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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 Ground Source
Heat Pump (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 from this project, Norrlands Universitetssjukhus, was collected from the energy management
system from December 2016 to December 2021. Also, ClimaCheck data is available to the project.

The analysis was performed by Tommy Walfridson with help from Martin Larsson at RISE AB.
The work that has led to this report has been funded by Energimyndigheten through the Termo funding.



Summary

The GSHP system in this report consists of three heat pumps with at total of eight scroll compressors
and two reciprocal compressors. The heat pumps are heating and cooling the Norrlands
Universitetssjukhus a regional hospital in Umea in the north of Sweden. The total installed heating
capacity is 1.2 MW.

The heat pump system is supplementing the previous heating system, the district heating, it is not
replacing it. The system is intended to fulfill as much of the cooling need in the hospital as possible at
the same time producing heating and domestic hot water (DHW) to the building. This means that the
system doesn’t necessarily operates at full capacity when the heating demand is high, which is unusual
for a GSHP system in Sweden. In the summertime the system is dumping the heat from the buildings
cooling system to the Borehole Thermal Energy Storage (BTES), and regularly is doing it by running
the compressors and dumping the condenser heat.

The KVP3 heat pump is producing Domestic Hot Water (DHW) or boosting the temperature to the
heating system. It is coupled in series with the main heat pumps (KVP1 and KVP2), meaning it uses
the energy in their subcoolers as its heat source. Without the at least one compressor of the main heat
running the KVP3 heat pump can not operate.

There are two large BTES with 125 boreholes that are 200 m deep under one of the parking lots outside
the hospital. The total borehole length of about 28 km, 12km in BTES A and 16km in BTES B.

As both sides of the heat pumps are usually used for heating or cooling production the overall
performance is high.

With the ClimaCheck measurement system, measuring within each refrigerant circuit, it was discovered
that there were problems in the control system of them. This has been communicated to the responsible
company.
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BACKGROUND

The Norrlands Universitetssjukhus (NUS)
Hospital

The Norrlands Universitetssjukhus (NUS), [translated to English: Norrland University Hospital] is the
largest hospital in the Swedish northern hospital region, serving half of the area of Sweden with just
900.000 people living there (less than a tenth of the population of Sweden).

The hospital was founded in 1907 and has grown massively since then, especially from the 1940’s until
the 1990’s. It has its own national train station just outside, the Umea 6stra station, placed just 2 km
southeast of the Umea central station.

The climate in Sweden is subarctic, bordering on a humid continental climate, despite its northern
location, thanks to the Gulf Stream forcing energy from the equator. As Umea is situated directly onto
the Baltic Sea it is not as cold as the inland Norrland, especially before the ice has formed each winter.

Thanks to the cold climate of Umea the general cooling need is much lower than in many other parts of
Sweden and Europe. The cooling need of a hospital is not necessarily dependent of the ambient
temperature and the NUS hospital has a significant cooling demand, the heat pump system supplies
about 4 GWh/annum (3.7-4.3 GWh/annum, 2018 excluded). The warm summer of 2018 the heat pump
system supplied 5.1 GWh. The heat pump system is suppling between 5.1 to 6.2 GWh of heat per
annum. The hospital is mainly heated by district heating system, but the GSHP system produces heat
to the heating system and is somewhat preheating the DHW when it is producing cooling. The strategy
of the GSHP system is to produce cooling, for the baseload of the hospital. When no heating need is
present free cooling from the BTES is used, but quite a few hours with dumping condenser heat into
the BTES was also seen in the analysis.

RRE R :
Figure 1.The main entrance of the NUS hospital (left) and the parking lot above the BTES
(right) with the small green brine pump building to the left. Photos Tommy Walfridson.



Figure 2 The NUS hospital, Umea, Sweden. Picture Koyos, Creative Commons

Table 1. Summary of the building features

®

Location

Year of building construction

Ground source system operation start date
Building Type

Building floor area (net, gross)

Analysed monitoring start date

Analysed monitoring period

Unique features of the system

2 km southeast of Umea city center, Umed, Sweden
1907-present

2016

Hospital buildings

530.000 m?

2017-01-01

2022-03-31

One heat pump substation simultaneously producing
both cooling and heating. Managed to optimize cost for
the hospital.

