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ABOUT THE ARV PROJECT

The vision of the ARV project is to contribute 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 solutions for CPCC
that will significantly speed up the deep energy renovations and the dégyment 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 conceptual 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 muklitakeholder cecreation 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 sécial 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 andtorage
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, dssemination, and stakeholder outreach.
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The ARV project is an Innovation Action that has received funding under the Green Deal CalQIZA4-
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 project presents a pioneering initiative to craft &8lueprint that transcends conventional
guidelines, offering a comprehensive framework to navigate the development of Climate Positive
Circular Communities (CPCCs). With the engagement of a diverse stakeholder base ranging from urban
planners and architects to prodwct and service providers, developers, owners, and public authorities,
this dynamic guideline fosters collaboration and innovation, serving both internal assessments and
public reviews. It encompasses aynthesis of collective insights, lessons learned, and best practices
drawn from the ARV project activities.

Beyond a static document, theBlueprint aspires to become an interactive online tool, maxirsing
accessibility and relevance for stakeholdersAlthough this tool is not included as an official project
deliverable, the ARV blueprint will lay important groundwork. It will provide a visually appealing digital
guide with integrated links and crossreferences to facilitate navigation and understanding.This
dynamic evolution reflects ongoing advancements in CPCCs, forging a robust connection with the ARV
e-marketplace. As we embark on the journey to reae Climate Positive Circular Communities, thithird
version of the report encapsulateshree years of the project, providing insights into some areas while
anticipating later contributions.

The report will be updated annually during the course of the ARV projecto make a complete guideline
at the end of the project

Our strategic roadmap delineates a set of objectives aimed at presenting a holistic view of CPCC
development within the ARV project. These objectives encompass providing comprehensive guidance
for stakeholders throughout CPCC planning, design, constructipoperation, and evaluation. They also
focus on fostering collaboration and innovation, integrating insights from the ARV proje¢o facilitate
practical CPCC readation.

N\NRYV

blueprint
How to implement Climate
Positive
Circular
Communities
assessment
T RN o ket SRS operateandevaluate ... project examples @ oo... »

Main structure of the ARV Blueprir(iGraphics: Jesus Daniel Garcia MelNTNU)
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1. INTRODUCTION

This Blueprint document ismeant to bemore than a set of guidelinesit should be aframework designed

to serve as a compass for all stakeholders engaged how to plan, design, construct, operate, and
evaluate Climate Positive Circular Communitie€CPCCs From urban planners and architectgo product
and service providers, developers, owners, and public authorities, this comprehensive guideline offers
a structured path toward collaboration and innovation in the pursuit of Climate Positive Circular
Communities. Beyond being an overall guidéor both internal assessmentand public review, it is a
visionary Blueprint that integrates all the work, lessons learned, and best practices from the activities
in the ARV project.

Within the pages of this Blueprint, we delve into the essential domains that encapsulate CPCC
development, echoing the work packages and activities delineated in ARY{ie Assessment framework,
Sustainable Planning and Building DesigrResource Efficient (Pre)Manufacturing and Construction,
Integrated Renewables and Storage Systems, Efficient Operation and Flexibility, Methods and Tools,
Business Models, and Financial Instruments. ThiBlueprint unifies these aspects into a cohesive
narrative, bridging theory and practice, to guideusers through the complex journey of CPCC
development.

The documentcontains a high number of graphics and illustrations tesummarisethe information of the
referenced reports, facilitation for future usability in the form of a handbook or via adigital platform.
We foresee this document t@volve into amore dynamic resource reflecting the ongoing developments
in the field of CPCCwithin the ARV project We envision a strong connection with the ARV-e
marketplace (Task 10.3), where knowledge and resources will converge to facilitate the reahtion of
CPCCs.

The first version of this document was delivered iltM12 (Dec 2022)and the second version in M24 (Dec
2023). Thisis thethird version of the report,in which results from the different focusareaof the project
are summarised. The final version will be delivered by the end of the projec{M60) summarising all
findings from the project in the form of a guidelinefor dissemination torelevant stakeholders

2. OBJECTIVES

The following objectives collectively form a strategic roadmap to create an overadind illustrative
picture of the work packagesand activities ofthe ARV project and show how each area contributes to
the development ofClimate Positive Circular Communities (CPCCs). They encompass:

Provide a Comprehensive Guidance: To offer a robust summary framework that acts as a
comprehensive guide for stakeholders involved in the planning, design, construction, operation, and
evaluation of Climate Positive Circular Communities (CPCCs).

Facilitate Collaboration and Innovation:  To create a structured pathway that encourages
collaboration and innovation among diverse stakeholders, including urban planners, architects, product
and service providers, developers, owners, and public authorities.

Integrate ARV Project Insights: To amalgamate the collective work, lessons learned, and best practices

from various activities within the ARV project, ensuring that theBlueprint reflects cutting-edge
developments and knowledge.
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Bridge Complexity and Simplicity : To unify the essential domains of CPCC development, mirroring the
work packages and activities outlined in the ARV project, thus creating a cohesive narrative that
translates the complex interaction within the project areasinto a compact and more visual approach.

Provide an intuitive communication method : To develop the Blueprint into a flexible and user-
friendly document with information accessibleto stakeholders, enhancing its reachability and usability

Reflect Ongoing Developments: To ensure theBlueprint evolves as a dynamic resource, adapting to
the evolving landscape of CPCCs and continuously incorporating the latest developments in the field.

Connect with ARV e-Marketplace: To establish a strong connection between th8lueprint and the

ARV emarketplace, where knowledge and resources converge to facilitate the practical restion of
CPCCs.

3. MAIN TOPICS OF THBEUEPRINT

This chapter provides anoverview of the main topics to be included in theBlueprint. The topics are
based on the main work packageand tasksof the ARVproject andwill be populated with results from
the work within the project. Figure 21 shows the synergy within the different areas and the workflow
of the activities.

The various topics covered in theBlueprint are interconnected in diverse ways, and their orgasation
aims to ensure accessibility and comprehensibility for a wide range of users and contex{Ehe
Blueprint's design will enable users to easily locate topics of interest, providing them with custosad
tips and recommendations that align with their specific needs. Additionally, users will have access to
relevant resources for furtherinformation, ensuring a rich and informative experience.

