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1 Summary

The assessment of current technologies has been carried out considering eleven case studies
which have been provided by the partners: three case studies in Germany and Romania, two
in Belgium and Italy and one in Spain. All renewable technologies for cooling or solutions with
high Energy Efficiency Ratios (EER) have been analysed: solar cooling, free cooling with the
ground, Ground Source Heat Pumps (GSHP) and Double Source Heat Pumps (DSHP), also
feeded with PV systems.

Free cooling with the ground can lead to an EER greater than 20; this solution is particularly
suitable in dominant heating climates. Several examples have been shown in Germany (Case
1 and 2) and in Romania (Cases 7 and 8).

Solar cooling is is very well known in South of Europe, where solar radiation is greater, but the
Case 3 in Germany demonstrates that solar cooling is feasible also in central Europe.

Three cases of GSHP have been reported (Cases 4,5 and 10): the EER reported varies from
4.2 to 5.4 depending on the temperature of the ground. Moreover, the possibility to produce
electricity with PV locally (as shown in case 4) allows to get renewable cooling.

Double source heat pumps have been proven in Cases 6, 9 and 11; in climate with balanced
demand for heating and cooling or with dominant cooling energy demand the double source
heat pump allows to get high values of EER in cooling (even above 5). Also in this case, the
possibility to produce electricity with PV locally allows to get renewable cooling.

The simulations at urban scale had three main purposes: a) to check how the foreseen
increase of temperatures in the next 25 years will affect the cooling demand, b) how much the
UHI can affect the cooling demand in current conditions and in 2050, c) to tune the tool
URBANHEATPRO against the software EURECA.

In the South of Europe the 2050 climate change projection calculation predicts a staggering
48% increase in the cooling demand compared with today. The UHI integrated weather file
will lead to a 70% increase in the cooling demand. About the electric consumption, the
increase in the cooling demand will cause a 46% increase in the electric consumption of the
buildings.

In Central Europe the prediction of 2050 climate change projection leads to an increase of the

cooling demand by 80% compared to the baseline case. The introduction of the urban heat
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island, instead, increases by a further 15% the cooling demand, leading to an increase of 95%
on the energy demand for cooling in 2050.

The URBANHEATPRO has been tuned against EUReCA in the Munich district, allowing to
improve the UHP software, which can be applied to all Europe, as will be shown in Deliverable
3.3.

2 Case studies of single buildings

The following case studies have been analysed:
e Case 1: the project’Miss Elly” in Bochum (Germany) with free cooling with the ground
e Case 2: the project “GeoStar” in Bochum (Germany) with free cooling with the ground
e Case 3: building “SAC — UBA” in Dessau (Germany) with solar cooling
e Case 4: residential building in Putte (Belgium) with GSHP
e Case 5: residential building in Mechelen (Belgium) with GSHP
e Case 6: Judetean Hospital in Oradea (Romania) with DSHP
e Case 7: Termoline Building in Oradea (Romania) with free cooling with the ground
e Case 8: nZEB in Bucharest (Romania) with free cooling with the ground
e Case 9: Office in Padova (Italy) with DSHP
e Case 10: CNR Pilot building in Padova (ltaly) with GSHP
e Case 11: Health care in Paterna (Spain) with DSHP

2.1 Case study 1: “MissElly” (Germany)

The company Voltavision GmbH operates development and testing center for power
electronics and power energy storage. In cooperation with the Bochum University of applied
Sciences / International Geothermal Center, it is planned to develop the classic cooling
concept into an innovative cooling concept that is predominantly supplied with renewable
energies in order to reduce the CO. emissions of battery test centers. It is planned to

scientifically investigate the innovative cooling concept on a demonstration object. This will
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supply two cooling lines, a high-voltage test section with about 700 kW and a low-voltage test

section with about 400 kW waste heat output.

Table 2.1. General data Case Study Number 1 — Germany.

Building

Name of the Building  Voltavision

Destination of use testing center for power electronics and power energy storage
Address Lise-Meitner-Allee 19, 35, 44801 Bochum

Latitude 51°2706.30 N

Longitude 7°1636.71E

Altitude 113m

Climate Cfb

Figure 2.1. Case Study Number 1 — Germany — Aerial view of the building and
orientation.

The energy requirements were analyzed using BMS monitoring data and determined in final
consultation with the project partners. The Figure 2.2 provides an overview in the form of
annual hydrographs and annual duration curves. The refrigeration circuit is set to operate
between a supply temperature of 18 °C and 23 °C for the return (hence it is a high temperature

cooling application).
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Estimation of the load profile and the annual duration curve
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Figure 2.2. Case Study Number 1 — Germany — Energy requirements at the planned
MissElly demonstration site

The maximum cooling capacity of this approximately 1.2 MW. The short-term storage in the
ice storage will be developed to provide cold with a cooling power up to 600 kW. This will be
achieved through the innovative usage concept of the ice storage, which uses the liquid water
in the ice storage as in a natural aquifer, an open system. For the planned borehole heat
exchanger field, the first calculations show that it will be possible to provide cold at a realistic
continuous power of about 100 kW at this location. As a result, the maximum cooling capacity
of the CCM drops from 1.2 MW to 500 kW. A possible MissElly plant concept is shown in the
Figure 2.3.
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Figure 2.3. Case Study Number 1 — Germany — MissElly possible plant concept.

To reduce cold losses from the ice storage to the environment, the ice storage unit will be
placed in the underground in the center of the probe field (see Figure 2.4), so that the
surrounding rock compensate the losses of the ice storage. A schematic representation with
the exemplary temperature profile of the charged memory is shown in the Figure 2.4. Initial
calculations using analytical calculation tools show that the geological and thermophysical
boundary conditions encountered at the site in a geometrically optimized geothermal borehole
heat exchanger filed configuration will allow approximately 3.300 m to provide a continuous
cooling power of 100 kW.

First energetic calculations of the proposed entire system show that it could be possible to
decrease the electrical power consumption compared to the standard system from around 913
MWh/a to around 427 MWh/a. The adopted specific CO, emissions for electricity with a value
of 516 gCO»/kWh where taken from the German Federal Environmental Agency from the year
2018. With this value it is easy to calculate the CO; reduction of the MissElly system and it
allows to reduce the CO, emissions from around 471 t CO/a to around 221 t COz/a, what
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results in an efficiency increasing of around 53 % in the supply of cooling needs with a

permanent load demand.

schematic top view

legend:

SO: ice storage -10°C--5°C
S1: BHE shell -5°C-0°C
$2: BHE shell 0°C-5°C
$3: BHE shell 5°C-10°C

schematic sectional view

Figure 2.4. Case Study Number 1 — Germany — schematic representation with the
exemplary temperature profile of the charged memory.

Table 2.2. Case Study Number 1 — Germany — Additional value / advantage of the
MissElly system with the demonstrator

Comparison Unit Conventional MissElly system | MissElly ad-
system vantage

Total electricity (cooling of la- | kWh/a 242,607 73.231 70 %

boratories and buildings)

Total electricity (heating build- | kWh/a 34.173 14.666 57 %

ings)

Total electricity kWh/a 276.779 87.897 68 %

Annual co2 emissions 2021 Tonsof CO2/a | 101 32 68 %
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2.2 Case study 2: the project “GeoStar” (Germany)

The general data of the building is summarized in Table 2.3. In Figure 2.5 and Figure 2.6 the
aerial view and some pictures of the buildings are reported. As can be seen this case study
consists of 3 buildings: the institute building (named Building 1), the Geotechnikum (named

Building 2) and the energy center (named Building 3), where the thermal plant room is located.

Table 2.3. General data Case Study Number 2 — Germany.

Building

Name of the Building Fraunhofer IEG, Bochum

Destination of use Offices, geotechnical laboratories, lecture theatre, large
equipment hall, seminar room

Year of Construction 2012

Address Am Hochschulcampus 1, 44801 Bochum

Latitude 51264719 N

Longitude 7°16°32.59 F

Altitude 125m

Heat distribution Underfloor heating, Radiators, Concrete core activation,
Ventilation

Level of insulation High

Gross Footprint of the Building  Building 1 (Offices, geotechnical laboratories, lecture
theatre). 661 m?

Building 2 (large equipment hall): 572 m?

Building 3 (seminar room, Energy centre). 277 m?
Number of floors Building 1: 2

Building 2: 2

Building 3: 1

Cooled Useful Area 800 m?
Total Useful Area 1793 m?
Total Net Volume 8896 m3
Climate Crb
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Figure 2.5. Case Study Number 2 — Germany — Aerial view of the building and
orientation.

Figure 2.6. Case Study Number 2 — Germany — Pictures of the external facade of the
building.

Heat is supplied GSHP with water supply and return temperatures respectively 45° and 35°C.
The heating system is composed by a mix of emission systems: underfloor radiant system in
the ground floor, full air system in the lecture hall / seminar area, while in the offices basic
heating is provided by TABS (Thermo Active Building Systems) and additional radiators under
the windows are used for individual regulation and adjustments of the room temperatures, if
needed by the users.
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The BHE field is used for active heating and passive cooling of the building. The BHE field is
based on a GeoStar geometry (Figure 2.7) which has been tested to optimize the heat
exchange with the ground when space at surface level is limited, as it is typically the case in

densely populated urban areas.

Figure 2.7. Case Study Number 2 — Germany — Scheme GeoStar system.

