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ABOUT THE ARV PROJECT

The vision of the ARV project is taontribute to speedy and wide scale implementation of Climate
Positive Circular Communities (CPCC) where people can thrive and prosper for generations to come.
The overall aim is to demonstrate and validate attractive, resilient, and affordable solutionsif CPCC
that will significantly speed up the deep energy renovations and the deployment of energy and climate
measures in the construction and energy industries. To achieve this, the ARV project will employ a novel
concept relying on a combination of 3 coceptual pillars, 6 demonstration projects, and 9 thematic focus
areas.

The 3 conceptual pillars are integration, circularity, and simplicity. Integration in ARV means the
coupling of people, buildings, and energy systems, through mulstakeholder cocreation and use of
innovative digital tools. Circularity in ARV means a systematic way of addressing circular economy
through integrated use of Life Cycle Assessment, digital logbooks, and material bar&saplicity in ARV
means to make the solutions easy to understand and use for all stakeholders, from manufacturers to
end-users.

The 6 demonstration projects are urban regeneration projects in 6 locations around Europe. They
have been carefully selected to represent the different European climates and contexts, and due to their
high ambitions in environmental, social, and economic sustainability. Renovation sbcial housing and
public buildings are specifically focused. Together, they will demonstrate more than 50 innovations in
more than 150,000 n? of buildings.

The 9 thematic focus areas are 1) Effective planning and implementation of CPCCs, 2) Enhancing
citizen engagement, environment, and welbeing, 3) Sustainable building re(design) 4) Resource
efficient manufacturing and construction workflows, 5) Smart integration of renewables angtorage
systems, 6) Effective management of energy and flexibility, 7) Continuous monitoring and evaluation,
8) New business models and financial mechanisms, policy instruments and exploitation, and 9) Effective
communication, dissemination, and stakeholder outreach.

The ARV project is an Innovation Action that has received funding under the Green Deal CalQ[z4-
1-2020 - Building and renovating in an energy and resource efficient way. The project started in January
2022 and has a project period of 4 years, until Dember 2025. The project is coordinated by the
Norwegian University of Science and Technology and involves 35 partners from 8 different European
Countries.
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EXECUTIVE SUMMARY

The ARV Innovation Intelligence for Impact report 202 is the third of a yearly series of reports
presenting the innovations that the ARV project has developed, designed, and tested to help establish
Climate Positive Circular Communities in Europe. Emain objective of the report isto contribute to a
speedy and wide scale implementation of CPCCs by putting innovative solutions stage

It is in the ARV ambition to produce innovative solutions that go beyond statef-the-art and offer
compelling approaches and technologies to policy makers, local change makers, and business
professionals to advance the adoption of the CPCCs concept. Iis thecond edition of the Innovation
Intelligence for Impact report, 35 innovations are presental. The nnovations are clustered in sx
categories z namely: products/technical solutions, methods, guidelines/instructions, processes,
software, and models/sysems.Database is the seventh innovation category in the project, but to ta

no innovations within that primary category have not beerfinalised.

The report is an actionable tool for disseminating the innovative approaches of the implemented
solutions within the ARV demonstration sites and processesTo this end the report provides
information about the innovative solutions in an easy to understand, yet detailed manner. The solutions
are presented in a standard format to allow a smooth readingnd accessiblensights and hopefully
sparking the interest of the reader to dive deeper into the subject matter.

The adoption of ARV innovative solutions by other change makers is at the core of this rep@ullating
the demonstrated solutions in one yearly report provides anapshot of scalable achievements to cross
fertilize the European built environment movementtowards climate positivity. The report will also be
presented to the ARV Exploitation Boarga group of highlevel stakeholders capable of leapfrogging the
innovations within their network and ecosystem of influence. By disseminating the innovations in th
fashion, the ARV projectinvites the readers to internalize the learnings andoring them to their
communities, research groups, and think how to apply them to their local context.
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1. INTRODUCTION

As central features of human life, buildings furnish space in which to dwell, gather, labour, trade, make,
learn, heal, and revel. Of all the things we create, buildings are the largest, and they generally persist for
decades, if not centuries. How can weetrofit existing buildings and create new buildings to minimize
energy use? How can we stop other, esite sources of emissions? The aim of the Innovation Intelligence
for Impact Report is to give stage to the ARV project innovations that are ready to ékeployed and scaled

to contribute to speedy and wide scale implementation of Climate Positive Circular Communities
(CPCC).The successful implementation of CPCCs require innovative solutions on a wide range of
technical and social topicsand ths report is the second of an annual series presenting the innovations
the ARV project has developed, designed, and tested to help create GHEGix different EU countries
(Figure 1).

Figure 1. Map of the ARV demo projects.

The successful implementation of CPCCs requir@novative solutions on a wide range of technical and
social topics. The ARV aims at providing solutions to nine thematic focus areas that present challenges
and batrriers to the implementation of CPCCs. The thematic focus areas are 1) Framework for CPCC
planning and implementation, 2) Community engagement, environment, and webleing, 3) Sustainable
building (re)design, 4) Resource efficient manufacturing and construction workflows, 5) Integrated
renewable and storage systems, 6) Efficient energy management and flexibility, 7) Validation by
monitoring, evaluation, and impact assessment, 8) Business models, financial instruments, policy, and
exploitation, and 9) Communication, dissemination, and stakeholder outach.

The mission of this report is to collate the ARV innovations achieved by the end of each year of the
projects. It is in the ARV ambition to produce innovative solutions that go beyond state-the-art and
offer them to policy makers, local changemakers, drbusiness professionals to advance the adoption of
the CPCC concept. The Innovation Intel for Impact report of 282resents 35 innovations.

A glossary of terms used in this report is given in Appendix A.
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2. OBJECTIVES

Awareness, Open access, Scalability

The key objective of the report is to become a periodic lighthouse to facilitate a speedy seafeof the
ARV innovations by addressing, with innovative approaches, the nine thematic focus areas of A
that present challenges and barriers to the implemention of CPCCsThis periodic report raises
awareness amongst the built environment community of innovative solutions developed within the
ARV project in an open access formaind to transparently share the project results. Showcasing the
innovative solutions developedin the project is akey effortin enablingthe uptake of such innovations
and therefore facilitating the implementation and speedy scaleip of CPCCs.

3. DATA COLLECTION AND METHODOLOGY

3.1 OVERVIEW

This report showcases35 innovations that have been demonstrated so far during the first three years
of the ARV project implementation. The methodological approach in this report is based on
systematisation of the results on developmentn this context, the possibilities of further exploitation of
the innovations are explored, as well as the replication and future use and applicability.

As part of the Climate Positive Circular Communities Innovation Forum and key elements of this work,
GDFA and NTNU have developed an online innovation management tool: ARV Innovations Tracker (see
Figure 2). The Tracker is a welbbased tool that showcaseséy information about all project innovations

and offers an easy way to view and filter the innovations by parameters such as demonstration site,
associated WP, leading organisation, and due date for delivery. This not only paves the way to
systematically supporting the annual report on ARV Innovation Intelligence folmpact but also offers

the ARV Consortium an instrument to cluster innovations, learn from each other experiences, and
discuss commonalities. The broader goal is to collect, analyse, and disseminate innovations to facilitate
knowledge exchange and outreach with théRV Exploitation Board to ensure early identification and

to scale commercially viable innovations.

All key information about ARV innovations in the Tracker has been collected through the ARV
Innovation Survey, which is a living tool. The key information related to the current and expected
readiness levels of the innovations and the overall level of thdevelopment, targets group and expected
impacts and exploitation pathways, are collected through the ARV Innovation Survey-&nnually,
according to the established innovation management approach (D1.3 Innovation Management Plan
For each of the ARV innovations, an Innovation Lead is appointed as the main responsible for developing
and testing the innovation.

2 ARV D1.3 Innovation Management Plan (2023), second version V.12 (confidential)
9/93
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Figure 2. Screenshot oARV Innovations Tracker

3.2INNOVATION TYPES ANEXPLOITATION IN ARV

The project innovations are categorised int@evenmain categories: product/technical solution, process,
method, model/system, database, softwareand guideline/instruction (see AnnexB for definitions of
each category)This gandardisation of the innovations and resultsallows us to analyse and disseminate
demonstrated innovations across the project in a systematic way considering the specific
characteristics and differences between the innovation types, intended target groupsxpected impacts
and exploitation pathways.

ARV innovations have the potential to beommercially exploited as products or services byhe partners

in the ARV consortium.The exploitation pathways for the innovations will be developed in close
cooperation with the ARV Exploitation board, whichis establishedas a vehicle for scaling the business
models and financing instruments. The Exploitation Board will be composed of strong innovation
clusters and financial sector players that will spread the green building and renovation concepts, to
provide momentum to OEA OOAT T OAOET T xAOAS OEAOThe mhovatiod A
Clusters bring together key stakeholders from the whole value chain of CPC&sowledge institutes,
tech and ystem providers, energy service providers, architects, real estate and building owners,
municipalities and regional authorities, financial institutes, and different organizations working to
promote sustainable buildings and communities.

As an important segment of the further exploitation and dissemination pathways of the achieved results,
the ARV eMarketplace (Figure3) will enable the aggregation of all the project results, innovations,
technology providers, and service providers. The eMarketplace will include the necessary tools to
streamline the process and deliver the necessary services and installations, and thaaficing
mechanisms put in place will facilitate their uptake. The key results presented in the Innovation
Intelligence for Impact report will be further disseminated through the eMarketplace]aunched during
2024, and led by Housing Europe.

10/ 93
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3 eMarketplace - ARVI{ttps:/greendeal -arv.eu/emarketplace/) (Assessed 7 December 2023)
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4. ACHIEVEIARVINNOVATIONS

The achieved ARV innovations of 2022, 2023 and 2024 spana wide range of technical and social
expertise and categorised according to their naturénto one or more innovation categories

In this report, atotal seven innovationclustershave been identified, namelyproduct/technical solution,
process, method, model/system, database, softwarand guideline/instruction. Within those categories,
35 innovations have beenachieved so far in the ARV projecand are presented in this report Some
innovations can have characteristics from multiple categories, in which case the most descriptive
category has been used. The structure of each innovation follows a simple description section followed
by five paragraphs where the lead authors haveesponded to a few key, yet straigtforward questions
about the innovation and reflect the challenges it aims to solve, the intended target groups, and the
application and scalability potentials and possible exploitation pathways. This structured approach
provides a guiding principle of smplicity yet with a rich amount of information. lllustrative visuals and
diagrams are also provided.

Figure4 offersA OEOOA1T AOAAEAT xI 1 &£ OEA ET 11 OAOEI 1T O AEOEA

ARV Innovations

demonstrate and validate attractive, resilient, and affordable solutions for
circularity, net zero-emission buildings and neighbourhoods.

Product / Technical solution m
14 8 4 4 3 2

Process

Figure 4. Innovation categories of the reported ARV innovations.
Graphics: Jesus Daniel Garcia Melo, NTNU.
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4.1 PRODUCTS/TECHNICAL SOLUTIONS

This section containsthe physical or virtual products, or a combination of
hardware and software achieved within the first two years of the ARV
project. By 2024, 14 innovations in this category were achievedMany of
these innovations are characterised by an engineering component that
produces an advancement in the technological level of a specific appliance.
Others revolve around production materials to ensure lower embodied
carbon emissions of new buildings or retrofitted ones.For example,
timber-based construction is an area where ARV presents innovative
solutions. Great advancements have also beemade in reducing the
operational carbon footprint of buildings by the integration of renewable energy technologies into the
buildings' energy systems

4.1.1 COMFOR-DRIVEN VENTILATION SYSTEM IN SOCIAL HOUSING

Description

One of the key points of the project is to allow foadaptability of the building based on the external
climate conditions. Through automatically regulated bioclimatic elements, it is possible to ventilate in
summer or capture and conserve heat in winter. These bioclimatic elements can be related to each
apartment individually. One of the most important problems associated with heating during the winter

is linked to the minimum ventilation required by regulations. One of the strategies adopted to reduce
heat losses is to use the variable flow ventilation methd. This ventilation allows the air to be heated
previously before introducing it into the home through bioclimatic capturing spaces that act as a thermal
intermediate space and reduce losses.

CQ, temperature, and humidity sensors will be installed in each room of the apartments, including the
galleries. Those sensors will be connected to motorised windows that will open and close depending on
the data collected to keep maximum comfort levels.

@ TEMPERATURE, HUMIDITY & CO2 SENSORS
@ TEMPERATURE & HUMIDITY SENSORS

(M) UPPER WINDOW MOTORS s SOLAR PROTECTIONS

Figure 5. Placement of window motors, sensors and solar protections in an apartment.

What challenge does it solve?
The management of both the thermal intermediate spaces and the atriums is very important as they
allow systems to be optimised and construction materials to be saved. However, if the management of

13/93
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these spacess not adequate, imbalances could occur in the interior, causing overheating in the summer
- if there is no ventilation or sufficient protection - or cold temperatures in the winter - if the capturing
potential is not taken advantage of Therefore, the innovation reducesenergy losses during air renewal
and reducesenergy demand by using preheated aiil his automatic system will minimise effort required
by the user providing maximum comfort.

Who is it for?
Constructors, Architects, Tenants, Research community and educational institutions

How can it be applied and scaled?
Research activities, Patenting

Demonstrated in Palma de Mallorca, Spain

4.1.2 ARCHITECTURAL AND AESTHETIC INTEGRATION OF BIPV/BAPV/PVT
SOLUTIONS

Description

This activity explores the integration of technical systems, such as solar thermal and photovoltaic
solutions, in the vertical building envelope. The experimentation of new solutiong accompanied by
new Europeanstandards on integrated building envelopes developed by the scientific community and
partnerships between the PV industries and the glass sectaqr has had important repercussions
aesthetically and architecturally, resulting in a new generation oérchitecture representative of green
deal challenges. Since the turn of the century, energffieiency objectives in Europe have conditioned
architectural concepts from a morphological point of view, starting from the surfacshape relationship
of buildings, and today the new forms of integration between building and energy production systems
are creating opportunities for developing a new aesthetic, technological and construction language. In
the ARV project, this thesis was developed as part of the ecosystem of the Autonomous Province of
Trento, where the companies in the building sector are stimgly oriented towards the development of
industrialized products and offsite solutions for architecture, in particular engineered wood
components sector. Therefore, the aim was to experiment with plargystems integration in an
industrialized building envelope system produced in a factory. Incorporating a prefabricated envelope
system and an industrialised productallows for a relationship between the various components,
including the technical energysystems (PV, HVAC, etc.).
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1 SOLAR SHADING | BIPV-BALCONIES ! BiPV-FACADE | SOLAR GLAZING
] | ' '
1 i i

|

Figure 6. Photovoltaic integration forms identified on the envelope of the Demo Project Trento, South facade.
Original graphics by Guido Callegari, Politecnico di Torino.

