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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 1st2018to  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
mea surements. 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 instru mentation and GSHP system components, and developers of tools for monitoring,
controlling and fault detection/ diagnosis. This will lead to energy and cost savings

This case study has been carried out by Jonas Ekestubbe at E.ON EnergilSsningar AB.
Jonas E kestubbe at E.ON EnergilSsningar AB has provided the measurement data and
information about the monitored building.

The work that has led to this report has been funded by the Swedish Energy Agency
(TERMO research program Grant 45979 -1).



Summary

This report covers a multi  -year case study on performance measurements of the ground

source heat pump (GSHP) system at the office building , Kv Traktorn in Lund, Sweden.

Kv Traktorn isa 12 000 m 2 office building in two parts, one two -story part that was bu ilt
in the 1960s and one five  -story part that was built in the 1980s. Space heating and hot
water used to be provided by district heating by are now provided by a ground source

heat pump (GSHP) system consisting of four 80 kW off -the -shelf water -to-water h eat
pumps connected to 44 boreholes in sedimentary bedrock, drilled to a depth of 120 m
along with the district heating system which is used for supple mentary heating and

redundancy. Cooling is provided primarily from the boreholes and supplementary coolin g

is provided by the three heat pumps. The GSHP system was completed in 201 7 which
means that approximately two years of measurement data has been analysed in the

case study. The system provides about 2/3 the amount of space heating than anticipated

from t he design. This is mainly due to the fact that the building still has empty premises.

The system provides the amount of cooling very consistent with the design values.
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BACKGROUND

The building

The Kv Traktorn is located in Lund , Sweden (Figure 1). The 12 0 00 m 2 office building
building has two part, one two  -story part that was built in the 1960s and one five - story
part that was built in the 1980s

The climate in  Lund is characterized by a humid continental climate, with average
temperatures of around 13iC in the winter and +20jC in the summer. The building has a
demand for space heating, cooling and domestic tap water . Heat distribution inside the
building is provided mainly by ventilation but in some parts of the building also by
radiators. Existing district heating system is used as a uxiliary heating.
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Figure 1. Photo and | ocation of Kv Traktorn in Lund, Sweden
Photo : Jonas Ekestubbe

Table 1. Summary of the building features

©

Location Lund, Sweden

Year of building construction 1960s and 1980s

Ground source system operation start date 2017

Building Type Office building

Building floor area (net, gross) 12 000 m!

Analysed monitoring start date 2017 -09-01

Analysed monitoring period 2017 -09-01 to 2021 -12-17

Unique features of the system -




Table 2. Summary of the system configuration
Heat distribution Ventilation (distributiontemp  +55 {C)
Cooling distribution Ventilation, fan coils
Domestic hot water (DHW) production by system District heating
Supplementary heat for space heating District heating
Supplementary heat for DHW One of three heat pumps
Supplementary cooling Heat pumps
Nominal capacity of supplementary heating for space heating 500 kw
Nominal capacity of supplementary heating for DHW 20 kW
Nominal capacity of supplementary cooling None
Heating load Approx. 68 0 MWh/year ( 57 kWh/m 2)y)
Cooling load Approx. 250 MWh/year ( 21 kWh/m 2y)
DHW Approx. 60 MWh/year ( 5 kWh/m 2y)
Heat pump type water -to -water
Reversible Yes
Compressor type 2 x scroll
Speeds Fixed
Heat pump system Centralized
Number of heat pumps 3 pcs
Nominal total heat pump heating capacity 80 kW
Nominal total heat pump heating capacity available for DHW 80 kW
Nominal total heat pump cooling capacity [kW th] 287 kw

Refrigerant R-410A




The ground source system
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Figure 2. lllustration of the  Kv Traktorn top -view with borehole field.

®



)

@
I ;ot
| v | —
| |
»
7
0 1
: = _] -
B O & I
. / \
, B
—@®
., -
i 11 Y —
@
N e
LAY 1 —_—
\ X B
1
08 G o 6
flq SA Sﬂ =
” Pictograms by TU Braunschwieg IGS, used with permission within the course of IEA HPT Annex 52 O;-

®

g
|

Figure 3. Schematic and Annex 52 system boundaries for
Braunschweig IGS, used with permission within the course of IEA HPT Annex 52.

Table 3. Summary of the ground source and sink

Kv Traktorn . Pictograms by TU

Ground source
Loop type
Ground composition

Groundwater level [m]

Annual mean air temperature (measured)

Undisturbed ground temperature

Design ground thermal conductivity

Minimum ground heat exchanger exiting fluid temperature (ExFT

min )

Vertical boreholes

Closed loop

Sedimentary bedrock, sandstone and
limestone

approx1 O m

10,27 iC

11,1 iC

3,0 W/m,K

Approx. 0,6 iC

Maximum ground heat exchanger exiting fluid temperature (ExFT max)  Approx. 13,9iC
Table 4. Summary of the ground heat exchanger b Boreholes

Number of boreholes 44
Borehole length Approx. 12 0 m
Total borehole length 5280 m
Average distance between boreholes 15 m
Borehole geometric distribution U-shape
Borehole diameter 139,7 mm
Borehole filling material Groundwater
Borehole heat exchanger type Single U -tube

Source side pipe characteristics
Source side brine type
Average source side brine flow in operation

PEM DN40 PN10
Water -Ethanol 25 %
23,3 lis




Monitoring

The system has been monitored since the start of operation in sept 2017 . Unfortunately
there is a lack of data for 2020 and 2021 due to unavailability to extract data from the
system. All sensors and meters of interest for this work are presented in Table 5 below.