Overall, 17 BHE were installed on a 6 m x 10 m elliptic area with dipping angles of 10° to 13°
up to vertical depths of 190 m (BHE length 200 m). The distance between the borehole starting
points on the surface is 1.5 meters on average. The heating load is ca. 140 kW with a heat
demand of 252 MWh/a and the cooling load is ca. 85 kW with a cooling demand of 51 MWh/a.
The performance of the GeoStar is significantly higher than the energy requirements of the
connected buildings, since in future further buildings with a heating capacity of around 50 kW
will be connected as well.

In the building monitoring data are available from 2014 (Figure 2.8). From March 2014 to
October 2022, 1,442 MWh of renewable thermal energy for heating purposes has been drawn
from GeoStar 1. If this amount of heat had been produced by a gas boiler — with natural gas
at 240 g COz-equivalent/kWh (cf. Federal Ministry for Economic Affairs and Energy, 2019) and
90 % thermal efficiency — it would have been 385 tons of CO2-equivalent. Monthly performance
factors for all heat pumps over time lead to an average SPF between 4.0 and 4.5.
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The passive cooling system is presented below as an example for 2015. Sufficiently consistent
data for evaluating the efficiency of passive cooling is not available for all operating years. In
the 2015 cooling period (June to September) 22.5 MWh of cooling was provided via the BHE
field. The brine circulation pumps have a corresponding electricity requirement of 1134 kWh.
The Seasonal Energy Efficiency Ratio (SEER) for passive cooling is correspondingly 19.8. In
2015, the average specific carbon dioxide emissions for the electricity mix in Germany were
534 g/kWh. Compared to conventional cooling using a split unit and an average coefficient of

performance of 3, this results in CO, savings of 68 tons in twenty years.
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Figure 2.8. Case Study Number 2 — Germany — Renewable heat AQ_prim/kWh from
the GeoStar stacked for all heat pumps (1 to 4)

The monitoring results show a highly efficient geothermal system for both heating and cooling.
At just under 20, the SEER is within the range of the literature data, as shown by both
theoretical considerations and monitoring results for geothermal passive cooling of 20 to 25.
The slightly lower value compared to literature data is due to the fact that the GeoStar BHE
field is oversized for the heating case. As a result, the brine temperatures drop to 6°C-7°C in
the heating season. In Figure 2.9 the daily sampled temperature curve for the supply and
return brine temperatures from and to the GeoStar BHE field; as can be seen, after nearly a
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decade of operation, the temperatures have a quite high average level and, overall,| a stable
temperature without any undercooling effect thanks to the free-cooling energy delivered to the

building in summer.
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Figure 2.9. Case Study Number 2 — Germany — Daily sampled temperatures for supply
and return temperatures of GeoStar BHE field

2.3 Case study 3: building “SAC — UBA” in Dessau
(Germany)

The building of the Federal Environmental Agency is situated in the historic Gasviertel district
of Dessau-Rof3lau, Saxony-Anhalt, in the north-east of Germany. It was inaugurated in 2005
in conjunction with the implementation of a SAC system based on an adsorption chiller.

The replacement project was conducted between April and December 2011. This entailed the
dismantling of the adsorption chiller and the installation and commissioning of an absorption
chiller developed by TU Berlin. The absorption chiller can meet the cooling needs of the data
centre, classrooms, and auditorium. [1].

Figure 2.10 and Figure 2.11 illustrate the building in its aerial view and a photographic
representation, respectively. A summary of the general data for the building is presented in
able 2.4.
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The building is naturally ventilated in most of its office areas. However, the offices on the
western side and those with high thermal loads, such as the computer centre and the
auditorium, are equipped with mechanical ventilation (coupled with a AGHE [4]) and air

conditioning. The ducts of the AGHE have an overall length of about 5 km [5].

/

Figure 2.10. Case Study Number 3 — Germany — Aerial view of the building and
orientation. (©2024 Google LLC)

- A

Figure 2.11. Case Study Number 3 — Germany — Pictures of the building and the
atrium. (©Jan Albers)
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Table 2.4. General data Case Study Number 3 — Germany. [2,3]

Building

Name of the Building Umweltbundesamt - UBA

Destination of use Office, forum, library, lecture hall, exhibition, seminar
Year of Construction 2005

Address Warlitzer Platz 1, Dessau-Rol3lau, D-06844

Latitude 51°50'32.69” N

Longitude 12°142249”F

Altitude Om

Level of insulation High

Gross Footprint of the Building 39 800 m?2
Number of floors 4 (plus basement)

Cooled Useful Area by AbKA Approx. 500 m?

Total Useful Area 17800 m?
Total Gross Volume 195 000 m3 including atrium and forum
Climate Ccfb

The computer centre, auditorium and rooms for IT training are all equipped with air
conditioning, supplied by a thermally driven absorption chiller (TDC) that is driven with solar
thermal energy from a solar collector field installed on the main building's roof. Figure 2. shows
the absorption chiller installed. Solar heat is also used for heating purposes directly.
Additionally, heat from the district heating network of Dessau is used when the solar
contribution is not sufficient. A vapour compression chiller (CTC) is used as a backup to
provide cooling. [6]

Figure 2.13 is a simplified PID for the cooling process and Table 2.5 presents a summary of

the cooling technologies.
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Figure 2.12. Case Study Number 3 - Absorption chiller installed by TU Berlin at UBA
Dessau
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Figure 2.13. Case Study Number 3 —Simplified scheme for the SAC-system at UBA
[7]
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Table 2.5. Case Study Number 3 — Cooling technologies [3,7]

Nominal Capacity

Absorption chiller (TDC) 34 kW
Vapour compression chiller (CTC) 90 kW
Reject heat device (RHD) 158 kW
Chilled water storage (KS) 2x5nms

The building is equipped with three distinct cooling systems, which are employed in
accordance with the prevailing external temperature or the thermal load to cool the water-

based cooling network of the building:

1) Free Cooling

2) Cooling provided by a TDC

3) Cooling provided by a CTC (backup)
The first option is the utilisation of the ‘Free Cooling’, which necessitates an ambient
temperature below 5°C. If this condition is not met, i.e. the ambient temperature is higher than
5°C, the TDC is operated. Finally, if the thermal load of the areas exceeds the nominal cooling
capacity of TDC, the CTC is operated to meet peak demand and it serves as a backup for the
entire cooling system.
In the case of free cooling, chilled water with a higher temperature (after leaving consumers
such as server room, auditorium, etc.) is conveyed to the roof, where it is cooled in by a Reject
Heat Device (RHD). Air serves directly as the heat sink of the cooling system.
The TDC operates using heat from 216 m? of solar collectors installed on the roof of the
building. The solar field supplies hot water between 55°C and 75°C to the TDC. When solar
radiation is low (at night or cloudy days), the TDC is driven by heat from the district heating
network [3,4].
The total cooling demand for 2016 was 177 MWh. The server room consumed approx. 90%
of the total demand. Figure 2.14 shows the monthly cooling consumption in 2016. The ‘Free
Cooling’ system generated 85 MWh, corresponding to 48% of the total, while the absorption

chiller generated in total 83.5 MWh, of which 28% was generated using solar thermal heat.
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Figure 2.14. Case Study Number 3 —Monthly cooling consumption and monthly cooling
generation by operating mode in 2016.

Figure 2.14 illustrates that during the winter months, the ‘Free Cooling’ system is responsible
for more than 80% of the cooling supply of the building. Conversely, during the summer
months, the absorption chiller is mainly covering the cooling demand of the building. Cooling
provided by the compression chiller account for small fraction in total of <5 %., as this
operating mode takes place only as backup or when peak demands occur.

As illustrated in Figure 2.15, 71% of the cooling generation by the absorption chiller is obtained
with heat from the district heating, which is powered by a central (coal-fired) CHP, resulting in
the emission of greenhouse gases. Due to the high spec. COz-emissionfactor (334 g/kwh)
and the high Primary Energy Factor (0.70 kWhpe/kWh) of District Heating in Dessau the overall
CO;-Emssions and the primary energy efficiency of the thermally driven system is dominated
by these factors. However, due to decarbonisation strategies of the DH providers in Dessau
the CO»-emissionfactor along the primary energy factor have been reduced in the meantime
to 0 g/kwWh and 0.53 kWhpe/kWh.
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Figure 2.15. Case Study Number 3 —Monthly distribution of cooling

2.4 Case study 4: building in Putte (Belgium)

The demonstration case is located in a rural area in Putte (Belgium), in the Belgian province
of Antwerp, around 8 km east of Mechelen. There are two buildings (Figure 2.16.a): one
building is a nZEB (Nearly Zero Energy Building) single-family house with two stories and a
total surface area of 170 m?, made in natural materials (Figure 2.16.b); the other structure
(about 20 meters south of the residential building) houses a veterinary studioand six stables for

horses.
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Table 2.6. General data Case Study Number 4 — Putte (Belgium).

Building

Name of the Building Family house

Destination of use Residential building

Year of Construction 2016

Address Eikenstraat 3, 2580 Putte (Belgium)
Latitude 51°02°30"N

Longitude 4°37°39"E

Altitude 14 m

Heat distribution Radiant panels

Level of insulation Good

Gross Footprint of the Building 170 n¥ house and 20 n¥ studio

Number of floors 2

Heated Useful volume 425 ms3 house 50 ¥ studio
Cooled Useful volume 425 ms house

Climate Ccfb

Veterinar

Studi

a b

Figure 2.16. Case Study Number 4 — Putte (Belgium) — Location of the residential
house and the stables with the veterinary studio (a) and Facade of the building (b)
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A geothermal heat pump of 12 kW provides heating and cooling through radiant floor and
ceiling panels; there is also a dehumidifier, even if the cooling load in summer is relatively low.
The renewable energy sources on site are besides the geothermal heat exchangers, solar
collectors (6 panels of 2.2 m? each) and photovoltaic panels (42 panels of 250 Wp for an
installed capacity of 10.5 kW). There is an energy monitoring system. The other structure
hosts a veterinary studio and six stables for horses; the veterinary studio is just heated by the
GSHP of the house. The peak power for the house is about 6 kW while the studio has a heating
capacity of 3.5 kW. The sketch of the HVAC system can be seen in Figure 2.17.