The innovation is currently patent pending and refers to a prefabricatedPVT (PhotoVoltaic Thermal
technology) module ready to be integrated into the building envelope as an active facade system offering
considerable adaptability to the various structural configurations of the facade (PVT Module / Type 1).
Several fulkscale mockups of the module have been produced to analyse the technical solutions and
be proposed in the ARV demo project in Trento, testing the potential of innovation in the context of the
integration between the PVT module and the decentralizelteat recoverymechanical ventilation system
(PVT Module / Type 2).Both technologies will be integrated into a prefabricated timber wall ready to
be installed as an exterior facade in the wooden structures of the demo project building (kig 7).

60 85 53 85 60

201

PVT Module / Type 1 PVT Module / Type 2

L 150

a0 |

Prefabricated timber-frame RENEW-WALL

Fgure 7. Demo Project Trento, South facade: PVT modules installed irBtR&/facade.
Original graphics by Guido CallegaRolitecnico di Torino.

4+0AO0AT O PATAEIC O-1TAOIT O 1 AOA EAOEAT & 01 011 OAEAT A OAOIE
102023000017145, submission date 10/08/2023
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A significant contribution of the demo project will also be defining specific design guidelines for
constructive and technological architectural integration of BPV components in architecture (Figre 8),
starting from a study and critical analysis the researchers conducted in some of their recent resela¥c

b/ CUSTOMIZED PV APPEARANCE
alteration of PV material
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dfgital glass printing

** “efficiency” in fig. 4a refers to that of the glass printing
customized module compared to that of a i cell visibility / variable
standard module equal to about 20% cell visibility / NO opaque

opaque

Figure 8. PV products overview. The graphic illustrates the current colouring technologies for
PV components and the range of different formal interpretations.
Original graphics by Guido Callegari, Politecnico di Torino.

What challenge does it solve?

1) Driving the production process of the BIPV envelope system in edite industrialised architectures
makes it possible to analyse, with greater control, thpossible strategies for integration of the various
plant systems and transparent or opaque envelope components, with adequate verification of
performance compared to standard orsite construction practices.

2) The design of a BIPV technological envelope to be produced as an industrialised component in the
factory will facilitate economies of scale in planning the final cost of the product, an aspect that today
constitutes a deterrent to experimentation in mary European countries.

Who is it for?

Facade systems and prefabricated walls constructors, photovoltaic systems suppliers, constructors,
architects, municipalities, policy makers and regulators / authorities, research community and
educational institutions.

How can it be applied and scaled?

The PVT solutions can be adapted to both the new construction market and the redevelopment of the
existing building stock through modifications of the envelope layers. This customization is more feasible
if the component production processes are industriated. The PVT solutions starting from different
market and design needs, can either be a repeatable "wall module" to define an envelope system or be
integrated within the window system. This canaccelerate the shift of the BIPV/PVT market from today's

58 #A11ACAOEh %8 -AOiTi11 AR 08 3EIAITAR
CONF.ITECH 2022. Technological imagination in the green and digital transition. Conference proceedings, Springer,
Switzerland, 2022, ISBN: 978-031-29517-1.
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dry construction system towards a system of threalimensional industrialized components belonging
to Industry 4.0 patterns, which increasingly involve the construction sector.

Demonstrated in Trento, Italy

<

4.1.3 1AQ MONITORING PLATFORM

Description

The IAQplatform is a combined Indoor Air Quality (IAQ) sensor and a usdriendly web interface. The
IAQ sensor measures various quantities defining the indoor environment such as temperature,
humidity, CQ concentration, VOC concentration, particulate matter (optional), and barometric
pressure. The measured quantities are then used to inform the user, directly control technology in the
building (AHU, HVAC), or provide necessary data to a superior system Vié-Fi, LoRa WAN (optional),
Modbus TCP (over W#i), RS85 with Modbus RTU. The sensor is equipped with a RGB LED indicator
or LCD display.

UCEEB)

Figure 9. The IAQ monitor and web interface

What challenge does it solve?

The IAQ platform monitors the space we live in and helps us to maintain trenvironment. Sensor
provides comprehensive evaluation of indoor quality. The users can easily view measured data in the
web interface, which also allows to view history and settings to improve the environment.

Who is it for?

Building owners, Tenants, Landlords, MunicipalitiesThe IAQ platform is meant both for residential and
commercial areas. In family houses and flats, the sensor can control tkgstems based on user's
behaviour and provide a signal to open the windows to let the fresh air in. In commercial areas, the
sensor can be used tautomatically maintain a proper indoor environment by controlling air handling
units as a component of a complex BMS system. In both cases, it provides monitoring data for {targn
evaluation of indoor environment conditions. This can furtker help improve the environment which is
so important for us.
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How can it be applied and scaled?

The IAQ platform is a product solution that is ready for the markeDifferent types of business models
can be introduced to scale the potential of application and penetration in residential and commercial
areas.

Demonstrated in Karvina, Czech Republic

4.1.4 SYSTEM FOR REDUCTION OF DISTRICT HEATING RETURN TEMPERATURI
FROM BUILDINGS (AFTERCOOLING CONCEPT)

Description

The aftercooling concept is an innovative district heating substation for large mukapartment buildings
where the domestic hot water preparation and reheating of the circulation flows are decoupled and
obtained in two separate heat exchangers connected parallel. The primary return temperature flow
from the circulation heat exchanger is further aftercooled by the space heating system before returning
to the district heating network (Figure 10). The concept provides a reduced return temperature to the
district heating network.

DH supply DHW
DH return COLD WATER

DHW CIRCULATION

I HEATING

Figure 10. Operating diagram of the aftercoolingystem

I
|
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What challenge does it solve?

The key ability of the future district heating system is to operate at lower network temperatures. The
aftercooling system reduces the return temperature from thebuilding, and this is often a precondition
for being able to reduce the district heating supply temperature. Lower network temperatures make it
possible to utilise low temperature surplus energy sources that otherwise would be wasted or would
require a temperature lift by e.g, a heat pump. Further it reduces the thermal distribution losses from
the district heating network. The potential for district heating return temperature reduction is3-7°C on
yearly level for typical buildings, which is significant.
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The figure 11 shows the calculated yearly building level district heating return temperature reduction
potential, as a function of the dimensionless parameters;Rnd R, based on the yearly energy demand
for SH: space heating, DHW: domestic hot water and CIRC: domestic hot water circulation. Besides this,
the district heating and space heating temperature profiles typical for 3rd generation district heating is
applied. The Sgnderborg SAB department 22 is shown as building case DK#6, and for this buildiage
the potential is 5°C.
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Figure 11. Calculated yearly building level district heating return temperature reduction potential.

Who is it for?

The developed aftercooling system is relevant where a traditional district heating substation is to be
installed or to be updated, typical residential and commercial buildings, and where there is domestic
hot water circulation service provided. The concept is relevant for service providers, rea&state
representatives, building owners, landlords, associatios (cooperatives), municipalities, district heating
utilities , and basically all groupsbenefitting from a more energy efficient building level district heating
substation. Critical for the deployment of the concept is that the district heating utilitiegstablishesan
economic bonus scheme awarding a reduced district heating return temperature. This is the case in
Denmark and partlyin3 x AAAT h AOO EOGB8O0 110 xEAAI U OPOAAAS

How can it be applied and scaled?

This innovation focuseson the development of the aftercooling concept and the analysis of the district
heating return reduction potential .

Demonstrated in Sgnderborg, Denmark

¢
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4.1.5 SOLAR PV SCALE SMART BATTERY SYSTEMS

Description

The purpose of this innovation is to demonstrate and monitor the combination of solar PV panels and
battery systems in large residential buildings and to develop design criteria for such combined systems.
Further, the innovation focuses on architectural gsects, economical aspects, and dialogues with

authorities. The demonstration project includes 19 apartment blocks of 3 floors, in total 432 apartments

with a floor area of 32,000 n#, located in Sgnderborg, Denmark.

What challenge does it solve?

The electricity consumption in housing blocks has its peak in late afternoons and evenings. The
production of solar electricity, however, peaks during daytime. Therefore, it is important to store solar
electricity from daytime to late afternoons and evenigs. Without batteries, the excess produced solar
electricity has to be sold to the public grid for a low price 0.08 Euro per kWh. If the solar electricity can
be stored in batteries and used in the evenings, tenants will be able to save 0.35 Euro per kWtich is
the normal price for electricity in Denmark (2023). Installing batteries in combination with solar PV also
contributes to reducing the peak load demand on the public grid.
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Figurel3. 15 kWh battery unit and battery inverter for 1 of the 18ousing blocks

Who is it for?

The target group for batteries in combination with solar PV systems is primarily private or social
housing blocks and public institutions, where peopldive in buildings with a common main electricity
meter combined with internal electricity meters in the apartments.

How can it be applied and scaled?

Battery storage solutions combined with solar PV panels are still under technological development.

Lithium batteries are available on the market, and commercial activities are ongoing. Materials used for
manufacturing lithium batteries, however, are in theAAOACI OU ODPOI AOGAOO xEOE
1 OAOT AGEOGA AAOOAOU Oi i1 OOETT O AOA ET A AACEITEIC
AAOOAOEAGO AAOAA 11 110A OOOOAET AAT A 1 AOAOEAI O EI
sustainable materials are available for batteries, the market for combined solar PV and battery systems

IS expected to grow noticeably, because this solution will be economical feasible.

Demonstrated in Sgnderborg, Denmark

¢

4.1.6 CLIMATE ADAPTED DESIGN USING AN INNOVATIVE SURFACE WATER
SOLUTION

Description

The Regulatory plan of the Voldslgkka area in Oslo, Norway, required that the school courtyard is to be
developed as a park with a variety of vegetation at different heights and with permeable surfaces and
natural surfaces covering at least 30% of the outbr flooring. A strategy for local and open surface
water management was recommended for the area to avoid the rainwater runoff from damaging
buildings, properties, and infrastructures and creating inconveniences to the local residents. The
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requirements set in the Regulatory plan were implemented in the landscape design of the school
courtyard by making use of different types of vegetation and surfaces to optimize the local storm water
management and at the same time create a varied and apfieg outdoor environment. The school's
green areas are organized and planned in two main groups with different designs, to facilitate natural
protection of the vegetation, green areas at the plot edges, and green island in the middle, as shown in
Figure 14. The central green areas were developed as islands surrounded by channels. These channels
are the features that ensure an efficient stormwater management on the school grounds. The terrain
around the channels is planned so that rainwater flows towards theslands, as shown in Figure 15. The
channels are covered by metal grates below which rain beds are placed. On the rain beds, a flower
meadow with Norwegian, wild, perennial meadow plants is placed. The stormwater is collected by the
channels and redirecteal to the islands, where it is absorbed and led deeper down towards the crushed
stone reservoir below. The system with islandshannels is designed in such a way to clearly show the
water flows and the mechanism of storm water management employed in the sodl site.
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Figure 14. Landscape design of the Voldslgkka project.
Original image by STENGEN & BERGO AS, edited by NicolgSLETEF).
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Figure 15. Scheme of storm water management in one of the project's islands.
Original image by STENGEN & BERGO AS, edited by Nicola Lolli (SINTEF).

What challenge does it solve?

4EA #EOU 1T &£ /01160 xI OE 11 OO1T Oi xAOGAO 1 AT ACAT AT O

resilient. Numerous measures have been implemented since the Stormwater Management Action Plan
was considered at political level in 2019 (proposition ®1/19) 6. Oslo Municipality promotes the use of
open, local surface water management to contrast the damage to buildings and infrastructure produced
by poor rainwater management. Such a problem is exacerbated by climate change, which in the Nardic
will lead to more rain and sudden heavy rainfall. By opening closed streams and rivers and using green
roofs and draining surfaces instead of asphalt, rainwater flows are slowed down and the risk of flooding
reduced. The demonstration of this innovation n the Voldslgkka project aims at showing how
technological solutions for effective local storm water management can be designed and implemented
by integrating educational purposes and without sacrificing the aesthetic of a natural environment
within city b orders.

Who is it for?

Material providers and portfolio managers, Constructors, Architects, Municipalities, Policy makers and
regulators / authorities, Research community and educational institutions

How can it be applied and scaled?

This innovative storm water management system will be fully operative from August 2023. It will be
used to demonstrate the effectiveness of such solutions and its technical limitations (durability of
materials, growing rate and health of vegetation, effesteness of stormwater outflows over time) in
relation to the replicability potential in other geographical areas.

6 https://www.klimaoslo.no/article/follow -up-of-the-climate-strategy/
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The City of Oslo is expected to develop and complete thematic maps for stormwater and urban flooding
AT A A 301 Oi xAOAO - AT ACAT AT O ' OEAAh ET ¢mgo8 4EA
to develop and implement effective stormwater solutbns on municipal land. There are currently 15
construction projects in which stormwater management has been integrated through the use of green
roofs and other nature-based solutions. Work is underway on the development of a stormwater
management communicéon strategy with the aim of strengthening the communication work relating

to stormwater management Newor revised instruments will be introduced to strengthen the efforts
towards The City of Oslo resiliency and robustness against climate change. The aim is to considex
larger extent current and future natural events which are being exacerbated by climate change. This
strategy will consider an increased effort for the preservation and development of blugreen
structures, further development of the Geen Inventory, and the strengthening of risk and vulnerability
analyses in planning processes, with a particular focus on ground conditions. The criteria for
stormwater management and bluegreen structures are of particular importance for ensuring climate
adaptation. Since 2021, these criteria are also used in area regulations. The regulations concerning the
blue-green factor set out minimum requirements for naturebased solutions in connection with land
use.

