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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 1%, 2018 to December 31, 2021.

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.

Scandic Flesland Airport is one of the case studies in the Research Project RockStore. The energy
system has been designed by the project partners B. Fondenes Aut. Rgrleggerfirma AS and Asplan
Viak AS and have been followed up by these partners and the research partners NORCE and SINTEF
Community during the project period from April 2018

This report has been written within the research project "RockStore - develop, demonstrate and
monitor the next generation BTES systems" (project no 281000) and the IEA Annex 52 project funded
by Enova (project nr 18/3576).



Summary

This report provides information on the thermal energy system at Scandic Flesland Airport Hotel and
the operation of the hotel in a 3 year period since 2018.

e Scandic Flesland Airport is a Conference Hotel opened in April 2017. The hotel has a floor
area of 18.000 m?.

e The energy system contains a central GSHP which consists of four two-stage brine-water
heat pumps with a total nominal capacity of 320 kWh. The heat pumps provide space heating
and domestic hot water.

e The BTES consists of 50 BHE of 200m depth.

e Cooling is provided by free cooling (380 kWc) and adiabatic cooling (220 kW).

e The energy system also includes 60 m? of solar thermal collectors to support DHW heating
and district heating as back up and to raise the temperature of water for space heating and
domestic hot water from 50°C (heat-pump output) to 65-70°C.

e Monitoring data of the operation of the borehole field and the energy central has been
analyzed for the period between 2018 and 2020. Data from 2017 are included in some of the
figures. Only the dataset for 2018 is complete.
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BACKGROUND

The building

Scandic Flesland Airport is a congress hotel at Bergen Airport in Norway. Bergen is Norway’s second
largest city located in the Vestland Region, 60° North. Coastal climate is prevailing. The hotel opened
in April 2017. It has a net floor area of approximately 18.000 m?. The hotel has a heating-dominated
energy demand. The energy system contains a central heat pump which consists of four two-stage
brine-water heat pumps with a total nominal capacity of 320 kWh. The heat pumps provide space
heating (SH) and domestic hot water (DHW). The energy system also includes 60 m? of solar thermal
collectors to support DHW heating. District heating (DH) is used to raise the temperature of water for
SH and DHW from 50 °C (heat-pump output) to 65—70 °C and serves as a back-up solution. Cooling is
provided by free cooling (380 kW.) and adiabatic cooling (ca. 220 kW).

Scandic

AKX

Figure 1. Scandic Flesland Airport Hotel (© Tord-Erik Andresen).
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Figure 2. Location of Scandic Flesland Airport Hotel in Norway.

Table 1. Summary of the building features.

Location

Year of building construction

Ground source system operation start date
Building Type

Building floor area (net)

Analysed monitoring start date

Analysed monitoring period

Unique features of the system

Bergen, Norway

2016-2017

November 2016 (testing) April 2017 (full operation)

Hotel

18.000 m?

2018-January-01(data of total energy use in 2017 included)

3 years

The hotel is the largest congress hotel in Bergen area, with 27 meeting
rooms. The largest meeting room has a capacity of 1100 persons. The
cooling capacity and the cooling peak loads are high due to the use as a
congress center with many people gathered during the day times.
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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

Radiators, water radiant floor heating, ventilation
Ventilation system

Yes

District heating

Solar thermal collectors, District heating
Adiabatic cooling

600 kW

200 kW

Ca. 220 kW

Heating load 1386 MWh/year (77 kWh/m?y) in 2018
Cooling load 132 MWh/year (7 kWh/m?y) in 2018
DHW 158 MWh/year (9 kWh/m?y) in 2018
Heat pump type Two-stage brine-to-water heat pumps
Reversible No

Compressor type 2 x Scroll

Speeds 8 stages

Heat pump system Centralized

Number of heat pumps 4

Nominal total heat pump heating capacity 320 kWi

Nominal total heat pump heating capacity available for DHW 160 kWi

Nominal total heat pump cooling capacity [k\Win]
Refrigerant

Only direct cooling without heat pump
R410




The ground source system

Heating is provided by a central ground source heat pump connected to a borehole thermal energy
storage (BTES). The BTES consists of in total 50 boreholes, each 200 meters deep. There are four
heat pumps with a total nominal capacity of 320 kW. Each of the 4 heat pumps has scroll compressors
with two steps leading to eight steps overall. Heat exchangers of double-U type are used. The 50
boreholes are divided in three sections that are connected in parallel. The sections consist of 16, 17
and 17 boreholes, where the boreholes within one section are connected in parallel as well.
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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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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
Specific ground heat capacity

Minimum ground heat exchanger exiting fluid temperature (ExFTmin)

Maximum ground heat exchanger exiting fluid temperature (ExF Tmax)

Vertical boreholes, some of them with 15 °incline
Closed loop

Granite, monzonite

3m

6.8 °C

8.8°C

5.0 W/me«K (from TRT)

850 J/kgeK

0.6 °C

13.5°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

Design Effective thermal resistance per unit length
Source side pipe characteristics

Source side brine type

Average source side brine flow in operation

50

200 m
10.000 m
12 m on top of the boreholes

See Figure 3

115 mm

No grouting only groundwater

Double u-tube turbo collectors

0.105 K-m/W (heating) and 0.085 K-m/W (cooling)
PEM DN32 PN8 (4x32mm)

Dowcal 200 (monopropylene glycole)

20 /s




Monitoring

Table 5 Summary of the system monitoring

Measurement point Instrumentation Accuracy
Source side circulation pump electricity use 0.1 kWh
Source side ground source exiting temperature Pt1000 0.1°C
Source side ground source return temperature Ptt1000 0.1°C
Heat pump electricity use 0.1 kWh
Load side circulation pump electricity use 0.1 kWh

Performance metrics

The measurement data only enables the calculation of SP4.