The number of GHEs (Ground Heat Exchangers), for sure oversized by a factor of 2.5
considering the real consumption of the buildings, allow to increase the COP of the system.
The solar thermal collectors provide solar energy to heat up the hot sanitary water tank and
the solar energy storage tank integrated with the GHESs in the heating season when using all
six ground source heat exchangers for heating. In the summer season, the geothermal field is
split in two. The two double U heat exchangers (S1, S2) stay connected to the heat pump for
cooling and for sanitary hot water generation. The four coaxial heat exchangers (S3, S4, S5,
S6) transfer the excess heat from the solar energy storage tank into the ground to recharge
the soil for the following heating season to avoid the decline of the undisturbed underground
temperature over the years. The water temperature during the heat injection is limited to 30°C
by adjusting the speed of the circulating pump supplying the heat exchanger between the solar
energy storage tank and the geothermal field loop, in order to avoid pollution and microbial
growth in the soil.

The heat pump has a nominal COP of 5.6 following the standard UNI EN 14511 (calculated
for a brine temperature of 5 °C and a supply water temperature of 35 °C) and an EER between
5.6 following the standard UNI EN 14511 (calculated for a brine temperature of 30 °C and a

supply water temperature of 7 °C).
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There is a very detailed BMS (Building Management System) which allows to meadure the
performance of the HVAC system.

The overall energy demand of the building is 10.11 MWh in heating and 0.64 MWh in cooling
(Figure 2.18). The measured COP and EER in heating and cooling seasons is 3,56 and 4,69
rspectively. During monitoring, the heat pump operated with capacity of 4.3-5.0 kWth, which
is 2.5 lower than its nominal value of 12 kWth.

Considering the PV production, the electric consumption of the heat pump is 0.85 MWh in

winter and zero in summer.

Putte

2.5

1.5

0.5

Energy Demand [MWh]

0 _.l._

-0.5

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

Figure 2.18. Case Study Number 4 — Putte (Belgium) — Thermal Load Profile of the
Building

2.5 Case study 5: building Mechelen (Belgium)

The case study is a residential row house located in Mechelen (Belgium). The original building
has two stories and dates back to the 1960s. The brick walls are not insulated. An expansion

at ground floor level was realized in the back of the original building in the years 2008-2009.
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The general data of the building is summarized in Table 2.7. Figure 2.19 shows the photo of
the building.

The house has an overall floor area of 125 m?, it was completely stripped internally and
renovated, including the roof. There is a GSHP of 13.5 kW which supplies both high
temperature and low temperature terminals installed in series, ensuring a high temperature
gradient to the heat pump in the heating season. This allows the use of CO, as refrigerant,
with a suitable temperature gradient In the gas cooler gas-cooler, thus leading to a COP of
about 3.3 in heating mode. In cooling the heat pump can provide 15 kW with a nominal EER
of 4.5.

Table 2.7. General data Case Study Number 5 — Mechelen (Belgium).

Building

Name of the Building Family house

Destination of use Residential building

Year of Construction 1960 (extension in 2009)

Address Battelse Bergen, 32, 2800 Mechelen (Belgium)
Latitude 51°02'34"N

Longitude 4°26'36"E

Altitude 8m

Heat distribution Radliant panels and fancoils

Level of insulation Good

Gross Footprint of the Building 125 m?

Number of floors 2
Heated Useful volume 473 mP
Cooled Useful volume 473 mP
Climate Ccrb

The total monthly heating energy demand for the building (Figure 2.20) amounts to 29.961
kWh per year. The sensible cooling demand amounts to 679 kWh per year. Considering also
latent cooling demand, total cooling demand amounts to about 1500 kWh per year.

The sketch of the HVAC system can be seen in Figure 2.21.
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The measured COP and EER in heating and cooling seasons is 2.7 and 4.2 respectively.
Considering the PV production, the electric consumption of the heat pump is 7.54 MWh in

winter and zero in summer.

Figure 2.19. Case Study Number 5 — Mechelen (Belgium) —Photo of the building after
renovation

Mechelen
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1.5
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Heating ™ Cooling

Figure 2.20. Case Study Number 6 — Mechelen (Belgium) — Thermal Load Profile of
the Building
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Figure 2.21. Case Study Number 6 — Belgium — HVAC system.
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2.6 Case study 6: active cooling Judetean Hospital
Oradea (Romania)

The building is situated in Oradea (Romania), it has around 20.000 m2 floor area and has been
renovated in 2023 (it was built in 1984). Judetean Hospital Oradea is the most complex health
unit in Bihor County, providing specialized medical care to over 220,000 inhabitants of Oradea,

with around 900 beds and about 30,000 patients/year.

Table 2.8. General data Case Study Number 6 — Active cooling Judetean Hospital

Oradea
Building
Name of the Building Judetean Hospital Oradea
Destination of use Hospital
Year of Construction 1978-1979
Address Romania, Oradea, street Gheorghe Doja nr 67
Latitude 47°03'52.7"N
Longitude 21°57'15.3"F
Altitude 142m
Heat /cold distribution radiant gipsboard ceilings
Level of insulation Very good

Gross Footprint of the Building 2,643 n¥

Number of floors 10 floors. basement, ground floor, 8 floors
Heated Useful Area 16,357 n¥?

Cooled Useful Area 16,357 n¥#

Total Useful Area 16,357 n¥#

Total Net Volume 62,839 m®

Climate Drb
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Figure 2.22. Case Study Number 6 — Active cooling Judetean Hospital Oradea —
Pictures of of the building.

The emission system is radiant heating and cooling system, reaching a maximum of 35°C in
winter and a minimum 17°C in summer; the temperature of the water is controlled in cooling
mode to be greater than dew point to avoid condensation. A decentralized ventilation system
with heat recovery has been implemented. Additionally, window shading has been installed,
and the entire environmental control is managed through a Building Management System
(BMS).

A geothermal solution has been implemented. The primary source for the GSHP consists of
66 boreholes at a depth of 135 meters equipped with 1 single collector PEHD pipe DN40.
Geothermal energy is used as the primary source both for heating and cooling. Three GSHP
reversible heat pumps (150 kW each) are coupled with three Hybrid ground/air-to-water
reversible heat pumps with a useful power of 70 kW each.

The retrofit of the building has lead to a significant energy reduction (about 72%). Currently
1,815 MWh of energy is used as final energy. The amount of cooling energy demand based
on monitoring is 327 kWh. The electric consumption has been 46 kWh, with an EER = 7.1.
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2.7 Case study 7: Termoline Research Centre Oradea
(Romania)

The building has 3-storey with a total useful area of 368 m2, and a volume of 1570 m3. The
building is very well insulated. The exterior walls are made of 25 cm thick brick masonry and
are thermally insulated with 20 cm thick mineral wool and has a ventilated fagade. The
windows are aluminium triple-glazed with a thermal transfer coefficient below 0.9 W/(mz2-K)
and are equipped with aluminum exterior venetian blinds. The general data of the building are

summarized in Table 2.9 and Figure 2.23 shows the photo of the building.

Table 2.9. General data Case Study

Building

Name of the Building Termoline Research Centre
Destination of use Research building

Year of Construction 2015

Address Fabricilor 2F, Oradea ( Romania)
Latitude 47°0840"N

Longitude 21°91'66"F

Altitude 142m

Heat distribution Radliant TABS system on GSHP
Level of insulation Very Good

Gross Footprint of the Building 470 m?

Number of floors 3
Heated Useful volume 1570 m@
Cooled Useful volume 1570 m@
Climate Drb
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Figure 2.23. Case Study — Termoline Research Centre

Heating and cooling for the building are provided by TABS (Thermally Activated Building
Structure). A GSHP of 15 kW operating just in heating (Figure 2.24) is installed with five BHEs
of 100 m each. In cooling season, the water from the ground is used as free colling in the
TABS with a supply temperature controlled so as to be above the dew point temperature. The
undisturbed temperature measured at the beginning was 14.2°C. At the beginning of summer,
the ground temperature goes under 8°C. A key advantage of passive cooling is that the earth
regenerates its temperature during summer; at the end of the cooling period, the ground

temperature is over 16°C.
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Figure 2.24. GSHP installed in the building

The monitoring activity conducted during July 2024 (reported in Figure 2.25) has shown a very
high energy performance in cooling conditions. the thermal energy extracted from the ground

was 2493 kWh energy directly used for cooling with an electric energy consumption for of 60.9

kWh, thus leading to an EER = 40.9.
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Figure 2.25. Monitoring July 2024
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2.8 Case study 8: dual-source residential nZEB
Bucharest (Romania)

The building is an energy efficient single-family house, with a gross area of 182 m2 and a net
floor area of 132 m2, a volume of 265 m3. It is designed for exploiting natural lighting, taking
full advantage of the site's orientation; there is also a greenhouse incorporated as a central
feature. The building components are made from 100% recyclable materials. The general data

of the building is summarized in Table . Figure 2.26 shows the photo of the building.

