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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 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 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 multi-stakeholder co-creation 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 banks. Simplicity  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 of social housing and 
public buildings are specifically focused. Together, they will demonstrate more than 50 innovations in 
more than 150,000 m2 of buildings. 
 
The 9 thematic focus areas  are 1) Effective planning and implementation of CPCCs, 2) Enhancing 
citizen engagement, environment, and well-being, 3) Sustainable building re(design) 4) Resource 
efficient manufacturing and construction workflows, 5) Smart integration of renewables and storage 
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 Call LC-GD-4-
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 December 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 a Blueprint  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 product and service providers, developers, owners, and public authorities, 
this dynamic guideline fosters collaboration and innovation, serving both internal assessments and 
public reviews. It encompasses a synthesis of collective insights, lessons learned, and best practices 
drawn from the ARV project activities. 
 
Beyond a static document, the Blueprint  aspires to become an interactive online tool, maximising 
accessibility and relevance for stakeholders. Although 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 cross-references 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 realise Climate Positive Circular Communities, this third  
version of the report encapsulates three 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 project, to 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, construction, operation, and evaluation. They also 
focus on fostering collaboration and innovation, integrating insights from the ARV project to facilitate 
practical CPCC realisation. 
 
 

 
Main structure of the ARV Blueprint (Graphics: Jesus Daniel Garcia Melo ɀ NTNU) 
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1.  INTRODUCTION 
 
This Blueprint  document is meant to be more than a set of guidelines; it should be a framework designed 
to serve as a compass for all stakeholders engaged in how to plan, design, construct, operate, and 
evaluate Climate Positive Circular Communities (CPCCs). From urban planners and architects to 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 guide for both internal assessment and 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 ARV: the Assessment framework, 
Sustainable Planning and Building Design, Resource Efficient (Pre)Manufacturing and Construction, 
Integrated Renewables and Storage Systems, Efficient Operation and Flexibility, Methods and Tools, 
Business Models, and Financial Instruments. This Blueprint  unifies these aspects into a cohesive 
narrative, bridging theory and practice, to guide users through the complex journey of CPCC 
development.  
 
The document contains a high number of graphics and illustrations to summarise the information of the 
referenced reports, facilitation  for future usability in  the form of a handbook or via a digital platform. 
We foresee this document to evolve into a more dynamic resource, reflecting the ongoing developments 
in the field of CPCCs within 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 realisation of 
CPCCs.  
 
The first version of this document was delivered in M12 (Dec 2022) and the second version in M24 (Dec 
2023). This is the third  version of the report, in which results from the different focus area of the project 
are summarised. The final version will be delivered by the end of the project (M60) summarising all 
findings from the project in the form of a guideline for dissemination to relevant stakeholders. 
 

2.  OBJECTIVES  
 
The following objectives collectively form a strategic roadmap to create an overall and illustrative 
picture of the work packages and activities of the ARV project and show how each area contributes to 
the development of Climate 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 the Blueprint  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 areas into a compact and more visual approach. 
 
Provide  an intuitive communication method : To develop the Blueprint  into a flexible and user-
friendly  document with information  accessible to stakeholders, enhancing its reachability and usability. 
 
Reflect Ongoing Developments:  To ensure the Blueprint  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 the Blueprint  and the 
ARV e-marketplace, where knowledge and resources converge to facilitate the practical realisation of 
CPCCs. 
 
 

3.  MAIN TOPICS OF THE BLUEPRINT 
 
This chapter provides an overview of the main topics to be included in the Blueprint . The topics are 
based on the main work packages and tasks of the ARV project and will 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 the Blueprint  are interconnected in diverse ways, and their organisation 
aims to ensure accessibility and comprehensibility for a wide range of users and contexts. The 
Blueprint 's design will enable users to easily locate topics of interest, providing them with customised 
tips and recommendations that align with their specific needs. Additionally, users will have access to 
relevant resources for further information, ensuring a rich and informative experience. 
 

