o
-

r\ E Steinbeis-Innovationszentrum
= @ energie+

IEA
21
=

IEA HPT Annex 62 - Long-term
performance monitoring of GSHP systems
for commercial, institutional and multi-
family buildings

Case study report for WGG,
Germany

School with gym and energy piles as well as agrothermal field

Franziska Bockelmann
September 2021

DOI: 10.23697/ek2v-c436



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.

The work that has led to this report has been funded by the German Federal Ministry for Economic
Affairs and Energy (BMWi).



Summary

The monitoring report refers to the school building with gym WGG (object name) built in 2015 in
Neumarkt i.d. Opf. (NGF ~15,600 m?) with 96 energy piles as well as an agrothermal field. With an area
of 4,400 m? as well as the respective pile length of 8 - 12 m, energy is extracted from the ground or
heat is fed in by means of free cooling in summer. Two brine-water heat pumps are designed for heating
and cooling in the building. In addition to concrete core activation, heat/cold distribution is provided by
floor heating, room ventilation and radiators. The heat pump is used in monovalent operation. In addition
to the heat pump, the building is supplied by a gas-fired condensing boiler as redundancy or for
domestic hot water preparation.

The monitoring period presented in the report refers to the evaluation of 2017 - 2019. In addition to the
supply and return temperatures and the energy flows of the geothermal energy source, the associated
performance data of the heat pump are recorded and analyzed. Heating and cooling energies of the
energy piles and the agrothermal field as well as the energy flows in the building and temperatures
(supply and return) and operating states, which are connected to the building control system, are
monitored and recorded. This report presents the analyses and evaluations of the recorded
measurement data. In addition to the temperature development in the ground, the heating and cooling
demand of the building and the heat exchange with the ground via the probes as well as the efficiency
and performance of the heat pump are investigated.

During the period under consideration, 62.8 to 107.9 MWh/a are extracted from the ground by the
energy piles and 45.2 to 72.2 MWh/a are supplied in cooling mode. Via argothermal energy, 56.7 to
121.5 MWh/a are extracted in heating mode, and 41.5 to 53.6 MWh/a are injected. The heat pumps
provide 16 to 19 kWh/m?a (246 to 296 MWh/a) to heat the building. The cooling consumption is 5.8 to
7.4 kWh/m?a (92 to 115 MWh/a). The system showed overall reasonable efficiency with an average
annual performance factor (SPF H2 or SPF CO0) of 4.4 to 4.7 in heating mode and 100 to 122 in cooling
mode.



Zusammenfassung

Der Monitoringbericht bezieht sich auf das im Jahr 2015 gebaute Schulgebdude mit Turnhalle WGG
(Objektbezeichnung) in Neumarkt i.d. Opf. (NGF ~15,600 m?) mit 96 Energiepfahle sowie einem
Agrothermiefeld. Mit einer Flache von 4,400 m? sowie der jeweiligen Pfahllange von 8 — 12 m wird
Energie dem Erdreich entzogen bzw. mittels freier Kihlung im Sommer Warme eingespeist. Zwei Sole-
Wasser-Warmepumpen sind zur Beheizung und Kihlung im Gebdude ausgelegt. Neben der
Betonkernaktivierung erfolgt die Warme-/ Kalteverteilung tber eine FuRbodenheizung, Raumliftung
und Radiatoren. Die Warmepumpe wird in monovalenter Betriebsweise eingesetzt. Ergédnzend zur
Warmepunmpe wird das Gebdude mittels eines Gas-Brennwertkessels als Redundanz bzw. Zur
Tronkwarmwasserbereitung versorgt.

Der im Bericht dargestellte Monitoringzeitraum bezieht sich auf die Auswertung von 2017 - 2019. Neben
den Vor- und Rucklauftemperaturen sowie der Energieflisse der geothermischen Energiequelle,
werden die dazugehdrigen Leistungsdaten der Warmepumpe erfasst und analysiert. Es werden Heiz-
und Kulhlenergien der Energiepfahle und des Agrothermiefeldes als auch der Energieflisse im
Gebdude sowie Temperaturen (Vor- und Ruicklauf) und Betriebszustdnde, die auf die
Gebaudeleittechnik aufgeschaltet sind, Gberwacht und aufgezeichnet. Der vorliegende Bericht stellt die
Analysen und Auswertungen der erfassten Messdaten dar. Neben der Temperaturentwicklung der im
Erdreich wird auch der Warme- und Kaltebedarf des Gebaudes und der Warmeaustausch mit dem
Boden Uber die Sonden sowie die Effizienz und Leistung der Warmepumpe untersucht.