Figure 2.26. Dual-source residential nZEB Bucharest
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Table 2.10. General data Case Study

Building

Name of the Building  Dual-source residential nZEB Bucharest
Destination of use Residential

Year of Construction 2022

Address Bulevardul Lacul Tei 124, Bucuresti
Latitude 44.46319224322061

Longitude 26.125283686506545

Altitude 87m

Gross area 181.55 m?

Net floor area 13255 m?

Conditioned volume  264.79 m3
Number of floors 2

Climate Cfa

The heating system is based on radiant panels installed in the floors and walls supplied by a
double source heat pump, i.e. air and ground (Figure 2.27). The 6 kW heat pump is connected
to a 100 m BHE with a double-U probe. A PV system is installed on the roof, so as to produce
renewable electric energy for the heat pump: there are 22 photovoltaic panels, each one with
a nominal power of 250W, with a total installation capacity of 5.5 kWp.
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Figure 2.27 . Heat pump system
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The highest request of energy consumption occurs during winter months. This peak is mainly
due to heating requirements, as colder temperatures necessitate increased energy use to
maintain comfortable indoor conditions. During summer, the building shows a positive
electrical energy balance; in fact, surplus energy is typically generated through renewable
sources, such as photovoltaic panels, resulting in excess energy production. This surplus
energy can be stored for later use or fed back into the grid. The yearly simulation estimates
that the house will require 1080 kWh/year for cooling. Measurements have shown that the real
cooling need has been 879 kWh in 2024 with an electrical consumption of 112 kWh, thus

leading to an EER = 7.83. The PV allows to cover all the cooling need.

2.9 Case study 9: office building in Padova (ltaly)

The Manens headquarters building in Padova has 2280 m? and has been built in 2004 (Figure
2.28). It is equipped with two innovative TABS solutions for adapting the TABS to lighter
structures as usually are used in Italy for seismic problems. The heating and cooling system
has been in the past a GSHP; the BHESs field comprises 16 boreholes, 95 m depth, arranged
as shown in Figure 2.28. Each borehole has a double-U configuration, the pipes are made of
high-density polyethylene (PEAD) with an external diameter of 32 mm.; after the first years of
operation it has been noticed that the ground was increasing the temperature due to the
unbalanced load between heating and cooling. For this reason a DSHP has been installed for
using the air and water as condensers in order to avoid overheating of the ground over the
time. The general data of the building is summarized in Table 2.11.

The real heating and cooling system was provided with a common ground coupled heat pump
from 2005 to 2017. After this period, a novel DSHP was installed. The DSHP can operate
using the borehole heat exchangers for heating and cooling operation and an additional finned
coil heat exchanger for only cooling operation. Monitored data are available until the year
2022. In addition a model has been developed for checking the measured data. As can be
observed in Figure 2.29, the model seems to perform accurately, with an error that rarely

exceeds 2°C in the coldest and warmest months.
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Table 2.11. General data Case Study Number 1 — Italy.
Building
Name of the Building Manens-TiFS headquarters
Destination of use Office building
Year of Construction 2004
Address Corso Stati Uniti, 56, 35127 Padova PD (Italy)
Latitude 45°2326"N
Longitude 11°56'43"E
Altitude 19m
Heat distribution Radliant TAB systemn is coupled with a primary air HVAC system
Level of insulation Good
Gross Footprint of the Building 2283 m?
Number of floors 4
Heated Useful volume 7000 m3
Cooled Useful volume 7000 m?
Climate Cfa
< g > . \ . s
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Figure 2.28. Case Study Number 1 — Italy — On the left, photo of the Manens-TiFS
headquarters building. On the right, layout of the installed boreholes.
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Figure 2.29. Measured and simulated temperature of the water exiting the borehole
heat exchanger field.

The model was used to perform a dynamic analysis of the DSHP. Figure 2.30 shows the
average monthly temperature of the water exiting the boreholes and of the external air when
air is used as the thermal sink from the DSHP, the Tswich, the monthly COP for heating and
cooling related to the operation of the heat pump, and the cumulated thermal load to the
ground (positive if the heat extracted is higher than the rejected). It can be noticed that, with
Tswiteh €qual to 25°C, the thermal load to the ground results unbalanced (Figure 2.30.a), since
the heat extracted during winter leads to a higher COP¢ that, during the last year, in August,
presents a monthly value of 5.3 when operating with the ground and 5.1 when operating with
air, on average 5.2. Using the variable switching temperature Tswich (Figure 2.30.b), the ground
temperature is stable over the time and the COPc in cooling season is equal to 5.2 when

operating with the ground and 5.0 when operating with air, on average 5.1 [9].
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Figure 2.30. Monthly SEFT (external air temperature and water temperature at the
boreholes’ outlet), monthly performance in heating and cooling. Cumulative thermal
load to the ground. (a) Tswitch=25°C, (b) Variable Tswitch.

2.10 Case study 10: CNR laboratory building in Padova
(Italy)

The pilot site is located in Padua research area of CNR (National Research Council) where a
small building for testing has been built in the past and has been recently renovated in the
frame of the Horizon 2020 project InnoWEE and a GSHP has been installed in the frame of
the project GEO4CIVHIC (Figure 2.31). The general data of the building is summarized in
Table 2.12. The footprint of the building is rectangular, with a floor area of about 70 m? and

the volume equal to 200 mé3.
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Building

Name of the Building
Destination of use
Year of Construction
Address

Latitude

Longitude

Altitude

Heat distribution
Level of insulation
Gross Footprint of the Building
Number of floors
Heated Useful volume
Cooled Useful volume

Climate

CNR Pilot House
Office building
1993

National Research Council, Corso Stati Uniti 4, 35127 Padova (Italy)

43°23°33"N
11°55°39"F
13m

Fan coils and radiant cefling

Good
71n?
1

200 m3
200 m3
Cfa

Orientation

North

Figure 2.31. Case Study Number 10 — Italy — Plan and images of the facades of the
building
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In Figure 2.32 a schematic drawing of the hydraulic layout of pilot site is shown. As can be
seen there are 16 coaxial surface probes (with a depth of about 8 m) and three coaxial pipes
of about 90 m depth.

Figure 2.32. Case Study Number 10 — Italy — HVAC system.

The hydraulic plant was designed in such a way that an individual heat pump alternatively
operates and, therefore, provides hot or cold water to all circuits. For this purpose, the
hydraulic plant is equipped with 11 motorized 2-way valves (figure 18), of which:
- 5valves are installed after the delivery manifold of the geothermal probes:
- 6 valves are installed in the return pipes of the hydraulic circuits, of which 3 in on-off
HP side (red-circled and labeled as O-O-HP in figure 1.4) and 3 in inverter HP side
(black-circled and labeled I-HP in figure 1.4).

The operation of such valves is managed by a suitable remote control software.
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The pilot is used for specific tests of some weeks or even few months, but it is not used on a
standard way. For this reason a dynamic simulation has been considered for the energy
demand of the building. Overall, the heating demand of the pilot building is equal to 10273
kWh, whereas the cooling demand is equal to 170 kwWh (Figure 2.33). In summer the cooling
energy demand is particularly low because there are no internal loads and the shading system

is very good.

Figure 2.33. Case Study Number 10 — Italy — Thermal Load Profile of the Building

The inverter HP showed higher energy performance than the HP with a traditional on-off
regulation. The electricity consumption, as well as the operational costs, of the heat pumps
was calculated considering the experimental coefficients of performance retrieved from the

monitoring campaign (Table 2.13).

Table 2.13. Case Study Number 10 — Italy — Overview of the performance of the heat
pumps

Inverter 4.4 5.96
On-off 3.7 491
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2.11 Case study 11: health center in Paterna (Spain)

The studied building is a manor house renovated as a health center in Paterna, close to
Valencia (Figure 2.34). The overall conditioned floor area is 380 m?. The building is located in
Paterna, a town in Valencia, where the climate type is described as temperate-cold semi-arid,

with an average temperature of 18.4 °C.

Figure 2.34. Case Study in Valencia— Pictures of the external facade of the building.

The air conditioning system installed in the building is a hybrid system that integrates both
geothermal and aerothermal heat pumps. This integration allows the complementary use of
both technologies. The distribution of heat and cold inside the building is carried out with
ducted fan coils.

The geothermal system has been designed to cover the system’s base daily energy demand
for both heating and cooling. The total peak heating power is 55 kW. On the other hand, the
peak cooling power is 15 kW. For loads higher than 15 kW, the aerothermal heat pump will
act as an auxiliary system.

The geothermal heat exchanger, that has been installed in the garden area outside the
building, consists of 8 boreholes of 105 meters deep and a diameter of 127 mm. In addition,
the aerothermal system is connected in parallel to the geothermal pump and its operation

depends on the inlet temperature of the BHE field: the air-to-water chiller operates when the
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inlet temperature exceeds 32 °C in summer period. This allows to keep the ground
temperature stable over the time and to achieve a good EER in summer.

The building has been analysed through measurements and dynamic simulations. In this first
stage, an energy simulation of the thermal behaviour of the building is carried out with a
conventional air-conditioning system, and then, once the sensors have been installed and the
thermal information recorded has been analysed, the increase in thermal efficiency with the
renewable cooling system will be assessed.

Based on dynamic energy simulations, the yearly energy demand of the building is 13.37
MWh:; in cooling and 20.71 MWh in heating (see Figure 1.7). The overall performance of the
ASHP is a COP = 2.94 in heating and an EER = 2.44 in cooling.

