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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 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.

This case study has been carried out by Jonas Ekestubbe at E.ON Energilésningar AB.
Jonas Ekestubbe at E.ON Energilésningar 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 multi-family building, Brf Briljanten in Lund,
Sweden. The building was built in 1964 and 1991. Brf Briljanten is a 12 000 m? four-
story building. 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 heat pumps connected to 19 boreholes in sedimentary
bedrock, drilled to a depth of 350 m along with the district heating system which is used
for supplementary heating and redundancy. The GSHP system was completed in 2018
which means that approximately four years of measurement data has been analysed in
the case study. The system delivers heating according to design.
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BACKGROUND

The building

The Brf Briljanten is located in Lund, Sweden (Figure 1). The 12 000 m? four-story building
was built in 1964 (older parts) and 1991 (newer parts) and contains 209 apartments.

The climate in Lund is characterized by a humid continental climate, with average
temperatures of around -3°C in the winter and +20°C in the summer. The building has
only a demand for space heating and domestic tap water. Heat distribution inside the
building is provided mainly by radiators but in some parts of the building by ventilation.
Existing district heating system is used as auxiliary heating.
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Figure 1. Photo and location of Brf Briljanten in Lund, Sweden.
Photo: Jonas Ekestubbe
Table 1. Summary of the building features

Location Lund, Sweden

Year of building construction 1964 and 1991

Ground source system operation start date 2018

Building Type Multi-family building
Building floor area (net, gross) 12 000 m2

Analysed monitoring start date 2018-01-19

Analysed monitoring period 2018-02-02 to 2021-12-17

Unique features of the system -




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

Radiators (distribution temp +55°C)
None

Two of three heat pumps

District heating

District heating

Supplementary cooling None

Nominal capacity of supplementary heating for space heating 500 kW

Nominal capacity of supplementary heating for DHW 200 kw

Nominal capacity of supplementary cooling None

Heating load 1 600 MWh/year (133 kWh/m?,y)
Cooling load 0 MWh/year (0 kWh/m?2,y)
DHW 400 MWh/year (33 kWh/m?2,y)
Heat pump type water-to-water

Reversible No

Compressor type 2 x scroll

Speeds Fixed

Heat pump system Centralized

Number of heat pumps 3 pcs

Nominal total heat pump heating capacity 80 kWt

Nominal total heat pump heating capacity available for DHW 160 kWi

Nominal total heat pump cooling capacity [kWin] -

Refrigerant R-410A
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The ground source system

[Insert text here. The text should include, but is not limited to, the following information:
type of ground source, number/length etc of boreholes/wells/loops, heat pump
information, centralized/distributed/no heat pumps, heat exchanger features, installation

features]
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Figure 3. Schematic and Annex 52 system boundaries for Brf Briljanten. Pictograms by TU
Braunschweig IGS, used with permission within the course of IEA HPT Annex 52.



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

Design ground thermal conductivity

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

Vertical boreholes

Closed loop

Sedimentary bedrock, sandstone and
limestone

approx 14 m

10,27°C

11,1°C

3,2 W/m,K

approx -2°C

approx 13°C

Table 4. Summary of the ground heat exchanger — Boreholes

Number of boreholes

Borehole length

Total borehole length

Average distance between boreholes
Borehole geometric distribution
Borehole diameter

Borehole filling material

Borehole heat exchanger type
Source side pipe characteristics
Source side brine type

Average source side brine flow in operation

19

350 m

6 650 m

20 m

Line

139,7 mm
Groundwater
Single U-tube

PEM DN50 PN10 (50 mm)
Water-Ethanol 25%
15,0 Il/s




Monitoring

The system has been monitored since the start of operation in January 2018. All sensors
and meters of interest for this work are presented in Table 5 below.

Besides measurement on the centralized energy system, temperature are measured in

approx. 20 apartments.