Dem Erdreich wird duch die Energiepféle im Betrachtungszeitraum jahrlich 62.8 bis 107.9 MWh/a
entzogen und 45.2 bis 72.2 MWh/a im Kihlbetrieb zugefiihrt. Uber die Argothermie werden im
Heizbetrieb 56.7 bis 121.5 MWh/a entzogen, sowie 41.5 bis 53.6 MWh/a eingespeist. Die
Warmepumpen stellen 16 bis 19 kWh/m2a (246 bis 296 MWh/a) zur Beheizung des Gebaudes zur
Verfugung. Der Kalteverbrauch betragt 5.8 bis 7.4 kWh/m?2a (92 bis 115 MWh/a). Das System zeigte
insgesamt eine angemessene Effizienz mit einer durchschnittlichen Jahresarbeitszahl (SPF H2 bzw
SPF CO0) von 4.4 bis 4.7 im Heizbetrieb und 100 bis 122 im Kihlbetreib.
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BACKGROUND

The building

In the city of Neumarkt i.d.OPf. the district of Neumarkt built the new Gymnasium (WGG) with gym for
about 1,400 pupils. The four-storey school building with internal atria and a net floor area (NFA) of
around 12,700 m? started operation in the winter school year 2015/2016. In addition, a three-field gym
was built to the north-east of the school building with an NFA of around 2,900 m2. [1]

The ground is tapped as a low-temperature heat source or sink for the heat pumps and as a thermal
storage. The ground-coupled electric heat pumps generate the required heat for the floor heating and
concrete core activation as well as ventilation systems in the school building and for the sports floor
heating and radiators installed in the gym. The cooling of the classrooms and computer/electric rooms
in summer is "passive" (pure circulation pump operation) via the energy piles and the agrothermal field.
The energy production is adapted to the heat sources and provides heat with low system temperatures
(low ex systems). The energy concept envisages that around 70 % of the heat requirement is provided
by the heat pumps. A gas condensing boiler covers the peak load (30 %) of the heating energy demand
and the domestic hot water. [1]

In addition to regenerative energy generation via ground-coupled heat pumps and a PV system on the
roof of the school and gym (290 kWp), a valadium redox flow (VRF) battery system forms the basis for
the promising energy concept. [1]

Figure 1. Partial view of the building entrance (left) and view of the building and sports field (right) [©
Biro Berschneider + Berschneider und Fotografin Petra Kellner]



Figure 2. Location of the building in Germany

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

Neumarkt i.d.OPf, Germany

2015

2015

School with gym

School building 12.700 m? net, gym 2.900 m? net
2017-01-01

2017 - 2019

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

Concrete core activation (distribution temp 24°C), floor
heating (distribution temp 35°C), ventilation
(distribution temp 35°C) and radiators (distribution
temp 35°C)

Concrete core activation (distribution temp 18°C)
Gas condensing boiler

Gas condensing boiler

None

None

400 kW

Included in space heating

None

Heating load ~ 340 MWh/a (22 kWh/m?a)

Cooling load ~ 100 MWh/a (8 kWh/m?a)

DHW ~ 136 MWh/a (46.8 kWh/m?a) only gym
Heat pump type brine-to-water

Reversible No

Compressor type Scroll fullhermetic
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Speeds 0-50-100%
Heat pump system Centralized
Number of heat pumps 2

Nominal total heat pump heating capacity 42.8 kWth
Nominal total heat pump heating capacity available for DHW None
Nominal total heat pump cooling capacity [kWin] None
Refrigerant R410a

The ground source system

At the beginning of the planning, the integration of geothermal heat by means of thermal activation of
the pile foundation and additional geothermal borehole heat exchangers in combination with electric
heat pumps was planned to cover the basic load of the energy supply of the school complex. Taking
into account the permissible geological influences on the pile foundations, the maximum number of
piles to be activated was limited to 100.