Table 2. Summary of the system configuration

Heat distribution

Cooling distribution

Domestic hot water (DHW) production by system
Supplementary heat for space heating

Supplementary heat for DHW

Supplementary cooling

Nominal capacity of supplementary heating for space heating

Nominal capacity of supplementary heating for DHW

Nominal capacity of supplementary cooling

To large building system to fully control for the author.
But radiators and ventilation heaters should be the
core components in the heating system.

Ventilation coolers and cooling baffles

GSHP system, but mainly District heating

District heating

District heating

Chiller

Enough to heat the buildings, it was the only system
before the installation of heat pumps

Enough to heat the DHW, it was the only system
before the installation of heat pumps

Unknown

Heating load 5.1-6.2 GWh/year from the heat pump system
Cooling load 3.7-4.3 (5.1) MWh/year from the heat pump system
DHW 0.32-0.65 GWh/year from the heat pump system
Heat pump type Brine-to-water

Reversible No

Compressor type 8 scroll compressors and 2 reciprocal compressors
Speeds Only on/off

Heat pump system

Number of heat pumps

Nominal total heat pump heating capacity

Nominal total heat pump heating capacity available for DHW
Nominal total heat pump cooling capacity [kWin]

Refrigerant

Centralized

3

1400 kWin

None

None

R134a and R410a




The ground source system

A closed loop Borehole Thermal Energy Storage (BTES) is used as the ground source in the NUS
hospital site. The 125 boreholes are placed under a parking lot outside the hospital, the boreholes being
200 m or 250 m deep means the total length is 28 km (28.150 m).
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Figure 3 Simplified schematic of the NUS 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 NUS 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. The GSHP system

Table 3. Summary of the ground source and sink

®

Ground source

Loop type

Ground composition

Groundwater level [m]

Annual mean air temperature (measured)

Undisturbed ground temperature

Minimum ground heat exchanger exiting fluid temperature (ExFTmin)
Maximum ground heat exchanger exiting fluid temperature (ExFTmax)

Borehole Thermal Energy Storage (BTES)

Closed loop

Tonalite- granodiorite

2m

4.0°C (according to SMHI 2020, increasing each
year)

4.0°C

1.3°C on both BTES
13°C from BTES A and 20°C from BTES B




ANEX D2

Table 4. Summary of the ground heat exchanger — Groundwater

Number of boreholes 125
Borehole length 200 m (62 boreholes) and 250 m (63 boreholes)
Total borehole length 28150 m
Average distance between boreholes 7 m (4-13m)
Borehole geometric distribution Rectangular net
Borehole diameter 125 mm
Borehole filling material Groundwater
Borehole heat exchanger type Single U-tube, turbo collector
Design Effective thermal resistance per unit length X Km/W
Source side pipe characteristics PEM DN40 PN8 (40 mm/35.2 mm)
Source side brine type Water-Ethanol 28%
Average source side brine flow in operation unknown
i :
o vy f“"f‘},ﬁf’
; ™ = ¥ ‘ 8 an
‘ s e =) T o L
3 ] g
= L 4
= 0L "I N |
3 : 3 : 1
{ = | 31
" » ) e s Botes grind
A rveerstatsalb i Ew :
4 O 31
8§ 1
| = ww—‘m—u\. g
T §S i ? ;

0

LaBasIepny

Kieavigen
.

Figure 7 The Norrlands Universtitetssjukhus and the BTES (Vasterbottens Lans Landsting,
Creative Commons)



ANEX D2

Monitoring

The hospital building was measured with ClimaCheck and energy meters from December 2016 until
March 2022. The ClimaCheck dataset was not easily usable as there were errors in the refrigerant
circuit causing many data points to be unusable. The ClimaCheck data was thus not used, but still gave

important information to the manufacturer.