Case Study Paterna - Thermal demand <10
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Figure 2.36. Case Study in Valencia — Comparison of the simulated thermal demand
and the outdoor air temperature

The total electric consumption simulated in this study amounts to 15.52 MWhe per year,
distributed as follows: 5.49 MWhe per year are attributed to cooling, reflecting the energy used
in warmer conditions; and 7.03 MWh . per year are attributed to heating, corresponding to the

energy required during colder temperatures (see Figure 2.37).
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Figure 2.37. Case Study in Valencia — Comparison of the simulated electric
consumption and the outdoor air temperature

In Figure 2.38, the left image presents the machine room where the geothermal heat pump is
installed, and the right image shows the enclosure of the air source heat pump outside the
building.

Figure 2.38. Case Study in Valencia — Location of geothermal and aerothermal heat
pumps

The monitoring system will comprise 9 temperature sensors, 5 flow meters, 2 pressure

sensors, 3 energy meters, signal and protocol converters, and an industrial PC that will work
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as datalogger and optional control unit. In Figure 2.39, the locations of these sensors are

shown in the system under study.

HIDROFACK WE

AUREAZ 65B HT

e

Figure 2.39. Case Study in Valencia — Sensors location in the air conditioning system
of the Paterna health centre

The building’s air conditioning system consists of four different circuits. The initial circuit is the
enthalpy circuit, which has three pipes extending from the collector to the building and two
return pipes that run from the building back to the collector. The second circuit is the
aerothermal heat pump circuit, which comprises an impulse pipe linking the Hidropack to the
collector and a return pipe connecting the deposit to the heat pump. The next circuit is the
Aurea circuit, which comprises a pipe returning from the deposit and an impulse pipe that
directs the flow to the collector. Finally, the geothermal circuit is composed of an impulse pipe
and a return pipe that form a closed loop between the ground and the Aurea heat pump.
Temperature sensors have been positioned at the inlet and outlet of each circuit, while flow
meters have been installed only in the return pipes.

As for the pressure sensors, only two are needed: one in the closed loop between the ground
source heat pump and the ground and one in any other circuits. In this case, it has been placed
in the Aurea heat pump circuit.

The selected flow meter is the SM7420 from the company IFM, which is capable of measuring
flow rates from 0.1 to 75 L/min, and of withstanding pressures of up to 16 bar and temperatures
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from -20 °C to 90 °C. The sensors are |0-Link devices connected to an 10-Link master, the
AL1342 (manufacturer IFM too), which has eight digital outputs. This configuration will enable
ModBus TCP communication between the master and the industrial PC, serving as the

datalogger (see Figure 2.40).

Figure 2.40. Case Study in Valencia — SM7420 flow meter and AL1342 10-Link master
from IFM

Also, from IFM manufacturer, the PV7004 10-Link pressure sensors have been chosen. They
can measure pressures of -1 bar to 10 bar and withstanding temperatures from -40 °C to 90
°C (see Figure 2.41).

Figure 2.41. Case Study in Valencia — PV7004 pressure sensors from ifm

As for the temperature sensors, they will be ultra precise 4 wires RTD sensors of the P-M
series manufactured by Omega. These sensors will be Class 1/3 DIN, enabling measurement
of temperatures from -50 °C to 250 °C. They will be connected to PT-104 dataloggers from
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Pico, which can collect data for up to 4 sensors. This datalogger will be connected via USB to

the industrial computer (see Figure 2.42).

Figure 2.42. Case Study in Valencia — PT-104 dataloggers from Pico and RTD sensors

from the P-M series of Omega

The CVM-C10 from Circutor will be installed as energy meter. It is a panel-mounted network
analyser with energy recording with measurements in 4 quadrants (active and reactive power
for both consumption and generation). In addition, it can communicate via ModBus RTU

protocol with the industrial computer (Figure 2.43).

Figure 2.43. Case Study in Valencia — CVM-C10 energy meter manufactured by

Circutor

Currently, due to external delays beyond the project's control, the installation phase of the
sensors and the commissioning of the monitoring system is underway. This section will be
updated with analyses from the monitoring system to assess the efficiency of the renewable

cooling system. These findings will be included in the final periodic report of the project.
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2.12 Summary of information from the case studies

The case studies have shown that cooling can be generated with renewable energy solutions
or with technologies with greater efficiency than usual air condensed cooling machines. The
potential technologies which can be used depend on climatic conditions. In general the
following results can be summarized:

e Free cooling with the ground: this solution is very interesting. On average, the EER of
this technology can be greater than 20, i.e. the ratio between the cooling demand and
the electricity spent for the pumps in the GHEs field, This solution is particularly
suitable in dominant heating climates. Several examples have been shown in Germany
(Case 1 and 2) and in Romania (Cases 7 and 8).

e Solar cooling is interesting, since it is usually available when solar radiation is high;
since cooling load depends on solar radiation, the solar cooling is an important
technology for providing renewable energy in cooling. It is very well known in South of
Europe, where solar radiation is greater, but the Case 3 in Germany demonstrates that
solar cooling is feasible also in central Europe.

e GSHP: three cases of geothermal heating and cooling have been reported (Cases 4,5
and 10); the EER reported varies from 4.2 to 5.4 depending on the temperature of the
ground, i.e. on the balance between energy extracted from the ground and energy
released into the ground. In any case, the EER is far above the EER of usual air
condensed cooling machines (about 3.0). Moreover the possibility to produce
electricity with PV locally (as shown in case 4) allows to get renewable cooling.

e Double source heat pumps: in climate with balanced demand for heating and cooling
or with dominant cooling energy demand the possibility to use double source heat
pump allows to balance the ground energy and hence to get high values of COP in
heating and EER in cooling. Cases 6, 9 and 11 have shown that it is possible to have
interesting EER (even above 5) by means of suitable control startegies to exploit the
two sources (air and ground). Also in this case the possibility to produce electricity with

PV locally allows to get renewable cooling.
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3 Urban case studies

The urban case studies are based on the approach of the so called UBEM (Urban Building
Enery Model). For this purpose two different models have been used: EUReCA (developed
by UNIPD [10]) which is a dynamic model which can simulate buildings and URBANHEATPRO
developed by TUM [11].
The main purpose of the work in this deliverable and in the frame of Task 3.3 have been:
e to further develop EUReCA for taking into account different archetypes, in particular
the German buildings with national input data
e to consider two different climates to see the different energy demands depending on
climatic conditions in a district area
e to compare EUReCA with URBANHEATPRO for the case study in Munich so as to
tune the URBANHEATPRO
* to make an analysis considering different buildings in a district in order to have different
types of users and have a generic consumption, suitable for generalizing the results
e to analyse the effect of different climatic scenarios
e to check the effect of the UHI on the energy demand of the buildings in the different
scenarios
In the Task 3.1 (D3.3) the generalization of results at European level will be shown which is
based on the improvement of the model of URBANHEATPRO versus EUReCA.
In this chapter the two software will be very briefly described: a more detailed description of
the EUReCA software is shown in Annex A of this deliverable (which will be separately
published in the website as guideline for the use of EUReCA. The URBANHEAT PRO software
will be instead shown in detail in the D3.3 in a dedicated Annex which will be also be available
on the website of COOLING DOWN.
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3.1 Brief description of the models

3.1.1 EUReCA

EUReCA (Energy Urban Resistance Capacitance Approach) is a python-based urban building
energy modelling tool for the hourly calculation of district heating and cooling energy demand.
The model aims at providing an open-source software for researcher to analyze energy
consumption in districts with a dynamic model, providing a tool to be applied in energy
conservation analyses. The core simulation is represented by an input data parser and a
building energy simulation core, which develops the 1ISO 13790 simple hourly method and the
VDI 6007 lumped parameter method [12]. (See Figure 3.1)

City model __ ~ Archetypes

] Age class End use
1 1387 Residential ‘

I'hermal Zone
2 2005 Office.

N 1362 Residentia

= | End uses Materials | Hye
Attributes \_ J (. Yo% A/
y 6 H
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Dynamic -
environment
models , -
conditions

City results

Figure 3.1. Scheme oft he data flow in EUReCA and Building Energy Simulation model
scheme

For what concerns input data, they are are represented by:
e Climatic data (an hourly time step epw file);
e A database of envelope types, including thermal property of construction materials of
typical buildings;
e A database of end uses types, describing the operational parameters involving

especially HVAC system scheduling;
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A georeferenced shapefile, including footprints of the buildings to be simulated, and
attributes identifying buildings‘ geometry, end use, envelope type.

These data are loaded by the preprocessing tool, which then starts creating the lumped
parameter model of each building by assigning envelope and schedules based on the input
databases.
Once the parameters (resistances and capacities, as shown in Figure 3.1) of each building
are calculated, the calculation engine runs an hourly solution for the entire year, evaluating
heating and cooling demand. This is then converted to electricity or fossil fuels consumption
by considering typical efficiencies depending on the heating or cooling system assigned to the
model. Such results are printed as yearly energy consumtpion by energy vector in an output
shapefile and csv.
The whole process is describe more in depth in Annex A.