The aquifer is located at the site approx. 40 m below the top of the terrain. At the start of construction,
a water law permit was available for drilling for the installation of geothermal probes. Due to concerns
expressed by the neighboring breweries regarding the thickness of the remaining clay layer with
planned geothermal probe lengths of up to 26 m and the resulting risk of protracted legal disputes and
delays, the client decided not to pursue the construction of a geothermal probe system any further. As
an alternative, a geothermal heat collector of about 4,400 m? was built on the adjacent sports field next
to the school and the gym as a so-called agrothermal field. [1][2]

The energy piles take over the functions of load transfer into the ground and are also used as
geothermal heat exchangers. The production of the piles took place in spring 2013. During
commissioning of the energy piles it was found that in one pile circuit no flow was recorded in three of
the 99 connected piles. It was assumed that during the construction phase pipelines were damaged
and possibly squeezed together. The circuit with the three energy piles not flowed through was
separated from the distributor, closed and taken out of service. Thus, 96 piles with lengths of 8 to 12 m
are available as a heat source. [1]

The horizontal collector (4,400 m?) installed as an agrothermal field represents a new and innovative
insertion and installation technology for near-surface heat absorbers in the context of the use of
geothermal heat sources. The pipe system of an agrothermal field is ploughed in with a sword plough
to a depth of 2 m below the surface, in this case the school sports field. The completion of the agro-
thermal field took place in August 2015. The novel method of insertion by ploughing with special
equipment ran smoothly. [1]



Figure 3. Top-view of building with ground source layout - system layout of the energy piles and
agrothermal [SIZ energy+]
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Figure 4. Simplified schematic of system for heating and cooling and system boundaries according to
Annex 52 system boundary schema [Pictograms by TU Braunschweig IGS, used with permission within
the course of IEA HPT Annex 52.]
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Figure 5. Construction phase of the energy piles [Institute for Building Services and Energy Design, TU

Braunschweig]

Braunschweig]

Table 3. Summary of the ground source and sink

-

Figure 6. Construction phase of the energy piles [Institute for Building Services and Energy Design, TU

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 (ExFTmax)

Energy piles and agrothermal field
closed loop

Tone stone

16 m

11,2°C

11,7°C

2.2 W/m,K (from TRT)

n/a J/kg,K

3°C (EP) and 1°C (Agro)

20°C (EP) and 27°C (Agro)
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Table 4. Summary of the ground heat exchanger — Energy Piles

number of piles

Pile length

Total pile length

Average distance between piles

Pile geometric distribution

Pile diameter

Pile material

Pile type

Design Effective thermal resistance per unit length
Source side pipe characteristics

Source side brine type

Average source side brine flow in operation

96

8-12m

1.004m

~2,0m
Rectangular net

~ 600 mm
reinforced concrete
n/a

0,095 Km/W (TRT)
PE HD (Da25)
Propylene glycol
26.7 m?h (EP)

Table 5. Summary of the ground heat exchanger — Agrothermal field

Collector length 93.5mx47m
Total Collector area 4.400 ™2
Average distance between pipes 47 lines, 1T m
Collector geometric distribution Parallel lines in rectangular field
Design Effective thermal resistance per unit length see EP

Source side pipe characteristics PE HD DN40 (40 mm x 3.7mm)
Source side brine type Propylene glycol

Average source side brine flow in operation 21.3 m*h

Monitoring

The energy and technical monitoring at the school includes not only the balancing of consumption for
space heating and domestic hot water heating, but also the total electricity consumption of the school
and the gym. A total of about 850 data points (meters, sensors and probes) are recorded every quarter
of an hour.

The data collection was implemented as follows:

e The heat/cold meters are connected to the BACnet of the building management system via an
M-Bus converter. Data transfer and collection is carried out centrally via a BMS computer.

e The electricity meters are connected to each other via a separate and independent M-Bus
network. Data recording and storage is also carried out on the BMS computer.

e The readout of the measured values of all meters, the data collection of the BMS data points
and the transmission is done via a central monitoring computer. Data storage is carried out in
parallel on the monitoring computer. All BMS data points, temperatures and meters can be read
from the BACnet as well as the M-Bus network via software (Mongo).

e Data connection and readout of the two heat pumps and the gas condensing boiler was not
possible due to the hardware interfaces.

Since April 2016, the transmission of data for the evaluation of the operation has been completed.
Isolated data points on heat meters and controllers (e.g. electricity meter, battery, room temperatures,
etc.) were only activated in June 2016. The delay was caused by constructional delays in the
implementation of the plant and building management system. There were manufacturer-specific

10
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problems with the heat meters for the agrothermal field and the energy piles, which could only be
rectified in January 2017.

Therefore, the evaluations of the monitoring in the course of Annex 52 will only be carried out from
January 2017.

