it has 
stabilized to be around 20% of the annual heating energy. The annual delivered cooling energy was 
relatively stable for each year since 2016 and the ratio of energy injected into the boreholes vs cooling 
energy was between 11-13% 2017, 2018 and 2019 and then rose to 33% in 2020 when a new strategy 
aiming to charge the boreholes during the summer months was deployed. 

 
Figure 8. Annual heating and cooling provided [MWh/year]. 
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Ground heat exchanger performance 

The borehole field is used to provide heating in case process cooling is not sufficient as a heat source. 
For a more detailed description of the operation strategy the reader is referred to the section on "The 
ground source system". 

Figure 9 shows the monthly average fluid temperatures (of the water/ethanol mixture) when entering 
and exiting the borehole field between January 2016 and December 2020. The temperature of the fluid 
entering the borehole field is higher than the exiting fluid temperature during months in which heat is 
injected into the field. The maximum difference between the monthly average of the entering and exiting 
fluid temperature is approximately 2.5 °C. One of the main challenges of operating the borehole field 
has been the excessive drop of the temperature during the winter months year after year. Each year 
the temperature in January, February and March fall below freezing for long periods, except in 2020 
which was an abnormally warm winter.   

 
Figure 9. Monthly average entering and exiting brine temperatures to the GHSP between January 

2016 and December 2020. 

Considering both Figure 9 and Figure 10, the maximum exiting fluid temperature (12.2 °C in August 
2018; monthly average) occurs at the end of the summer season after heat has been injected into the 
borehole field for several months. The equilibrium between the amounts of heat injected and extracted 
was first met in 2020, five years after the beginning of the operation of the ground source heat pump. 
Until then, a disproportionally larger amount of heat was extracted as opposed to injected.  
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Figure 10. Annual ground heat exchange from 2016 to 2020. 

Figure 11 presents the monthly ground heat exchange between January 2016 and December 2020. 
More heat was injected into the borehole field during 2020. From the operational data it is found that 
the amount of excess heat is rather similar for all 5 years, but that only a limited amount of heat was 
injected into the boreholes until the end of 2019. Before January 2020 most heat was rejected via the 
dry coolers in order not to charge the boreholes too much. It was part of the operation strategy of Østfold 
Energi before 2020 to charge and discharge different sections of the borehole field, so that only two of 
the three sections were used for heating, whereas the remaining section was used as a reserve for 
cooling. This strategy was abandoned in January 2020 and all three sections of the borehole field have 
since been charged and discharged simultaneously, as the system operator did not see any clear 
advantage to charging the borehole field in sections. Additionally, Østfold Energi adopted a strategy 
aiming to increase the charging of the boreholes from June to September, hence the drastic increase 
in energy injected and the goal to use the system as a borehole thermal energy storage (BTES). It will 
be possible to evaluate the validity of this strategy when data for the winter months of 2021 are available 
to see whether heat could be stored over a longer time and whether the borehole field could be used 
as a BTES so that the temperatures would not fall as rapidly as in previous years.  
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Figure 11. Monthly ground heat exchange (extraction and injection) from 2016 to 2020.  
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Heat pump performance 

Both heat pumps, HP1 and CM2 can provide heating and cooling simultaneously depending on the 
operation mode and the temperatures in the system. The general operational logic is outlined in the 
section on "The ground source system". The way the measurement data is reported does not allow the 
determination of separate performance indicators for the heating operation or the cooling operation. 
However, since the heat pumps provide heating and cooling simultaneously, a performance factor for 
the heat pumps is calculated as shown in equation 2. The equation was introduced in the previous 
section on "Performance metrics". 

For the boundary level 1, the PFHC1 is calculated as: 

𝑃𝐹𝐻𝐶1! =
𝑄",! + 𝑄#,!
𝑊$%,!

 (2) 

 
Figure 12. Monthly performance factor M-PFHC1 for HP1 and CM2. 