Table 5. Summary of the system monitoring

Measurement point

Instrumentation Accuracy

Source side circulation pump electricity use
Source side energy/flow rate/temperature difference

Source side ground source exiting temperature
Source side ground source return temperature
Source side pressure drop

Heat pump electricity use

Heat pump pressure drop

Load side circulation pump electricity use

Load side energy/flow rate/temperature difference

Load side heat pump exiting temperature
Load side heat pump return temperature
Load side pressure drop

Supplementary heating electricity use
Supplementary cooling electricity use

Unknown

2Flow DEM-DN150-S-A-31-N-A
ClimaCheck

ClimaCheck

ClimaCheck

No data

ClimaCheck

No data

Unknown

2Flow DEM-DN80-C-A-31-N-A-1
2Flow DEM-DN125-C-A-31-N-A
ClimaCheck

ClimaCheck

ClimaCheck

No data

No data

No data
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Performance metrics

©

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

Boundary description

HPT Annex 52 Boundary levels

HO/CO H4/C4
Ground Source (circulation pumps+ ground source) X X
Heat pump unit including internal energy use, excluding internal circulation pump X
Buffer tank (including circulation pumps between heat pump and buffer tank) X
Circulation pump on load-side (between buffer tank & building Heating/Cooling
X

distribution system)

Equivalent in the SEPEMO boundary schema

10



PERFORMANCE MONITORING RESULTS

Building heating and cooling loads

The NUS hospital has high heating demand as it was built during many years of low costs of energy.
The cooling demand is also high as a hospital needs cooling to many functions. In Figure 8 below the
fish shape in the diagram means that the heat pumps are not operated at full capacity during winter.
The control strategy is to produce heating and cooling simultaneously and as the cooling demand
decreases during winter the GSHP system reduces the heat produced as well. The BTES temperature
balance seems positive, meaning more heat (from cooling) is injected into the BTES than being
extracted. This means, if true, that more heat could be produced with the BTES as the alone source in
the winter. As Umea is situated in the electricity bidding area (SE2) this could still be economically
viable as SE2 still has low prices.

Table 1 Overall load characteristics

®

Start of evaluation period 2017-01-12 2018-01-01 2019-01-01 2020-01-01 2021-01-01
End of evaluation period 2017-12-31 2018-12-31 2019-12-31 2020-12-31 2021-12-31
Building space heating load met by system [MWhi] 5700 4700 4900 5200 4400
Building cooling load met by system [MWh] 4200 5100 4300 3800 3700
DHW load met by system [MWht] 490 310 320 630 650
Thermal energy extracted from the ground [MWhi] 690 860 1300 2000 1500
Thermal energy injected to the ground [MWh] 1400 2100 1600 1300 710
Thermal balance ratio (extracted/injected) 0.50 0.40 0.78 1.6 21
Heating load (incl. DHW) met by ground source (%) unknown unknown unknown unknown unknown
Cooling load met by ground source (%) unknown unknown unknown unknown unknown

The outdoor ambient (ODA) temperature seems to have an offset. It might be subject to sunlight or wall
temperatures, especially at low and high temperatures, see Figure 8 below.
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« Total cooling - Total cooling
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Figure 8 Measured building energy signature for the entire measurement period (each point is
one day). Left with outdoor sensor of the system, right with the SMHI weather station data

2.8 km away. Note the significantly lower temperature extremes of the SMHI data. Likely the
system sensor is subject to sun light and/or in too close contact to the building or has an
offset error.

The building energy signatures for each year is seen in Figure 9 to Figure 13 below. There are
significant differences between years. 2018 was an exceptional warm summer, especially in south of
Sweden, but Umea was also affected. 2020 was the warmest year since 1860’s when SMHI started
the national wide temperature measurements, in Umea this is especially seen by the exceptionally
warm winter.
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Figure 9 Measured building energy signature for 2017 with SMHI ODA temperature data (each

point is one day). Left temperature anomaly for 2017 compared to the reference period 1961-
1990 [2]
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Figure 10 Measured building energy signature for 2018 with SMHI ODA temperature data (each

point is one day). Left temperature anomaly for 2018 compared to the reference period 1961-
1990 [2]
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Figure 11 Measured building energy signature for 2019 with SMHI ODA temperature data (each

point is one day). Left temperature anomaly for 2019 compared to the reference period 1961-
1990 [2]

12




4 Total heating

* Total cooling

800

600

400

200

£
£
H
=3
=
s
B
P
&
g
H
H
]
°
2
K]
0
S
g
°
2
s
w
&
®
3
T

-25 -20

ODA temperature [°C]

Figure 12 Measured building energy signature for 2020 with SMHI ODA temperature data (each

point is one day). Left temperature anomaly for 2020 compared to the reference period 1961-
1990 [2]
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Figure 13 Measured building energy signature for 2021 with SMHI ODA temperature data (each
point is one day). Left temperature anomaly for 2021 compared to the reference period 1991-
2020 [2]. Note that the reference period 1991-2020 is more than 1°C warmer than the reference
period 1961-1990, see Figure 14 below.