Demonstrateq in Oslo, Norway

4.1.7 EFFECTIVE APPLICATION OF {CARBON CONCRETE

Description

Low-carbon concrete with 40% lower embodied emissions than the current standard has effectively
been applied in the Voldslgkka demo site in Oslo. The legarbon concrete class Aused in Voldslgkka
typically has CQ emissions of 226240 kg/m3, depending on use, whereas a typical concrete has an
emission-factor of 400-410 kg/m3. Concrete is used in the parts of the building adjacent to the ground.

Photo credit: Jan Eldegard Hjelle

7 Norwegian Concrete Association publication NB37, which defines class limits for greenhouse gas emissions for four different
levels of low-carbon concrete.
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What challenge does it solve?

Besides water, concrete is the highest consumed material in the world. It is used to produce and build
OEA OAOO | AET OEOGU 1T £ OEA xi 0l A0 AOEI AET COh AOEAC/
production alone is responsible for approximatdy 8% of the worlds CQ emissions. Reducing the
amount of the emissions related to cement and concrete production will have a major impact on global
CQ emissions. The emissions related to building in concrete stems, to a very large degree, from the
production of the cement (as the critical ingredient in concrete) and has a large potential for emissions
reductions. In addition, construction techniques and optimization of amounts of concrete used in
various structures can reduce emissions through the simpléact that less material is used. In the
Voldslgkka school both these emissiomeduction pathways have been utilized to reduce the GO
footprint. So-called low-carbon concrete, with C@emissions 40% lower than standard concrete has
been used. In additionconcrete has only been used in critical parts of the structure, replacing it with
wooden structures in other parts of the building loadbearing structure.

Who is it for?

Material providers and portfolio managers, Constructors, Architects, Researchommunity and
educational institutions. Expanding knowledge about new types of concrete will be interesting for all
the actors of the building industry as concrete is one of the materials wittihe highest carbon footprint
and one of the most utilized building materials in the world.

How can it be applied and scaled?

Given the widespread use of concrete as a building materiahe replacement of only a small fraction of
the total amount of concrete used worldwide can caussignificant CQ emission reductions.

In general, there are several technical challenges with concrete where high amounts of cement are
replaced by supplementary cementitious materials (SCMs). With reduced cement content and increased
other additions, the early strength and, depending on theatnposition of the binder, also longterm
strength development will be reduced. Furthermore, some durability properties might be reduced while
others will be increased. Usually, resistance to alkali silica reactions as well as chloridegress is
increased for properly cured concrete with low carbon binders. On the other hand, resistance to
carbonation in buildings and frostsalt scaling in infrastructure concrete may decrease and remains a
challenge. High replacement of cement with SCMs and decreased amoahtcement in low carbon
concrete also has an impact on the workability (flow properties) and handling of the concrete. Hence, it
is often necessary to increase the number of chemical admixtures to guarantee similar workability and
strength development. Sil, for low carbon concrete type A, with about 40% CO2 reduction potential
compared to a reference concretemany of these challenges are solved. Today, the SCM used in these
types of concrete on the Norwegian market is fly ash (from coal fired power plants). However, the
amount of available fly ash will decrease in the future and cement producers are starting took at
alternative SCMs to replace cement. In a recently finished research project (NEWS@Epomising
alternatives have been found. In the second phase of this proje@droCarbCo#) the aim is to develop
novel CEM II/C products (50% replacement of Portland Cement) for use in building and infrastructure
concrete. Research is needed to understand these novel binders with these new types of SCM to gain
similar good results as today wih fly ash from coal incineration plants.

The Norwegian Concrete Association has published a carbon classification system for concrete (NB37)
which the concrete industry has used for several years. Good results have been obtained in practice with
low carbon concrete type A according to this clasitation (approx. 40 % lower CQthan reference), and
the market demand for this material has increased. The more difficult part is to implement low carbon
concrete type "Pluss" and "Extreme" with even lower CCemissions (5060% reduction). A remaining

8 https://www.ntnu.edu/kt/research/concrete/projects/newscem
9 https://www.ntnu.edu/kt/research/concrete/projects/zerocarbcon
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challenge is to increase the demand further by building up competence through information campaigns,
manuals, and guidelines for a common and easy understanding of how to use and apply these types of
concretes.

Demonstrated in Oslo, Norway

4.1.8 LOCALRENEWABLENERGY GENERATION USING INNOVATIVE BIPV AND
BAPV

Description

Coloured PV panels are installed on the roof and facade of the school building in the Voldslgkka project
to provide an overall energy production of 230 000 kWh/year. This is equal to 2 kWh/rper year of
excess electricity production, making the school a plusnergy building. The design of the PV modules
Iayouts is defined by themodulesGorientation towards the sky, the orientation of the school building

| TT CAOO HEAAAAAOh AT A OEA OAcCOI AOI OU POI OEOETT OAC
North-South orientation is not optimal for PV production, as the longest facades are facing either East
or West, thus not taking advantage of the higher insolation on Souflacing facades. In addition, the
regulatory provision requested the school facadeot to resemble that of an office building, meaning that
solutions that entail large and monotonous surfaces with PV panels were not accepted. The challenge
was therefore to overcome the combined limitationanduced by the suboptimal building orientation,
the need fornon-homogeneous aesthetiof the facade appearance, and the highly ambitious energy goal
for the building. The choice of using different shades of green and black for the PV panels, and the
rotation of their vertical axis (as shown in Figure 16) wasnade becauseof the necessityto avoid a
uniform and monotonousaspectof the facade.
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Figure 16. West fa(;ade of the school bundlng
Original image by KONTUR and SPINN Arkitekter, edited by Nicola Lolli (SINTEF).
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Figure 17. South facade of the school building.
Original image by KONTUR and SPINN Arkitekter, edited by Nicola Lolli (SINTEF).

What challenge does it solve?

One aim of the school building project is to deliver excess electricity to the grid in order for the school

to be a plusenergy building. This can be achieved by making use of large quantities of standard black

PV modules on the facades, at the expensesaafsthetic expression and architectural quality of the

building. The challenge was therefore to show that it is possible to deliver such an excess of electricity

and at the same time propose an appealing architectural expression for the building facadekisTwas

obtained by using combinations of black and btoloured PV panels which are oriented at a 28egree

angle on the horizon (Figure 18). The rotation of the panels reduces the space for allocating the PV
modules due to the panels cuts around windowsrad at the fagcade border. To achieve the planned energy

target for the building, parametric design tools were used to calculate the allowed amount of PV modules

AO OAOUET ¢ AT ciAO 1T &£ OEA DPAT Al 06 1T OEAT OAOHfiei 8 4 E/
calculated for the various orientations and resulting number

Figure 18. Picture of the mounted BIPYhodules on one of the Voldslzkka facades. Photo: Bodil Motzke, Oslobygg.
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Who is it for?

This local renewable energy source benefitsnaterial providers and portfolio managers, architects,
building owners, municipalities, research community and educational institutionsMoreover, using
local solar PVenergyreduces the needfor energy imports from the electrical grid, while supplyinghigh-
value energy form(electricity) with a low environmental footprint.

How can it be applied and scaled?

The PV panels are mounted on an aluminiurftame which is composed of a main system with vertical
elements spaced every 600 mmand a secondary system with horizontal elements alignedt a 20-
degree angle from the horizon At locations where the secondary system partially overlaps with the
windows behind, glass panels are installed instead of PV panels. These glass panels match the colour
variations used for the PV panelsThe total number of glass panels is about 15% of the total number of
PV panels. The ratio of the greenoloured modules and black modules is about 25% for the modules on
the west facadeand about 40% on the sout facade are black. All other modules come with two different
shades of green, in such a way that each PV panel consists of two different, greeloured parts. Two
different combinations of the bicoloured panels are used, as shown in Figure 18. These p#&hare
installed either in an upright position or rotated by 180 degrees. This is to make the impression that 4
different panels are installed on the facade. An equal number of panels of each of these-twtur
combinations is installed on the facades.

The application of such a design demonstrates the feasibility of large fivegrated facades to meet a
plus-energy building target and at the same time provide an appealing and dynamic architectural
expression.

Demonstrated in Oslo, Norway

4.1.9 LOW-TEMPERATUREHERMAL HEATING ANDGH TEMPERATURE
THERMAL COOLING (LOWEX) HVAC SYSTEM

Description

This low-exergy (LowEx) HVAC systems a novelsolution that delivers low-temperature heating and
high-temperature cooling to a building by coupling a ground-source heat pumpand radiant emitter: a
thermally activated building system (TABSkonsisting of an underfloor heating/cooling network that is
deeply embedded in the concrete screed of the buildindf is designed to maximize the effectiveness of
ground-source heat pump systemd$y minimizing the temperature span between the heat source and
the heat sink while maintaining a good indoor thermal comfort in the building The individual
components of the system are not novel in themselves; however, the novelty is in how they are designed
to work optimally together. The coefficient of performance (COP) of heat pumps is mairihfluenced by
the temperature difference between the source and the emitting temperature. COP shows the ratio
between usefuldelivered heat (or cooling) and compressor input energydemand (usually, electricity).
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By minimizing the temperature difference between the source and the emitter, the COP is maximized
The system is designed to operate with supply temperatures of the HVAC system that are very close to
the desired room temperature. To enable this, the system utilizes a combined radiant heating and
cooling system allowing for temperature differences betwen the room design temperature and the
fluid to be as low as 5K. In this way, the high performance of the heat pump results in energy needs as
low as 3 to 10 kWh/ne year and greatly reduces the compressor power peak. The LowEx system is
integrated in the demo project in Oslo (Voldslgkka) by using the existing infrastructure, thus saving cost
and embodied energy from material use.
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Figure 19. Schematic of the LowEsystem, in winter operation (left) and summer operation (right).
Source: Tor Helge Dokka, Skanska Norway.

What challenge does it solve?

By reducing the energy needs for heating and cooling, the local renewable energy production can be
used for addressing other buildings eneuses (lighting, ventilation, appliances) which are less
dependent on seasonality, thus reducing the yearly mismatchebveen the PV production and the
buildings' energy use. The LowEx system is integrated by using the existing infrastructure, thus saving
cost and embodied energy from material use. The same can be said about the use of a common system
for heating and coolng, resulting in less need for piping and heating and cooling emitters. The use of
high temperature cooling makes it possible to utilize free coolingonly direct circulation of the heat
carrier fluid without activating the compressor of the heat pump)from the energy wells (boreholes:
ground-source heat exchangersjo a much larger extent than in traditional systems, becaugée fluid
borehole outlet temperature in summer is compatible with radiant cooling of the indoor space vithe
TABS.

Who is it for?

This technical solution benefitsconstructors, architects, service providers, building owners, research
community and educational institutions. This technology is interesting for many actors as it reduces the
need of energy from theelectrical grid, with a low environmental footprint . The technology has scaling
potential as it reduces the energy cost for building owners. Hence the constructors, architectervice
providers, research community and educational institutionsvill benefit from more practical knowledge
about the technologyto integrate it to future projects and meet the regulatory constraints in terms of
building energy efficiency:.

10 Johra, H. (2022). Overview of the Coefficient of Performance (COP) for conventional vapoampression heat pumps in
buildings. DCE Lecturenotes No. 79. Department of the Built Environment, Aalborg University.
https://doi.org/10.54337/aau459284067
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How can it be applied and scaled?

The system works well for both small and large buildings. Due to beneficial temperature levels in the
hydronic system ofthe HVAC, the heat pump system performance optimal. The more efficient the
building envelope is, the more efficient the LowEx system will be. With loweindoor space
heating/cooling demand, the temperature difference between the emitter and the room can be
decreased thus decreasing the temperature span between the heat sink and heat source, hence
increasing the heat pumpCOR The sysem is well suited for all new energy efficient buildings and in
deep renovation processes. However, the system requires installation of radiant heat tubing, which
could be challenging in some renovation projectd/oreover, the high time constant of the TABS requires
the use of snart control (rule -based ramping control or modelpredictive control) to adjust the flow of
the hydronic system andmatch the indoor temperature setpoint in the case of setpoint modulation, such
as nighttime temperature setback.

In the Oslo demo project, the LowEx system will be demonstrated, followegb, and evaluated. Building
energy flexibility is recognized asan important assetfor the future energy grids Flexibility enables a
building (or group of buildings) to shift its energy demand in timeglover a few hours), either as response
to an external signal from the grid(e.g., dynamic energy price)or to optimize its seltuse of locally
produced electricity (e.g., integrated PV panels)he way the LowExsystem integrates its heating and
cooling system into the building construction enables efficient activation of the building thermal mass.
Combined with a thermallyefficient envelop,this makes the building well prepared to be an asset in the
future markets of demand response and energy flexibility

Demonstrated in Oslo, Norway

4.1.10 OFFSITE PRODUCTION METHODOLOGIES FOR MODERN METHODS OF
CONSTRUCTION

Description

The construction industry is undergoing a transformation, driven by the introduction of innovative
methods such as dry construction and offite technologies. Over the past decade, the European Union
has implemented several retrofit projects on existing bildings to achieve the goal oNZEB buildings
using facade transformation modules.

In order to deepen the knowledge of ofisite production methods for Modern Methods of Constructions
(MMCs) in dry construction,an analysisof modular prefabricated retrofit solutions developedin EU
funded projectsin recent yearshas been carried out These projectshave developed modular retrofit
solutions for the fagade of buildingswith the aim of integrating on-site renewable energy technologies
Many of these energy retrofitting projects also had other purposes, such as aesthetic improvement,
reduction of impact, and environmental comfort.