Assessment framework

Project examples

Figure 1 Examples of main topics included in the Blueprifiesus Daniel Garcia MetdNTNU)

The synergy workflow in the ARV project operates within a webstructured assessment framework
that encompasses three mairprocess pillars : 1) Sustainable Planning and Building (Re)DesigrR)
Resource Efficient (Pre)Manufacturing and Constructiorand 3) Integrated Renewables and Storage
Systems and three cross-cutting areas 1) Efficient Operation and Flexibility, 2) Methods, Tools and
Business Models and 3) Financial Instruments. The process pillars and thecross-cutting areas
culminate in theillustration of the project examples.
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For this version of the report, we have orgarsed the chapters according to the main work packages and
activities in the ARV project, as follows:

Chapter 3.1

Chapter 3.2

Chapter 3.3

Chapter 3.4

Chapter 3.5

Chapter 3.6

Chapter 3.7

Chapter 3.8

Assessment Framework: This forms the foundatio, laying out the Key Performance Indicators
(KPIs) that act as guiding stars for planning, design, and the ultimate evaluation of Climate Positive
Circular Communities (CPCCs). The assessment framework ensures that every aspect of CPCC
development is aligred with sustainability and environmental goals.

Sustainable Planning and BuildingRe)Design: This pillar isthe first cornerstone in the main
process detailing the processes that underpin the planning and design of CPCCs. It outlines the
principles and methodologies necessary for creating communities that not only mitigate
environmental impacts but also promote sustainable living.

Resource Efficient (Pre)Manufacturing and Construction: T second pillar delves into the

workflows governing the manufacturing and construction of CPCCs. It emphass the importance
of resource efficiency and circularity in the production process, striving for minimal environmental
footprint.

Integrated Renewables and Storage Systems: Focusing on the design, operation, and performance
of energy systems within CPCCs, this area ensures that renewable energy sources and storage
systems are seamlessly integrated to meet energy demands and supparstainability goals.

Efficient Operation and Flexibility: Within this crosscurricular area, the efficient operation and
energy flexibility management in CPCCs are outlined. This is essential for adapting to changing
energy needs and ensuring operational efficiency.

Methods and Tools: This area provides methods and tools for assessing the environmental, social,
and economic impacts of CPCCs. It enables a comprehensive evaluation of a project's sustainability
across various dimensions.

Business Models and Financial Instruments: Describing a range of tools and instruments, this area
offers insight into the financial aspects of CPCC implementation, makirige solutions more
economically viable and scalable.

Project Examples: Finally, the synergy is reaéd through Project Examples, which serve as
practical demonstrations of bestpractices drawn from the six reatlife demonstration projects of
ARV. These realorld cases illustrate how the principles and methodologies from the three pillars
and three crosscurricular areas are applied in actual CPCC development

Lastly, the report provides a brief description of goals of the implementation and the transition to an
interactive digital guideline.
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3.1. THE ASSESSMENT FRAMEWORK

This chapterincludes an overview of the goals and KPIs as defined in the ARV assessment framework

forCPCCsA EA AOAI AxT OE EO AAOA @WORODOI AN 00RO AD AmdiivedE GEf ©

delivered in September 2022(M9). The framework is currently being tested in the ARV demprojects
andwill be updated based on the lessons learnt during the implementatioin the ARV CPCCA. Climate
Positive Circular Community (CPCC) is defined as an urban area which aims to achieve net zero
greenhouse gas emissions, enable energy flexibility, and promote a circular economy and social
sustainability. The CPCC concept focuses strongly on tinéeraction and integration between new and
regenerated buildings, users, and energy systems, flitated by ICT to provide attractive, resilient, and
affordable solutions for citizens. The specific goals set for the ARV CPCCs are shown in Table 1.

Table 1 The main goals for the CPCCs in ARV.

Assessment criteria Goals for new constructiors Goals for renovated buildings

At least 50% reduction in energy needs
compared to current country building | At least 50% reduction in energy needs

Energy code. compared to preenovation levels.
Positive energylevel based on primary | At leastnZEB standard.
energy
A
Indoorenvironment High levels of indoor environment At [t S0 L0 DYEGE SO EITEE [

preretrofitting levels according to EN
167981:2019

At least 30 % reductionin occupant
disruption during retrofitting compared to
local current practice

Embodied emissions | At least 50% reductioncompared to local current practice

Construction/retrofitting

quality quality according to EU norms.

According to the EU health, safety, and

Noise and dust levels .
environment standards.

At least 30% reductioncompared to local current practice

time
Life Cycle Costs At least 20% reductionfor the community compared to local current practice
ggsrztructlon/retroflttlng At least 30% reductioncompared to local current practice
The CPCC should be designed to supfitetransition toa circular economy by
implementing regenerative systems in which resource input and waste, emissions,
Circularity energy leakage are minimised by slowing, closing, and narrowing material and ene

loops The huilding componentand systemare designed to be lotgsting, easy to
repair, reused, remanufactured, refurbished, and recycled. Where possible, local ar
secondhand materials are used.

CPCCsfocus onpeople;i.e., their specific needs, interaction, and wellbeing, and prov
Socialsustainability good indoor and outdoor environmental conditions, spatial qualities and equal
accessibility for persons with disabilities and senior citizens.

A clear formulation of performance goals with associated Key Performance Indicators (KPIs) will help
to guide the involved actors throughout the planning, design, construction, and operation phases, and is
a prerequisite for a successful outcome. The ARMsessment framework goes beyond the traditional
sustainability assessment of buildings, to highlight the importance of a neighbourhoduased approach

in a life cycle perspectivetaking into account architectural qualities circularity aspects and energy,
environmental, economic, welbeing and social impacts of CPCC implementatioiience, the main
categories of Key Performance Indicators (KPIsglected for the ARV assessment framework aemergy,
environment, social, architecturesircularity, and economicssee Figure2.
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assessment methods are currentlypeing tested out in the ARV demo projects
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3.2. SUSTAINABLELANNING ANDBUILDING (REDESIGN

This chapterincludes descriptions of planning and de$gn processsto be applied for CPCCs

OVERVIEW

The design of new and retrofitting buildings to become CPPCs hasragin objectives to reduce the
embodied energy and emissions increase energy efficiency, and achieve a balance between
sustainability, aesthetics, and quality of life through integrated circular design processes.

Different methods and strategies are considered fothe early phases of planning and design to
harmonise sustainability during the entire processDifferent aspects are encompassed such adapting

to local climate conditions, performing deep renovations with minimal disruption to occupants, and
significantly reducing greenhouse gasemissions. The design approaches emphasise high energy
efficiency using active and passive solutions, with a strong focus on circularity by reducing, reusing, and
recycling materials, elements, and module§.he design also aims to add value and efficiently integrate
photovoltaics (BIPV & BAPV), all while considering occupant welleing and architectural aspects.