19611990 1971-2000 19812010 1991.2020

Figure 14 Annual average temperatures [3] in Sweden for different reference periods. The
temperature of Umea (red dot) has increased more than 1°C in 30 years!

In Figure 15, Figure 16 and Figure 17 the monthly total heating (incl DHW), the total preheating of
DHW and total cooling are shown. The very warm July of 2018 clearly stands out from Figure 17!
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Figure 15 Total monthly heating delivered from the GSHP system including preheating of

DHW.
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Figure 16 Total monthly preheating of DHW delivered from the GSHP. Note the scale is 1/10 of
Figure 15 and Figure 17
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Figure 17 Total monthly cooling delivered from the GSHP system.

The summer of 2018, especially July is seen as a spike with almost double cooling produced
compared to the normal Julys of 2019 and 2020. See Figure 18 below for details on the temperatures
in July. The high cooling production of July 2017 is likely due to control optimization the first year.
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Figure 18 Average temperature anomaly in Sweden [2] in July the years in the study. 2017,
2018, 2019, 2020 and 2021 from left to right.

Ground heat exchanger performance

The GSHP system has two BTESs, BTES A and BTES B. BTES A is the preferred sink for free cooling
and dumping condenser heat, meaning heat is injected mostly into that BTES during the short Umea
summer. The total extracted and injected heat from and into the two BTESs is seen in the combined
diagram of Figure 19 below.
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Figure 19 Heat balance over the two BTESs, BTES A and BTES B. Top part of the combined
diagram shows heat injected into the two BTESs (A+B) and bottom diagram shows heat
extracted from the two BTESs each month of the entire measurement period.
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While the heat balance of each BTES, BTES A and BTES B, is seen in Figure 20 and Figure 21 below.
It is a clear difference in heat injection, BTES A receives much more heat in the summer than BTES B.
In 2021 it was a clear change, meaning BTES A was hardly used at all. It is not clear if this is an error
in measurements or if the control strategy has changed.
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Figure 20 Heat balance over BTES A. Top part of the combined diagram shows heat injected
into BTES and bottom diagram shows heat extracted from the BTES each month of the entire
measurement period.

500
-2017 =2018 =2019

4
0, 2020 ®=2021 w2022

400

350

300

250

200 & %
154

Heat injected into the BTES [MWh]

] 103 &
1. ' 2
_ - 5
uf #,  ® 2 g
14 32 - - 4 LI . P 2 et |
i i ! i - R
3 v 2 i e
-50 » 4 » &
5
s n 05 -
100 - l
136 < 18 s
s !

Heat extracted from the BTES [MWh]

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 21 Heat balance over BTES B. Top part of the combined diagram shows heat injected
into BTES and bottom diagram shows heat extracted from the BTES each month of the entire
measurement period.

BTES A seems to always be used when condenser heat is dumped into the ground, as it has several
hours each year with high or very high temperatures (for northern Swedish circumstances), see
Figure 22, Figure 23, Figure 24, Figure 25 and Figure 26 below.
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Figure 22 Entering fluid temperature from the BTES A (left) and BTES B (right) in 2017.
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Figure 23 Entering fluid temperature from the BTES A (left) and BTES B (right) in 2018.
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Figure 24 Entering fluid temperature from the BTES A (left) and BTES B (right) in 2019.
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Figure 25 Entering fluid temperature from the BTES A (left) and BTES B (right) in 2020.
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Figure 26 Entering fluid temperature from the BTES A (left) and BTES B (right) in 2021.