 
 

Figure 1 Examples of main topics included in the Blueprint. (Jesus Daniel Garcia Melo ɀ NTNU) 
 

The synergy workflow in the ARV project operates within a well-structured assessment framework  

that encompasses three main process pillars : 1) Sustainable Planning and Building (Re)Design, 2) 
Resource Efficient (Pre)Manufacturing and Construction, and 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 the cross-cutting areas 

culminate in the illustration  of the project examples .  
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For this version of the report, we have organised the chapters according to the main work packages and 
activities in the ARV project, as follows:  
 
Chapter 3.1  Assessment Framework: This forms the foundation, 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 aligned with sustainability and environmental goals. 

 
Chapter 3.2   Sustainable Planning and Building (Re)Design: This pillar is the 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. 

 
Chapter 3.3   Resource Efficient (Pre)Manufacturing and Construction: The second pillar delves into the 

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

 
Chapter 3.4 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 support sustainability goals. 

 
Chapter 3.5   Efficient Operation and Flexibility: Within this cross-curricular 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. 

 
Chapter 3.6   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. 

 
Chapter 3.7   Business Models and Financial Instruments: Describing a range of tools and instruments, this area 

offers insight into the financial aspects of CPCC implementation, making the solutions more 
economically viable and scalable. 

 
Chapter 3.8   Project Examples: Finally, the synergy is realised through Project Examples, which serve as 

practical demonstrations of best practices drawn from the six real-life demonstration projects of 
ARV. These real-world cases illustrate how the principles and methodologies from the three pillars 
and three cross-curricular 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 .  T HE  ASSE SSME NT  F R AME WOR K 
 
This chapter includes an overview of the goals and KPIs as defined in the ARV assessment framework 
for CPCCs. 4ÈÅ ÆÒÁÍÅ×ÏÒË ÉÓ ÄÅÓÃÒÉÂÅÄ ÉÎ ÔÈÅ ÒÅÐÏÒÔ Ȭ$ςȢρ !ÓÓÅÓÓÍÅÎÔ &ÒÁÍÅ×ÏÒË ÆÏÒ #0##ȭ, that was 
delivered in September 2022 (M9). The framework is currently being tested in the ARV demo projects 
and will be updated based on the lessons learnt during the implementation in the ARV CPCCs. A 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 the interaction and integration between new and 
regenerated buildings, users, and energy systems, facilitated 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 constructions Goals for renovated buildings 

Energy 

At least 50% reduction in energy needs 

compared to current country building 

code. 

Positive energy level based on primary 

energy 

At least 50% reduction in energy needs 

compared to pre-renovation levels. 

At least nZEB standard.  

Indoor environment 

quality 

High levels of indoor environment 

quality according to EU norms. 

At least 30% improvement compared to 

pre-retrofitting levels according to EN 

16798-1:2019 

Noise and dust levels 
According to the EU health, safety, and 

environment standards. 

At least 30 % reduction in occupant 

disruption during retrofitting compared to 

local current practice 

Embodied emissions At least 50% reduction compared to local current practice 

Construction/retrofitting 

time 
At least 30% reduction compared to local current practice 

Life Cycle Costs At least 20% reduction for the community compared to local current practice 

Construction/retrofitting 

costs 
At least 30% reduction compared to local current practice 

Circularity 

The CPCC should be designed to support the transition to a circular economy by 

implementing regenerative systems in which resource input and waste, emissions, and 

energy leakage are minimised by slowing, closing, and narrowing material and energy 

loops. The building components and systems are designed to be long-lasting, easy to 

repair, reused, remanufactured, refurbished, and recycled. Where possible, local and 

second-hand materials are used. 

Social sustainability 

CPCCs focus on people, i.e., their specific needs, interaction, and wellbeing, and provide 

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 ARV assessment framework goes beyond the traditional 
sustainability assessment of buildings, to highlight the importance of a neighbourhood-based approach 
in a life cycle perspective, taking into account architectural qualities, circularity aspects and energy, 
environmental, economic, well-being and social impacts of CPCC implementation. Hence, the main 
categories of Key Performance Indicators (KPIs) selected for the ARV assessment framework are energy, 
environment, social, architecture, circularity, and economics, see Figure 2.  
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Figure 2 The main categories of key performance indicators for CPCCs, along with sub-indicators (ref D2.1). 
(Graphics: Jesus Daniel Garcia Melo ɀ NTNU) 