Summary of the system monitoring

Electrical energy

Heat pump 1 [kWh]

Heat pump 2 [kWh]

Agrothermal circulation pump [kWh]
Circulation pump EP [kWh]

Heat quantity, flow rate and temperature measurement (geothermal energy)

Agrothermal temperature (supply /return) [°C]
Agrothermal energy injection/extraction [kWh]
Agrothermal capacity [kW]

Agrothermal flow rate [I/h]

EP temperature (supply /return) [°C].

EP energy injection/extraction [kWh]

EP capacity [kW].

EP flow rate [I/h]

Heat pump 1 and 2 [kWh]

CCA cooling [kWh]

WGG

‘ Heatpump

via BacNET IP

‘ Gas boiler

‘ Temperature

via M-Bus Management
System

gy
[
‘ Heat meter h Building

‘ Electricity meter

‘ Battery technology I

via Modbus TCP

Access
via
VPN

[&]

Steinbeis-Innovationszentrum
energie+

Importing
files into our
database

Figure 7. Data transfer and saving [SIZ energie+]
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Measurement technology

Heat meter

Manufacturer Aqua Metro
Calculator CF 51
Manufacturer (heat meter) Allmess

Built-In split heat meter

MCFU 3,5, MCFU 6, MCFU 10, MCFU 15, MCFU 25

Temperature measurement

PT100/PT500

Flow measurement

Ultrasonic measuring principle

Data communication

M-Bus

Available data intervals

15 min

Recording type

Direct measurement (15 minutes live values)

Recorded parameters

counter reading [kWh]
volume [m?]

momentary volume flow [m?3/s]
current power [kW]

Temperature range 0to 180°C
Temperature difference 3 to 160 K

Min temperature difference AT>0,5K
Relative error

Electricity meter

Manufacturer Janitza

Meter type UMG 96RM — M
Data communication Via M-Bus
Available data intervals 15 min

Recording type

direct measurement (15 minutes live values)

Recorded parameters

Resolution

Relative error / accuracy

Work: 0,5 S
Electricity: 0.2 %
Voltage: 0.2 %

Electricity meter

Manufacturer TIP

Meter type Sinus 5//1

Data communication - via M-Bus
- S0 interface
- Optical pulse output
- Modbus

Available data intervals 15 min

Recording type

direct measurement (15 minutes live values)

Recorded parameters

Resolution

Relative error / accuracy

accuracy class B

12



Electricity meter

Manufacturer TIP
Meter type Sinus 85
Data communication - via M-Bus
- S0 interface
- Optical pulse output
- Modbus
Available data intervals 15 min
Recording type direct measurement (15 minutes live values)
Recorded parameters
Resolution
Relative error / accuracy accuracy class B

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 4.

In the evaluation of this monitored plant, the PF 0 to 5 (without 3) for overall, heating and cooling
performance can be described.

Table 7. Calculated system boundaries for the system according to the Annex 52 boundary schema.

Boundary description HPT Annex 52 Boundary levels

HO0/CO H1/C1 H2/C2 H4/C4 H5/C5

Ground Source (circulation pumps+ ground

X X X X
source)
Heat pump unit including internal energy
X X X X
use, excluding internal circulation pump
Buffer tank (including circulation pumps
X X
between heat pump and buffer tank)
Circulation pump on load-side (between
buffer tank & building Heating/Cooling X X
distribution system)
Building Heating/Cooling distribution system X
Equivalent in the SEPEMO boundary
H1/C1 H2/C2 C3

schema

13



PERFORMANCE MONITORING RESULTS

Within the framework of the research project [1] funded by the Federal Ministry of Economics and
Energy (BMWi) and participation in the accompanying research "Energy-efficient schools"
(EnEff:Schule), a holistic monitoring and optimization program is being carried out at the grammar
school in order to obtain and document reliable knowledge about the performance of the building and
the systems.

The school will be operational in autumn 2016 with the start of the school year. Since January 2017,
complete measurement data from the installed measuring technology has been available, enabling a
detailed analysis of the energy balance, plant efficiency and operating conditions.

From summer 2019 onwards, not all measurement data could be recorded correctly. There were data
failures. The results 2019 are therefore not complete and fully meaningful.

Building heating and cooling loads

Figure 8 and Figure 9 shows the monthly and annual heat and cold supply via the heat pump for the
years 2017 to 2019.