In general, the PFHC1 is higher for HP1 compared to CM2, and more stable. The performance factor 
of CM2 is more cyclical with higher PFs during the winter months and high peaks mostly occurring in 
shoulder season. From the monitoring data in Figure 12, it can be seen that CM2 has a higher 
performance factor in the winter compared to summer. This is due to the fact that CM2 provides most 
of the cooling when the heating demand is dominant (covered by HP1). HP1 modulates to keep the 
supply temperature of the district heating grid using the borehole field as a heat source, while at the 
same time, CM2 keeps the supply temperature of the district cooling grid leading to rather long operation 
periods during winter. CM2 also contributes to heating as a bi-product of the cooling operation. During 
summer, the PFs for CM2 are low as it only covers a small part of the cooling demand due to the fact 
that HP1 is working in cooling mode most of the time. The most noticeable peaks of the PFs for CM2 
occur in April 2016, October 2018, September and October 2019, and in April 2020. It found that the 
electricity use of CM2 is much lower during these months compared to other months, which has a direct 
effect for the calculation of the PF according to equation (2). Some of the practical reasons are 
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discontinuous measurements of the electricity use due to disconnection of the electricity meter due 
because of renovations and/or maintenance. The seasonal performance factors for HP1 and CM2 are 
shown in Figure 13, indicating that the performance factor of CM2 has increased over time while HP1's 
has been stable. However, the combined PF has also been rather stable and is mostly influenced by 
HP1 as HP1 provides about eight times more of the total heating and cooling compared to CM2. 

 
Figure 13. Seasonal performance factor for HP1, CM2 and both systems combined for system  

boundary 1 (combined is the weighted average of the PF based on total energy use and total energy 
output by each system). 
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Overall system performance 

The overall performance factors for boundary level 4, PFHC4, is calculated by  

𝑃𝐹𝐻𝐶4! =
𝑄","'( + 𝑄",#)* + 𝑄",+,%,-" + 𝑄#,"'( + 𝑄#,#)* + 𝑄#,#)!

𝐸./,,$%0-. + 𝐸./,,12%0-. + 𝐸./,,$%0"'( + 𝐸./,,$%0#)* + 𝐸./,,$%034!
 (3) 

The monthly performance factor, M-PFHC4, is presented in Figure 14. The performance factor has a 
seasonal variation where it is highest in the summer and lowest in the winter. The main reason for this 
trend is the increased use of the less efficient back-up systems for heating. Here, it is also evident that 
stating the boundary conditions and the way the PFs are calculated is of outmost importance for a fair 
comparison of systems. 

 
Figure 14. Monthly performance factor PFHC4. 

 

Table 8. Provided heating and cooling and used electricity (*CM2 is here assumed to be auxiliary 
heating, together with electric boiler and 2 oil boilers; **CM2 here assumed to be auxiliary cooling 
together with 4 other cooling machines; ***only considering the electric boiler). 

Start of evaluation period January    
2016 

January 
2017 

January 
2018 

January 
2019 

January 
2020 

End of evaluation period December 
2016 

December 
2017 

December 
2018 

December 
2019 

December 
2020 

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

81.72 819.78 1814.19 1780.91 1361.36 

Heat output from the heat pump [MWh] 8873 8997 8178 8398 8012 
Heat output from supplementary heating 
between boundary 4 & 5 [MWh]* 

2267 1606 2516 1478 1512 

Cooling output from the ground source 
[MWh] 

144 545 1814 619 1596 

Active cooling provided from the compressor 
[MWh] 

4661 5663 5338 6160 6108 

Cooling output from supplementary cooling 
between boundary 4 & 5 [MWh]** 

944 825 2045 1009 1044 

Electricity used by the supplementary 
heating btw boundary 4 & 5 [MWh]*** 

1022 571 1205 857 1221 
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Although the performance factors of HP1 and CM2 are satisfactory, both machines cover a smaller 
percentage than expected of the total heating and cooling load of the hospital. A key reason can be the 
fact that the building energy demand used to dimension the energy system was underestimated. For 
instance, in between the fall of 2016 and summer 2017, the actual heating and cooling demand were 
25% and 22% higher than projected, respectively. The energy system was able to deliver more energy 
than planned but this may have also been what depleted the borehole field much more than expected 
and led to below-freezing temperatures for long time periods. For example, in the winter of 2017, 50% 
of the heat delivered by HP1 came from the borehole field and as a result, the temperature in the 
boreholes was below 0°C for 46% of the time [9]. This was also the case in the winter of 2018, 2019 
and 2020 and is undesirable as it creates a risk for frost damage and reduces the performance of HP1. 
One of the proposed solutions to reverse this was to increase the amount of heat injected into the 
boreholes during the summer months, a measure carried out in 2020 and the results of which will be 
possible to evaluate in 2021.   