Table 5. Summary of the system monitoring

Measurement point

Instrumentation

Source side circulation pump electricity use
Source side flow rate

Source side ground source exiting temperature
Source side ground source return temperature
Source side heat pump exiting temperature
Source side heat pump return temperature
Source side system pressure

Heat pump electricity use

Heat pump pressure drop

Load side circulation pump electricity use
Load side flow rate

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

Load side exiting temperature

Load side return temperature

Hot water tank temperature

Cold water flow rate (summary)

Cold water exiting temperature

Hot water circulation return temperature
Hot water exiting temperature
Supplementary heating electricity use
Supplementary cooling electricity use
Supplementary heating energy use

KPO1-VM1

KP0O1-GT11

KP01-GT41

VP1-GT4, VP2-GT4 & VP3-GT4
VP1-GT3, VP2-GT3 & VP3-GT3
KP01-GP81
VP1-/VP2-/VP3-ELMO1

VP1-/VP2-VP3-VMM1
VP1-GT1, VP2-GT1 & VP3-GT1, VS01-GT12
VP1-GT2, VP2-GT2 & VP3-GT2
VS01-GP81

VS01-GT11

VS01-GT41

VP01-GT51, VP0O1-GT52
Kv01-VM1

VV01-GT42

VV01-GT41

VV01-GT11

FjV1-VMM1




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. Calculated system boundaries for Brf Briljanten 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 on load-side (between buffer tank &
building H/C distribution system) X X
Auxiliary heating or cooling X




PERFORMANCE MONITORING RESULTS

Monitoring has been taking place at Brf Briljanten since its commissioning in 2018. The
data from 2018 to 2021 will be used to evaluate and present the performance for Annex

52.

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

Building heating and cooling loads

Table 7. Overall load characteristics

Start of evaluation period

February 2"

February 2"

February 2"

February 2"

2018 2019 2020 2021
End of evaluation period February 1 February 1 February 1 December 17t
2019 2020 2021 2021
Building space heating load met by system [MWhn] 1281,0 1718,5 1681,2 1459,7
Building cooling load met by system [MWhn] - - - -
DHW load met by system [MWhth] 244,2 303,2 321,5 255,7
Thermal energy extracted from the ground [MWh] 820,6 1018,5 827,5 843,5

Thermal energy injected to the ground [MWhth]
Thermal balance ratio (extracted/rejected)

Heating load (incl. DHW) met by ground source (%)
Cooling load met by ground source (%)

Note! Last year of operation is not a full year.

10



©

" TZ-nou

- T¢-das
mralll
~ Tefew

M Heat load (kW)

# Cooling load (kW)

- TZ-Jew
- Tz-uef
~ 0z-nou

" 0¢-das
- ozInl
~ 0z-few

- 0g-Jew
" og-uef
_ 6T-AOU

" 6T-das
~ 61Nl
- 6T-lew

10
ODA Temperature [°C]

" 6T-Jlew
- 6T-uef
~ AOU

H Heating

" gr-das
- 8T-n!
- 81-lew

- gT-Jew
- gT-uef

300.0
250.0
200.0
100.0
50.0
0.0

500

o
-

= 150.0

_
OOOOOOOOOO
n O n O n O wn O uwn

< S n o NN A -

[mo1] peoj Suijood 4o peoj 1eaH

UMIN

Figure 4. Measured building energy signature for Brf Briljanten 2018-2021.
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Figure 5. Monthly heating loads over the monitoring period.
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Ground heat exchanger performance

The inlet and outlet temperature of the ground heat exchanger between the 2th of
February 2019 and the 1th of February 2020 are presented in figure 6. The lowest inlet
temperature reached is 1,6°C and the lowest outlet temperature reached is -1,2°C.

The inlet and outlet temperature of the ground heat exchanger between the 1th of
January 2020 and the 31th of December 2020 are presented in figure 7. The lowest inlet
temperature reached is 1,2°C and the lowest outlet temperature reached is -1,7°C.