The main purpose of the innovation is to analyse and catalogu¢hese EU funded projects in the field of
MMC for dry andoff-site methodologies andproduce a catalogue of solutions for energy renovation of
existing buildings. This is doneby defining standard modules, materials and system integratioro
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transfer traditional onsite production & installation off-site, reducing costs, timeand improving the
product quality, based on the results of EU funded projects the field. In general, each project is unique
with its own characteristics, and each is different in terms of the materials used, the internal structure
of the module, the offsite manufacturing methods, and the anchoring system to the building, but all
share commonissues and challenges.

In particular, the collection of projects, irto a catalogueshowed that an evolution of these systems is
underway to achieve multifunctional modular fagades:
a) customisable with different finishing elements to articulate the aesthetic and functional value of the
facade;
b) with the integration of technologies for onsite renewable energy production through the application
of photovoltaic panels directly on the facadeEIPVz Building Integrated PhotoVoltaig or an integrated
MVCz Mechanical VentilationSystem(concealed between the insulating panel and the external finish) to
allow indoor air exchange and purification.

What challenge does it solve?

MMCs are innovative and functional responses tsustainability challenges such as largescale
decarbonisation, energy and digital transitionsand the circular economy. The ofsite construction of
multifunctional prefabricated modular panels is being driven and supported by advances in digital
technologies and new market demands. A wide range of innovative technologies are potentially
available today (e.g. BIM, photogrammetry, laser scanning, GPS, loT, Al, 3D printing, robotics, big data,
etc.). These offer a range of benefits and challenges, including optimising workflows, increasing
productivity and safety, and reducing material waste. The imgration of digital technologies with off
site construction methods represents a unique opportunity to address the need to reduce costs,
construction time and environmental impact, while improving quality, construction safety and occupant
comfort.

The main technical challenges include: a) existing buildings may have complex envelope conditions (e.g.
large glazed areas, overhanging shading, downspouts, gutters, irregular walls, balconies and ventilation
inlets) and may not have been designed to accanodate an exterior cladding of aligned modular panels;

b) maintaining the historical integrity of historic buildings ; ¢) complying with building and construction
standards and regulations (e.g. stringent fire safety requirements, structural requirements{c.).

An economic challenge in some contexts is the higher initial cost compared to standard retrofits.
Logistically, transporting and installing large prefabricated modular panels in urban areas can be
complex and costly.

Another key challenge igelated to socialissues At present, confidence in innovative technologies and

in adapting to change in general is not widespread in many geographical and cultural contexts. The
traditional construction sector, companies and customers are not sufficiently motivated and may be

reluctant to change. To be effective and find fertile ground, MMCs need support networks between
actors and the support of a cultural and collaborative context involving figures and actors with common

goals.

Who is it for?

At present, MMCs, and the multiplicity of prefabricated multifunctional panels serve to develop an
adequate demand for retrofitting. They make it possible to establish a relationship with realtors that
manage large real estate assets, to aggregate a homuogeus demand for buildings to be retrofitted and
to accelerate the transformation of the existing building stock.

MMCs are useful for designers in choosing certain design options over others and offer great design
freedom. Prefabrication and rapid assembly of prefabricated modules on site can dramatically reduce
the overall duration of projects, minimising disruption to building occupants and the surrounding
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community. Owners and/or tenants do not have to leave the building during installation. For research
communities and companies involved in the development and application of MMC, the results of
monitoring during installation enable optimisation of processes, time and environmental impact.

& habitech _(

Figre 20. Examples of events for promotomfbrmion,and training on woodbased MMCgSource:
https://www.build -in-wood.eu/trento; https://www.renew-wall.com/eventie-comunicaziong

How can it be applied and scaled?

A significant transition from the traditional to the MMC systems requires a cultural change, which could
be facilitated by specific training and awareness raising The development and implementation of off
site production methods for MMC requiresdesign, production and digital skills and competences This
will increasingly require targeted training for the existing workers and specialised training for new
workers.

To facilitate the successful adoption of MMC methods, MMC skills need to be supported by other soft
skills (e.g. complex problem solving, design thinking, team management, etc.). The need for MMC skills
is important regardless of the construction techniqueused or the type of MMC solution to be applied.
More and more advanced digital skills will be required as they become an increasingly important part
of construction work in the future, both on and off site.

Currently, there are many training opportunities: continuing education courses organised by
professional bodies and trade associations; conferences, workshops, webinars and site visits (Figure
20). In addition, there will bean increasing need to adapt and innovate school curricula and the content
of university education to provide knowledge and skills in the methodology and management of
construction information processes to meet the growing demand for professionals able toonk to the
procedures and standards required in international design and construction markets.

Demonstrated in Trento, Italy

<
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4.1.11 PREFABRICATEMODULES FOR ADAPTATION TO EXISTING BUILBINGS
Ywob913 [[ Q

Description

The RenewWall technology, developed in 2017 byhe wood manufacturer Fanti Legnami, consists of a
modular system of prefabricated timber facades designed for easy installation on existing residential
buildings without the need for scaffolding. The system includes an insulating panel with a wooddrased
structure, which can be integrated with windows, shutters, systems, and customized finishes, thereby
enhancing both the architectural and aesthetic appeal.

The first application of the RenewWall panel occurred on a private mediurarise apartment building in

the Povo district of Trento, as part of a broader residential retrofit initiative within theARV project This
marked the first real-scale implementation of Renew Wall on arnhabited building, enabling also
detailed monitoring. The panel was installed on two facades of the demonstration building, while the
remaining areas were renovated using a traditional ETICS system. The use of both technologies allows
for a direct comparison and ongoingperformance monitoring via an installed sensor system.

The thermal transmittance of the panel, including the existing masonry, is monitored, alongside
temperature variations at each material interface: between the exterior and the first insulating layer,
the second insulating layer, and the interface betweenhé rock wool compensation layer and the
masonry, where an additional sensor is located. Monitoring takes place in a few selected apartments,
chosen for their significant exposure and insulation system, with measurements of temperature and
relative humidity. The aim of the monitoring is to assess the effectiveness of the intervention and
compare the performance of business as usual and innovative methods, including thermal efficiency,
installation time, and the environmental impact of the materials used. Thessults will highlight the
differences between the two systems in terms of costs, timelines, installation, noise, and thermal
performance during use.

33/93



What challenge does it solve?

Wood-based solutionstake full advantage ofprefabrication, offering precisely designed and optimized
structural components that only need to be assembled and installed esite. Unlike conventional
methods, this technologyreduces construction and refurbishment timesand making them more
predictable. It also minimizes disruption to end users thanks to the reduced invasiveness of the
construction site (e.g., no scaffolding, less noise, and dust). Additionally, external panel finishes can be
completed directly in the factory, using efficient and coseffective methods that optimize both
production costs and timelines. In this context, thennovation supports the decarbonization goals set
by the European Union through its Renovation Wave strategywhich aim to boost and simplify
residential refurbishments while reducing the environmental impact of the construction industry. A key
example of these policies is the recerfEPBD(Energy Performance of Buildings Directive), which sets
ambitious targets for improvingAT AOCU A&EZEFEAEAT AU AT A OAAOAEI C #I/ F |
the directive emphasizes the need to accelerate theansition to zero-emission buildingsand promote
high-efficiency retrofit solutions.

Who is it for?

The Renew Wall technology is a perfect fit fagonstructors, architects, realestate professionalsbuilding
owners, tenants, and the research communityFor constructors and architects, it streamlines the
retrofitting process by cutting installation time and allows for better accuracy from the design stage.
Realestate professionals and building owners benefit from improved energy efficiency, lower
environmental impact, and optimized costs, making it an excellent solution for residential retrofits.
Tenants experience minimal disruption, with reduced noise and dust during installationEducational
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institutions and researchersA AT Al 01T OOA OEA OUOOidnitoiing th As€eds itd T 1 1 A,

performance in terms of thermal efficiency, coseffectiveness, and environmental impact, comparing it
to traditional methods.

How can it be applied and scaled?

The Renew Wall technology can be potentially scaled and applied throughcambination of research
and commercial efforts Its effectiveness has been demonstrated in small pilot projects so far, such as
the residential retrofit in the Trento demo, but highlighting its potential for large-scale applications. The
modular design, quick installation without scaffolding, and cugsimizable features make it suitable for a
wide range of buildings and project needs. This innovation could be particularly ideal faocial housing
projects, as it enables neighbourhood regeneration through large scale retrofittinggnhances living
conditions, and promotes sustainability in underserved areas.

Beyond technical validation, successful scaling depends on building trust and adoption among clients
and stakeholders. Furthermore, largerscale implementation could allow for reduced manufacturing
costs, thus resulting in a wiawin scenario for both the manufacturers and the endusers.

Demonstrated in Trento, Italy

<

4.1.12 SYSTEMOR FIXINGRENEWWALIQELEMENT3O EXISTING WALL

Description

Design of new type of fixing systems for prefabnergy renovation panels (RenewwVall kit) to existing
building walls. During the design and validation phase, which included onsite installation trials and
laboratory testing, several alternative fixing systems were assessed to improve reversibility, installation
speed, safety, and ease of instation. These alternatives included pointto-point connections with steel
brackets and threaded rods, horizontal metal rails, and vertical guides adapted from thosencmonly
used for ventilated curtain walls.The final fixing solution adopted in the Povo demo consists of a support
structure made of small vertical timber posts integrated with horizontal timber beams at the openings'
locations. The timber elements are fixed to the existing wall surface at regulartervals using dowel
type fasteners (e.g., threaded rods bonded with epoxy). The RendWall panels are then attached to the
support structure using timber screws connected to special steel plates that were instadl during the
production of the timber frame, which constitutes the skeleton of the Reneswall.
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Figure 22. System for fixing the ReneWvall to the Existing Building facade: schematics of the system (on the left and
bottom center); photos of the installation Demo Project Trento, Povo District (on the top centre and right)

What challenge does it solve?

The new fixing system for prefabricated cladding walls addresses specific challenges associated with
the assembly and installation of energyefficient retrofits for existing buildings. By utilizing vertical
timber posts fixed at regular intervals, the systm facilitates straightforward on-site assembly and
adaptation. This innovative approach relies on timbeito-timber connections, which, combined with
simple fasteners such as dowels, threaded rods, and screws, enhance tolerance during installation while
also ensuring the reversibility of the retrofit intervention. This flexibility allows easy adjustmentson-
site, accommodating various conditions without compromising the retrofit's performance. Ultimately,
this fixing system streamlines the installation process, ensuring that the ReneWall prefab cladding
can be efficiently and effectively integrated to improve the energy performance of existing buildings.

Who is it for?

Constructors. The technology aims to maximize installation speed by minimizing onsite operations,

thereby reducing overall construction costs. The final configuration of the fixing system, which relies on

a combination of well-known connection types (e.g., timbetto-timber connections), does not require a
specialized labour force for installation. The relative simplicity of the system makes it quite versatile

and less prone to installation errors, which incrd OA O OEA OUOOAI 60 OAOEI EAT AU

How can it be applied and scaled?

The system has demonstrated its effectiveness in significantly reducing onsite installation times
compared to traditional solutions for enhancing the energy efficiency of existing buildings. Currently in

the process of being patented, the system's potentiapplication extends to market contexts beyond the
ARVproject. Although the fixing configuration adopted in the Povo Demo is based on a timbgr-timber

approach, the metalbased alternative configurations tested during the trial are crucial to the
proprEAOAOU DOiI AAOOR A@PAI AET C OEA OUOOAI 56 bi OAT O
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implementing the fixing system in the Povo Demdas helped identify key areas for future research,
aimed at further improving the system and ensuring an even broader impact and application.

Demonstrated in Trento, Italy

S

4.1.13 INSITU AND STANBLONE MONITORING SYSTEM FOR BIPV IN
BUILDINGS

Description

A Building-Integrated Photovoltaics (BIPV) monitoring system is designed to assess the energy
performance of different photovoltaic technologies while considering their functional integration into
building facades. This system provides detailed insights io how these technologies contribute to
energy generation, measuring voltage, currentind power of each of the different panels under testing.

In addition, the system tracks the surface temperature of each panel to analyze its thermal behavior.
This is paticularly important as it helps assess the potential thermal impact on indoor spaces, providing
data on how the panels might influence the building's internal climate and comfort levels. A#gistered
variables by thesensors are sent to a cloud database to characterize and analyze the data. The system
is energy autonomous, having a small battery to feed the control and monitoring devices, taking energy
from one of the PV panels. So, the system has been ideated to mamBIPV technologies in remote or
not grid-connected places as it was the case in the GESA building in Palma. A scheme of the monitoring
system is shown in Figure 23.

InfluxDB/grafana

WIFI

l Monitoring module
III| o (i M (j (ESP32 based) (j Dummy load

RS485

PC/Server

Figure 23. BIPV Monitoring concept

What challenge does it solve?

This BIPV monitoring system addresses several critical challenges associated wiisting solar
technologies in remote or abandoned buildings. The building where the system is installed has been
abandoned for years, lacking both an electrical grid connection and internet access. To overcome these
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limitations, the system operates autonomously, utilizing the energy generated by the photovoltaic
panels themselves to power its operation. This seBufficient design eliminates the need for external
power sources or network infrastructure, making it higHy adaptable to offgrid applications.

Additionally, the system is designed for easy and minimally invasive integration into existing solar
installations. This feature allows it to be deployed in a wide range of settings without requiring
significant modifications to the building or the photovdtaic system. By combining energy independence,
adaptability, and ease of installation, the system provides a practical solution for monitoring the
performance and environmental impact of solar technologies in challenging or unconventional
locations. Thisinnovation supports the broader adoption of sustainable energy solutions, even in areas
with limited infrastructure or abandoned buildings, thereby contributing to more efficient resource
utilization and environmental sustainability.

Figure 24. Images of the

Who is it for?

The BIPV monitoring system is designed for anyoniaterested in evaluating the impact and benefits of
installing photovoltaic systems. It is compatible with and adaptable to a variety of photovoltaic
technologies and building morphologies, making it versatile for different applications and user needs.