The useful heat via the heat pump amounts to an annual average of 267.0 MWh (246.5 to
296.4 MWh/a), which corresponds to a specific value of 17.1 kWh/m?a. For useful cooling, the annual
average is 100.3 MWh (92.5 to 115.0 MWh/a), which corresponds to a specific cooling consumption of
6.4 kWh/m?a. The monthly consumption varies between 2.1 and 93.8 MWh for heat and 2.3 to
25.5 MWh for cooling.

In the years under consideration (2017 to 2019), an average of 69.9 MWh of additional heat was
supplied to the building via the condensing boiler. The condensing boiler thus accounts for 24.3 % of
the total heat consumption of the building. The coverage percentages of 30% boiler and 70% heat
pumps set in the planning can be fully achieved and exceeded.

In Figure 11 the heating or cooling capacity is shown above the outdoor air temperature. For the 2017
to 2019 observation period, it can be seen that the average hourly heating and cooling capacity of the
heat pumps does not exceed 120 kW (outliers excluded). The heat pumps have a design output of 2 x
42.8 kW and thus operate above the design. The cooling capacity (free cooling) results in a maximum
of 100 kW (outliers excluded). In heating mode, the dependence on the outside temperature is clearly
evident. With falling or rising outside temperature the capacities increase. This cannot be shown for the
cooling case, here the performance at outside temperatures of 10 - 35°C is scattered.

14



Table 8. Overall load characteristics

Period (Jan - Dec) 2017 2018 2019
Building space heating load met by system [MWh, ] 296.4 258.0 246.5
Building cooling load met by system [MWh,] 93.3 115.0 925

DHW load met by system [MWh,]
Thermal energy extracted fromthe ground [MWh, ] 164.6 184.2 182.5

Thermal energy injected to the ground [MWh,] 949 1258 86.7
Thermal balance ratio (extracted/rejected) 1.73 146 2.1
Heating load (incl. DHW) met by ground source (%)
Cooling load met by ground source (%) 100 100 100
m Delivered heating [MWh)] m Delivered cooling [MWh]
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Figure 8. Monthly heating and cooling provided, WGG, 2017 to 2019
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Figure 9. Annual heating and cooling provided, MWh/year, WGG, 2017 to 2019
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Figure 11. Measured building energy signature - without error bars, WGG, 2017 to 2018
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Ground heat exchanger performance

The energy extraction and injection quantities from/to the energy piles / agrothermal field recorded in
the course of monitoring in the individual years fluctuate, among other things, due to weather influences
and the resulting varying demand (the data are not weather-adjusted) for heating and cooling, as well
as due to changes in the operational management of the plant or test phases at the utilization of the
agrothermal field.

For the energy piles and the agrothermal field, the annual energy yields as well as the monthly energy
yields are summed up in Figure 12 and Figure 13.

In the measurement period under consideration, from January 2017 to December 2019, an average
sum of 177.1 MWh (164.6 to 184.2 MWh/a) heat was extracted from the ground and an average sum
of 102.5 MWh (86.7 to 125.8 MWh/a) heat was fed in. Monthly extraction energies range between 2.2
and 48.3 MWh and monthly injection between 1.2 and 28.0 MWh.

In details, the monthly extraction for energy piles range between 5 and 44 MWh and monthly injection
between 5 and 25 MWh. Similar values are also achieved in the agrothermal field. Here, the monthly
extraction is between 2 and 44 MWh and the monthly injection between 1 and 20 MWh.

In the period from 2017 to June 2019, depending on the source, up to 50 % more energy was extracted
from the ground than was supplied via the heat exchangers.

For the 2018/19 heating period, the energy pile field was deactivated to evaluate the performance of
the agrothermal field. The control adaptation is used to determine the heat injection and heat extraction
of a heat pump system with the sole heat source agrothermal field (ground collector). Over the entire
monitoring period, the heat pump operation with the two heat sources was carried out without any
operational disturbances at the sources.

The entering and exiting temperatures of the energy piles and agrothermal energy follow the seasonal
fluctuations. (Figure 14) In the summer period, the temperatures are max. 21°C (apart from
measurement data errors and outliers). During the heating period, the outlet temperatures from the
energy pile heat exchangers drop to a minimum of 3°C and from the agrothermal field 1 °C. The
temperature spread between inlet and outlet is significantly higher (6 K and 3 K) during heat extraction
than during heat injection (2 K and also 3 K).

