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2 Preface

The Horizon Europe project ENTRANCE (£nabling smart-grid ready buildings through
integrated solutions and digital technologies) aims to develop and showcase innovative
solutions that integrate buildings into the energy system while actively engaging end-users in
the energy market.

This document presents a template to describe ENTRANCE innovations. The document is
compiled of different examples how to form the text and showcase the most relevant results
emphasizing the most important achievements of implemented innovations at the pilofs.
Combining building design, energy systems, measured and simulated data, and data
interoperability, performance evaluation, indoor environmental quality, and replicability, the
template should be used to provide insights into pilot projects focusing on developed
innovations within the ENTRNACE project for future low-carbon and smart grid-ready
buildings.

Please note that for each pilot building, a new document should be submitted following the
suggested structure in this template. Documents for each pilot building will respective
innovations will be used to promote the ENTRNACE innovations.

Trondheim, February 4%, 2026.
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3 Executive Summary

For each pilot a brief description of the implemented innovations and achieved results should
be given including the following:

Building information,

Brief description of the existing building service systems and energy supply systems,
Description of integration of energy efficiency, flexibility, on-site renewables, and
mobility. The focus should be to briefly explain the implemented innovations and their
development,

Description of the existing infrastructure and technology readiness behind the declared
initial TRL af proposal level,

Description of the foreseen improvement in infrastructure and technological readiness
justifying the declared final TRL at proposal level,

Description of interoperability between buildings and district heating and electricity grids
with the focus on implemented innovations should be included,

Pathways to increase SRIs and ENTRANCE KPIs should be briefly described,

Finally results in the form of achieved energy use or savings or any other improved
indicators should be given.

In the guideline text, the italic text is giving description what should be written, while currently
given text is just example how to form the text.
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4 Building and innovation description

4.1 Building general information

A brief pilot building description should be given. A short example with the picture is given
below. Depending on the available pilot building and the observed technical challenges, the
text can be formed.

Example:

Wesselkvartalet is a next generation award winning multipurpose building located in Asker,
Norway (59,83°N, 10,43° E). Wesselkvartalet shown in Figure was awarded with state
Architecture Prize 2025 for being an exceptionally well-developed architectural response for
“good urban housing” and several other awards like “The Masonry Award 2021” and design
and architecture Norway (DOGA| Award for Design Architecture. It is Norway’s most
innovative energy centre supplied not only Wesselkvartalet, but the entire centre of Asker with
renewable energy. It is Mediterranean-inspired architecture with 52 high quality apartments
on 3-7 floors with curved, unique shapes. Sympathetic densification with 5 restaurants, 4 shops
on the ground floor and 2000 m? offices on the second floor. The centre of block has a green,
intimate space and 250 parking spaces with underground charging.

Figure 1. Wesselkvartalet in Asker, Norway [source: building management system)
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Please provide main characteristic parameters for analysed pilot building [in case of more then
one building, plesse provide separate tables)

Table. 4.1. Main characteristic parameters for analysed pilot building

Parameter Value

Construction year [-]
Number of Floors [-]

Volume [m?]

Heated area [m?]

Air-conditioned area [m?]

U-values [W/[mZK]] of external and internal partitions

Design heat rate for heating [kW]

Design heat rate for DHW [kW]

Design heat rate for ventilation [kW]

Design heat rate for other technologies (please specify) [kW]

4.2 Description of existing building energy supply system

Provide a general description of the existing building’s energy supply system, including the
primary energy sources, main conversion technologies [e.g. heat pumps), energy storage
solutions, and any connections to local or district enerqy networks, along with a brief note on
system monitoring or performance tracking. Depending on the innovation that will be
introduced this section or the next about building service systems may be explained in shorter
or longer. For example, if the main focus of the innovation is improved control of the heat pump,
than this section on the building supply system should be described in detail while if the
innovation is related fo the ventilation system, the next section on the building service system

should be described in detail.
Example:

The energy supply system of Wesselkvartalet is based on geothermal energy combined with
large-scale heat pumps and seasonal thermal energy storage. Figure 2 shows the energy system
of Wesselkvartalet. Two industrial-scale ground-source heat pumps using natural refrigerants,
CO,(R744) and ammonia (R717), provide total installed capacity of approximately 4 MW. These
heat pumps extract energy from deep geothermal boreholes of 250-400 meters into the
bedrock and deliver heat to the building and the surrounding district. A large seasonal thermal
energy storage system consisting of 96 shallow boreholes with a total storage volume of
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approximately 70,000 m?®and a capacity of around 1 GWh enables the storage of surplus
thermal energy at temperatures up to 38°C. This stored energy is later utilized during periods of
high heating demand. The system also incorporates a street heating system covering
approximately 25000 m?, which functions both as a snow-melting system and solar thermal
collector. The entire energy supply system is fully monitored through the building management

system,  tracking  of  electricity use and  heat pump  performance.
Cooling
Low temperature —
Heating p . loads
Street € 5 heating High temperature
heating 0 heating
o 0 ===} Domestic hot Riser cooling system External Deep
°: :n Hot tag water A S approximately wells: 9|l
- R o ¥ 1000 kW 10/15 °¢, ©115 of length
s IPu.I\_Ner: 8400 kW‘m . ) T | Gas Cooler 1 ‘ 250 and 400 m
upply Temperature: 40 °l [ 1 Evaporator
Return Temperature: 28 °C %I'@ | :%‘.] A J | P165 of length 18
@ < Q-+ T
&) Max Output:
2 o o H500+ L1300 kW
N h——
Q ‘ ‘ ‘ Gas Cooler 2 Incoming
@L 1 2000 kW flow from
5 boreholes

Heat
storage

©
R717 &
Condenser . vaporator

18 boreholes
Injection pressure: 200 kPa
@115, Length: 280 m

Il Ui ﬂi

Figure 2. Wesselkvartalet energy system

4.3 Description of the existing building service systems

Provide a short, concise description of your existing building service systems, outlining the main
energy sources, heating and cooling distribution strategies, ventilation approach, and
monitoring or control solutions without project-specific technical details.

Example:

The building service systems at Wesselkvartalet are designed as an integrated and highly
efficient solution supporting heating, cooling, ventilation, and domestic hot water demands.
Figure 3 provide an example of monitoring possibility air handling units, temperatures and flow
rates at central to room level. The system is organized around a central energy plant
connected to ground-source heat pumps, thermal energy storage, and advanced ventilation
systems. Heating and cooling are distributed through a combination of floor heating,
ventilation-based heating and cooling, ceiling cooling, and fan coil units. The system interfaces
seamlessly with underground geothermal wells, seasonal thermal storage, and the street
heating network, allowing bidirectional energy flows and flexible operation. A centralized
building management enables continuous monitoring of temperatures, air and water flow
rates, energy use, and some system performance, providing high-resolution operational data
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suitable for performance evaluation, fault detection and simulation calibration.
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Figure 3. Building service systems

4.4 Energy efficiency, flexibility, on-site renewables, and
mobility

Provide a general description of how energy efficiency, fexibility, on-site renewable energy,
and mobility are integrated in the building, including interaction with the electricity grid, energy
storage, monitoring systems, and support for electric mobility or smart charging solutions.

Example:

Wesselkvartalet integrates advanced energy efficiency, flexibility, on-site renewables, and
mobility through a highly interoperable energy system combining geothermal energy, large-
scale thermal storage, and electrically driven heat pumps using natural refrigerants. The system
enables flexible interaction with electricity grid, including load shifting and optimized operation
based on real-time prices and weather forecasts, while supporting EV charging infrastructure
with potential for vehicle-to-building and vehicle-to-grid operation.

Comprehensive monitoring infrastructure implemented  within  the Building Energy
Management System (BEMS) enables continuous acquisition of data related to energy use,
thermal storage operation, grid interaction, and indoor environmental quality. These
measurements constitute of foundation for performance assessment, system characterization,
and the development of advanced control and optimization strategies. Based on the data
collected via BEMS at Wesselkvartalet, the building simulation modelin Figure 4 was developed
to be used for testing innovations in energy efficiency, flexibility, and advanced control.
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Figure 4. Building energy model

Wesselkvartalet is equipped with two complementary monitoring platforms: an energy
monitoring system and a building services monitoring system, illustrated in Figure 5 and Figure
6, respectively. Together, these platforms provide extensive operational data and allow remote
supervision and control of building systems. The energy monitoring system comprises seven
subsystems, including the CO, and NH; heat pumps, high- and low-temperature heating
circuits, deep-well energy sources, thermal energy storage units, and the snow-melting system.
Measurements obtained from this energy system originate from a heterogeneous network of
sensors and energy meters and are recorded as non-equidistant time series with variable
sampling intervals. In contrast, the building services monitoring system provides operational
information for domestic hot water, heating, cooling, and ventilation systems. These data are
available at a fixed temporal resolution of 10 minutes, enabling consistent analysis of building
service performance and occupant-related conditions.