For architects, engineers construction companiesand building owners, the monitoring system is
particularly valuable as a tool to assess the energy performance, and thermal behaviour of photovoltaic
solutions in on-site mock-up Building-Integrated Photovoltaics (BIPV). This helps them make informed
decisions about the design and implementation of solar technologies 8pecific construction projects,
ensuring both functionality and visual harmony.

The system is also welbuited for domestic use or smakscale installations, enabling homeowners or
small businesses to monitor and optimize their solar energy systems. Its ease of integration and
minimally invasive installation make it accessible and pretical for diverse applications, from individual
buildings to larger architectural projects. By offering a comprehensive, adaptable, and uskiendly
solution, this technology supports a wide range of stakeholders in adopting and optimizing photovoltaic
systems, promoting sustainability and energy efficiency.

How can it be applied and scaled?

The BIPV monitoring system has significant potential for application and scalability across various
sectors. One of the key opportunities for scaling is the possibility of miniaturizing the prototypes,
making the system more compact and portable. This wodllenhance its adaptability, allowing it to be
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seamlessly integrated into a broader range of photovoltaic installations, from residential setups to large
scale commercial or industrial projects.

Another critical step toward scalability is the development of a usefriendly interface. Simplifying the
OUOOAI 60 1T PAOAOETT AT A AAOA DOAOGAT OAOGEITT xI1 OI A |
individuals with minimal technical expertise. A streanlined interface could enable users to easily
monitor energy performance, environmental conditions, and system impacts, promoting greater
engagement with solar technologies.

By combining these advancements compact design and usefriendly features? the system could be
massproduced and commercialized for diverse market sectors. It could cater to homeowners,
businesses, architects, and construction firms, meeting the needs of thoindividual users and
professional stakeholders. This approach would not only drive widespread adoption of photovoltaic
monitoring solutions but also support the broader transition to sustainable energy practices on a global
scale.

Demonstrated in Palma de Mallorca, Spain

»

4.1.14 FORECASTING AND CONTROL OF LOWEX SYSTEM

Description

The LowExergy groundsource heat pump coupled with Thermally Activated Building Systems (TABS)
radiant emitters is a very energyefficient way to deliver heating and cooling to buildings with minimum
energy demandand a large energy flexibility potential. Indeed, the TABS consists of deeply embedded
hydronic networks in the concrete screed of the building, which maximizes the activation of the thermal
inertia of the construction elements. However, the large time conste of the TABS requires the use of
smart control (rule -based ramping control or modelpredictive control) to adjust the flow of the
hydronic system and match the indoor temperature setpoint in the case of setpoint modulation, such as
nighttime temperature setback. Currently, one can observe ther low temperatures in classrooms of
the pilot site building in Oslo, which isequipped with TABS because the system is too slow to react to
the heating temperature setpoint modulation. Thescheduled and rulebased controlthat are currently
implemented in the demo building are not sufficient to provide good thermal comfort.

In that context, a roomlevel model predictive control (MPC) can significantly improve the indoor
temperature setpoint matching, hence improving the indoor thermal comfortof the occupants and
minimize the indoor space heating needs of the building. This rootlevel MPC can employ bow-order
grey-box model in the form of a Resistanc€apacitance (R@etwork) model or a ARX utoregressive
with exogenous input) model. Both models can be trained/identifiedcontinuously during building
operation with historical data collected from the bulding management system.

In addition, a building MPC can optimize the energy cost of the entire building complex through smart
orchestration of the different building systems, pricebased fuel switch (switching from electrical grid
to power the ground source heat pump to the locatlistrict heating network to provide heat to the
building) and demand response (peak shaving and shoeterm load shifting) to leverage local flexible
market opportunities and maximize selfconsumption of on-site PV production. Such a smart control
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considers shortterm forecasts of outdoor weather conditions, occupancy schedules (from schedule
data or occupancy detection/estimation from occupancy sensors or indoor environmental monitoring,
e.g., indoor C@concentration), energy price forecast, and PV panel electricity supply. The solar PV
forecast for the Oslo demo site is fetched using the SolarFor software solution from ENFOR. One key
aspect of the buildinglevel controller is to activate the flexibility in the different building systems to
maximise demand response effect but avoid coincidental peak demands in the different sapstems
resulting in large peak power demand, or poor indoor thermal comfort.

The different room level and building level MPC controllers will be implemented and tested in the Oslo
demo site. Moreover, repeated demand response tests (heating indoor temperature setpoint
modulations) will be performed to assess the energy flexibility of the indooenvironment by itself, and
the load shifting and fuel switching potential of the entire building complex, including the
heating/cooling energy production systems and storage tanks. Further buildindgevel MPC tests will be
conducted in simulaied environment of the building case (Modelica)These results will be put in
perspective with that of other similar studies on different building cases. The comparison and lessons
learned will be published inatechnical report and/or future editions of this report.

What challenge does it solve?

Buildings are complex systemsinteracting with the outdoor environment, the occupants and the
different energy grids. Buildings with a large time constant andarious energy storage systems can be
challenging to operateoptimally but can leveragemodel predictive control strategies to significantly
improve their energy dficiency and indoor environment quality 1. In the present case, he smart
predictive control of the building site will maximize the selfconsumption of the onsite PV production,
decreases the overall energy demand armperational costs of the site, improves indoor thermal comfort

i ATA OEOCO 1T AAODPAT 008 OA Clieidgkreduces pebkipowbrdémard odhBI6cBIOU A

grid, and provide demand response services to the local electricity gridthe performance of this
predictive control strategy implementation will be reported in technical reports and/or scientific
publications.

Who is it for?

Grid interactive and energy efficient buildings are key to the future reliable, costffective and
sustainable energy grids. They rely on smart control leveraging incentive signals (e.g., dynamic energy
price or demand response market) to optimize energy se profiles. Those smart controllers are often
based on MPC, which need more implementation and demonstration projects in existing building
management systems, together with datariven methods the adoption of ontologies and semantic
principles to ensure portability, scalability and interoperability. The results and lessons learned from
the Oslo demo site will benefit the building owners, the research community, the energy market actors,
the grid operators, and the software developers of building managemesistems.

How can it be applied and scaled?

The lessons learned from the Oslo demo project will help identifying the key features needed in building
management software for the implementation of MPC and demand response controllers. The demand
flexibility tests will be compared to other cases in Nonay to map the real potential of the building stock

in Norway to provide grid services. Datedriven methods for energy flexibility assessment and
calibration of models for MPC will also help the future implementation of smart predictive control in
future grid-interactive buildings in Norway.

Demonstrated in Oslo, Norway
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you need to know about model predictive control for buildings. Annual Reviews in Control, 50, 1XB2.
https://doi.org/10. 1016/j.arcontrol.2020.09.001
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4.2 METHODS

This section includes method innovations, meaning gparticular and
systematic way somethings done in the ARV projectThese may be tools,
methods, catalogues, and approaches to drive CPCCs strategy
development, management techniques, collaboration mechanisms,
knowledge sharing and learning, as well as knowledge capture and
storage. These solutions strive to improve understanding, collaboration,
and process alignment.

4.2.1 COSTOPTIMAL SOLUTIONS FOR RETROFITTING

Description

The innovation is a twostep methodology that aims to select the cosbptimal solutions for retrofitting
of buildings in large-scale renovation process (206800 dwellings). From a set of different potential
combinations of passive elements (e.g., adding different insulation materials with different thickness
and/or windows) and active elements (e.g., heat pumps / multsplit air conditioning for heating, cooling
and DHW andfor photovoltaics), the methodology helps to select the most appropriate combination
considering the energy performance and economic parameters. The process aims to select solutions that
achieve a 50% reduction in the energy demand and/or a significant improvement in the thermal comfort
conditions. Comfort conditions using overheating as ain indicatorsis also checked in the methodology.
A detailed economic model is part of the methodology giving as a result the following outputs:

1 Final investment for owners considering different levels of grants which are energyperformance
dependent, in Euros/dwelling.
-TTOEIT U 1T x1A080 PAUI AT O NOI OA xEEAE AAPAT A0 11 OEA
Global costs, considering the initial investment, energy savings, replacements, and maintenance costs.

f
f

Non-renewable Primary Energy

Passive s
Optimisation Investment Cost
P dSSIVE
Li_:“:‘:]tu:: Active Nnn-renewahlz;rimary Energy
Optimisation

Global Cost

Passive + Active
optimal
Measures

Figure 25. The conceptual scheme adopted for integrated energy design.

What challenge does it solve?

The method aims to support the process of selecting the most appropriate technical solutions
considering both energy performance and economic parameters. Getting good estimations of the
investment to be done by eneusers is a key element for deciding to iteofit the buildings. The detailed
economic information is also a key element for the public and private entities which are promoting the
large-scale retrofitting process, meaning local public administration, and retrofitting agents, in the
framework of Public Private Partnerships.
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Who is it for?

Constructors, Architects, Building owners, Municipalities, Policy makers and regulators / authorities.
Municipalities, retrofitting agents and/or architects aiming to impulse energy retrofitting in specific
districts can have results to assess building owars in the decision process to select technical solutions
regarding its economic impact and the energy performance. For each building archetype in the district,
a set of conventional and ecological solutions can be compared. Additionally, building owneendcave

a good estimation of the investment that need to be afforded per dwelling and the potential monthly
quote depending on the available financial schemes (Figui26). All the outputs aim to get informed
decisions prior to order a detailed project and budget by a competent technician.
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Figure 26. Investment per dwelling vs. na@newable primary energy use idifferent renovation scenarios.

How can it be applied and scaled?

The method and its results aim to increase the skills and the knowledge of the key actors in laigmale
retrofitting processes. Once adjusted to the building archetypes in a district, the methodology and the
tools can be applied to other districts in thesame city or in other municipalities.

Demonstrated in Palma de Mallorca, Spain

>

4.2.2 A CATALOGUE OF INTEGRATED CIRCULAR DESIGN SOLUTIONS

Description

The innovation is a catalogue/database of integrated circular and sustainable solutions for positive and
low carbon footprint buildings. It also encompasses a method that aims to collect and systematize the
available design measures to respond to the effecof climate change and to reduce greenhouse gas
emissions in built environment. The catalogue explores the digital solutions that could support
policymakers, architects, urban planners, and technical practitioners in all the life cycle construction
stages and the environmental challenges highlighted for the development of Climate Positive Circular
Communities (CPCC). The catalogue provides, for each solution, a brief description, the challenges it
responds to, the objectives it can achieve, the performaadgt can guarantee and the benefits, even if not
strictly related to the challenges. Each solution refers to one or more case studies defined as best

practices. One of the innovative aspects of the catalogue is the presence of information sheets on
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products, building systems and technologies, mainly related to enterprises/companies in the local
production fabric, which can contribute to the implementation of the proposed solutions (Figur@7).

Green roof Energy i I (V) Greenroot: bestpractice

Figure 27. Example of a sheet for the green roof solution.

What challenge does it solve?

In the current scenario of urbanization and urban population growth, cities need to move towards a
healthier and better-quality OOAAT |1 EAA8 4EA ET AOAAOGA T &# AOEI 0z0b
exacerbating thecauses and the impacts of climate change. On one hand, cities represent one of the
major contributors to climate change and C@emissions; on the other hand, they are vulnerable to the
impacts of climate change. Temperaturacreasesand extreme events such as floods, water scarcity and

heat waves, arehealth risks as well aschallengesto services and infrastructures. The relationship
between cities and climate changdas been widely discussed by European and International policies,

for example by the SG1 and by the European Urban Agenda. Considering the main impacts of climate
change in urban areas and the reports on the local situation, five main challenges have been identified:
Energy Sustainability (ES), Temperature Regulation (TR), sustainable Watdanagement (WM),

ET EAAEOAT 060 (AA1T OE AT A 7A1T T AAET C j(7Qq AT A 40AT OE
Who is it for?

Designers, public administrations, planners, product developers and building companies can use the
catalogue as a reference of best practices to be applied on buildings design process in order to foster
Positive Energy Districts (PED), Sustainable Plus Eiggy Neighbourhoods (SPEN) and Zero Emission
Neighbourhoods (ZEN) focusing strongly on the interaction and integration between the buildings, the
users, and the regional energy, mobility, and ICT systems.

How can it be applied and scaled?

The basis of the innovation is to have a dynamic catalogughich is a web online version with a freely
accessible common part and a specific part where local producers/companies can add their own specific
solutions (related to the more general solutions defined within the catalogue itself) and update them, if
necessary,in the future. The catalogue can be used also by the other ARV partners because it is
structured starting from general to specific purposes, so each challenge could have a national section
where local solutions are presentedFuture exploitations are mainly in the field of building/urban
design and policy making

Demonstrated in Trento, Italy
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4.2.3 TIMBER BASED (NEW) CONSTRUCTION, REFURBISHMENT, AND
SUPERELEVATION SCENARIOS

Description

This innovation concerns the development and implementation of two timbebased scenarios for new
and existing buildings in the neighbourhood of Piedicastello, Italy, and the close district of Povo. Both
scenarios will enhance the use of wood as a circul@onstruction-renovation material combined with
forefront sustainable and energy saving technologies, naturbased solutions, and compound
performance and comfort monitoring systems. Moreover, the scenarios allow the direct involvement in
ARV of design ad construction companies from the local timber value chain.

The first scenario (Figure28) is the construction of a new wooderbased positive energy building
located in in an area that currently used as a parking lot. The new building has been conceived as a
multifunctional hub with integrated services (1 ground floor covered by terrace + 1 uderground) which
could prove useful to multiple users (i.e., commuters, tourists, etc.) and to the community and residents
of Piedicastello.

Figure 28. Final render of ARV timbebased multifunctional hub to be built in the demo area.
Credits: Armalam.

The building will be based on a loatebearing timber frame consisting of timber pillars, glulam beams
and wooden floors. The concrete basemeritoor is plannedto be used as a plant and storage service
room, and toinclude an innovative geothermal system developed by the Politecnico of Torino.