Looking at total heat injected and extracted into BTES A, see Figure 27 below, it is clear that more
heat is injected than being extracted. The difference is about 20% (year 2022 excluded), meaning the
BTES is getting warmer each year, see Figure 29 below
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Figure 27 Annual ground heat exchange for BTES A, 2022 data including March.

BTES B has better heat balance, see Figure 28 below, but still around 6% more heat is being injected
than extracted (year 2022 excluded). This is also seen in Figure 29 below.
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Figure 28 Annual ground heat exchange for BTES B, 2022 data including March.
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BTES outlet temperature [°C]
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Figure 29 BTES A and BTES B outlet temperatures with trend (linear) from 2017 to 2022. BTES
A, having 20% more heat injected than extracted, is showing a higher temperature increase.

As flows from the BTESs are not equally high all year around the temperatures of Figure 29 above
might not be fully comparable, but the trend is most likely correct.

Monthly performance factor on system boundary 0 has been calculated. This represent all heat being
injected or extracted into the two BTESs divided by the pump energy used. The pump energy is just
for circulating the brine in the BTES, meaning no pump energy for the evaporators or the cooling
system is included. See Figure 30 below.
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Figure 30 Monthly performance factor on system boundary 0. December 2020 and January
2021 are likely not correct.

A likely measurement error or a control error was found when analysing the dumped energy from the
condenser at cooling production only.

19



700
600
- w2017 w2018 w2019 " -
= 5
2 42020 m2021 = 2022 51
= 500 i
) )
S 400
©°
<
S
= 300
2
§ zm 165
ES 1248
g 100
: i II 1
p= Fil
< o g "ll Ii I 0l
Jan Feb Mar Oct Nov Dec

Figure 31 Monthly dumped heat from the condenser to the brine system.

This could, if correct, never exceed the heat injected into the two BTESS, as that is the only (correct)
way of taking care of the energy. Several months in 2020 and 2021 more energy was dumped
according to its energy meter compared to the energy being injected into the two BTESSs, see Figure
32 below. The reason is not found.
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Figure 32 Monthly dumped heat from the condenser as share of injected heat into the two
BTESs.

At active cooling during summer, when no or very little heat is needed, heat is dumped into BTES A.
In parallel BTES B is used for direct passive cooling with help from the evaporators of the first and
second heat pump. This means that the first 2-4°C of cooling is done in the BTES and the rest is
cooled by the evaporators.
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Heat pump performance

The heat pump system has high heating performance factors, see Figure 33, below. The performance
factors are decreasing, or at least seems to be decreasing over time. The reason is unknown. The heat
source is at high temperatures thanks to more heat being injected (from cooling of the hospital) into the
BTESs than being extracted, see previous chapter. The heating side is at stable temperatures from
year to year or even slightly decreasing, see Figure 34, Figure 35 and Figure 36 below. The system is
complex, and it is difficult to draw conclusions. One reason for lower performance, but likely not the
only one, is the use of active cooling during summer, meaning the heat is dumped into the BTES
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Figure 33 Monthly heating and cooling performance factors for system boundary 4 in
chronological order.

The supply temperatures of each part of the GSHP system varies. The first heat pump (KVP1 with four
compressors) has the lowest temperatures, see Figure 34 below, as it is first in line to heat.
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Figure 34 Monthly average supply temperature from the first heat pump in the GSHP system
(KVP1).

39.7
7 156

s

Supply tempeature [°C]

w
w

21



ANEX D2

The second heat pump (KVP2 also with four compressors) is placed in series with the first heat pump
(KVP1) on the condenser side and thus has higher supply temperatures, see Figure 35 below.
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Figure 35 Monthly average supply temperature from the second heat pump in the GSHP
system (KVP2).
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The third heat pump (KVP3 with two compressors) uses the first and second heat pumps subcooling
as its only heat source (to heat the evaporator) and one of its compressors is dedicated to heat the
hospital, while the other compressor could be used to heat DHW as well as the hospital. The first
compressors supply temperatures are quite high, see Figure 36 below.
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Figure 36 Monthly average supply temperature from the third heat pump in the GSHP systems
first compressor (KVP3).
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All compressor and pump electricity use are allocated according to the delivered heat and cooling on
hourly bases, meaning that at each hour the performance factor of both heating and cooling will be
equal. On monthly bases the performance factor will vary as heating and cooling supplied varies each
hour. Combined performance factor is seen in Figure 37, while Figure 38 shows performance factor
for heating and Figure 39 shows performance factor for cooling, all in system boundary 4. The reason
to allocate all compressor and pump equally is that the system aims to make as much cooling as