Figure 15 shows the mean hourly heating/cooling load binned into the hourly average outdoor
temperature bins. It should be noted that there are also data losses in the recording. The number of
hours listed here can therefore still be increased in some areas. However, the trend is recognizable and
can be evaluated. The temperatures represent the temperature level of the entering fluid temperature
on the source side in the heating or free cooling mode. On the basis of the evaluated outlet temperatures
from energy piles and agrothermal energy, the following can be determined: The outlet temperatures
are always greater than 1 °C. In the case of energy pile systems, no temperatures below 5 °C can be
observed in the outlet of the geothermal system. This is due to the fact that, for static safety reasons,
no medium with temperatures below 3 °C is allowed to be injected into the energy piles. The heat pumps
would automatically go out of operation before this. The outlet temperatures does not increase over 20
°C. This is particularly the case in the summer months, when free cooling is in operation and the ground
is significantly warmed by the higher return temperatures.

17
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Figure 12. Monthly ground heat exchange over the monitoring period, WGG, 2017 to 2019
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Figure 13. Annual ground heat exchange over the monitoring period, WGG, 2017 to 2019
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Heat pump performance

Figure 16 shows the 15-minute system SPF (SPF H1) in the year April 2016 — May 2017 against the
exiting temperature. Some anomalous data points, with SPFs>10 are not considered. There seems to
be no correlation between source temperature and system performance factor. No reasons are known
or could be analyzed why the SPFs propagate in this way and do not follow the heat pump
characteristics.

In addition, it must be added that the temperature output can only be displayed with full measured
values. The data logging does not include decimal places.

Figure 17 shows the 15-minute heating capacity in the this year against the exiting temperature. The
values give a similar picture to the SPF. No correlation can be established. A range up to 80 kW in
heating mode is covered, but independent of the source temperature as well as the supply temperature.
The source temperature is in a range of 3 to 20 °C.

Figure 18 shows the seasonal performance factor of the system versus the binned hourly heat that is
actively being produced. A more or less linear correlation between heating capacity and SPF can be
recognized, with the scatter of SPF values increasing with increasing heat capacity. In total, 5 to 80 kW
heating capacity is provided, resulting in SPF between 0.5 and 10.

Figure 19 shows that from Mai 2016 to April 2017 the heat pumps had up to 1.400 operating hours per
month together in heating mode. For the this year, the running time of the heat pumps in heating mode
was analyzed. The evaluation shows that there is usually a running time of 30 - 60 minutes. Longer
running times, on the other hand, occur rather rarely (Figure 20).
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Figure 16. Seasonal performance factor in heating mode HP 1 and HP 2 (SPF H1) vs exiting
temperatures, WGG, May 2016 to April 2017 (15-minute values)
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Overall system performance

For the school, all PF from 0 to 5 (without 3) can be displayed based on the measurement data.

There is a significant reduction in performance between the values 0 to 5. SPF HCO still achieves values
> 20, SPF 1 (typical COP value) still gives values up to 5.0.

Over the years, however, it can be seen that the values remain constant and no major changes have
occurred.

Figure 27 show the average monthly specific heat extraction and injection from 2017 to 2019. During
the cooling period, up to 25 kWh/m are added to the ground via the energy piles an up to 5 kWh/m? via

the agrothermal field. Up to 44 kWh/m are extracted during the heating period via energy piles and up
to 10 kWh/m? via the field.
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Figure 21. Annual heating and cooling performance factors for different system boundaries, WGG, 2017
to 2019 (incomplete data for 2019)
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Figure 22. Monthly heating and cooling Performance Factors for different system boundaries, WGG,
2017 to 2019 (incomplete data for 2019)
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Figure 24. Monthly heating Performance Factors for different system boundaries, WGG, 2017 to 2019
(incomplete data for 2019)
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Figure 25. Annual cooling performance factors for different system boundaries, WGG, 2017 to 2019
(incomplete Data for 2019)
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Figure 26. Monthly cooling Performance Factors for different system boundaries, WGG, 2017 to 2019
(incomplete data for 2019)

Table 9. Provided heating and cooling and used electricity

Period (Jan- Dec) 2017 2018 2019
Heat out put fromthe ground source, used by heat pump for heating [ kWh] 164,600 184,200 182,537
Heat output fromthe heat pump [kWh] 296,433 258,021 246,474
Heat output from supplementary heating within boundary 0 [kWh] No supplementary heating
Coolingoutput fromthe ground source [kWh] 94900 125800 86699
Activecoolingprovidedfromthe compressor [ kWh] 93310 115019 92465
Cooling output from supplementary cooling within boundary 0 [ kWh] no supplementary cooling