3.1.2 URBAN HEAT PRO

Similarly to EUReCA, UrbanHeatPro (UHP) is a python-based bottom-up model for the
evaluation of heating, domestic hot water and cooling demand of a district: it allows to evaluate
the total actual consumption of the buildings and to perform simulation with different levels of
refurbishment. The tool is developed through the grey-box approach, representing the building
with one resistance (R) and one capacity (C), as represented in Figure 3.2. In the scheme, Req
represents the total equivalent heat transfer coefficient, including ventilation and heat transfer
losses, while Ceq represents the equivalent thermal mass. As for EUReCA, these parameters
are calculated based on the envelope characteristics of buildings, and they allow the dynamic

calculation of heating and cooling demand and consumption.
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Figure 3.2. Single zone building model (1R1C)

Despite looking similar in the building energy simulation model, EUReCA and UHP tools are
meant to be used in different applications. The former implements a slightly more accurate
and slower model, and it gives the user the possibility to change input data at the building
level, giving a larger control over the inputs. The latter represents a more simple and faster
model, but, mostly, it assigns input data to buildings with a stochastic approach, giving less to
control to users in manipulating the case study information. For this reason, EUReCA can be
applied to districts up to some hundreds/thousands buildings, while UHP can be applied to

larger cases studies. Regarding the random application:

e Location, area, and end use of buildings are assigned based on Open Street Map data;

e Type (Multi Family House, Apartment, ...) and age class of buildings are assigned
randomly considering german census data and distributions.

« Envelope types grouped by age class are created conidering TABU A’s values 13.

e Building occupancy is set starting from a standard schedule, which can be shifted
before or later of 2 hours;

e Temperature setpoints are set considering an on-off control of systems with a 2°C
deadband.

+ A monthly probability is applied to set how much the heating and cooling system can
work.
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The detailed description of the model will be provided in Deliverable 3.3.

3.1.3 Weather conditions in the different scenarios

Climatic files are modified in this work in order to calculate the effect of Urban Heat Island and
climate change on the case studies simulation. In particular, in order to generate a future
climate file (i.e., in 2050), the CCWorldWeatherGen [14] tool is used. The tool enables to
generate climate change weather files ready for use epw in building performance simulation
programs. This calculation is done by the tool considering IPCC HadCM3 A2 scenario.
Moreover, the python application the Urban Weather Generator [15], is used to recreate epw
files where urban heat island effect is accounted. This tool morphos rural input weather files
to reflect average conditions within the urban canyon using a range of properties as building
geometry, building use, cooling system heat rejection to the outdoors, indoor heat leakage to
the outdoors, urban materials, heat from traffic, vegetation coverage and atmospheric heat
transfer from urban boundary and canopy layers.
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Figure 3.3. Example of different weather scenarios analyzed for Padova.

3.2 Case study in Padova

This case study focuses on the Belzoni district in Padova and analyzes the energy
performance of its buildings under various climatic scenarios. It includes simulations of energy
demand and electrical consumption, with particular attention to cooling needs as climate
change influences future temperatures. Various scenarios for the future climate status were
considered and the energy demands of the area under study were analyzed. This analysis

shows the impact of climate change scenarios on energy consumption for cooling purposes,
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and it shows the necessity of looking for energy-efficient technologies in this field to be

incorporated in the built environment.

3.2.1 Decription of the district

The study was conducted for the Belzoni district in Padua, Italy. This district features
diverse buildings with different end uses and types. There are 540 units, and they comprise

residential, industrial, educational, and service-oriented structures.

540 Buildings:
8 industrial

—~ 286 residential
8 school
110 services
20 shops

55 university

Figure 3.4. Belzoni District, Padua, Italy

In addition, it should be noted that this area is a relatively dense district in the context of a
European urban environment. Buildings' energy performance varies depending on their use,
size, age, geometry, and interaction with the environment and other buildings. The study
models the district's energy consumption for cooling, factoring in building geometry, materials,
and schedules (from ISO 18523 [16]). The weather file needed for the modeling purpose is
the variable under study, which was changed to observe the effect of climate conditions on

the output data.
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Figure 3.5. Input data to calculate the energy demand

3.2.2 Results with different climatic scenarios

As explained in Section 3.1.3, modified climate files are used to carry out simulation taking

into account Urban Heat Island effect and climate change forecast models. For Padova, the

following cases are simulated:

Real world data for Padova 2020

epw file by EnergyPlus for Venice
epw with UHI effect (UWG tool)

2020 CCWorldWeatherGen projection
2020 UHI

2050 CCWorldWeatherGen projection
2050 UHI

The simulations have been conducted with EUReCA for all different scenarios and the results

will be discussed in this section. In this analysis no electricity was consdiered for heating

purposes. The electrical demand of buildings except cooling, (appliances) can be seen in the

following figure. This is split between different building typologies, which naturally have

different electric devices consumption.
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Figure 3.6. Calculated electrical energy demand (except cooling)

It should be noted that, in the simulation, the electrical demand due to appliances is not
dependent on the weather data, for this matter, the same resulting base value is used for the

appliance demand of the buildings in all scenarios.

Venice
epw file

Padova
2020

Figure 3.7. Heating demand and cooling demand; the difference between Venice
epw file and Padova real world data

Comparing the results shows that the cooling demand would result in higher values using real-
world Padua weather information, and the heating demand falls. The residential buildings are
expected to have 11% increase in their cooling demand calculation (and 15% decrease in
heating).

Funded by the European Union. Views and opinions expressed are however those of the

author(s) only and do not necessarily reflect those of the European Union or CINEA. Neither

the European Union nor the granting authority can be held responsible for them.




1 101077140 - LIFE-2021-CET - COOLING DOWN — LIFE-2021-CET
55

v i

«jY OOLING

DOWN

2020 UHI

2050

projection

Figure 3.8. Heating demand and cooling demand; 2050 projection, and Urban heat
island effect

The 2050 climate change projection calculation predicts a staggering 48% increase in the
cooling demand for residential buildings compared with today. The heating demand, however,
does not fall as much, and residential buildings will experience an 8 percent decrease in their
heating demand.

The UHI integrated weather file also shows a 7% decrease in heating while adding 22% to the
cooling demand of residential buildings in the calculation process. The graph below

summarizes the simulations.
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Figure 3.9. Cooling and heating demand calculation results for different scenarios.
Numbers in red indicate the value change compared to the Venice 2020 file.

The simulation results encapsulate the need to analyze the on-going projects taking into
account climatic phenomena that can influence the project requirements. The 70 % change
between a value projected in 2050 with UHI and the same value with current assumptions

shows the importance of taking steps towards better cooling scenarios.

Electrical energy: appliancies + cooling

El Energy [KWh/y)]

residential school services shop university
m Venice2020 m Venice2020 UHI m Venice2050 m Venice2050 UHI

Figure 3.10. Calculated electrical energy consumption for different scenarios.
Numbers in red indicate the value change compared to the Venice 2020 file.

In addition to heating and cooling, the demand for cooling was used to calculate the total
electrical consumption (appliance+cooling) in the buildings and, also for electricity the results
showed the same trend with a respective 13, 30 and 46% in the calculated electricity usage

for the buildings.
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3.3 Case study in Munich

The second presented case study is located in Munich. Similarly to Padova, this case study is
simulated to 1) compare results between EUReCA and UHP simulations, and 2) calculate
heating and cooling demand in an additional country and weather condition. Concerning the
latter, future climate analyses are simulated to evaluate the effect of climate change and urban

heat island effect.

3.3.1 Decription of the district

The selected district is located in the south area of Munich, namely Unterhaching, a small
municipality of around 25 000 inhabitants. Within the entire city a subset of 185 buildings was
specifically selected for this application. Indeed, a detailed comparison between the two
simulation tools forced a small case study, for which comparison analyses are easier and more
straightforward. Figure 3.11, shows a map of the selected buildings, divided as follows:

e 112 residential buildings (60.54 %);

e 39 commercial buildings (21.08 %);

e 27 public buildings (6.85 %);

e 7 industrial buildings (3.78 %).

Munich - Unterhaching
Commercial ]
Industrial [

55 :
SN Publ -
gﬁ ¢ Resiijie:;ial -

OpenStreetMap

el
[Py
PR
G puat
)

SlEah ""';‘q-_"

AN

o a :
= t.' Tepe v 04 o
i

L w0pm - SRF) Sp=9
=

LT

[}

Figure 3.11. Unterhaching case study
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3.3.2 Comparison between the models

The described district has been simulated with the two tools in order to test their performances
and analyze the different characteristics. Since UHP creates a dataset using random samples
of several input parameters, first an UHP simulation has been carried out, and then EUReCA
input data were modified accordingly to those selected randomly by UHP. In particular the
following assumptions are taken:
e Mechanical ventilation cannot be considered in UHP, therefore it is neglected in
EUReCA;
* The setpoint deadband in UHP is set to O in order to provide the same behaviour as
EUReCA;
e In UHP, the heating and cooling systems are forced to be available during the same
schedules as in EUReCA;
e The random number of occupants calculated in the UHP simulation is used as
occupancy input for EUReCA;
e Other loads are calculated using EN ISO 18523 [16];

e Other random assumptions such as age class are used as input in the EUReCA model.

It is worth mentioning that, despite trying to obtain similar inputs, the two simulations are still
different from many point of view. For instance, Domestic Hot Water calculation is intrinsically
calculated in different ways. The final objective is to assess whether the divergent solutions
generated by the two models are primarily influenced by variations in the definition of the input
data or by other modeling factors.