These methods and strategies are implemented in the in th@RVdemo projects as part of the design

innovations, and their application vary depending on their context, climates, culturesand markets
(Figure 3).

Sustainable planning and design of CPCCs

PROCESSES APLIED FOR CPCCs DESIGN GUIDELINES
{demos involved)
Large Scale Retrofittings (urban) t ¢
PALMA 'DE SBNDER‘B‘ORG
MALLORCA
Citizen Energy Communities (CEC) ~ ’
KARVINA PALMA DE

MALLORCA

Virtual Reality Environments

PALMA DE Os5L0
MALLORCA

CPCC Living Labs & } ¥ ~ tg ‘/m

TRENTO PALMADE UTRECHT KARVINA S@NDERBORG OSLO
MALLORCA

Citizen Engagement Strategies & } \¥ ~ (ﬂ /06
. [}

TRENTO PALMADE UTRECHT KARVINA S@NDERBORG OSLO
MALLORCA

Figure 3 Overview of processes applied for CPCCs and their respective application in ARV project demos.
(Jesus Daniel Garcia MegtdNTNU)
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PROCBESESAPPLIEDFORCPCCS

Large ScalRetrofitting

Deliverable

D2.4 Application of tools for largeScale Retrofitting actions. Usmses and guidelines for replicabilitig be delivered
in M42.

When discussing tools forneighbourhood planning, it is essential to consider twokey innovative
aspects. Firstly, the incorporation of renewable energy sources, specifically solar and wind power, plays
a critical role in addressing the distribution and sharing of energy among different participants and end
users within Climate Positive Circular Communities Secondly, theres the challenge of retrofitting
existing neighbourhoods on a large scale while considering both climate neutrality and economic
perspectives.

One ofARV's objectivesis to enhance District Energy Simulatioif ools for efficient planning, design, and
analysis of large-scale retrofitting initiatives within urban areas. Such tools incorporate diverse
modelling strategies, including building archetypes, white box modelgsimulation models), grey-box
models, andother data-driven models. They leverage urbasrscale data such as Gligased information
to enable weltinformed decisions and accelerate building stock renovation in cities.

The celiverable D2.4outlines the methodologies and tools used for planning and designing largeale
retrofitting actions and highlights examples from Mallorca and Sgnderborg. The report provides
insights into workflow s, computational modes, heating/cooling/DHW/appliances demand, energy
consumption, and economic modelsin conclusion,to strategise and execute CPCCs, it is essential to
systematically tackle the combined impacts of energy, sustainability, and economic assessments and
quantify the beneficial outcomes that arise from this integrated approach.

LARGE-SCALE
RETROFITTING

Large-scale retrofitting 4 ’
in the plan of CPCCs
’ $

&

e

Methods and tools

2

Application

NRYV Palma de Mallorca Senderborg

Figure 4 Large-scale retrofitting for planning CPCQs&raphics:Jesus Daniel Garcia MetdNTNU)
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CEC Citizen Energy Communities

Deliverable

D25 Application of tools for implementation of Citizen Energy Communities. Uses cases and guidelines for
replicability, to be delivered in M42.

The ARV project isinvestigating ways to combine established techniques and resources to assess
renewable energygenerationin urban environments. This effort entails utilising available space in both
public and private structures and linking it to the energy consumption patterns of people and groups
within Citizen Energy Communities (CECsJTo accomplish this, the project is experimenting with
decision-making tools that merge data from the city leveimodels for local renewable energy generation,
and estimated energy consumption of potential CEC participants.

The deliverable outlines the concept o€CECsn the energy transition and the need for integrated tools
to plan and implement them. It proposes methods and tools for two urban areas Karvina and Palma
de Mallorca.

The Karvina approach focuses on geometry, solar potential, and technical potential, iig software
for modelling and analysis. It also considers grid stability and economic impacts.

The Palma demo emphases an integrated approach, with tools divided into backend and frontend
components, facilitating decisionmaking through photovoltaic potential simulation, energy balance
calculations, stakeholder involvement, and more. Both approaches provide comprehensiworkflows
for CEC implementation, making them adaptable for different CECs with varying regulations and
characteristics. These tools aim to streamline decisiemaking processes for stakeholders in various
CECs.

C | Tl Z E N E N E RGY Workflow for CEC implementation

Extraction of Modelling of building and Climate and

co M M U N ITI E S building geometry  urban characteristics topography
9 \z' ,

, r777
Potential areas for Solar irradiation Design and
PV installation analysis optimisation
1
SC N =0
- 4 = A A
. . "o
Palma de Mallorca Karvina il
PV layouts and Energy consumption PV generation
alternatives calculation calculation

=)

° Energy PV installation

444 O=@ )
L (=) ke IEE?
=l 12g)
E E 3
Optimisation consumption data model

T
N STRREEY RS R
AN = 4\V4 l \ Application

Figure 5 Citizen Energy Communities workflow for planning CPCCs. (Graphics: Jesus Daniel Garcia\Vidlb))
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Virtual RealitfEnvironments
Deliverable s
D2.6: Demos of Virtual Reality Environmentg be delivered in M36.

D2.7: Description and lessons learnt from training & awareness sessions using Virtual Environnterits, delivered
in M48.

Thegoal is to investigate, incorporate, and apply various 3D and visusdition methods in Virtual Reality
(VR) and Augmented Reality (AR) to support thexploitation of resultsin Oslo and Palma de Mallorca
demos The objective is to enhance the communication of analysis outcomes for different scenarios to
diverse stakeholder groups and to encourage citizen engagement. The implementation of AR/VR
applications will be integrated into the activities ofAR/VR environments as an essential component of

the comprehensive approach within Living Labs (LLs) and will be employed in suitable demonstrations
and contexts

VIRTUAL REALITY B -
ENVIRONMENTS W iy

14 gstablish Q
. s Visualis,, . %
. : = g ¢ U
g/ Augmented Virtual *== v ” :
Rl A - = + +
'nJ Reality Reality =, K ? :
‘v l"
Based on a real-world Completely virtual La® o
setting = 4
"
O"
L
P S
. > A\J
: L ‘\
: :
‘\ . pr—
Palma de Oslo = ‘. =
Mallorca .
Iterative ad Education
=
+ =5 process @ Platform
v ]
Stakeholder
Engagement

“Development of Virtual Reality Environments

5 virtual experiences Voldslekka S:I:nool in i i

A ) e e engages stakeho/der§ in integrated designs process

future scenarios to empower decisions and accelerate CPCC
adoption”

Transformative
Tools in Urban

Planning Living Lab and
< R e Stakeholder
Analysis building elements Analysis building elements g " Enga ment
Impact of different construction Impact of different construction e S
material on the total emissions material on the total emissions
P (@
» = % S A
” == £ i
- o “welide PG
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4 - Sustainability
= Strategies
——— * \ Educational and
] Communicative
Role
e
- NRV

Figure 6 Virtual Reality Environments illustration (Graphicslesus Daniel Garcia MetdNTNU)
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CPCC Living Labs

Deliverable s

D3.1 Plan and overall methodology for establishing CPCC Living Labs, including Stakeholder mapgiligered in
M12.