Electricity used by source side circulation pumpinheating mode [ kWh]

Electricity used by the heat pump compressor,includinginternal control system
andexcludinginternal circulation pumpinheating mode [k\Wh]
Electricity used by the supplementary heating withinboundary 0 [kWh] No supplementary heating

Electricity used by load side circulation pump between heat pump and buffer
tankinheating mode [kWh]

Electricity used by load side circulation pump between buffer tank and
distributionsysteminheating mode [kWh]

Electricity used for load side building heat distribution [k\Wh]

Electricity used by source side circulation pumpin coolingmode [ kWh]
Electricity used by the compressor in cooling mode [ kWh]

Electricity used by the supplementary cooling within boundary 0 [ kWh] no supplementary cooling

Electricity used by load side circulation pump between compressor and buffer
tank in coolingmode [ kWh]

Electricity used by load side circulation pump between buffer tank and
distribution systemincooling mode [ kWh]

Electricity usedfor load side building coolingdistribution [ kWh]
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Table 10. Performance factors over the monitoring period.

Period (Jan - Dec)

2017 2018 2019

SPFHO 31.8 4438
SPFH1* 5.3 4.8
SPFH2 4.7 4.4
SPFH4 4.4 3.3
SPFH5 2.4 1.8
SPFCO 157.7 136.7
SPFC2 122.6 109.9
SPFHCO 45.0 61.6
SPFH1C* 5.3 4.8
SPFHC2 6.2 6.3
SPFHC4 5.2 4.4
SPFHC5 2.9 2.3

*) heat pump internal electricity use is included.

m Heat injection (EP) m Heat injection (Agro) M Heat extraction (EP) W Heat extraction (Agro)
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LESSONS LEARNT

In general it can be said that over the entire period under consideration the energy piles and the
agrothermal field contributed about half of the heating and half of the cooling supply. The switchover
thus shows their functionality. However, it should be noted that the energy balance for both heat sources
- also based on the optimizations and trial runs - shows that significantly more energy was extracted
from the soil than is entered during the summer months. The brine temperatures do not drop despite
the unequal ratio of injection to extraction. The natural regeneration currently ensures a sufficient annual
heat flow. For the future continued operation of both heat sources, however, it must be ensured that a
largely even balance is achieved and that neither the soil of the agrothermal field nor the soil
surrounding the energy piles is cooled too much.

After only a few months of moving into the school, a possible operational optimization and savings
potential of the system technology is already apparent. It is only in practical application that it becomes
apparent how individual technologies can be used and integrated into the construction process and
whether operators or users are able to operate and maintain the systems in a sensible way. It can be
stated that the implementation of an innovative energy concept with low-ex heat sources has to be
described and planned in detail already during the planning stage and has to be checked intensively
after commissioning. A successful implementation can only be achieved by a joint interaction of all
project participants through interdisciplinary work.

Design lessons learnt

During the construction of the heat source there were several interfaces between the executing
company and the other companies involved in the construction. Below is a list of individual interfaces
and their coordination points as well as specifications that must be taken into account in the planning
process in the future: [1]

Interface between agrothermal field manufacturers and sports ground constructors:

¢ Intensive coordination with sports ground constructors to determine the subsoil for the
subsequent grass surface, taking into account the ground conditions

e Ensuring and guaranteeing that subsidence in the sports field can be excluded at a later date

o Examination of possible collisions / problems with future irrigation system and agrothermal boot
use on the sports field.

e Coordination of deadlines and construction sites

Interface between agrothermal filed manufacturer and heating engineer:

o Definition of interfaces for planning and warranty between the agrothermal trade and the
heating engineer. The interface was defined during planning. Definition: Transfer of the
agrothermal trade union to the heating engineer by means of two built-in sliders in the pipes.

e Coordination of the supply and filling with glycol as well as ventilation of the pipes between the
agrothermal trade and the heating engineer. Division and allocation of the area of responsibility.
Uniform make of the glycol used as well as maintaining the same mixing ratio to the other
refrigeration circuits.
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Coordination of the minimum pressure in the agrothermal circuit with the other refrigeration
circuits which are assigned to the heating engineer's trade.

o Consideration and installation of separate filling and venting connections in the agrothermal
circuits. Determination: Possibility of filling and ventilating the collector field separately from the
other refrigeration circuits.

e Joint commissioning of the agrothermal field by the two trades agrothermal and heating
engineers.

e Determination of warranty claims in the event of damage to the other connected refrigeration
circuits that can be traced back to a possible cause in the agrothermal circuit.

o Definition of responsibilities in the event of damage and maintenance work such as venting and
possibly refilling and draining the dirt traps in the agrothermal circuit, which take place in the
technical room assigned to the heating engineer trade.