Table 5. Summary of the system monitoring

Measurement point Instrumentation

Source side circulation pump electricity use -

Source side flow rate KPO1-VM1

Source side ground source exiting temperature KP0O1-GT11

Source side ground source return temperature KP01-GT41

Source side ground source exiting temperature KP01-GT12

Source side ground  source return temperature KP01-GT42

Source side ground source exiting temperature KP01-GT13

Source side ground source return temperature KP01-GT43

Source side heat pump exiting temperature KVP1-GT4, KVP2-GT4 & KVP3-GT4
Source side heat pump return temperature KVP1-GT3, KVP2-GT3 & KVP3-GT3
Source side system pressure KP01-GP81

Heat pump electricity use KVP1-/KVP2-/KVP3-ELMO1

Heat pump pressure drop -
Load side circulation pump electricity use -

Load side flow rate KVP1-/KVP2-KVP3-VMM1

Load side heat pump exiting temperature KVP1-GT1, KVP2-GT1 & KVP3-GT1, VS01 -
GT12

Load side heat pump return temperature KVP1-GT2, KVP2-GT2 & KVP3-GT2

Load side system pressure (heating) VS01-GP81

Load side exiting temperature (heating mode) VS01-GT11

Load side return temperature (heating mode) VS01-GT41

Load side exiting temperature (cooling mode) VS01-GT13

Load side return temperature (cooling mode) VS01-GT42

Load side exiting temperature (cooling mode) VS01-GT14

Load side return temperature (cooling mode) VS01-GT13

Load side energy meter (heating) VS01-VMM1

Hot water tank temperature VPO1-GT51

Load side exiting temperature (cooling mode) KB01-GT11

Load side return temperature (cooling mode) KB01-GT41

Load side system pressure (cooling) KB01-GP81

Load side energy meter (cooling) KB0O1 -KMM1

Load side energy meter (cooling) KBO1 -KMM2

Dry Cooler existing temperature KMO01-GT11

Dry Cooler return temperature KMO01-GT41

Cold water flow rate (summary) KV01-VM1

Cold water exiting temperature VV01-GT42

Hot water circulation return temperature VV01-GT41

Hot water exiting temperature VV01-GT11

Supplementary heating electricity use -
Supplementary cooling electricity use -
Supplementary heating energy use FjiV1-vVMM1




Performance metrics

In order to ensure a uniform basis in the evaluation of the heat pump performance, the
boundaries for the calculation of the Performance Factor (PF) are applied according to the
definition in Annex 52. The boundaries can be found in Figure 3.

Table 6. Cal culated system boundaries for Kv Traktorn according to the Annex 52 boundary
schema.

Boundary description HPT Annex 52 Boundary levels

HO H1 H2 H3 H4  H4+
Ground Source (circulation pumps+ ground source) X X X X X X
Heat pump unit  including internal energy use, excluding
internal circulation pump X X X X X
Buffer tank (including circulation pumps between heat
pump and buffer tank) X X X
Circulation pump onload  -side (between buffer tank &
building H/C  distribution system) X X
Auxiliary heating or cooling X
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PERFORMANCE MONITORING RESULTS

Monitoring has been taking place at Kv Traktorn since its commissioning in 201 7.The data
from 201 7to 2019 will be used to evaluate and present the performance for Annex 52.

The monitoring and evaluation for Kv Traktorn takes place via the energy quantities,
outputs, inlet and outlet temperatures as well as operating states of the heat pumps and
the district h  eating recorded in the BMS system .

Building heating and cooling loads

Table 7. Overall load characteristics

Start of evaluation period September 1 " 2017 September 1 " 2018
End of evaluation period August 30 ™ 2018 August 30 ™ 2019
Building space heating load met by system [MWh th] 680,3 694,8
Building cooling load met by system [MWh th] - -

DHW load met by system [MWh th] 61,0 68,0
Thermal energy extracted from the ground [MWh th] 465,7 412,9
Thermal energy injected to the ground [MWh th] -244.9 -191,3

Thermal balance ratio (extracted/rejected) - -
Heating load (incl. DHW) met by ground source (%) - -
Cooling load met by ground source (%) - -
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Figure 4. Measured building energy signature for Kv Traktorn over the monitoring period .
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Ground heat exchanger performance

The inlet and outlet temperature of the ground heat exchanger between the 23rd of
september 2018 and the 22nd of september 2019 are presented in figure 5.

The lowes t inlet temperature reached is 0 ,6iC and the lowest outlet temperature
reachedis -1,2iC.