The building envelope will consist of prefabricated walls, while the southern side will be covered with
innovative prototype walls whose performance will be monitored over the project lifespan: i.e., green
wall, ventilated wall, BIPV wall, transparent BIPWvall, cool wall, superinsulated wall. The building will
be completed by a smart control system for realime performance monitoring and management.
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The second scenario (Figre 29) is the architectural renovation and energy refurbishment of existing
buildings by use of timber. In the AR\project, this scenariois applied on 2 facades of a -3torey
residential building located in the district of Povo, approx. 3 km from Piedicastello. The scenario consists

of testing the prefabricated woodenbased panelz AAT 1 AA 02 AT Axproduédet bydFanti 2 7 q
Legnami, a local construction companyinked to Habitech-DTTN.

®enewWallis a modular system and woodefbased retrofit kit conceived to be easily applied on
existing buildings. It is composed by an insulated wooebased panel, which can be integrated with
windows, shutters, and a controlled mechanical ventilation machine with heat recovery. The panel can
be completed by customizable finishings, thus increasing the architectural draesthetic appeal. Thanks
to the reduced time of works and their limited impact, building occupants can continue to live in their
apartment over the renovation. In November 2023, the RW kit has been installed on 2 facades of the
Povo demo building. Therest of the building has been renovated through a businesas-usual ETICS kit
as part of a complete renovation project (Figure29). The presence of both these refurbishment
technologies will allow to compare and monitortheir performance through a sensor system deployed
by local research partners

,'/ _
Figure 29.BA £1 OA AT A AAEOAO OEA ET OOAI 1 AOGETT 1T A& OEA 02

What challenge does it solve?

Both scenarios offer an alternative to asisual construction and renovation works and address the issue
of environmental impacts of buildings. Timbefbased interventions allow to exploit the advantages of
off-site  manufacturing, including the design and elivery of accurate and optimized structural
components that only needs to be assembled and installed on site. Compared to businassisual
solutions, this leads in principle to a reduced and more predictable construction/renovation time,
combined with limited impact and inconvenience of works on endisers, such as building occupants,
and the surrounding environment (i.e., use of scaffoldings, less noise and dust produced, etc.). Moreover,
both scenarios enable to address sustainability in a comprehensiwgay, combining the weltknown
features of wood as a construction materia{CQ sequestration and storage) with optimized energy
performance, thermal comfort, naturebased solutions, and RES integratiopthe latter in relation to the
new building.
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usability and possible redesign aspects. Modularity coupled with a flexible layout for the internal space

of the building could prove a useful resource for future configuratios of the hub and its functions and

for adding new parts in both directions and in principle also in elevation.

Who is it for?

Both timber-based scenariosserve multiple target groups. The new building scenariccould lead the
redevelopment ofthe parking lot in Piedicastellointo atimber-based multifunctional hub. In this sense,

it can benefit community and residents of the district, who ould use it for leisure, coworking, EV
charging, andother activities. At the same time, the new building is beneficial for the regeneration
purposes of the Municipality of Trento as well as reatstate representatives who can be inspired by

ARV technologies to reshape théd1 T OAT U 11T AAOAA OA@ Blilthevirdnkénd T OE o
professionals can take advantage of the technical results as well. Finally, cuttieglge solutions and
construction methods used for the new building scenario are instrumental to the activities of

researchers and educational institutons.

These samdarget groupsalso benefit fromthe renovation scenario.In addition, building owners and
tenants are among the major beneficiaries, since the retrofit kit is planned to have a positive impact on
their daily life, ensuring a better quality of living in residential buildings and apartments

How can it be applied and scaled?

The scalability potential of the new building scenario comes from its modularity, allowing for adaptation

to different urban environments, especially in tertiary and commercial areas. The testing of the
innovative facades allows to compare different thermband energy performances and to selected case

by-case the most appropriate solutions depending on the conditions, usage, and context of the
installation. Scalability at a district level is also possible thanks to the Piedicastello regeneration plan
recently approved by the Municipality of Trento for the northern side of the district, the secalled

0) OA1T AAT AT OE6 AOT x1T £ZEA1 A8 126 AAOEOEOEAO AT OI A EI
that area, partially planned for commercial and tertiary ativities.

The refurbishment scenario has also good potential to be scaled at a district level, especially within
residential areas including a high number of inefficient private and/or social housing buildings. This
leverages offsite manufacturing and prefabricationto produce standardized and optimized wooden
renovation kits on a large scale, taking advantage of the abovementioned ease of installation of wooden
components. A combination of this sustainable solution with existing fiscal incentives for refurbishment
could also encourage the increase of the renovation rate for buildings.

As for the new timber construction scenario, the concept design that wamepared in early 2023 has

been deeply developed and refined to reach the executive design phase of the construction project. In
DAOAT T Al h AOOAT GETIT EO DPAEA OF OEA OOAAT adCATl AC
influence its regeneration process in the near future.

The firstlargeOAAT A ET OOAT 1 AQOET T Tlindhe @&vddisti@iddorpleted SBalingid6 O U O C
up from a single building to the district level carleveragethe OneStop-Shop approach in Piedicastello

to aggregate the demand and supply of sustainable renovation works. Indeed, the residential area of this

district, made of mediumOE OA ADPAOOI AT O AGEN MERN CATANA AOBA g ndE
for larger renovation projects based on prefabricated components.
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Demonstrated in Trento, Italy
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4.2.4 ENERGY TRANSITIQNIVING LAB EDUCATIONAL PLATFORM FOR
CITIZENS

Description

The innovation comprises an educational platform for citizens, primarily focusing on youths, with direct
relevance to the demo building in the city of Karvina, Czechia. The core of this approach involves a series
of seminars conducted with middle and higlschool students. In the first year, there were four seminars
where students primarily learned about innovative energy solutions and acquired fundamental skills
for completing their group assignments, which involved designing photovoltaic panels for selecte
municipal buildings (including the demo building), along with other related solutions like electric car
chargers, among others. The second year of seminars is currently in the planning stage and will
concentrate on sustainability and circularity within the building industry. The assignment will involve

the creative use of reclaimed materials from the demo building (Figurg0).
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What challenge does it solve?

In Karvina, the primary concern that needs attention is the outflow of young people from the region.
This trend is partly due to the limited professional prospects available locally. The city of Karvina is
actively seeking more sophisticated approaches to attract aihcollaborate with young residents, as the
city considers this demographic group to be underrepresented in public discussions.

Another vital issue is the support for municipal initiatives and endeavours aimed at reducing
greenhouse gas emissions and enhancing the city's environment. These efforts align with the city's goal
of achieving climate neutrality by 2050, as outlined in & climate change adaptation strategy of 2017.

Specificobjectives:
1. Engage schools and students in educational activities related to energy, sustainability, and the creation of
climate-positive communities. These workshops will feature practical applications of advanced
technology.

2. Raise awareness among young people, encouraging them to consider future study and employment
opportunities in topics related to climate, sustainability, and community engagement. The aim is to
empower them to share this knowledge with their peers and famyl members and showcase the region
as a hub for these themes and associated career prospeétdditionally, the aim is toequip young adults
with the tools needed to participate in public debates.

3. Inform and involve various segments of the population in activities and projects that focus on reducing
greenhouse gas emissions and enhancing the citgavironment, thereby increasing their interest and
engagement.

Figure 31. Photo from one of the seminars

Who is it for?

Municipalities, Research community and educational institutions, Broad public / citizens / noprofit
organizations. The educational platform can primarily be managed by the municipality, which can
organize it in collaboration with local schools and NGOs. The beneficiaries are the students and possibly
also their acquaintances who will acquire new skills and, hopefullydevelop an interest in subjects
related to sustainability and climate protection.

How can it be applied and scaled?

Skills/education, Citizen engagementThis format can be repeated in the future with the topics that have
already been developed (energy andustainable building industry), new topics can be included in this
same format.The assignments of the students can be used in various waydast year the media got
involved and the topic of innovative energy solutions was covered by local TV, another option is to
organize an exhibition for the families of the students and broader phalic to attract attention to these
topics.
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Demonstrated in Karvina, Czech Republic

4.2.5 MODEL FOR INVOLVEMENT OF TENANTS AND CITIZENS

Description

The innovation is focused on how to engage tenants in energy efficiency improvements driven by a data
approach. It involves a focused tenantsriented effort in two of the nineteen building blocks in
Senderborg Andelsboligforening (SAB) department 22, i.ein the demo project in Sgnderborg,
Denmark. The innovation will investigate how the residents can be motivated to become more aware
of their energy consumption and how they can be encouraged to act upon it with an energy savings
result as the outcome. [ferent tools are tested and selected to communicate eneregaving behaviour

to the residents and to find out when the residents are most motivated to carry out eneregaving
behaviour.

|

.l' ~
Figure 32. Photos from resident workshops at KlgvAivedemarkenSAB department 22.
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What challenge does it solve?

The low level of engagement in energy related topics is a challenge in the housing association, especially
because the housing association already produces its own electricity from solar cells and has cheap
district heating from the nearest district heating company. Therefore, the motivation of the tenants is

not great. In addition, all residents pay for their energy in advance and thereby prepay for their heat. It

is calculated once a year in April. This combination makes many residents doubtful as to whet their

ArEgEl OO0 AOA EAOEI ¢ AT AEEAAO AO OEAU AT 160 OAA OE,
this challenge and create meaningful engagement and clear results.

Figure 33. Brunata Online, arenergy dataapplication available for all tenants aSAB

Who is it for?

The main target group is the residents Theycan achieveenergy and monetarysavings bypracticing
more energy-efficient behavior in the apartment for their own benefit (comfort and economy), as well
as for the larger community of the housing association.

How can it be applied and scaled?

The solutions can be used by a greater number of the housing associations in the municipality and
Denmark, as well as the citizens of Sgnderborg municipality, nationally and internationally.

Demonstrated in Sgnderborg, Denmark

4.2.6 IMPLEMENTATION OF AR/VR TOOLS AND PLATFORM IN DECISION
MAKING PROCESS

Description

Different 3D and/or visualization techniques of Virtual Reality (VR) and/or Augmented Reality (AR) are
used during the development of the Oslo and Palma demos to better communicate results of different
scenario analyses to different types of stakeholderdo facilitate citizen engagement, and to promote
education and training for sustainability. The development of VR and AR applications are targeted
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toward several distinct stakeholders (city planners and policy makers) and citizen user group types
(e.g., school children, common public, inhabitants and infrastructure users, service personnel).
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Figure 34. Screenshots of the AR tool showing information about different facade elements/materials.

T i
Figure 35. Pilot study participants using the AR tool at the Voldslgkka School, Oslo, Norway.

What challenge does it solve?

The growing development of imagebased techniques provides simulation tools to be used for
visualization and research purposes. Augmented Reality (AR) and Virtual Reality (VR) are two
visualization and presentation tools which provide a greater sense of adism in scenarios one wishes to

evaluate. These tools overcome logistical challenges as they can provide rei@w (AR) and full-scale
visualization (VR) of different scenarios, in which diverse building and urban elements can be easily
changed. Researclfor different disciplines constantly show that users gain a better understanding of

the problems when using VR. Indeed, AR and VR tools are promising tools to better communicate and
evaluate different solutions to specific problems, as well as to channeDlA 006 ET OO AT A A
facilitating their active engagement.

Two objectives of the ARV projectare to demonstrate a replicable framework for efficient design of
CPCC, and to demonstrate community engagement platforms for awareness raising, occupant insight
and well-being, and cecreation. AR and VR are relevant tools for contributing to these two spéici
objectives.These tools can be used to visualize different solutions in fedicale, immersiveand realistic
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scenarios that can serve to streamline the evaluation process and decisitaking of stakeholders, and
to raise awareness among citizens to engage them in the-cceation of new CPCE
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Figure 36. Screenshot of the VR tool in Palma, view for Citizen Energy Cmmunities.

Who is it for?

The AR/VR tools are being developed to contribute to decisiormaking. This includes all the
stakeholders and interested parties in creating/designing CPCC, for example decision and policy
makers, and different citizen groups. Particularlyas the AR/VR tools implemented in the Oslo and
Palma demos, these tools will initially be tested with decisioomakers working in municipalities
(Palma), inhabitants of neighbourhoods (Palma and Oslo), and school students (Palma and Oslo).

How can it be applied and scaled?

AR tool: The development of the AR visualization application is greatly advanced, and a prototype is
already finished. The AR tool will be applied for the Oslo demo, more specifically to the Voldslgkka
school, in which three building elements will be on fous: wall, glass, and use of photovoltaics (PV). For
each of these elements, there are subcategories showing different materials which provide the users
with information about the greenhouse gas emissions of each material. This ensures focus on the

education of citizens, including school children, on energyelated issues and promote their engagement
in the development of CPCC.

VR tool: The development of the VR tool is currently focused on the Palma demo (Llevamovation
District), specifically on the Neighbourhood Scale Retrofit. There will be 2 display leveiy:the entire
framework of the project, in which the target areas of the district will be highlighted allowing a 360°
vision with free movement and i) the environment of each action, in which a street will be selected and
modelled in 3D with maximum realism to be used in VRBoth display levels will allow to visualize in
full-scale and high realism the defined priority areas of the Llevant Innovation Etrict. This will provide

a better understanding of the stakeholders (city planners and policy makers) for decision making.
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Figure 37. lllustration of the GESA building to be used in a VR scenario for the Palma demo (work in progress).

The AR toolhavebeen tested in a pilot study, in which both experts (people working with architecture
and/or sustainability) and lay people (citizens) used the AR application on site, i.e., the Voldslgkka
School as part of the Oslo dem@-igures 34 and 35). Their opinions and evaluations of both the app (as
technical tool) and the new insights and level of understanding they have had from the app (information
about greenhouse gas emissions between different materials) have been evaluated. The findings of the
pilot study showed thatthe AR tool wagperceived userfriendly and that it increasedthe understanding,
interest, and engagement of people in sustainable architecturélso, the highinterest waslinked to an
increasedwillingness to get more engagedThis suggests that the AR tool can be a useful tool to inform
people (both experts and lay people) about energy issues related to architecture, aiming to increase
their awareness and interest in climatic topics. Based on these initial findings, the AR te® planned to

be used within the Oslo Living Lab, using it as a tool to increase citizen interest and engaget in CPCC.