One can notice that there was a significant rise in temperature in March through May
2020 which is due to operation failure of the heat pumps.

The average lowest temperature throughout 2019 and 2020 (the period of operation
failure explained above excluded) is 0,2°C and -0,27°C respectively which aligns well
with the system design.

Brf Briljanten - Supply and return temperatures for
the ground heat exchanger during 2019
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Figure 6. Supply and return temperatures for the ground heat exchanger during 2019.
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Brf Briljanten - Supply and return temperatures for
the ground heat exchanger during 2020

O OO0 OO0 O0OO0O0DO0DO0OD0DO0DO0D0DO0D0D0DO0DO0D0DO0DO0D0DO0DO0D00D0O0O0OO0OO0oOOo
[ I o A o O A o AN A o AR o A o I o A o A o A o O o A o O o Y o AR o N o O o N o A o O o AN o AN o A o A o A o O o A o O o A o I o o |
O OO0 OO0 O0OO0O0DO0D0D0DO0OD0D0DO0D0D0D0DO0D0DO0D0D0DO0DO0D000O0O0OO0OO0oOOo
AgagaqgqaaqaaQ@oaagqaoaaqgqaaqaaaqagaaaqaaaaaqaeal
AT VT VYN T VTV NTVYOFTIR TV TPV oF a7 FTA
— NN m o™ < mn un o O ~ S 00 00 OO 1 OO v 1 1 1 N N
— — —
Time
e Supply temperature from boreholes e Return temperature to boreholes

Figure 7. Supply and return temperatures for the ground heat exchanger during 2020.
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Figure 8. Annual heat extraction over the monitoring period.

Table 8. Annual heat extraction over the monitoring period.

Year Heat injection (MWh) Heat extraction (MWh)

2018-2019 0 820,6
2019-2020 0 1018,5
2020-2021 0 827,5
2021-2022 0 843,5
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Heat pump performance

The monthly performance (based on hourly values) of the heat pumps during space
heating and DHW production are shown in below. Heat pump VP1 only produces space
heating while heat pumps VP2 & VP3 produces both space heating and DHW.

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

One can notice that performance for VP2 & VP3 are pretty consistent throughout the
year and also between monitored years which indicates that the production of DHW is
dominant regardless time of year.

One can also notice that performance increase with increasing evaporator inlet
temperature for heat pump VP1 as can be expected.

Brf Briljanten - Monthly PF,, for VP1, 2018-
2021
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Figure 9. Monthly PFu1 for heat pump VP1 over the monitoring period.

Table 9. Monthly PFu: for heat pump VP1 over the monitoring period.

2018 2019 2020 2021
Month PFh1 PFu1 PFu1 PFu1
Jan 3,6 3,6 3,6 3,6
Feb 3,9 3,6 3,5 3,5
Mar 3,6 3,6 3,7 3,6
Apr 4,1 3,8 3,8 3,7
May 4,5 4,0 4,1 3,7
Jun - - - -
Jul - - - -
Aug - - - -
Sep 5,0 3,4 4,0]-
Oct 4,4 4,1 3,8 3,9
Nov 3,8 3,8 3,7 3,7
Dec 3,6 3,7 3,6

14



Brf Briljanten - Monthly PF,, for VP2, 2018-2021
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Figure 10. Monthly PFu1 for heat pump VP2 over the monitoring period.

Table 10. Monthly PFu1 for heat pump VP2 over the monitoring period.

2018 2019 2020 2021
Month PFu1 PFh1 PFh1 PFh1
Jan 3,0 3,4 2,7 2,8
Feb 3,0 3,1 2,7 2,9
Mar 3,1 3,2 2,7 2,9
Apr 3,1 3,0 3,1 2,9
May 3,4 2,9 3,2 3,0
Jun 2,9 2,7 3,0 3,0
Jul 2,8 2,7 3,1 2,8
Aug 2,9 2,6 3,0 3,0
Sep 3,2 2,7 3,1 3,0
Oct 3,2 2,8 3,1 3,0
Nov 3,1 2,7 2,9 2,9
Dec 3,3 2,8 2,8
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Brf Briljanten - Monthly PF,, for VP3, 2018-2021
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Figure 11. Monthly PFu1 for heat pump VP3 over the monitoring period.