D3.3: CPCC Living Labs reports. First repattlivered in M24 andto be updated in M36 and M48Not enough
available information fromthis deliverable yet. To be included foture updates.

The Living Lab approach enhances citizen engagement in deep energy renovations and climate
initiatives by offering practical testing grounds for innovations, involving citizens in energyefficient
planning, and fostering diversesector partnerships.ARV Living Labs will be set up to consider various
facets of citizen participation, including citizensastenants and occupants of buildings, citizens residing

in and being part of CPCC communities, and citizens serving as advocates for green initiatives. Therefore,
the CPCQ.iving Labs employ a range ostrategies directed attheir intended audiences and respective
functions:

CPCC Living Lab in Trento

The primary goal of the Trento Living Lab is tomplement a collaborative approach

involving Piedicastello residents, the community, and local authorities in the early stages of

the project. This includes creating aone-stop-shop forbuilding energy renovation,
introducing residents to sustainable construction technologies, involving them in renewable energy
initiatives, and informing policy decisions with insights from sustainable construction practices.

CPCC Living Lab in Palma

Palma's main focus is on extensive renovation, transitioning to cleaner energy, and forming

energy communities. ThePalmalLiving Lab's core mission is to actively involve the local

district community in energy renovations, with Es Laboratoriz a Living Lab for Energy
Transition, asa network for a community meeting place. The Living Lab's goals span various levels of
community engagement, including information dissemination, awareness building, and collaborative
activities. Particular attention is dedicated to engaging young people, partnering thi schools, and
reaching out to vulnerabk segments of the district's population that are usually harder to engage.

CPCC Living Laldltrecht

The primary goal of the Utrecht Living Lab is to actively involve social housing tenants and

local citizens in the LL districts, aiming toimprove their well-being and energy

consumption. The specific objectives are linked to four interventions, including social
renovation to enhance the living environment, a human capital program for job creation, an energy
coaching program to reduce energy usage and costs, and the establishment of a physical hub in the
district to engage residents in the energy transition throud training and coaching events held at the
"Panini Fresco" circular pavilion in the Overvecht district.

CPCC Living LalKiarvina

The initial phase of the Living Lab in Karvina, involves engaging schools and students

through practical workshops on energy, sustainability, and climatgositive communities,

using advanced technology to raise awareness among young people and inspire them
consider related careers. This effort aimsat making the region known for these opportunities and
equipping youth with skills for public engagement, with future phases to assess and adjust this
approach. Additionally, the Living Lab aims to irdrm and involve various citizen groups in projects
focused on reducinggreenhouse gagmissions and enhancing the city environment.
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CPCC Living LalSanderborg

The Sgnderborg Living Lab aims to increase residents' awareness of their role in #rergy

transition and to utili se a green ambassador program to enhance tenant participation. Their

focus is on facilitating an understanding of the ARV project and the green transition among
housing association members and citizens. They plasto achieve this through various communication
channels such as websites, events, letters, social media, newsletters, and local or national media.
Additionally, they intend to explore and develop green ambassadors in collaboration with the housing
associaton and resdents.

CPCC Living Lab in Oslo

The Oslo Living Lab is dedicated to enhancing climate awareness among secondary and

cultural school students, parents, and local resident$heLiving Lab primarily concentrates

on energy transition, covering energy technologies and circular solutions. It will actively
involve students in diverse activities, such as learning, ecreation, and fostering youth ambassadorship,
with the assistance of AR/VR technologies. The target audience for the Oslo Living Lab consists of
students, school personnel (including teaches, maintenance staff, and operational employees), and
parents from both educational institutions.

To establish CPCC Living Labs at each ARV demonstration sitenethodology called S.M.l.L.Ewvas
developed (Figure 7) which is informed by existing literature and developed in collaboration with
representatives from all six demo sites.

LIVING 20 .
3%, I -
LA B S g :) outsiders §ctors y PP

Scope
5 g Socio Map -
The Living Lab cultural Implement  Technological Uy Lo
aporach provides an T Learn actors insiders
overview of the two Enhance
umbrella themes S.M.LL.E
: g . Financial
(social renovation Living labs actors

and energy

transition) bringing

together the six »
CPCC Living Labs Citizens
and the different

perspectives on a

citizen's role
Energy
transition
Social
renovation
fpr. \ Y
s ¥
NRV
Figure 7 Overview of the Living Labs approach and S.M.I.L.E methodology. (Graphics: Jesus Daniel Gargia Melo
NTNU)
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Citizen Engagement Strateg

Deliverable s

D3.4 Analysis of citizen engagement tools and processes using a citizen science appimaehdelivered in M40.
D3.5 Communityscale citizen engagement strategy and tools for the renovation wawvdye delivered in 4.

Not sufficientinformation from deliverables yetWill be updatedin future updates.

This task aims to enhance the innovative social engagement strategies by analysing barriers, motivators,
efficiency, costs, and learning opportunities. The primary goal is to create practical and transferable
tools that can be applied in extensive renovabn projects throughout Europe, ultimately harnessing the
full potential of the upcoming European Renovation WaveThe expected result is heighteneditizen
engagement leading to improved satisfaction, wetbeing, and the integration of energyefficient
behaviours as a natural part of daily life right from the start.

CITIZEN ENGAGEMENT BTyl mor e
STRATEGIES |

"Discover target groups, yearly activities, and
engagement tools used across ARV Living Labs for
impactful outreach and involvement."