Energy pile interfaces:

e During the construction of the energy piles there were several interfaces between the executing
company and the other companies involved in the construction. An intensive coordination with
the carcass builder for the time schedule of the construction of the piles took place. Possible
damage caused by the activation of the bored piles had to be excluded and guaranteed.

Circulating pumps and operating faults

With regard to the hydraulics, the monitoring in the first years of operation revealed sources of errors
and deficiencies in the implementation. These include the following:

e Reduction of the mass flow of the concrete core activation during the heating period due to too
high room temperatures in the interior rooms

e Settings and adjustments of the mass flow of the heating circuits during the heating period so
that the set flow temperature is reached

e Missing shut-off valve in the flow distributor to the buffer storage

o Volume flow controllers of the ventilation system in individual classrooms were incorrectly
connected

Gas condensing boiler:

With regard to the gas condensing boiler, an unplanned operation was detected in the first summer
months. In addition to domestic hot water, heat was supplied to the heating circuit distribution network
at times. This was caused by incorrectly set diverter valves.

Improvement measures

Based on the brine inlet and outlet temperatures, adjustments to the control strategy have been made
since the commissioning of the two near-surface geothermal low temperature sources and their heat
exchangers. The year-round inefficient continuous operation of both sources (parallel operation) was
replaced by a manual adjustment via a priority distribution. In the process, the switching on and off of
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the respective source was redefined. The preset control for the operation of the low-temperature
sources provided that both sources were operated in parallel up to a brine inlet temperature of 3 °C.

To increase efficiency, the two sources have been controlled separately in the winter months since the
changeover. The switchover is based on the higher brine outlet temperatures of each source system.
During the heating period, the heat pumps primarily use the energy piles with the higher brine
temperature level. In order to prevent the ground around the piles from freezing, they are only operated
up to a brine inlet temperature > 3 °C. The shutdown criterion for keeping the ground free of frost is 2
°C. From the switch-over point onwards, heat is extracted from the agrothermal field.

For the cooling period the priority is reversed. Priority is given to the agrothermal field and then the
energy piles are driven to regenerate the soil.

An automatic switching of the sources depending on the brine temperatures was implemented. For this
purpose, a control extension was implemented in the central building control system. [1]

The tables below show the past and present switching between agrothermal field and energy piles.

Table 12 Switchover / control between agrothermal field and energy piles: state and optimization

operating time actual situation optimization remark
priority enegy piles:
winter both sources - parallel energy piles brine inlet temp. > 3°C
autumn, spring both sources - parallel priority agrothermal field
priority
summer both sources - parallel energy piles regeneration energy piles
Table 13 Planned Monthly distribution of operating modes of the two source systems
switch Jan | Feb | Mrz | Apr | Mai | Jun | Jul | Aug | Sep | Okt | Nov | Dez
. X X X X X X X X
energy piles

agrothermal field

Future work

The school as a user has already been integrated into the design process in order to integrate optimal
processes and room constellations for teaching with the respective pedagogical concept into the
architecture and functions of the building. In joint workshops and brainstorming sessions, everyone was
called upon to discuss and agree on their goals, wishes and suggestions for all areas in and around
school life. On the part of the architect, the main questions asked were usage sequences, room
programs, pedagogical concepts and their influence on floor plans. These events provided the
architects and specialist planners with valuable guidelines for the development of the designs and
implementation of the planning. The result is an updated specification for all those involved.

The results and findings help to avoid and optimize problems in future non-residential buildings and
their installations. The new building has a model character and is suitable as a multiplier due to its
transferable urban and building-typical structures.

The realized school building with a high degree of solar energy use is an important component for our
future energy supply and the implementation of renewable energies and sources. The pilot project
reflects the building standards of the future very well and at the same time shows the framework for the
development and evaluation of necessary innovative methods and tools for educational and public
buildings.
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