Table 11. Monthly PFu1 for heat pump VP3 over the monitoring period.

2018 2019 2020 2021
Month PFu1 PFh1 PFh1 PFh1
Jan 3,3 3,7 2,9 2,9
Feb 3,4 3,3 2,9 2,9
Mar 3,3 3,4 3,1 2,9
Apr 3,4 3,3 3,1 3,0
May 3,4 3,1 3,1 3,0
Jun 3,2 2,9 3,1 3,1
Jul 3,0 2,9 3,1 3,0
Aug 3,1 2,8 3,1 3,1
Sep 3,3 2,9 3,1 3,1
Oct 3,3 3,2 3,0 3,1
Nov 3,2 3,0 3,0 3,1
Dec 3,6 3,0 3,0
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Overall system performance

The monthly PFs (based on hourly values) for production of space heating and DHW
production the whole system are shown in figure 12 below. One can notice that there
was a significant drop in SPF in March through May 2020 which is due to downtime of
the heat pumps. The reason for the down time was a complaint from the costumer
regarding noise levels which led to a remodeling of the pipe work surrounding the heat
pumps.

Brf Briljanten - Monthly PF,,, 2018-2021
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Figure 12. Monthly PFus4+ over the monitoring period.

Table 12. Monthly PFus+ over the monitoring period.

2018 2019 2020 2021
Month PFha+ PFha+ PFha+ PFha+
Jan 3,4 1,9 2,3 2,0
Feb 3,5 2,3 2,0 1,8
Mar 3,3 2,4 1,5 2,3
Apr 2,3 2,4 1,0 2,7
May 1,4 3,2 1,5 2,9
Jun 3,0 2,8 3,1 3,0
Jul 3,0 2,8 3,1 3,0
Aug 3,0 2,7 3,1 3,1
Sep 3,3 4,0 3,1 3,0
Oct 3,4 3,1 3,2 3,0
Nov 2,6 2,7 2,8 2,7
Dec 2,3 1,9 2,3
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Figure 13. Overall SPF over the monitoring period. The overall SPFu:1 value is an average
of all heat pumps combined.
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Table 13. Overall SPF over the monitoring period. The overall SPFu: value is an average of
all heat pumps combined.

Year SPFu1 SPFu2 SPFu3 SPFua+
2018 3,4 - - 2,7
2019 3,2 - - 2,8
2020 3,2 - - 2,9
2021 3,1]- - 2,7
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LESSONS LEARNT

Important findings and experience:

Data from the BMS show a heat demand fairly consistent with the design values.

The system provides the amount of space heating and DHW very consistent with
the design values.

The EFT are very consistent with the design values.

Up to date measured performance of the heat pumps has been slightly lower than
expected but improvement of the heat pump performance is anticipated ahead
since the supply temperature on the user side has been lowered and several
actions to improve tap water productions has been made.

Circulating pumps and operating faults

Problems encountered:

Electricity use for circulation pumps serving the boreholes cannot be quantified,
hence SPFxo cannot be calculated.

Electricity use for circulation pumps serving the heat pumps cannot be quantified,
hence SPFu2 cannot be calculated.

Electricity use for circulation pumps serving the building distribution system cannot
be quantified, hence SPFu3 cannot be calculated.

Inconsistent room temperature in several parts of the building due to a need for
flow adjustments in the secondary heating system (client). This has a negative
impact on the performance of the heat pumps.

Project data access

Monitoring data from the project are not public and are not available for a third party.

Project participants and their contribution

Jonas Ekestubbe, E.ON Energildsningar AB.
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