Going to comparison results, Figure 3.12 shows the district total heating and cooling hourly
demand. The two models show similar overall trends, except for some differences highlighted
by peaks. This is mainly because of a different solution in how the setpoint is reached by the
two models. When heating and cooling systems are turned off during the night (as happens in
non-residential buildings), the internal temperature tends to drop, and this cause high demand
peaks when the system is reactivated in EUReCA, because the temperature must change
significantly in a short period of time. This behaviour does not happen in UrbanHeatPro, as it
assumes that the setpoint temperature of the building is reached gradually during its operating

hours.
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Heating and Cooling demand - comparison between EUReCA and UHP
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Figure 3.12. Comparison of the hourly trend of heating and cooling demand
simulated through EUReCA and UrbanHeatPro of the adapted model

Figure 3.13 reports a statistical comparison of the annual demand split by heating/cooling and
by end use, including standard deviation, average, minimum and maximum energy demand
and quartile values. From results, it's clear how the heating demand is very similar in the two
adapted models. Whereas for cooling, residential results in a good correspondence, while in
non-residential sector, the cooling demand simulated by EUReCA seems to be strongly higher
than the one simulated by UrbanHeatPro, sue to the additional dehumidification calculation
present in the former.

In Table 3.1 the total energy demand in GWh is reported. The residential sector stands out as
having the most significant urban impact in terms of heating and cooling demand for buildings.
It should be noted that among the different building categories there is a similarity in heating
demand, with the exception of the commercial sector which shows a slightly higher value.

As for cooling demand, substantial differences emerge among non-residential building
categories: commercial, public, and industrial. On the contrary, in the residential sector there
are approximately similar values between the two calculation methodologies, indeed latent

loads for people occupancy in this end use are lower than others.
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Figure 3.13. Statistics summary of the comparison between the two models per
each building category.
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Table 3.1. total district demand for heating and cooling subdivided by end use.

Heating [GWNh] Cooling [GWh]
EUReCA UHP EUReCA UHP
Residential 8.06 7.55 1.76 1.40
Commercial 3.70 4.64 1.01 0.53
Public 2.14 212 0.54 0.21
Industrial 0.45 0.44 0.15 0.08

3.3.3 Results with different climatic scenarios

As for Padova, modified weather files are applied to the Munich case study in order to study
future weather and climatic effects, resulting in the following analyses:

- 2022 Munich measured weather data

- 2022 Munich measured weather data and UHI (UWG tool)

- epw file by EnergyPlus for Munich

- epw with UHI effect (UWG tool)

- 2050 CCWorldWeatherGen projection

- 2050 CCWorldWeatherGen projection and UHI

In particular, Figure 3.14 shows the temperature trends in the six different cases over one
reference summer. Temperatures in 2022 and in 2050 tend to be consistently higher than in
the baseline case, and this trend is further emphasized when the urban heat island effect is
introduced, increasing even more temperatures. This trend applies throughout the year. The
increase in external air temperature has double and opposite effect on heating and cooling

demand of buildings, as the former reduces, and the latter increases to the temperature raise.
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Trend of the temperatures in summer

Temperature [°C]
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Figure 3.14. Temperature trend in different years and with the influence of the urban
heat island

Results of these effect are represented in Table 3.2, that reports the total heating and cooling
demand of the entire city in the different scenarios. Examining the differences in different
scenarios:

e compared to the baseline case, heating demand is about 20% lower in both 2022 and
2050. This means that the higher the outdoor temperature, the lower the heating
demand. It is worth mentioning that the 2022 data is a real measured data, while the
2050 temperature data is generated by a model, considering the historic epw as
source. Results seem to show how the 2022 could be a warmer year with respect to
the average.

e cooling demand, on the other hand, increases by 50% in 2022 and by 80% in 2050
compared to the baseline case. This increase is due to rising summer temperatures
shown before.

The introduction of the urban heat island, instead, affects the results as follows:

e inall three scenarios (original, 2022 and 2050) there is a tendency for heating demand

to decrease by about 6%;

e cooling demand increases by about 15% in the three scenarios.
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Table 3.2. Total heating and cooling in GWh of the entire city in the different scenarios.

Original Original_UHI 2022 2022 _UHI 2050 2050 _UHI

Heating 25.70 24.28 21.19 20.09 21.77 20.49
[GWh]
Cooling 2.72 3.31 4.09 4.71 4.88 5.65
[GWh]

As a final consideration, Figure 3.15 reports the total heating and cooling demand per each
sector in the different scenarios. Looking at the bars, the heating demand in each sector is
always decreasing with respect to the baseline: on the other hand, the cooling demand in each
sector is increasing with respect to the baseline. No major differences are detected within
different end-uses.

Total Heating Consumption per sector
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Figure 3.15. Energy demand per sector in the different scenarios
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3.4 Summary of information from the urban case
studies

The software URBANHEATPRO and EURECA have been used. The work had three main
purposes:

1. to check how the foreseen increase of temperatures in the next 25 years will affect the

cooling demand

2. how much the UHI can affect the cooling demand in current conditions and in 2050

3. to tune the tool URBANHEATPRO against the software EURECA.
For this purpose two different districts have been analysed: one in Padova (mild warm climate)
and one in Munich (mild cold climate). In both cases the effect of future climate and the effect
of UHI has been investigated.
The comparison between the two software has been carried out in the district of Munich.
In the South of Europe the 2050 climate change projection calculation predicts a staggering
48% increase in the cooling demand compared with today. The UHI integrated weather file
will lead to a 70% increase in the cooling demand. About the electric consumption, the
increase in the cooling demand will cause a 46% increase in the electric consumption of the
buildings.
In Central Europe the prediction of 2050 climate change projection leads to an increase of the
cooling demand by 80% compared to the baseline case. The introduction of the urban heat
island, instead, increases by a further 15% the cooling demand, hence 95%.
The URBANHEATPRO has been tuned against EURECA in the Munich district, allowing to
improve the UHP software, which can be applied to all Europe, as will be shown in Deliverable
3.3.




101077140 - LIFE-2021-CET - COOLING DOWN — LIFE-2021-CET
65

OOLING

DOWN

4 Conclusions

Eleven case studies on single buildings have been analysed; the case studies have shown
that cooling can be generated with renewable energy solutions or with technologies with
greater efficiency than usual air condensed cooling machines. The potential technologies
which can be used depend on climatic conditions.

Free cooling with the ground can lead to an EER greater than 20; this solution is particularly
suitable in dominant heating climates. Several examples have been shown in Germany (Case
1 and 2) and in Romania (Cases 7 and 8).

Solar cooling is is very well known in South of Europe, where solar radiation is greater, but the
Case 3 in Germany demonstrates that solar cooling is feasible also in central Europe.

Three cases of GSHP have been reported (Cases 4,5 and 10): the EER reported varies from
4.2 to 5.4 depending on the temperature of the ground. Moreover the possibility to produce
electricity with PV locally (as shown in case 4) allows to get renewable cooling.

Double source heat pumps have been proven in Cases 6, 9 and 11; in climate with balanced
demand for heating and cooling or with dominant cooling energy demand the double source
heat pump allows to get high values of EER in cooling (even above 5). Also in this case the
possibility to produce electricity with PV locally allows to get renewable cooling.

The simulations at urban scale had three main purposes: a) to check how the foreseen
increase of temperatures in the next 25 years will affect the cooling demand, b) how much the
UHI can affect the cooling demand in current conditions and in 2050, c¢) to tune the tool
URBANHEATPRO against the software EURECA.

In the South of Europe the 2050 climate change projection calculation predicts a staggering
48% increase in the cooling demand compared with today. The UHI integrated weather file
will lead to a 70% increase in the cooling demand. About the electric consumption, the
increase in the cooling demand will cause a 46% increase in the electric consumption of the
buildings.

In Central Europe the prediction of 2050 climate change projection leads to an increase of the
cooling demand by 80% compared to the baseline case. The introduction of the urban heat
island, instead, increases by a further 15% the cooling demand, hence 95%.

The URBANHEATPRO has been tuned against EURECA in the Munich district, allowing to
improve the UHP software, which can be applied to all Europe, as will be shown in Deliverable
3.3.
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6 List of abbreviations

AGHE Air-Ground Heat Exchanger

ASHP Air Source Heat Pump

BHE Borehole Heat Exchenger

COP Coefficeint of Performance

CTC Vapour Compression Chiller

DSHP Double Source Heat Pump

EER Energy Efficiency Ratio

EUReCA Energy Urban Resistance Capacitance Approach
DSHP Double Source Heat Pump

GHE Ground Heat Exchanger

GHP or GSHP Geothermal Heat Pump, Ground Source Heat Pump
HVAC Heating Ventilation Air Conditioning
nZEB Nearly Zero Energy Building

PEAD High-density polyethylene

PV Photo Voltaic

RHD Reject Heat Device

SEER Seasonal Energy Efficiency Ratio
TABS Thermo Active Building System
TDC Thermally Driven absorption Chiller
UHI Urban Heat Island

UHP Urban Heat Pro
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Annexes

Annex 1: EUReCA software description

EUReCA, the Energy Urban Resistance Capacitance Approach, is a python library to run
Urban building Energy Simulation, available at https://github.com/BETALAB-team/EUReCA,

developed by UNIPD. The aim of this project is to provide an open source piece of software
for research groups working in this field, who can use it and propose new features and
improvements. The main concept is similar to other UBEM tools: the tool needs geospatial
GIS models to recreate building energy simulation of many buildings and calculated energy
consumption, primary energy, or carbon emission. Moreover, a set of building usage type and
building envelope must be provided to the tool, representing the typical building stock
characteristics that every country can have. Weather epw files can be used to run the dynamic
simulation. The following chapters provide a detailed information on: 1) installation process,

2) input creation, 3) simulation run and output.