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

Boundary description

HPT Annex 52 Boundary levels

H4/ H4+/ H5/ H5+/
C4 Ca+ C5 C5+

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

system)

Building Heating/Cooling distribution system




PERFORMANCE MONITORING RESULTS

Building heating and cooling loads

The monitoring period for Scandic Flesland Airport was from April 2017 to December 2020 but
the dataset is only complete for 2018. We have not managed to get access to all data required
for the performance analyses for the other years. It seems that the 2018 data is comparable
with the 2019 data. The hotel was shut down in February 2020 due to the Covid19 restrictions
and it was only partly reopened some months later.

Table 7. Overall load characteristics.

Start of evaluation period 01.01.2017 01.01.2018 01.01.2019 01.01.2020
End of evaluation period 31.12.2017 31.12.2018 31.12.2019 31.10.2020
Building space heating load met by system [MWhi] 1365 1228 1165 769
Building cooling load met by system [MWh] 131.8 107
DHW load met by system [MWht] 169 158 151 69
Thermal energy extracted from the ground [MWh] 329 276 259 157
Thermal energy injected to the ground [MWh] 48 132 107 100
Thermal balance ratio (extracted/rejected) 6.9 21 2.4 1.6
Heating load (incl. DHW) met by ground source (%) 84.0
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Figure 5. Measured building energy signature.
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Delivered energy for heating and cooling
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Figure 7. Annual heating and cooling provided, MWh/year.
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Ground heat exchanger performance

>

Figure 8 shows the monthly average of the supply and return temperature to the BTES

in 2018 plotted with the monthly average outdoor temperature at Flesland.
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Figure 8. Monthly average entering and exiting temperatures from the BTES for 2018. The outdoor

temperature is also plotted.

The annual ground heat extraction and injection for the operation period 2017-2018 is
shown in Figure 9.

Figure 9. Annual ground heat exchange over the monitoring period.
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Heat pump performance

There is no specific data to estimate the heat pump performance

Overall system performance
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Figure 10 Monthly heating performance factors for SPFH4 and PFHC4 for 2018.

Table 8. Provided heating and cooling and used electricity

Start of evaluation period January 01 2018
End of evaluation period December 31 2018
Heat output from the heat pump [kWh] 1236 900
Cooling output from the ground source [kWh] 131 700
Electricity used by source side circulation pump in heating mode [kWh] 348 800

Table 9. Performance factors over the monitoring period.

Start of evaluation period January 01
2018
End of evaluation period December
312018
PFH4 4,00
PFHC4 4,38

*) heat pump internal electricity use is included.
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LESSONS LEARNT

Commissioning

Hotels have strict requirements in terms of air temperatures, simultaneity of cooling
loads (100% simultaneity required), and fail-safe systems.

Personnel

Design

Interdisciplinary cooperation is important—control systems, heating central, and
geology.

It is important to have competent and dedicated personnel that are responsible for
following the system throughout the design, the build, and the deployment.

A thoroughly documented solution is important for later reference.

To keep the system running optimally after deployment continuous testing and
adjustments are important.

The system works as intended with a seasonal performance factor of 4.5.

The energy demand of the system is dominated by heating (thermal balance ratio of
2), whereas the power demand is dominated by cooling.

The heat pumps are only used for extracting heat for space heating and domestic hot
water, whereas cooling is provided by free cooling.

It is important to consider the ground-source system early in the design process—for
this system the number of boreholes is determined by the cooling power required.

Since the number of boreholes is more than sufficient to cover the energy demand and
the heating does not require high power, a rather small heat pump is sufficient.

It is challenging to obtain a fair estimate of the heating and cooling loads.
Overestimating the power required leads to expensive installations and expensive
BTES and may give rise to too low/high borehole temperatures.

The solar thermal collectors cover only a small fraction of the domestic heating water.
The adiabatic cooler is rarely required.

Life-cycle costs

Ground-source heat pumps using BTES are a profitable investment in a life-cycle
perspective when compared to alternative heating sources such as district heating or
electric heating. This is mainly due to the large amount of free energy extracted from
the rock over the system lifetime.

The solar thermal collectors installed are not cost effective at present or projected
electricity prices.
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Circulating pumps and operating faults

- Mismatch between BTES and the heat pump

o E.g. circulation flow in the boreholes and through the evaporator of the heat pump has to fit
together

- Detailed commissioning important

Improvement measures

Better accuracy than 0.1 MWh on the flow meters is needed particular for monitoring of the use of direct
cooling.
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