The highest inlet temperature reached is 13,9;C and the higher outlet temperature
reached is 19,5;C.

The average lowest temperature throughout the above measured period is -0,3iC which
aligns well with the s ystem design.

The average highest temperature throughout the above measured period is 16,7{C
which aligns well with the system design.
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Figure 5. Supply and return temperatures for the ground heat exchanger between

September 2018 and September 2019.
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Figure 6. Annual heat extraction and heatinjection over the monitoring period.

Table 8. Annual heat extraction and heat injection  over the monitoring period.

Year Heat injection (MWh) Heat extraction (MWh)
2017 -2018 -244,97 465,7
2018 -2019 -191 4129

Heat pump performance

The monthly performance (based on hourly values) of the heat pumps during space
heating and cooling are shown in below.

The monthly performance PF w1 is calculated by dividing the heat energy output with the
electricity input for each heat pump.

One can notice that  performance increase with increasing evaporator inlet temperature
for each heat pump during heat production as can be expected.
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Figure 7. Hour ly PFu1 for heat pump  KVP1 during 2018
The data has been collected from recorded values in the BMS.

One can notice that there is a congregation of data from around 3,5 to 5 which is
interpreted to be the average performance factor for the heat pump KVP1.

One can also notice a slight lack of data during august which is due to malfunction of the
export of data from the BMS system.
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Figure 8. Hourly PFu1 for heat pump  KVP2 during 2018
The data has been collected from recorded values in the BMS.

One can notice that there is a congregation of data from around 3 to 5 which is interpreted
to be the average performance factor for the heat pump KVP2.

One can also notice a lack of data during june and july which is due to malfunction of the
export of data from the BMS system.
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Month

Jan

Figure 9. Hourly PR for heat pump

The data has been collected from recorded values in the BMS.

to be the average performance factor for the heat pump KVP3.
export of d ata from the BMS system.

KVP3 during 2018

° @A2BC@

One can notice that there is a congregation of data from around 3 to 5 which is interpreted

One can also notice a slight lack of data during august which is due to malfunction of the

Table 9. Month ly PFu1 for heat pump s KVP1, KVP2 and KVP3 during 2018.
Apr

PFm KVP1 PEm KVP2 PFm KVP3
Feb
Mar
0,0 0,0 0,0
May 4,2 4,3 4,4
Jun 4,3 4,7
Jul 4,2 4,7
Aug 51
Sept 4,0 4,7 4,3
Okt 38 4,1 4,2
Nov 36 38 37
Dec 35 37 34
The monthly performance
energy output with the electricity input.

export of data from the BMS system.

One can also notice a huge

PFu1 for each heat pump

is calculated by dividing the heat

One can notice a slight lack of data during august for heat pumps KVP1 and KVP3 and a
lack of data during june and july for heat pump KVP2 which is due to malfunction of the

unfortunately is also due to malfunction when exporting data from the BMS system.

lack of data during the period January through March which
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Overall system performance

The monthly PFs (based on hourly values) for production of space heating and DHW
pro duction the whole system

are shown in figure 10 below.
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Figure 10. Overall SPF over the monitoring period.

The overall SPF n1 value is an average
of all heat pumps combined.

Table 10. Overall SPF over the monitoring period.

The overall SPF w11 value is an average of
all heat pumps combined.

Year

SPF1 w1

SPF1 w2

SPF1 us3

SPF1 ns+

2017

3.9

2018

4,0

3,6

3,8



LESSONS LEARNT

Important findings and experience:

The BMS system shows heat and cooling power need fairly consistent with the
design values.

The system provides about 2/3 the amount of space heating than anticipated from
the design. This is mainly due to the fact that the building still has empty premises.

The system provides the amount of cooling very consistent with the design values.
The HP EFT has a smaller range compared with the design values.

The measured performance of the heat pumps for space heating has been fairly
consistent with the design values.

The measured performance of the heat pumps for cooling has been lower th an
expected but improved performance of the heat pumps is anticipated ahead since

the setpoints for the dry coolers (return temperature on the user side) has been

lowered.

The measured performance of free cooling from the boreholes has been as
expected alt hough the amount of free cooling has been lower compared with the
with the design values. This is mainly due to the fact that the amount of space
heating is lower than expected, as mentioned above

Circulating pumps and operating faults

Problems encountered:

Electricity use for circulation pumps serving the boreholes cannot be quantified,
hence SPF no cannot be calculated.

Electricity use for circulation pumps serving the heat pumps cannot be quantified,
hence SPF 12 cannot be calculated.

Electricity use for circulation pumps serving the building distribution system cannot
be quantified, hence SPF n3 cannot be calculated.

Circulation pumps serving the heat pumps units used to affect the main grou nd
loop circulation pump causing overcurrent, hense the pump curve for the main
ground loop circulation pump has been increased.

Project data access

Monitoring data from the project are not public and are not available for a third party.
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Project participants and their contribution

Jonas Ekestubbe, E.ON EnergilSsningar AB.
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