A & @

Informative reunion to explain
rehabilitation support service within the
Retrofitting Management entity in Palma

demo

Engagement modes

Living Labs ARV Innovations Citizen Design in CPCC Living Labs
Activities and related to Science approach
Qutcomes Community
Engagement

Discover a wide range of sustainable —
renovation solutions, like the wooden PALMA KARVINA 0sLo
pre-fabricated kit demonstrated in the

Local municipal NGOs (community Academic institutions +
Povo district of Trento authority and citizens groups) and citizens research organisations
and citizens
TRENTO UTRECHT S@NDERBORG
Local businesses and Housing associations Hosuing association +
citizens + citizens citizens

“Series of activities leading to board game &
development by pupils at Voldslgkka |
School (Oslo Demo)

. \\'
g 3
/;

= r -
Oslo Livinqub- b : .. A R V

Figure 8 Citizen Engagement Strategy illustration (Graphics: JeBaniel Garcia Melg NTNU)

Game devefopment  #
AR g U
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DESIGN GUIDELINES

This section focuses on redesigning and retrofitting buildings to create zeremission, positive energy
structures in sustainable, climatepositive, circular communities (CPCC). The main objectives include
reducing energy and emissions, increasing energyffigiency, and integrating sustainability with
aesthetics and quality of life through circular design processes. This encompasses adapting to local
climates, renovating with minimal disruption, reducinggreenhouseemissions, emphasing circularity,

and integrating efficient photovoltaics while prioriti sing occupant weltbeing and architectural aspects.

The representation of these aspectis shown bythe five demos thatare integrating methods regarding
to the Sustainable Building (Re) Designtask.

DEMOS DESIGN
GUIDELINES

UTRECHT
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Figure 9 Overall

design guidelines of
the five demos involve
in the design stage.
(Jesus Daniel Garcia

Meloz NTNU)
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Zero emission and positive energy buildings in climate positive ap@iglyourhoodn Oslo
Deliverable D4.1: Design guidelines of zeremission and positive energy buildings in a climate positive energy
neighbourhood inOslo. First version delivered in M12 atmlbeupdated in M24 and M5.

The Norwegian demo project at Voldslgkka School and Cultural area involves constructing a secondary
school, new cultural facilities, and renovating an existing historic buildingtotalling 14,000 square
meters. One aim isto showcaseOslo's first plusenergy school, generating surplus energy, thanks to a
1,556 square meter PV installationThe project also encompasses the renovation of a culture heritage
building on the site (a former industrial building called Heidenreicl) to turn it into a cultural building
with high environmental performance. The goals prioritise integration with the local community and
green initiatives. The ARV project actions focus on efficient renovations, district energy, and enhancing
social, educational, and digital aspects to foster Citizen Energy Communities.

Architectural Qudties
1 Multi-layered system cladding, PV panels and windows
1 Permeable open surface for rainwater management
1 Flexible floor plan layout
1 Preservationand upgradingof Heidenreich building.

Social Qualities
1 HUB for education around energy techologies and sustainability
T 91 O1 ¢ Al A jraytak pronmotd@ energy efficiency.

EnvironmentaQualities
9 First plus-energy school
I Emissionsfree construction site.
1 Use ofrecycledmaterials, low emission concreteand wood for the renovation of Heidenreich building.

Figure 10 lllustration of the Voldslgkka SchdpOslo, Norway(Graphics: Jesus Daniel Garcia MgINTNU)
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Design configuration for a modular, scalable, integrated retrofitting concept for Positive Ene&gilididise
Buildings embedded in a greegighbourhoodn Utrecht.

Deliverable D4.2: Design configuration for a modular, scalable, integrated retrofitting concept for Positive Energy
Mid- & Highrise Buildings embedded in a green neighbourhood in Utrecht. First version delivered in M1®arel
updated in M24 andvi45.

The Dutch demo in Utrecht includes the areas of Kanaleneiland, Rooseveltlaan and Alexander de
Grotelaan. Building types are Bredero and Intervam, and two developers Hx (renovating two building
types Bredero and Intervam) and Woonin (renovating an Interam building type). In total, six
apartment buildings are renovated into Nearly Zero Energy BuildingsnZEB) and four apartment
buildings to become Positive Energy Buildings (PEB). The interventions addressing energy transition
are crucial today,as they impgove housing sustainability. However, challenges like rising energy costs,
housing affordability, raise of construction costs and home overheatinglelayprogress. Here, the Inside
Out system stands out, bypeing an integrated solution of modular building components that overcome
these obstacles, aiming to revolutionise the design and construction process to accelerate sustainability
improvements.

Architectural Qualities i . i
1 Innovative elements are included in the plugn-play integration of va/ ' Com ”’\(/)\
PV components in fagade roof, balcony, railing, and balustrade & )
building components ¥/ = . \V}Sj\

1 PV panels thagive a clear structure inspired by the architectural
character of1960s.

Social Qualities
1 PV installation save costs, reduce inconvenience, and distribute

power more fairly amongtenants.

Minimal inconvenience for residentswhile renovating.

All consumption is monitored according to the applicable requirements

and can be viewed by residents.

f
f

Environmentaualities
9 Standardisation and flexibility of the interface connecting above modules that offer a higher adaptation
potential in full life cycle and create less waste trough net assembly.
1 Collective heat pumps, buffer vessels, BA/BIPV panels, insulation system.
I Heatrecovery for LT heating and ventilation, D@eady cabling and (BA/BIPV) panels

Figure 11 lllustration of part of the housingblocksin the Sgnderborg demo siteDenmark(Graphics: Jesus Dani
Garcia Melaz NTNU)
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Zeroemission & positive energy refurbished and new buildings in Palma.
Deliverable D4.3: Design guidelines for zeremission & positive energy refurbished and new buildings in Palma.
First version delivered in M12 andpdated in M24 and45.

The Spanish demo case in Palma de Mallorca, known as the Llevant Innovation District (DILL), involves
a mixed-use development area, combining residential, tertiary, and educational buildings through both
new construction and renovation efforts. The ARV projedbcuses on resourceefficient renovation on a
large scale, district energy analysis and operations, emphasig social, educational, and digital aspects
to engage citizens.

The primary aim is to achieve circular, zereemission, and positive energy buildings within sustainable,
climate-positive circular districts. Key actions include largescale retrofitting of 250 private dwellings,
the creation of a new Positive Energy Sodiddousing Building, and energy renovation of a heritage
protected office building with BIPV solutions.

Architectural Qualities

1 Traditional low-tech construction based on load bearing walls. DISTRIgy

1 Retrofitting of thermal envelope according to energy standards 4\_0‘4 - N

1 High performance building envelope, efficiency of equipment and 0{"*' ) e Ve
systems. ?é -t

Social Qualities
91 Integration with the environment and historical background of
the neighbourhood.
1 Improving a building of heritage interest that was abandoned
and degraded.
1 Integration of passive design strategies to impree indoor comfort.

EnvironmentaQualities

Crossventilation, thermal intermediate spaces, solar control, and thermal inertia to reducdemand.
Prefabricated and natural local materials to reducgreenhouse gagmissions.