A.l Installation process

As already mentioned, the tool is written entirely in python, and distributed via github
repository. The currently supported way to install this package is using git and a python
package manager (e.g. venv or conda). The repository can be downloaded as a zip file

(requires to be extracted later), or cloned via git, with the command:

git clone https://github.com/BETALAB-team/EUReCA

Once downloaded, the conda environment can be set up and activated:

Funded by the European Union. Views and opinions expressed are however those of the
author(s) only and do not necessarily reflect those of the European Union or CINEA. Neither

the European Union nor the granting authority can be held responsible for them.



https://github.com/BETALAB-team/EUReCA

101077140 - LIFE-2021-CET - COOLING DOWN — LIFE-2021-CET
69

¥ OOLING

DOWN

conda create -n eureca python=3.9
conda activate eureca

For the sake of brevity, the venv procedure is not detailed as it is similar; for more information

see how to set up a venv environment (https://docs.python.org/3/library/venv.html).

Either method was chosen, EUReCA can be installed in the environment with the following

pip command:

pip install -e your/path/to/eureca/folder

Now the new EUReCA environment should have installed all EUReCA dependencies.

7 A.2  Input creation

Once the software is prepared, input files must be created to run the UBEM simulation. Four

files are necessary to run a full simulation, listed below.

Weather file

EUReCA relies on the well-known epw file format. The format is commonly used by several
energy simulation software, and it is largely available, as the EnergyPlus website provides a
database of more than 3 000 different locations (https://energyplus.net/weather). The file
format uses a comma separated structure, with a preamble including information about the
name, location, time zone, and the body includes a table made up of 8760 rows (hours in a
year) and a column for each weather variable. The main parameters are: outdoor drybulb and
dew point temperature, outdoor relative humidity, atmospheric pressure, extraterrestrial
horizontal and direct normal radiation, global, diffuse and direct normal solar radiation, wind
speed and direction. The file is loaded in EUReCA using the well-known pvlib library, a
package to easily load weather files and process solar radiation according to the typical solar

radiation models (https://pvlib-python.readthedocs.io/en/stable/).

Geometry
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Many UBEM tools in literature rely on the concept of geo-referenced semantic model, to store
and load geographically located city objects. This definition deals with specific schemes to
locate and describe city’s buildings, roads, vegetation, infrastructure and other entities, which
can then be used in different research fields and inter-disciplinary projects, like UBEM
activities. In the case of EUReCA, the city model file is represented by a vectorized shapefile,
the is used to represent pools of buildings in a quasi-3D description, with 2D polygons and
attributes such as building height or number of floors. In particular, according to the authors’
choice, EUReCA can import 2D GeoJSON models derived from importing and reconstructing
building geometries from ESRI Shapefiles. The attributes that need to be included in the input
shapefile are:

e id (integer): unique id for one building;

* Name (string): name of the building;

e End Use (string): end use label (see End Use section)

e Envelope (string): envelope label (see Envelope section)

e Height (float);

e Floor (integer): floors number of the building;

e Cooling System (string): string from a predefined list of systems (see github page);

e Heating System (string): string from a predefined list of systems (see github page);

e ExtWallCoeff (float): multiplier to modify external surfaces areas, to account for

geometric errors;

* VolCoeff (float): multiplier to modify building volume, to account for geometric errors.

There are multiple ways to create this type of file, but which to used depends on the initial
datasets, that can be different from municipality to municipality. If the number of buildings is
very low, the file can be created manually, but for most cases, big geospatial datasets have to
be used. In this case, depending on the information provided, GIS software provide tools to
manipulate the available datasets and, thus, they can be exploited to run series of operations
to create an EUReCA input files. This guide will no further describe this part as it can really
change depending on the case study.

Once created, the input file is processed by EUReCA, importing surfaces and attributes. The
building is created by combining footprint’s vertices and building-height attribute, which must
be included in the input file. The surfaces are generated considering an extrusion of the

polygon as equal to the building height according to a 2.5D evel of Detail. nce all building’s
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surfaces are initialized, the building object can be created by means of its surfaces, end-use
and age-class, attributes that must be included. The building class handles input data
processing creating the thermal zone. So far, EUReCA models each building with only one
thermal zone.

It is worth mentioning that the ExtWallCoeff and the VolCoeff are scalar multipliers that can
be applied to change manually buildings external wall area and volume, respectively. Thus, if
an ExtWallCoeff equal to 1.1 is set, the external walls area is increased by 10%. These two
parameters are introduced to provide a fast way to calibrate building geometry in specific
applications. The default value is 1 (no geometry modification).

An example GeoJSON file is provided in the repository in:

EUReCA_ubem/Input/PiovegoRestricted with holes corr_coef.geojson

Envelope

Associating envelope types to each building in UBEM is complicated, as information about
their specific construction is usually missing, or not easily accessible. As a solution, EUReCA
provides a module to load typical envelopes from an available xIsx dataset. The input file to
be loaded is a spreadsheet, where the following sheets must be filled:

 Materials: this sheet is a table where each row is a material needed in the simulation,
and each column is a physic property of the material: thickness, conductivity, density,
specific heat, thermal absorptance, thermal resistance (for air gaps). Each material is
labelled with an id and a name.

e Windows: the sheet includes the list of all windows that are used in the simulation
(rows). Properties (columns) are U-value, SHGC, frame factor, external shading
coefficient.

e Constructions: this is the list of constructions, i.e. external walls, internal walls, ceilings,
roofs, floors, etc. Each construction (row) must include an id, the name, the type of
construction, whether it is adiabatic or non-adiabatic, and the list of material ids it is
made up of.

* Envelope sets: this is the last sheet, including the envelope types (or sets) list. Each
Envelope set is defined by its id, name, and an id constructions list for each typical
surface type (roof, Ground Floor, External Wall, Internal Wall, Internal Ceiling,
Window).

An example can be found in: EUReCA_ubem/Input/materials_and_construction_test.xIsx.
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Each building in the GeoJSON file must be associated to an Envelope set name from the latter
list (in the Envelope type attribute of the GeoJSON). This way, an Envelope set object is
assigned to each building, allowing the creation of the building energy model.

The creation of envelope types (sometimes called archetypes in literature) is a complex task,
and it is usually carried out in specific projects, as tabula-episcope that can provide some initial

values.

End uses

As envelopes, the method still relies on a dataset of on typical end-uses, stored in an external
spreadsheet. The spreadsheet can include daily simplified schedules, that can be created
from standards. In this file a sheet must be created for each end-use. Each end-use sheet is
made up of three tables (one for weekdays, one for Saturdays and one for Sundays and
Holidays), 24 rows each. The table provides trend for: occupancy sensible and latent heat flow
rate, lights and electric equipment heat flow rate, temperature and humidity heating and
cooling setpoints, infiltration and ventilation mass flow rates, HVAC system availability and
setpoints.

Moreover, a sheet called GeneralData defines additional non-vectorized parameters as:
convective fraction of system, Air Handling Unit humidity control, heat recovery efficiency,
outdoor air ratio, Domestic Hot Water calculation method.

The usage can be residential, office, shop, restaurant, etc. Usually, the end-use database is
created starting from dedicated Standards, as ISO 18523, EN 16798 or ASHRAE 90.1 or
other sources. The name of the end-use must be called by the end-use attribute of each
building in the GeoJSON model, thus associating the schedules to the building objects. An
example of this sheet can be found in:

EUReCA_ubem/Input/Schedules.xIsx.

Config file

The config file is a json file including simulation metadata which must be modified or copied
before simulation. It defines simulation timestep, heating/cooling season period, sun
calculation setting and other parameters. The default values are provided in the following

sample.
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{

“"DEFAULT": {%},

"model™: {
"name'': "‘example_model"

},

"simulation settings": {
"time steps per hour™: 1",
"simulation reference year' : '2023",
"start date": ""01-01 00:00",
"final date": '"12-31 23:00",
"heating season start': ""10-15 23:00",
"heating season end": '"04-15 23:00",
"cooling season start': "06-01 23:00",
*cooling season end: "09-30 23:00"

¥,

"solar radiation settings™: {
"do solar radiation calculation': "True",
"height subdivisions™: ""4",
“azimuth subdivisions'™: 8",
"urban shading tolerances™: "'80.,100.,80."

¥

}
8 A.3  Simulation and results

Once all input files are defined, a python script can simulate the case study. The environment
in which this file is run must be the environment where EUReCA package is installed. An

example of a simulation script is provided in the following code snippet:
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import os

import time as tm
import logging
import warnings
import pandas as pd

from eureca_building.config import load_config
load_config(

from eureca _ubem.city import City

weather_file = os.path.join( ))
schedules_file = os.path.join( )
materials_file = os.path.join( )

city _model_file = os.path.join(

city_geojson = City(
city _model=city_model_file,
epw_weather_file=weather_file,
end_uses_types_ file=schedules file,
envelope_types file=materials_file,
shading_calculation=True,
building_model = ,
output_folder=os.path.join( )
)

city geojson.loads_calculation(region=
city _geojson.simulate(print_single building results=True)

After a header where useful libraries are imported, the code loads the config.json file. This
creates a variable to store the simulation settings. Once loaded, an EUReCA City class is
loaded, and a corresponding city object is creating feeding as inputs the file paths of each
input file, i.e. the weather epw, the two xIsx spreadsheets, and the GeoJSON. A second
function is used to run the solar and internal load preprocessing and the simulation is run.
The simulation will print all output files in the output_folder, consisting of:

e An output GeoJSON, similar to the input file, but with additional columns including the
monthly consumption per each energy carrier;

e An output csv file: the translation of the former to a csv format;

e One csv per each building including hourly results of the simulation (consumption
demand, temperature, humidity and other). This is printed only in case
print_single building_results=True.
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