 

Table 9. Performance factors over the monitoring period. 

Start of evaluation period January    
2016 

January 
2017 

January 
2018 

January 
2019 

January 
2020 

End of evaluation period December 
2016 

December 
2017 

December 
2018 

December 
2019 

December 
2020 

SPF1 4.3 4.7 4.4 4.7 4.8 
SPF4 3.4 3.5 3.0 3.7 3.9 
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LESSONS LEARNT 

- Heat pumps are particularly suitable when both heating and cooling demand are occurring. 

- Well-suited for exploitation of low-temperature industrial waste heat. 

- Follow service intervals and ask for 5-year warranty. 

 

Design lessons learnt 

- Be thorough when investigating the quality of the waste heat. 

- Consider the impact of underestimating energy demand through scenario analysis and improve 
energy demand estimates using other data sources or experience from previous projects. 

- Use some extra budget for the heat pump control [1]. 

- Set up a good warning system to spot operation faults early [1]. 

 

Circulating pumps and operating faults 

- Varying experience with two smaller machines in another plant (Grålum), which can be relevant for 
other project and are therefore stated here: 

o Leakage between water/glycol-loop and the refrigerant loop à substitution of a 6-year-old 
machine. 

o Challenges with the control of the system due to malfunctioning sensors. 

 

Improvement measures 

A research study from 2017 on the data from the Kalnes energy central [9] suggested lowering the 
temperature of the district heating grid to below 60°C and using an additional heating system for the 
production of domestic hot water. This was proposed due to the fact that the too high temperatures in 
the loop make it impossible for CM2 to release heat to the heating loop. Thus, another measure for 
improvement can be the pre-heating of the return flow from the DH grid via the heat exchanger towards 
CM2 before passing through HP1 again (see Figure 5).  

 

- The system operator started charging the boreholes to use them as a BTES starting in the fall in 
2020, which improved the balance of energy injected/extracted  
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- The temperature of the outbound fluid in the borehole field falls below zero for long periods of time 
in the winter months which is undesirable. Changes in both the charging and discharging of the 
BTES are investigated to try to remedy to this issue.  

 

Future work 

- Investigating the benefit of making use of the sectioning of the system as a BTES for  
(dis-)charging 

- Adjusting temperature set points in the system to maximize the use of the BTES. Currently the 
temperature setpoint to avoid overheating the circulating fluid in the BTES is estimated to be 
slightly too low and it may be possible to inject more heat in the ground. 

 

REFERENCES 

[1] E. Erstad, “Varmepumper i tre fjernvarmeanlegg i Sarpsborg,” in Varmepumpedagene 2018, 
2018. 

[2] COWI and Goodtech, “Kalnes energisentral - Østfold Energi Funksjonsbeskrivelse,” 2021. 

[3] Futurum Energi AS, “Termisk responstest Forprosjektering av geoenergianlegg,” Asker, 2011. 

[4] IME, “Nemo 96 HD,” 2018. 

[5] Metrima AB, “Metrima SVM F4 Calculator,” 2000. 

[6] Krohne, “UFM 3030 ultrasonic flowmeter,” 2005. 

[7] SVM North Node, “Temperature sensor data sheet.” 

[8] Schneider Electric, “Produktdatablad Masterpact/Micrologic 5.0,” 2021. 

[9] K. Ebnes and E. Hagen, “Driftsvurdering av Kalnes energisentral - Operational assessment of 
Kalnes energisentral,” NMBU, 2017. 

 

Project data access 

Østfold Energi AS owns the measurement data and has to be contacted to request access. 