Efficient systems and energy flexibility

Renewable energyproduction with transparent and opaque BIPV

Digital twins to accelerate retrofitting actions.

=A =4 =4 -8 A

Figure 12 lllustration of the buildings in thePalma de Mallorca demo site, Spa{&raphics: Jesus Daniel Garcia
Meloz NTNU)
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Zereemission & positive energy renovation of the Health Care Centre in Karvina.
Deliverable D4.4: Design guidelines for the zeremission & positive energy renovation of the Health Care Centre in
Karvina. First version delivered in M12 artd beupdated in M24 andv45.

The Czech demo case in Karviréentres on the renovation of the Karvina Mizerov Health Centre. The
project's key objectives are to transform it into a nearly zero energy buildingnZEB), utilising digital
design and 3D simulations for solar potential and optimal shading, testing climatesilient solutions

like heat pumps for summer cooling, conducting life cycle assessments of HVAC systems with a focus on
carbon footprint, implementing various renewable energy technologies, and incorporating greenoof
samples for heat reduction and water runoff control.

Architectural Qualities
1 Digital twin as the baseline for further and larger refurbishments.
1 Improvement in technical quality by architecturalrenovations. ~ \:}Eﬁ‘f‘fﬁi
1 Maximising asset utilisation: Celocation and flexible spaces. '

Social Qualities
1 Designing usetfriendly environment.
1 Stakeholder outreach
I  Multi stakeholder co-creation, monitoring, and evaludion
of the process.

Environmentaualities
1 Implementation of thermal insulation, window replacement,
photovoltaics and heat pump installation.
1 Green roof sample for reducing heat islands, rainwater management.
9 Installation of mechanical ventilation systems vith heat recovery combined with CQ-VOCGhumidity -
temperature sensors.
1 Focusing on disassembly during the design phase to increase the chanceftdaive second use.

ARANRAR

ty
!lllllll

Figure 13 lllustration of the building in thedemo site in Karvia, Czechia(Graphics: Jesu3aniel Garcia Melg
NTNU)
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Timberbased construction & renovation of spmattdium size buildings in Trento.
Deliverable D4.5: Design guidelines of timbebased construction & renovation of smathedium size buildings in
Trento. First version delivered in M12 arid beupdated in M24 andv45.

The Italian demo case in Trento, Destra Adige Piedicastello, comprises four areas with distinct
purposes. Area 1 focuses on creating a salfifficient district with a geothermal systemand PV power
generation. Area 2 involves renovating social housing using standasdid timber-based facade elements
and encouraging private owners to join the process. Area 3 repurposes former highway tunnels for
energy storage,to serve areas 1 and 2. Lastly, Area 4 transforms a parking lot into a service HUB
conneding commuter flows to commercial services and supporting energy storage with a Vehiete-
grid (V2G) system.

Architectural Qualities

QP\S_T ELT_LD

1 Local and circular materials for the building structure and envelope. é,q? ‘_'4 :
1 Longlasting and easyto-be recycled building components. < } -
1 Nature based solution. &/ y
Social Qualities <,

1 Spatial quality andsocial inclusion g

l...

0

W

EnvironmentaQualities
1 Energy positive building.
1 Integrated passive and active systems for energy saving and indoor
living comfort.

O

Figure 14 lllustration of the Piedicastello tunnel (uppeleft), a building renovated with prefabricated elements
(upper right), and a new positive energy building (bottom)(Graphics: Jesus Daniel Garcia MeINTNU)

T @& . el

NRV CLIMATE POSITIVE CIRCULAR COMMUNITIES 24/ 67



New & retrofitting of existing buildings as zerission positive enerdpgildings in climate positive circular
communities.

Deliverable D4.6: Design guidelines of new &etrofitting of existing buildings as zeremission positive energy
buildings in climate positive circular communities, to be delivered\ib0.

The design ofnew and retrofitting of existing buildings as zereemission positive energy buildings in
CPCCs, will beeported in the Design GuidelinegD4.6), collecting insights from findings in the design
guidelines of each dem@D4.1z D4.5). Theaimis to support ard illustrate overall results and corelation
between the different demos showcasing their similarities, differences andchallenges tofacilitate
replication. This is a draftexample since thedeliverable will be completed (M50).

Ri i 4li

Best design practices will

emerge as common learnings
TRENTO - ITALY after mapping all demos. It
Each demo will showcase (B will  facilitate to establish
their design  processes : .. | project outcomes and use
through a timeline where them for further replication
o highlights will be explained
and mapped with all demos .

S
One of the pillars of the = /// 4 /
guideline is to putunderthe = = '1,

spotlight the work that has
been done between the 4l
project, stakeholders and
communities .

Figure 15 Examples of designactivities from the ARV demo projectéGraphics: Jesus Daniel Garcia MeINTNU)
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3.3. RESOURCE EFFICIENT (PRE)MANUFACTURING AND
CONSTRUCTION

This chapter presents an overview of innovative solutions designed to improve the retrofitting and
construction of energyefficient building skins for medium- and highrise buildings. These
advancements aim to address critical challenges in resource efeicy, environmental sustainability,
and process optimsation. By adopting strategies such as the design of energgutral or energy-positive
building envelopes, the automation of data collection and prproduction workflows through advanced
ICT tools, andthe prioriti sation of sustainable practices, these solutions work to significantly reduce
waste, transportation emissions, and overall environmental impact.

The workflow for these processes is structured into three distinct phases: Piglanufacturing,
Manufacturing, and Construction. Each phase is enhanced by cuttiadge digital innovations, including
the use of drones, parametric Building Information Modellig (BIM) systems, and filgo-factory
manufacturing processes.

Thesetechnologies streamline the transition from design to implementation, ensuring high precision,
efficiency, and integration of sustainable practices throughout the lifecycle of the building. By
automating key elements of the workflow, such as design generanh, performance simulation, and
production, these systems help bridge the traditional gap between conceptual design and practical
performance.

Resource efficient (Pre) manufacturing and construction

PRE-MANUFACTURING DEMO WORKFLOWS

Workflow analyses for a transition frm on-site
manufacturing to prefabricated components

IT-Innovations

PALMA DE

Method of digital data h ti
ethod of digital data harvesting UTRECHT MALLORCA

File2file manufacturing

MANUFACTURING

Plug and play OSLO KARVINA

CONSTRUCTION

Carbon footprint reduction '
Nuisance for occupants during renovations
TRENTO
Figure 16 Overview of the resource efficient (pre)manufacturing and constructions section. (Graphics: Jesus
Garcia Melaz NTNU)
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RESOURCE EFFICIENT 0sLO
WORKFLOWS

UTRECHT

KARVINA

TO BE COMPLETED

TRENTO
PALMA DE MALLORCA

E
(

NRV - c I

Figure 17 Overallresource efficient workflows and demos relate@esus Daniel Garcia MgldNTNU)
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PREMANUFACTURING

Workflow analysis for a transition from-eite manufacturing to prefabricatedmponents.
Deliverable D5.2 Workflow analyses and advise on how to move towards more prefabricated components and reduce
work on-site, to be delivered in BD.