The integration of both monitoring platforms provides a comprehensive representation of
building and energy-system operation. The resulting dataset supports the development of data-
driven models of individual components and integrated energy systems, facilitating
performance analysis, predictive modeling, optimization, and advanced control design.
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Figure 5. Energy supply monitoring system
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Figure 6. Building service monitoring system
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Figure 7: Hourly heating rate and signature curve

Figure 4 gives the picture of building energy model for Wesselkvartalet that is currently being
developed for simulation, whereas Figure 7 is an example of energy analysis conducted with the
data obtained from building energy management systems. End-users are empowered through
stable indoor comfort, high Indoor air quality (IAQ), and indirect engagement via automated
demand response and energy-aware operation, while interoperability with district heating and
electricity networks enhances overall system flexibility. These innovations contribute
measurable improvements in energy performance, grid responsiveness, and system integration,
positioning Wesselkvartalet as a scalable and replicable example of smart, low-carbon urban
energy design.

4.5 Integration of planned innovations in frame of energy
efficiency, flexibility, on-site renewables, and mobility —
proposed solutions in pilot buildings

Specific innovations should be described in detail relating it to respective system of
implementation. When describing the innovation, make separate paragraph for the current
situation in the system and the new situation when the innovation is introduced. It is beneficial
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to name it “Current state of the system”and “New state of the system” when the innovation
is introduced. In the case of a few innovations at the same system, separate the innovations and
give separate descriptions for them.

Describe how the innovation was implemented. Technical description what was needed and
how it was implemented should be given. Describe how advancement in TRL was achieved or
planned in the case that the innovation has not been completely implemented.

When describing the innovation [s), fill out Table 4.2. Currently, Table 4.2 is giving innovations
suggested in the ENTRNANCE proposal text. Table 4.2 should be filled out only for the
innovation that is directly implemented at the observed pilot building.

Table. 4.2. Planned innovations in frame of energy efficiency, flexibility, on-site renewables,
and mobility and their characteristics

Innovation Description Current Planned/achieved | KPIs of planned
of innovation | TRLin pilot | TRL at project end | innovations
and its
integration in
pilot

Optimal design and
operation strategies of
integrated technical

solutions for on-site RES
generation and storages
fo enhance flexibility
integration (thermal
storages, aggregation of|

load's for building

services control, battery)

Physical interfaces fo
improve contribution of
buildings to electricity
grid robustness

Physical interfaces to
improve contribution of
buildings to diistrict
heating grid robustness
considering legacy of
HVAC equjpment
Data-driven control 1o
integrate buildings and|
energy infrastructure for
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smart-grid-ready
building

Prediictive strategies for
smart charging solutions
considering dynamic
pricing mechanism

Control solutions to
enhance flexibility of
batteries, thermal
storages, and heat
pumps with user
engagement

Algorithm for user
engagement fo
integrate and optimize
technical solutions with
the focus on IEQ, cost.
energy flexibility, and
environmental indicators

Enhancing
interoperability samong
different devices
including loT— legacy of|
control systems

User-friendly  indicators)
for smart readiness of
buildings and flexibility

Interoperable data
framework to enable
easy data exchange
among buildings,
renewables, energy
infrastructure, and other
actors

Guidelines for
performance-based
economic evaluation
based on Total Concept
and ENTRANCE
indicators to increase
implementation of

energy-efficient and
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smart-grid ready
buildings and to
empower end-users fo
get increased control of
their buildings“energy
services

Please described in details method which will be used to verifie KPls of planned innovations in
specific pilot

Example:

Methodology for evaluating energy savings from heating/cooling system

This process is performed by correcting the actual energy use for heating/cooling to convert
it to the energy use of a standard heating/cooling season using Heating Degree Days (HDD)
in the case of a heating system or Cooling Degree Days (CDD) in the case of a cooling system.
This method eliminates the influence of outdoor on energy use for heating/cooling purposes
with relatively high accuracy. Example is given for heating use. After determining the actual
heat use for heating over a given period of time (Qheating) and considering the correction
factor (@) for a given period, the corrected (to the standard heating season) heat use for
heating (Qc, heating| is obtained according to Equation 4.1:

Qc,heating =Qheating-¢@ (4.7)

where Qheating is the energy use for heating over a given period (e.g., month or heating
season), which can be based on the readings of a calibrated heat meter, [G]]. ¢ is the
correction factor for a given period (e.g., month or heating season) used to convert the actual
heat use for heating to heat use in a standard heating season. Equations 4.2 and 4.3 gives
further method how to calculate the correction factor.

HDD20°C=zo-(ti—tme) [[K-d)/year] (4.2)

where HDD20°C is the number of heating degree days of the selected period (i.e., a heating
season during the year) for a given location, [(K-d)/year]. zo is the number of days of the
heating season during the year, [d/year]. ti is the average indoor setpoint temperature, [°C],
often assumed as the desirable indoor temperature at ti =20°C. tmeis the average outdoor air
temperature during the selected period, [°C]. Using Equation 4.2, the sum of the number of
degree days in the standard heating sea-son (EHDD20°Cstand) and the sum of the number of
degree days in the analysed heating sea-son (EHDD20°Cactual) for a given reference period
(month, heating season) can be calculated.

The correction factor (¢) for the equivalent reference period is determined according to
Equation 4.3.
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@ =XHDD20°Cstand / THDD20°Cactual [-] (4.3)

where EHDD20°C stand is the sum of the number of degree days in the standard heating
season for the location of interest over a given reference period (e.g., heating season during
the year), [[K-d)/year]. ZHDD20°Cactual is the sum of the number of degree days during the
analysed heating season for the location of interest over a given reference period (e.g.,
heating season during the year), [[K-d)/year].

The process of calculating CDD is similar to that for heating; however, the indoor setpoint
temperature is most often assumed as ti =24°C or ti =26°C.

Methodology for evaluating energy savings from domestic hot water system

The energy use of domestic hot water (DHW) preparation is mainly influenced by the water
temperature set at the user outlet (TDHW), cold-water temperature (TCW), the amount of hot
water use (VDHW), and the use profiles, which is especially relevant in central DHW systems
equipped with circulation. Most often, energy savings in hot water systems are expressed as the
energy (Qj,DHW) used to prepare 1m? of hot water (expressed in GJ/m3 or kWh/m3). However,
it is not possible to determine the correct level of energy savings for the periods before and
after modernisation. This is linked to the fact that the heat use for water heating and the share
of heat loss associated with hot water circulation largely depend on the level of hot water use.
The lower the hot water use (VDHW), the lower the total heat use associated with its preparation
(QDHW) becasue less heat is used to heat water from TCW to TDHW. However, the lower
DHW use (VDHW,| translates to more heat used per volume for the preparation of Tm* of DHW
(Qj,DHW). This is because the heat loss associated with the circulation of hot water remains at
a similar level whilst the share of total heat consumption used for DHW preparation
simultaneously increases. Therefore, to obtain reliable results that allow us to determine the
exact level of energy savings resulting from a specific DHW system renovation, the Qj,DHW
values should be compared with each other for periods of time with similar hot water use
(VDHW). This methodology for energy savings calculation provides reliable results in the case
of a DHW system. However, it is necessary to have information on the heat used for DHW and
the DHW use for the analysed period of time, along with DHW consumption in the periods
before and after modernisation.

4.6 Empowerment of end-users

Provide a general description of how end-users are empowered in the building, focusing on
indoor comfort, smart control strategies, communication of the energy concept. and any
measures that enhance awareness, usability, or engagement without requiring active user
intervention. The following questions should be answered:
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- Which stakeholders (e.g, end-users, developers, designers), if any, were/are
engaged with the solutioné

-  What was the form of engagement used [e.g., informing, consultation,
partnership, decision making)?

- [fany, what were the demographic characteristics [e.g., age, gender, occupation)
and the number of stakeholders engaged?