possible, still producing heating to the hospital building complex. Heating is in symbiosis with cooling
basically.
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Figure 37 Monthly heating and cooling performance factors for system boundary 4.
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Figure 38 Monthly heating performance factors for system boundary 4.
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Figure 39 Monthly cooling performance factors for system boundary 4.
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Table 8. Provided heating and cooling and used electricity

Start of evaluation period 2017-01-12 2018-01-01 2019-01-01 2020-01-01 2021-01-01
End of evaluation period 2017-12-31 2018-12-31 2019-12-31 2020-12-31 2021-12-31
Heat output from the ground source, used by heat pump for heating [MWh] 690 860 1300 2000 1500
Heat output from the heat pump [MWh] 5700 4700 4900 5200 4400
DHW output from the heat pump [MWh] 490 310 320 630 654
Heat output from supplementary heating [MWh] unknown unknown unknown unknown unknown
Cooling output from the ground source [MWh] 1400 2100 1600 1300 710
Active cooling provided from the compressor [MWh] unknown unknown unknown unknown unknown
Total cooling supplied from the GSHP system [MWh] 4200 5100 4300 3800 3700
Cooling output from supplementary cooling [kWh] unknown unknown unknown unknown unknown
Total electricity used by all pump in the system [MWh] 190 190 180 210 160

- allocated to the cooling side [MWh] 80 100 88 93 75

- allocated to the heating side [MWh] 110 85 93 120 88
Total electricity used by the GSHP system, including internal circulation 156

pumps [MWh]

- allocated to the cooling side [MWh] 736 844 772 761 724

- allocated to the heating side [MWh] 1238 948 1030 1321 1084
Electricity used by the supplementary heating [MWh] none none none none none
Electricity used by load side circulation pump between heat pump and unknown unknown unknown unknown unknown

distribution system in heating mode [MWh]

Electricity used for load side building heat distribution [MWh] unknown unknown unknown unknown unknown
Electricity used by source side circulation pumps [MWh] 33 51 52 54 27
Electricity used for load side building cooling distribution [MWh] unknown unknown unknown unknown unknown

Table 9. Performance factors over the monitoring period

Start of evaluation period 2017-01-12 2018-01-01 2019-01-01 2020-01-01 2021-01-01
End of evaluation period 2017-12-31 2018-12-31 2019-12-31 2020-12-31 2021-12-31
PFO 110 110 110 150 140
PFHC4 5.1 5.7 5.3 4.6 4.9
PFH4 5.0 5.3 5.1 4.4 4.7
PFC4 5.7 6.0 5.5 5.0 5.2

Table 7. Additional performance indicators

Start of evaluation period 2017-01-12 2018-01-01 2019-01-01 2020-01-01 2021-01-01 2017-01-12
End of evaluation period 2017-12-31 2018-12-31 2019-12-31 2020-12-31 2021-12-31 2017-12-31
Heating mode ratio of source side pumping 1.8% 3.1% 3.1% 2.9% data missing data missing

electricity to Main heat pump electricity [%]

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

Ratio of supplementary heater electricity to none none none none none none
Main heat pump electricity [%]

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

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

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

The system is complex with different modes of operation and is thus difficult to fully understand. One
example is that the reason for the seen decrease of performance over the measurement period is not
found. A thorough analysis with ClimaCheck could possibly find the reason, but there was no time to
do that in the project. Main analysis was done using the energy meters as problems in the refrigeration
circuits made it difficult to use ClimaCheck in analysing performance.

The manufacturer and company controlling the NUS site has a very informative web based control
center with possibility to export any kind of detailed data from the GSHP system. It has helped the
analyse greatly.

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 Bergloéf (CTO) and
Jakob Manberg, has been a great help to RISE in this and other projects.

Improvement measures

The heat pump systems will need tuning by the manufacturer in order to keep the compressors in good
shape.

Future work

No further work planned.
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