The concept of Ofsite Manufacturing (OSM) centres on the ofite production of building components
to streamline and optimise their on-site assembly. By shifting fabrication processes to controlled
environments, OSM enhances efficiency, reduces waste, and improves quality control.

This approach involves a collaborative ecosystem of stakeholders, including contractors,
manufacturers, design professionals, and clients, working together to ensure seamless integration of
processes. At its core, OSM relies on a combination of advancedterials, cutting-edge technologies,
and digital tools, with Building Information Modelling (BIM) playing a central role in facilitating offsite
production and driving innovation within the construction industry.

This section delves into the application of BIM strategies to standarsé and enhance the design
processes for building elements in the context of OSM. Central to this effort is the development of an
interoperable workflow that promotes efficiency and consistency across stakeholders. The workflow is
designed to identify and miigate potential risks while offering a clear framework for phased
implementation (as illustrated in Figure 18).

By aligning digital tools with standardised design practices, this approach aims to accelerate the
adoption of OSM principles, enabling a more sustainable and efficient construction sector.

.= . m

kA
L =
BIM procedures Standardise buidling Interoperable
elements workflow

Complexity of envelopes  Difficulty to comply retrofitting  Fast-changing renewable  Complexity of integrating  On-site tolerance for design stage
cnergics components

mf‘:

‘B
an W.'.. ©
v

Figure 18 Main characteristics to consider in an effite fabrication workflow. (Graphics: Jesus Daniel Garcia Melo
NTNU)
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IT-Innovations

Deliverable D5.2 Workflow analyses and advise on how to move towards more prefabricated components and reduce
work onsite, to be delivered in BD. Some information is available in working documenturther updateswill come

later.

THEALPHAOLAR MODULE

The Alpha Solar module is an innovative solution for highise buildings, featuring a prefabricated steel
frame with plug-and-play compartments for efficient assembly and adaptability. Designed to integrate
seamlessly over existing rooftop infrastructurejt maximises solar energy potential while withstanding
high winds and supporting scalable energy storage systems. Its parametric design, powered by Dynamo
for Revit, enables dynamic custonsation based on building specifics and environmental conditions,
while automated solar potential calculations optimse energy yield. Leveraging GIS data and Al for
planning, the module streamlines cost estimation, collaboration, and project timelines, transforming
urban renewable energy solutions.

QUOTATION ACCELERADBRACADE PANELS

The Quotation Acceleratorstreamlines retrofitting quotations using public data, such as GIS and Google
Street View, to calculate building dimensions without site visits. It integrates manual and semi
automated tools for selecting building elements, measuring floor plans, and configuring facade panels.
Photogrammetry and point cbud recognition are explored for accurate 3D modelling, reducing
engineering costs. Future enhancements aim for automated image recognition, integration of data
sources, and BIM model generation with minimal manual intervention. This approach reduces back
and-forth communication, accelerates processes, and enhances data accuracy for retrofitting solutions.

IT INNOVATIONS

Utrecht

A I— P H A Parametric Design Workflow
P" Es N Construction
RERNHEN < . » 3 N andso!gr
> b - . ' potentiol
I f -| - 4 calculations
o Data Dynamo-based
I J collection modeling
. “‘“‘ Engery generation potential Implementation and scalability
I Panel -‘
Prefabricated Plug and play Energy — orientations , %‘
i output
steel frame Colpectnn P and sfopes Stormproof  Reduced grid strain

QUOTATION ACCELERATION
OF FACADE PANELS

Main Workflow

Wiy 9

= —

Data Quotation Proposaf BiM Model Production
collection Acceleration  genergtion Integration Output

Figure 19 lllustrations of an overview of the IThnovations implemented in the Dutch demo

Photogrammetry and Point Cloud Use

kot

Capture overfapping
images

Production modeling
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Method of digital data harvesting

Deliverable D5.2 Workflow analyses and advise on how to move towards more prefabricated components and reduce
work on-site, to be delivered in BD. Some information is available in working documenturther updateswill come

later.

A robust methodology for describing modular panels leverages systematic digital data harvesting to
create a "smart repository” that organses information for easy retrieval. This repository supports the
identification of common challenges, solutions, and streamlined reporting processes. Drawing insights
from existing modular panel standards, the framework focuses on key features of prefabrted modules

by addressing both offsite production and onsite installation needs. National demonstration projects
can adopt this framework for consistent descriptions of modular solutions, enabling crossomparison
and knowledge sharing. Each case includes a concise overview of the production context, company
background, relevant projects, and prior assessments.

The methodology is built around three classification criteria. First, unit types are categ@ed by
function, excluding aesthetic variables, to optinge workflows in material quantification, storage,
transport, and installation. Second, unit components are documented layer by layer, differentiating
invariant structural elements from variable or optional features, enabling comparisons of traditional
and innovative materials. Third, interfaces with existing structures are digitally modelled to mitigate
disruptions like noise or dust, integrating solutions early in the design phase to minirag¢ on-site
challenges. This digital approach standardises modular pahéescriptions, enhances collaboration, and
supports scalable, innovative construction practices.

METHOD OF DIGITAL AR e

Data input
HARVESTING DATA P, \tes

L < =
Framework > ,

Building Context Digital repository
Unit types Unit components Interfaces Dimensions

identiffcation of common
challenges and solutions

- - Si rt icient datt @
o Y Sem SnE @ @A)

GIS Data Al recognition  BIM Tools

| | |
v

Material Transportation Energy
lists plans effiency reports

‘_!@g .

Interface management

/\ Challenges
2

Soundproffing
Dust reduction

Potential
off-site soiutions

Components A R V

Figure 20 lllustration of the method for digital data harvesting(Graphics: Jesus Daniel Garcia MgINTNU)
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FileZFactorymanufacturing
Deliverable D5.1 Manufacturing configurator for highrise apartment buildings to directly start production
(File2Factory) process partly validated in participating European demo countries

To establish the preliminary workflow for recognition of architectural features distinct subtasks are
currently under development across multiple project teams, aslaborated in the subsequent sections.
These tasks involve amalgamating a comprehensive set of building attributes, gathering pertinent GIS
data, and initiating the initial stages of Adbased recognition for architectural types and structural
elements.