- Ifany, how were stakeholders involved in solution validation and demonstration
actions performed? Under which use cases and conditionsé

- If any, which was the social acceptance [e.g, complete rejection, resistance,
acceptance, adoption) or feedback (e.g, ease of use safety, perceived
usefulness or perceived risks| regarding solution among the different
stakeholders¢

Example:

End-users’ empowerment in Wesselkvartalet is primarily achieved through the provision of a
stable and comfortable indoor environment delivered at low energy costs, minimizing the need
for active user intervention. The building’s transparent energy concept is communicated to
occupants and tenants, increasing awareness of how renewable energy, storage, and smart
control contribute to comfort and sustainability outcomes. An important innovation is the
implementation of advanced smart control strategies that automatically balance thermal
comfort, ventilation, and energy efficiency, ensuring optimal indoor conditions with minimal
user interaction. Significant improvements in indoor environmental quality have been achieved
through low-temperature floor heating and balanced mechanical ventilation with heat recovery,
resulting in improved thermal comfort and consistently high indoor air quality. While detailed
measurement data on end-use engagement are still under development, future work will
expand this assessment through occupant surveys, analysis of usage patterns, and structured
user feedback to further quantify engagement and perceived comfort.

4.7 Interoperability between buildings and district heating and
electricity grid

Provide a general description of how the building interacts with district heating and electricity
grids, highlighting energy exchange beyond the building boundary, interoperability with
external infrastructure, use of shared energy storage or flexibility solutions, and the role of these
interactions in enhancing system resilience and decarbonisation.

Example:

Interoperability at Wesselkvartalet is achieved through an energy centre that supplied
renewable heat beyond the building boundary to the Asker city centre, with interaction
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motivated by the need for increased flexibility, system resilience, and decarbonisation of urban
energy supply. This interoperability extends to external infrastructure such as the street heating
network, and district-scale heat distribution systems, enabling energy exchange at
neighbourhood level. A key innovation is the use of large-scale seasonal thermal energy storage
to support district heating loads and balance temporal mismatches between supply and
demand. These interactions increase the renewable energy share, improve grid stability, and
significantly reduce reliance on fossil-based backup systems. Complementary simulation
studies further evaluate scenarios for expanded district interaction and enhanced flexibility
services, confirming the system’s potential to provide scalable and resilient grid-support
functions.

4.8 Pathways to increase SRIs and ENTRANCE KPIs

Provide a general description of the pathways to improve Smart Readiness Indicators [SRIs) and
ENTRANCE KPIs, focusing on automation, interoperability, data-driven operation, and the use
of measured or simulated data to assess improvements in energy efficiency, flexibility and
renewable energy integration. To explain and document SRI improvement and ENTRNACE
KPIs, indicators defined in Deliverable 2.2 and 2.3 should be used. At the project teams folder,

there is a draft document for Deliverable 2.2 with the defined KPIs.

When explaining achieved KPlIs, graphs for specific KPIs should be given and explained.

4.9 Operation and evaluation

Provide a general description of the building’s operational performance and evaluation,
highlighting real-world operation, use of monitoring and measured data, identified optimization
needs, and how measurements and simulations are combined to assess robustness and
improvement potential.

5 Scalability and replication of innovations

Please provide an estimation on scalability and replicability. To explain these items, please
provide answers on the following:

- How change in climatic conditions may change the innovation implementation and
achieved resultsé

- How change in building type may change the innovation implementation and achieved
resultsé
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- How may building ownership influence the achieved resultsé

- Could solution be implemented in different monitoring platformsé Describe need for
changes or addlitional equjpment.

- Are there any cyber security issues or requirements fo be considered when implementing
the proposed innovationsé Please explain in the case of the pilot building and other
buildings, if any. If relevant, please explain the issues related to implementation in
different building monitoring systems.

- How may energy prices change the i achieved resultsé

6 Lesson learnt

In this section, describe what has been learnt by the relevant stakeholders. The description
should focus on the innovation implementation. For example, issues to implement advanced
control strategies or to introduce the innovation to building users should be described. If
possible, how met issues have been addressed should be also described,

7/ Conclusions

This section should give a brief conclusion with informing about the limitations and future work
of the proposed innovations.
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