For the VR tool, the priority areas for the Llevant Innovation District (Palma demo) are already defined,
and the information is collected. The data collected will be used to further develop the VR tool with the
2 display levels mentioned above. The VR metlis in good progress and soon to be finished artdsted
andis expected to support design discussions and meetings with stakeholders in collaboration with the
living lab approach to citizen engagement. It has been validated with -@evelopers and some psdial
versions and images have been used with selected stakeholders to support taking decisions in the last
year.

Demonstrated in Oslo, Norway and Palma de Mallorca, Spain
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4.2.7ES LABORATORI

ES LABODATO@

Description

Es Laboratori is acommunity development and citizen participation methodologydemo and exhibition
space in the area and a hub for citizen engagement towards energy transition in urbapaces and new
sustainable technologies. Linked to local energy communities around schools, Es Laboratori will engage
a set of training actions and awareness increasing campaigns with special attention to the education of
younger generations. Activities wil combine use of digital tools, VR visualization, awareness and
education campaigns, tAET 1 1 1 CEA0O8 OEI xO1 11 Oh AT A 1T PAT OEOEOO
headquarters in the neighbourhood as it is being renovated, and in the meantime the work is carried
out in a decentralised way. Since one of the objectives of a Living Lab (LL}astake into account the
population, networking with the different entities of the district is important to have a presence and to
collaborate with them. When the LL moves into the neighbourhood, local connections are already made,
and Es Laboratori can der a physical space to the different initiatives it already supports.
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Figure 38. Map of Es Laboratoractivities.

What challenge does it solve?

The demonstration project in Palma focuses on largascale renovation, energy transition and energy
communities. The aim of the Living Lab is to involve the local community of the district in the energy
renovation. A physical space (Es Laboratori) will be the core of the Living Labeated as a meeting point
for the local community. The aim of the LL is to involve the community on different levels to solve
challengessuch asinformation, awareness and cecreation activities. A special focus is put on involving
the most disadvantaged ppulation, so that they are not left behind in the energy transition.

Who is it for?
Quiving labs involve users in the innovation process by providing cohesion, offering support, developing
competencies and promoting participanés j ! | | EOAT 1 AT28 7AOAEAI h ¢nmny

12 Almirall, E., & Wareham, J. (2008). Living Labs and open innovation: roles and applicability. The Electronic Journal fouslirt

Organizations and Networks, 10(3), 2146.
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To prioritize actions andstrategies in the Palma LL, stakeholders with three rolesre described

1. Population: Should use Es Laboratori as a training and promotion centfer their initiatives, to develop
strategies adapted to their context and not to be left behind in the development of the energy transition.

2. Collaborators: Would be all those entities that can support logistically, financially, or by providing training
for the initiatives that arise from the population. These can be any public or private entity that is based in
or has a stake in the neighbourhood and is interesteid supporting the initiatives that arise.

3. Resources: Es Laboratori is the essential resource for development, as it is the link between collaborators
and thepublic and provides the bureaucratic and managerial impetus that only the public administration
can give. Apart from this figure, other areas of the public administration and private entities can be key
resources for the training and development of the population'aitiatives.

How can it be applied and scaled?

Living Lab is an abstract concept that must be adapted to each social and political context. That is why
it should be conceived as an open methodology that should be driven by political bodies to take
advantage of existing resources, and to improve trust ith the population.

Demonstrated in Palma de Mallorca, Spain

4.2.8CIRCULAR DESIGN STRATEGIES FOR RENOVATIONS AND NEW
CONSTRUCTIONS

‘ H" L \ v.
%
Ifigure 39. Left: internal renovation work of the Heidenreich building. Centre: restored old windows from the

Heidenreich building (photo: Nicola Lolli/SINTEF). Right: the renovated Heidenreich building (photo: Finn Stale
Felberg/Oslobygg KF)
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Reuse of building elements in the Heidenreich building

Circular renovation strategies in the Oslo demo have been carried out in the renovation of the old
cement factory, known as the Heidenreich building, which was transformed into a cultural centre. Given
the protected status of this building, several elemestwere preserved to maintain as much as possible
its overall original appearance, while improving its energy performance to one equivalent to an Energy
Class B building. A detailed analysis of the historical recordings, drawings, and images of the original
building was carried out to determine the historical baseline for the restoration of the building. The
facade appearance and design of the-blilding from 1935 was used as a general guideline for the
restoration, as the current window division originatesfrom this period, and the doorways existing on
the facade from 1919 were reestablished. To meet today's insulation requirements, the building
facades were insulated from the inside to preserve as much as possible the outside appearance of the
building. The roof of the building was replaced in its entirety, but the original cornice details were
preserved, so not to change the overall proportion of the facade. The existing roofing made of corrugated
steel sheets was preserved, but the rest of the roof strustes were demolished because of their
degraded quality. The existing wood and concrete columns that made the internal mezzanine were
preserved despite losing their loadbearing purpose, which was taken by a new wood frame.
Characteristics elements, such asornerstones signed by the masons who built the cement factory and
the emblem of the company owning the factory, were discovered during the renovation process and
integrated in the building for display. Finally, the original waterbased radiators were retofitted and
re-installed in the building as aesthetic elements.

What challenge does it solve?

The limitation to changes to the external appearance of the Heidenreich building set by the Norwegian
Office for Buildings Preservation (BYA) were rather strict. This posed several challenges to the design
team to transform the use of the building from beig a cement factory to a cultural centre with
educational purposes. Many of the issues encountered were to balance the preservation of the historical
value of the building with the need of additional insulation on the building envelope, the minimum
ceiling height, and daylight requirement for the classrooms. The BYA allowetlansformations in the
building to allocate the new functions while asked the design team to reuse as much as possible building
elements that contributed to retaining the characteristic appearance and function of the original
building. These were identified in the original windows and their pattern, and several details (corner
stones and inscriptions in some of the facade stones) that were identified by the construaticompany
during the renovation process.
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Figure 40. Mapping of the building elements that were restored (H), removed (R), and added (DU) of part of the south
facade of the Heidenreich building. Areas highlighted in red show the building elements that were demolished.
Original image by KONTUR and SPINN Aekier, edited by Nicola Lolli/SINTEF.
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Figure 41. Image of part the udcrreponding to the graphics above, after the restoration of the
Heidenreich building. Photo: Finn Stale Felberg/ Oslobygg KF

Reuse of building elements in the sports hall construction

Figure 42. \;Vest view of the sports hall from Uelandsgate. Source: Asplan Viak.

The sports hall will be built on the plot adjacent to the Voldslgkka school building and will complement
the educational and cultural functions of the Oslo demonstration project by offering indoor and outdoor
areas for recreational and sport activities. Th project is designed to meet th&uturebuilt 13 criteri on for

a nearly zero energy building (maximum weighted delivered energy 25 kWh/rhyear) and possibly
become a plus energy building, under the category of Sports buildiagn the Futurebuilt criteria
(maximum weighted delivered energy 22 kWh/n? year). The building developer, Oslobygg KF has
defined a set of goals for environmental ambitions of the project to reduce its embodied emissions and
environmental impact. The greenhouse gas emissions from the production of materials and components
are sd not to exceed values defined in tablé below. To do so, the project aims at using recyclesieel
from shipyards, dismantled ships, and oil platforms, in the form of plates to be shaped into lchéaring
elements for the staircases in the building. This is to ensure the project target for greenhouse gas
emissions associated with material use isower than 420 kg CO2e/nm of gross floor area. However,

13 www.futurebuilt.no
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https://www.futurebuilt.no/

reusing and upcycling materials has been a challenging task as the project is delayed because of the
regulatory issues. Reusing materials is sensitive to time and schedule of the project as the material flow

is not as steady as we have in a traditional pduction line. Storing large amount of materials is needed

01 OAAOOA OEA AAAAOO OI OEA 1 AOGAOEAI £EOI I xEAT E¢
project. In this case, the steel from the donor is used as raw material in a factory and getsshed clean,
processed and welded into a building component. As the factory has continuous access to steel sheets

from the donors, the production can happen relatively similar to a traditional production line. However,

it is not the case for all up cyclale or reusable materials.

-1 OAT 6Aoh O A& 111 x OEA #EOU 1T &£ /01180 AEI O 1T £ xA
will be managed to achieve a 90% of sorting and separation of the different types of waste produced on

site, by allowing a higher amount of waste to beent to energy recovery or recycling. Waste volumes are
expected not to exceed 25 kg of waste per m2. To achieve this, the detailed design will be developed to
reduce the need for cutting, a return scheme for packaging will be established, the use of disable

pallets avoided, and the use of temporary wooden structures such as railings and ramps minimized.

What challenge does it solve?

| AAT OAET ¢ O #EOQOU 1T &£ /1 01160 OOOOAET AAT A DPOT AGOAT A
Oslo shall be reduced by 52 percent compared to 2009, and by 95 percent compared to 2009. City of
Oslo will also limit the indirect emissions related to méerial consumption for building and construction.

All entities in the City of Oslo are asked to comply with the standard climate and environmental
requirements for construction sites, which include requirements for using fossil free construction
machinery, and fossil free vehicles for the transport of masses and waste. According to this, all new
construction sites in Oslo will be emission free by 2025. Following this plan, the design and development
of the Sports hall aims at contributing to the City of OslGHG emission cutting goal set for 2030 by
integrating the green transition in the construction and management of Oslobygg assets, especially with
increasingthe reuse of materials and buildings.

Table 1. Limits of GHG emissions of materials and building parts set for the sports hall. Source: Oslobygg KF.

Materials and building parts Maximum GHG emissions for stages A1-A3
Steel columns, hollow profiles 3.66 kg CO2e/kg
Steel beams, hollow profiles 3.66 kg CO2e/kg
Concrete for decks and basementalls, castin-place Low carbon class A (17€240 kgCO2e/m3)
Steel beams |, H, U, L and T profiles 2.12 kg CO2el/kg
Beams trusses 2.12 kg CO2el/kg
Castin-placeconcrete Low carbon class A (176240 kgCO2e/m3)
Insulation in the foundation 4.44 kg CO2elkg
Concrete in prefab hollow core slabs Low carbon class A (17€240 kgCO2e/m3)
Windows, glass facades and doors in building envelope 65 kg CO2e/m2
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Who is it for?
Constructors, Architects, Research community and educationiaistitutions

How can it be applied and scaled?

Osldoygg, SINTEF, and NTNWorks on analysis of alternative scenarios of use of new and used
construction materials in the Sports hall building, by focusing on the impact that such scenarios have on
the building lifecycle carbon footprint and cost.The results from this scenario analysis will be used by
Oslobygg as the basis faschieving a highershare ofreused building components as aesign choice in
the procurement of the Sports hall and future similar buildings.

Demonstrated in Oslo, Norway
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4.3 GUIDELINES / INSTRUCTIONS

This section describes the guidelines and instruction innovations
developed in the ARV project. Their aim is texplain how a particular
activity was done within the ARVproject and provide steps that guide
users in achieving the goals associated with CPCCs.

4.3.1 SOCIAL HOUSING RESILIENT DESIGN AGAINST
CLIMATE CHANGE

Description

One of the demo projects in Palma de Mallorca, Spain, proposes an organisation of the space which,
combined with a constructive proposal, makes possible homes with very low energy consumption, a
quality living experience and a building that is integratednto the landscape in an environment with
architectural value. The building, with 35 dwellings, is made up of two cores and is accessed via a
walkway through the interior courtyard. In this way, all the homes have vital cross ventilation that,
together with the captivating use of the double thermal intermediate spaces acting as greenhouses
(front and back), solar control and thermal inertia, significantly reduces energy demand whilst
maintaining a very high level of comfort.




Figure 43. 35 protected dwellings. Illustration: DataAE

This construction strategy allows for an integration with the environment and historical background of
the neighbourhood. The ground floor is raised above street level in order to improve the relationship
between the houses on the ground floor and the pedtrians on the street while also allowing natural
ventilation into the car park. The homes are distributed continuously along the access walkway,
meaning that all the homes have two bays facing the walkway; the entrance and a room. Additionally,
the proportions of the vertical solar protection elements help to properly protect the garden facade from
the sun. A lowtechnology construction is proposed, based on loabdearing walls, which helps to
drastically reduce the environmental impact of the constructiorand improve the thermal inertia of the
homes, while simultaneously establishing a tectonic dialogue with the surrounding buildings. Almost all
of the load-bearing walls are oriented from east to west and are perpendicular with the longest side of
the building take advantage of solar gains throughout almost the entire building.

What challenge does it solve?

Building social housing using local low carbon materials, reducing considerably its carbon footprint and
minimising energy demand.

Who is it for?
Constructors, Architects, Municipalities, Policy makers and regulators / authorities

How can it be applied and scaled?
Through policy making.

Demonstrated in Palma de Mallorca, Spain

4.3.2 NATURAL AND MECHANICAL VENTILATION CONCEPTS FOR CLIMATE
RESPONSIVE BUILDINGS

Description

The purpose of this innovation is to define pros and cons of natural ventilation (NV) techniques in
buildings vs. mechanical ones. The innovation is a report on principles, existing standards and
guidelines, and perspectives focusing on both energy consuitign and indoor well-being (Annex 9.2 to

$18u c¢. AOOOAT AT A [ AAEAT EAAI OAT OEI AGEIT T EMm. Al El A
Different techniques of NV are explored and grouped according to the driving forces they exploit.
Examples of real buildings using the techniques are also included. Also included are the main purposes

NV can be used for and some guidelines to be consultied developing NV.

14 See also Zaniboni L and Albatici R, Natural and Mechanical Ventilation Concepts for Indoor Comfort and \Beihg with a Sustainable
Design Perspective: A Systematic Review, in Buildings 2022, 12, 1983. https://doi.org/10.3390/buildings12111983
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Figure 44. Detailed search string used for the systematic review with AND/OR Boolean operators

What challenge does it solve?

Recently, buildings are designed considering mainly their energy performance with massive use of
mechanical and building automation systems to control them, often losing the relationship to local
climate and the possibility to exploit free and passive solutions. NV can be a good alternative that meets
human comfort conditions and incred A OOA OO6
gas emissions to the atmosphere (both locally and globally).