To streamline the transition from digital design to factory production, a methodology was introduced
to directly generate machineready files from building information models. This innovation was
specifically tailored for the facade manufactureiRc Panelgan ARV partner) where advanced tools were
developed to optimise the operations of both their cutting machinery and a speciagd robot for laying
stone slips. These solutions enhance automation, reduce the potential for human error, and improve
production efficiency.

For the cutting machinery, a custom tool was created within Revit to produce machirempatible files.
While initial efforts relied on exporting geometry-based data, this approach proved insufficient for more
complex manufacturing requirements. The solutia evolved to include design families with embedded
operational parameters, allowing adjustments in the model to automatically update production
instructions. For the stone slip laying robot, a similar tool was developed to export detailed positioning
and orientation data for each stone. This systergrants designers the freedom to create intricate
patterns while ensuring precise execution by the machine. Together, these advancements eliminate
redundant manual steps and promote a seamless, efficient connection between digital design and
factory output.

FILE2ZFACTORY ARV
MANUFACTURING

Fite2Factory Automation
enables direct reduces errors
machine file generation in production

innovations
streamliine production

and workflows
ST o - o LOCATIONAND __ ____ o CONFIGURATION _____ o ZERO-ENGINEERING

ORENTATION OF SOLUTIONS PROJECT LEVEL

b0 A AR S -
Performance prediction

20 s @ T

Figure 21 File2Factory manufacturing process(Graphics:Jesus Daniel Garcia MetdNTNU)
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MANUFACTURING

Plug andPay Elements
No available information from deliverables yet. To be included in future updates.
D5.3 Resource Efficient (Pre)Manufacturing & Construction Workflog®emo Utrecht, to be delivered in6Q.

MANUFACTURING
PLUG & PLAY

_~  TOBE
 COMPLETED

% d

NRYV

Figure 22 Overview of the manufacturing workflows and the Plug&Play concept (Graphics: Jesus Daniel
Melo)
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CONSTRUCTION

Carbon footprint reduction

No available information from deliverables yet. To be included in future updates.

Deliverable D5.2 Workflow analyses and advise on how to move towards more prefabricated components and reduce
work on-site, to be delivered in BD.

CONSTRUCTION TO BE
CARBON FOOTPRINT COMPLETED
REDUCTION

NRV

Figure 23 Overview of the carbon footprint reduction during theonstructionprocess (Graphics: Jesus Dar
Garcia Melo)
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Reduction ofiuisance for occupants during renovations

No available information from deliverables yet. To be included in future updates.

Deliverable D5.2 Workflow analyses and advise on how to move towards more prefabricated components and reduce
work onsite, to be delivered in BD.

NUISANCE TO BE

FOR OCCUPANTS COMPLETED
DURING RENOVATIONS

™ r
oy n
”~
N
-4 (1)
- - Y
NRYV [ | »
Figure 24 Overview of the nuisance for occupants during renovations sec{®raphics: Jesus Daniel Garci
Meloz NTNU)
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DEMO WORKFLOWS

Utrecht

No available information from deliverables yet. To be included in future updates.

Deliverable D5.3 Resource Efficient (Pre)Manufacturing & Construction Workflowdemo Utrecht,
to be delivered in MO.

Palma

No available information from deliverables yet. To be included in future updates.

Deliverable D5.4 Resource Efficient (Pre)Manufacturing & Construction Workflog®emo Palma, to
be delivered in NO.

Oslo

No available information from deliverables yet. To be included in future updates.

Deliverable D5.5Resource Efficient (Pre)Manufacturing & Construction Workflogy®emo Oslo, to be
delivered in MsO.

Karvind

No available information from deliverables yet. To be included in future updates.

Deliverable D5.6 Resource Efficient (Pre)Manufacturing & Construction Workflog$emo Karvina,
to be delivered in MO.

Trento

Noavailable information from deliverables yet. To be included in future updates.

Deliverable D5.7 Resource Efficient (Pre)Manufacturing & Construction Workflogg®emo Trento, to
be delivered in NAO.

DEMO
WORKFLOWS

TO BE COMPLETED

NRV

Figure 25 Resource Efficient (Pre)Manufacturing and Construction Demo workflg@saphics: Jesus Danie
Garcia Melaz NTNU)
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3.4. INTEGRATED RENEWABLES AND STORAGE SYSTEMS

This section focuses on the planning, implementation, and assessment of the ARV project's novel
solutions in various demonstration locations, particularly regarding the integration of renewable
energy and energy storage systems within buildings andeighbourhoods. These efforts are crucial for
conceivingthe ARV project's objectives of establishing communities that generate surplus energy and
have minimal emissions.

Theintegration of renewables andstorage systems in the ARMlemo projects stands at the intersection

of aesthetics, environmental sustainability, user acceptance, economic life cycle considerations, and
operational flexibility, encapsulating a holistic approach to energy systems in building@-igure 26).
From an aesthetic perspective, the integration of renewables and storage systems aims for seamless
incorporation into the architectural fabric, promoting visual harmony andacceptance within the built
environment. Environmentally, this approach prioritises clean energy sources, reducing carbon
footprints and fostering a more sustainable future. User acceptance is crucidijghlighting the
importance of designs that align with occupants' preferences and needs. Assessing economic life cycles
ensures longterm viability and cost-effectiveness, reinforcing the project's commitment to financially
sustainable solutions. Finally, operationalflexibility is a key feature, adapting todynamic energy
demands and promoting efficient resource utikation.

Integrated renewables and storage systems

APLICATION IN CPCCs DEMOS INVOLVED

Implementation of RES and ESS ‘\ ‘

TRENTO PALMADE UTRECHT KARVINA SONDERBORG OSLO
MALLORCA

User's acceptance

Environmental ™ ' Economic
| | life cycle
A -- i
o a %
\-/ :‘ Ib
Aesthetics " 2 Flexibility
A

Figure 26 Different criteria for the implementation of renewables and storage systems in ARV
(Graphics: Jesus Daniel Garcia MeINTNU)

Figure 27 shows the overall implementation plan of Renewable Energy Systems (RESnd Energy
Storage Systems (ES$®om the five demos involved.
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Figure 27 Overall implementation plan of Renewable Energy Systems jREES Energy Storage Systems (BSS
from the five demos involvedGraphics: Jesus Daniel Garcia MeINTNU)
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