EAAI OEh AO xAii1l AO Al

NV relies on natural forces. For this reason, it is considered as one of the main techniques to lower
AOEIl AET C édsumbtiod ®arébver, NV was observed to significantly enlarge the acceptable
range of indoor thermal comfort, with respect to mechanical ventilation (MV) systems and this allowed
the possibility to accept an increase of indoor temperature when outdoor taperature is higher.
Moreover, it was observed that NV also led to benefits related with symptoms associated with Sick
Building Syndrome, satisfaction with the environment, productivity, and job satisfaction. For these
reasons, NV techniques are worth angséing in the framework of climate responsive and net positive
energy buildings.

Who is it for?

Architects,

Associations (cooperatives),

Municipalities,

Research community and educational

institutions that can have a range of practical solutions useful to choose the best option for building
ventilation depending on the building use and position consiering human comfort and energy saving.

How can it be applied and scaled?

The innovation has been shared with the Habitech network in Trento and presented at a Civil
Engineering and Building EngineeringArchitecture course at the University of Trento, where the
students used it for an annual design exercise related to suitabyitof building ventilation systems.

A possible future exploitation pathway is to continue research activity on NV and MV concerning indoor
comfort conditions and energy savings, also by means of extensive monitoring campaign in existing
buildings and by the application of the solution incluéd in the deliverable in new buildings design
process. The innovation can be uploaded regularly considering scientific progress in the field (if any).
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Demonstrated in Trento, Italy

4.3.3

INTEGRATED CIRCULAR AND RESILIENT DESIGN FOEMZIERION

BUILDING REFURBISHMENT

Description

The merit of this innovation lays in the design process and number of partial, separately reported
innovations applied to the demo building in Karvina, Czechia. The design process is carried out in the
following steps:

1.

Research on the status of the building. The building's technical and operational status will be described,
and the tasks for the refurbishment will be defined.

Identification of the potential. Based on the possibilities of the current building, the potential of the
energy savings, application of renewable resources and measures on the HVAC sysdeartalculated and
analysed. The potential of the operation scheme will be identified.

Preliminary design. The preliminary design is necessary for improvement of the analyses, feasibility
evaluation, and cost calculationSpecific ARV innovations aréested and evaluated in this step.

Detailed and realized design. The most detailed designis carried out and realized with the demo
building.

Nearly zero energy building is the result of the process. The building of the healthcare centre will reach
the at leastNZEBIlevel if no extra measures are applied.

Digital twin is a crucial tool that will provide support for the design processThe input from the modelis
used toshape the design from the preliminary stage to the realized building and beyond.

Positive energy building with the potential to reach CPCC Karvina. Knowledge, experience, and data
will be a catalysator of change on a larger scale. The stakeholders will get comprehensive information on
El x OEA EITTT1 OAOGETTO AT A OAAET EAAI 1 AAOOOAO AAI
roadmap to CPCC Kaina in the future.
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Figure 45. lllustration of the design process

The use of this method is periodically reported, and its outcome will be the design guideline, that
explains the gained experience and allows to drive the process in the feasible way for further buildings
in effective way.

Figure 46. Pictures of the demonstration building in Karvina project site.

What challenge does it solve?

The guideline comes up with the knowledge and experience supporting the decision making in design

process of CPCC andIZEB buildings, shows the complex approach and provides support for its
replication.

Who is it for?
Constructors, Architects, Building owners, Associations (cooperatives), Municipalities
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How can it be applied and scaled?
Open methodology/platform/tool

Demonstrated in Karvina, Czech Republic

4.3.4 ENERGY COACHING OF RESIDENTS TO REDUCE ENERGY POVERTY

Description

The objective of energy coaching is to help and support the tenants of the dwellings which are and/or
have been refurbished by the housing corporations in The Netherlands. This coaching helps the tenants
to better understand the energy performance of their home and to optimize their energy consumption.

A\ \ N £

! - = ! ‘ S
Figure 47. Picture of free energy advice services and energy box for tenémizge by Municipality of Utrecht
(Sourcehttps://www.utrecht.nl/wonen -en-leven/duurzame stad/energie/energie-besparen/gratis-energieadvies
en-energieboxvoor-huurders)

What challenge does it solve?

Energy coaching helps tenants to better understand the working and advantages of the climate related
installations of the refurbished dwelling. With the coaching, housing corporations B&x and Woonin
aim to help tenants to use their dwellings in a more egrgy efficient way. This coaching not only causes
lower energy cost for the tenants, but it can also improve the indoor climate of the dwelling and a better
use of the added installations such as a heat pump, ventilation unit and PV panels.

The approach of BeEx and Woonin for energy coaching consists of the following steps:
1. Before the completion of refurbishment works of the dwelling, the energy coaches are invited to visit a
refurbished house and receive instructions from the contractor about the installations.
2. Tenants are informed individually and by news flashes about the energy coaching.
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3. The energy coaches contact the tenants on an individual basis by phone or ddordoor to make an
appointment for the coaching.

4. 4eA AT Aocu AT AAEAO AQGAAOOA OEAEO -5 o visk,Ghe énerdy OAT Al
coachesinform the tenants about the changes in comfort and installations in their dwelling. The level of
detail of the conversations depends on th&nowledge level andinformation needsof the tenants.

5. The energy coaches give feedback to the housing corporation of the house visits (and, if applicable, open
items to be solved by the housing corporation).

Bo-Ex and Wooninengagethe same energy consultant, Energi&l, but there are more consultants which
can offer these services.

Who is it for?

Tenants, the owners of the dwellings (e.g. housing corporationsgnd energy consultants. The outcomes
of energy coaching can also be interesting for energy providers and D®@xties, since it can change

energy usageprofiles: for example, when people use the generated energy from PV directly, it will not
be transported to the electricity network and therefore congestion of the electricity grid is avoided.

How can it be applied and scaled?

Energy coaching is accepted on a voluntary basis, tenants decide whether they make use of the (free)
advises from the energy consultantsUsually, a lot of tenants welcome the energy coaches, though the
participation rate varies per project. The most effective period to execute energy coaching is 3 months
after the refurbishment has completed. During the renovation, people often live in a temporary dwelling
outside their own dwelling and in the first three months after refurbishment most tenants are busy with
cleaning and furnishing their refurbished apartnent and are therefore less available and receptive for
energy coaching.

Demonstrated in Utrecht, the Netherlands
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4.4 SOFTWARE

The following section presentsfour software innovations achieved in the

project so far. They leverage Atrtificial Intelligence (Al) and other digital
technologies to enable more optimal building design and operation, which
can lead to better performing buildings, both froman economic and

environmental perspective.

4.4.1 LEANHEAT INTELLIGENT HEATING CONTROL SYS

Description

The Danfoss Leanheat Building is an Al based software and control applied as part of the smart control
of the building level heating system. The control of the supply temperature to the building level heating
system (radiators and floor heating) is in opeation for all 9 building level substations at the SAB
department 22 demo building in Sgnderborg, Denmark. The installed system upgrades the traditional
principle of a static preset relation between the heating system supply temperature and the ambient
temperature, the secalled weather compensations principleThe solution includes an adaptive dynamic
building model in combination with weather prediction and measured apartment indoor temperatures.

In this way, the optimal heating supply temperature can be estimated at a given time without
compromising the comfort,taking the passive thermal storage capacity of the building into account, as
well as solar radiation, wind, and ambient temperature predictions.

What challenge does it solve?

A qualified setting of the heating supply temperature is critical in respect to reducing uncontrolled heat

losses by the building heat distribution system, as well as for reducing the uncontrolled heat emission
from the radiators. By applying the Danfoss éanheat Building Al based control system, the setting is

automatically made and optimal all year around. It has proved to reduce the building energy
consumption for the heating service, without compromising comfort. Data so far have shown an energy
savingof 5-7% for SAB department 22 (Figuret8).

Monthly heat consumption 2022/2023 compared to
2020/2021 (SAB dept. 22), adjusted for indoor
temperature and heating degree days
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Figure 48. Monthly heat consumption in two time periods
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Who is it for?

Realestate representatives, building owners, tenantsassociations (cooperatives), municipalities,
policy makers and regulators/authorities. dstrict heating utilities. Basically, all groups benefit from
more energy efficient operation of the buildings.

How can it be applied and scaled?

The concept is available on the market and commercial activities are ongoing. The concept supports the
general trend of digitalisation of the district heating system, and a significant market growth is expected.

Demonstrated in Sgnderborg, Denmark

4.4.2 DIGITAIDESIGN FOR OPTIMUM LIFE CYCLE PERFORMANCE

Description

In the demo project in Oslo, Norway, BIM and Digital Twins are used to optimize the performance of the
building development from the environmental and economic perspective. A comprehensive evaluation
of the buildings will be made by considering the lifecyle environmental impact, cost, and energy use,
the inclusivity of the local community, the use of indoor and outdoor space, water management, noise
and pollution, and aesthetic.

0 e X

Figur.s 49. éIM and Virtual Twin visualisations
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What challenge does it solve?

A digital twin can contribute to redudng the mistakes and fails in design and construction of the building

and provide better insight f OEA AOEI AET ¢C6 0 OAAET EAAI AT A PEUOEAA]
optimizing the operation, maintenance and administration of the building in operation phase.
Optimizing the construction and operation will result in higher performance and lower environmental

and economic impact.

Who is it for?

Constructors, Architects, Building owners, Research community and educational institutionall the
actors in the value chain of a building would benefit from optimizing design, build and operation of the
buildings. Architects and constructors can identify and reduce mistakes in design amwnstructing,
owners would be able to optimize the operation and research community can benefit from the
knowledge developed by the technology and scale it to mainstream education.

How can it be applied and scaled?
Commercial activities,Integration with already existing technology

Demonstrated in Oslo, Norway

4.4.3 ADVANCED CONTROL AND MONITORING SYSTEM FOR HVAC ASSETS

Description

The prototype of advanced controller for the monitoring and management of heat pump systems
consists of two main algorithms, embedded in a hardware support. The first algorithm is a model
predictive controller (MPC), which manages the HVAC systems (in partieul heat pumps), using
simplified models of the building, as well as forecasts of external inputs (weather, electricity price,
occupancy) to reduce the energy bills. To achieve this goal, it finds the most appropriate moments when
to turn on or off the sysems, by predicting their behaviour 24 hours ahead. The second algorithm
detects and diagnoses soft faults (FDD), by constantly monitoring the efficiency of heat pump systems
(coefficient of performance). If it detects a drop in efficiency, it uses buiih sensors of the heat pump to
determine the possible cause of the fault, hence alerting the users, and ensuring fast and efficient
maintenance actions. The two algorithms are structured in a modular architecture and integrated in a
simple hardware such as &aspberry Pi for testing.
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Figure 50. Prototype of advanced control and monitoring systm for HVAC assets. Photo: IREC

What challenge does it solve?

Heat pumpsoften operate below 80% of their design efficiency, because of poor maintenance or no
detection of soft faults that go unnoticed. Hard faults that provoke a stop of the machinglobviously

be noticed rapidly, but soft faults that only decrease thefficiency without immediate effects on the
operation can go unnoticed although they provoken increase in electricity use. The Fault Detection
and Diagnosis algorithm intends to detect and diagnose this type of faultso improve maintenance.
Furthermore, heat pumps also can contribute to high energy bills because they operate mostly during
peak hours of expensive electricity, or without link to the actual occupancy of the buildin@®y using
forecasts and simple models of the systems, the model predictive controller (MPC) finds the cheapest
hours to operate the heat pumps and optimize the overall operation, anticipatinigs actions based on
its knowledge of the near future evolution of prices, occupancy, weather and heating/cooling loads.

Who is it for?

The control algorithms are mainly intended for facility managers who can install them to monitor and
manage heat pump installations in bildings in a more efficient mannet By extension, building owners,
landlords, real estate companies can also be interested to manage the HVAC systems in their portfolios
of buildings. Finally, other companies such dseat pump manufacturers, or services providers like BEMS
(Building Energy Management Systems) could also benefit from integrating the algorithms into their
products.

How can it be applied and scaled?

The algorithms can continue to be used for research activities, developing new features and improving
its architecture, by making it suitable for a large range of casekaboratory experiments are being
undertaken to test the algorithms performance in a hardware-in-the-loop environment for a different
study case.

The final goal would be to commercializethe ensemble of the two algorithmsas asingle product,
following the software-as-a-service (SaaS) business modeThis commercial strategy will be possiblef
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the TRL reached is sufficiently high andhe observed results on demo sitesnd in experimentsshow
substantial amounts of savings provided by the algorithms.

Demonstrated in Palma de Mallorca, Spain

4.4.4 SMART BUILDING CONTROL OPTIMISATION

Description

Optimized integrated smart building energy managementvorks by using the battery and energy
management systemfor peak shaving of the grid connection, storing excess solar energy and
maximizing selfconsumption, activating heat pumps and heat bufferinased on solar productionand
optimizing charging/discharging of battery based on dynamic energyariffs.
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Figure 51. lllustration of smart building control optimisation system

What challenge does it solve?

The solution managesnergy streams in a gridcongested situation which is increasingly a challenge in

the Netherlands It can also lowerenergy bills, minimisegrid impact and lower CO2 emissions.

The Energy Management System charges the battery when excess PV energy is available, makes sure
that the grid connection is protected peak shaving, and sends a signal to theeat pumpsof the building

to buffer additional energy at peak P\production.

All these signals can also be optimized for using the cheapest available energy based onalsad
pricing or potentially be used to decrease/increase energy consumption of the building during
congestion periods. This last functioality has not been developed or tested so far.

Who is it for?
Realestate representatives, Building owners, Associations (cooperatives)

How can it be applied and scaled?

The solution should be developed inan integrated, scalable and configurable product that can be
implemented for a variety of buildings.
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Figure 52. Setup of the energy system and EMS control in one of the buildings in Utrecht, where this solution has been
implemented (Henriettedreef building).

Demonstrated in Utrecht, the Netherlands
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