 
There are several sub-indicators for each of the 6 categories. Some of the indicators are quantitative and 
may be calculated or measured directly, others are more qualitative and need other methods of 
ÁÓÓÅÓÓÍÅÎÔȟ ÓÕÃÈ ÁÓ ÕÓÅÒ ÓÕÒÖÅÙÓ ÏÒ ÅØÐÅÒÔ ÅÖÁÌÕÁÔÉÏÎȢ 4ÈÉÓ ÉÓ ÆÕÒÔÈÅÒ ÄÅÓÃÒÉÂÅÄ ÉÎ $ψȢρ Ȭ2ÅÐÏÒÔ ÏÎ ÔÈÅ 
ÍÏÎÉÔÏÒÉÎÇȟ ÅÖÁÌÕÁÔÉÏÎȟ ÁÎÄ ÉÍÐÁÃÔ ÁÓÓÅÓÓÍÅÎÔȭ ÄÅÌÉÖÅÒÅÄ ÉÎ $ÅÃember 2022 (M12). The KPIs and 
assessment methods are currently being tested out in the ARV demo projects.  
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3 . 2 .  SU ST AI NAB LE  PL ANNI NG  AND BUI LD I NG  (R E)DE SIG N  
 
This chapter includes descriptions of planning and design processes to be applied for CPCCs. 
 

O V E R V I E W 
The design of new and retrofitting buildings to become CPPCs has as main 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 for the early phases of planning and design to 
harmonise sustainability during the entire process. Different aspects are encompassed such as adapting 
to local climate conditions, performing deep renovations with minimal disruption to occupants, and 
significantly reducing greenhouse gas emissions. 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 modules. The design also aims to add value and efficiently integrate 
photovoltaics (BIPV & BAPV), all while considering occupant well-being and architectural aspects. 
 
These methods and strategies are implemented in the in the ARV demo projects as part of the design 
innovations, and their application vary depending on their context, climates, cultures, and markets 
(Figure 3). 
 

 
Figure 3 Overview of processes applied for CPCCs and their respective application in ARV project demos.  

(Jesus Daniel Garcia Melo ɀ NTNU) 
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P R O C ES S E S A P P L I E D  F O R C P C C S 

Large Scale Retrofitting  
Deliverable   
D2.4 Application of tools for large-Scale Retrofitting actions. Use cases and guidelines for replicability, to be delivered 
in M42. 

 
When discussing tools for neighbourhood planning, it is essential to consider two key 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, there is the challenge of retrofitting 
existing neighbourhoods on a large scale while considering both climate neutrality and economic 
perspectives. 
 
One of ARV's objectives is to enhance District Energy Simulation Tools 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 models (simulation models), grey-box 
models, and other data-driven models. They leverage urban-scale data such as GIS-based information 
to enable well-informed decisions and accelerate building stock renovation in cities.  
 
The deliverable D2.4 outlines the methodologies and tools used for planning and designing large-scale 
retrofitting actions and highlights examples from Mallorca and Sønderborg. The report provides 
insights into workflow s, computational models, heating/cooling/DHW/appliances demand, energy 
consumption, and economic models. In 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. 
 

 
 

Figure 4 Large-scale retrofitting for planning CPCCs (Graphics: Jesus Daniel Garcia Melo ɀ NTNU) 

https://en.wikipedia.org/wiki/Grey_box_model
https://en.wikipedia.org/wiki/Grey_box_model
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CEC Citizen Energy Communities 
Deliverable  
D2.5 Application of tools for implementation of Citizen Energy Communities. Uses cases and guidelines for 
replicability, to be delivered in M42. 

 
The ARV project is investigating ways to combine established techniques and resources to assess 
renewable energy generation in 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 (CECs). To accomplish this, the project is experimenting with 
decision-making tools that merge data from the city level, models for local renewable energy generation, 
and estimated energy consumption of potential CEC participants. 
 
The deliverable outlines the concept of CECs in the energy transition and the need for integrated tools 
to plan and implement them. It proposes methods and tools for two urban areas in Karviná and Palma 
de Mallorca.  
 
The Karviná approach focuses on geometry, solar potential, and technical potential, utilising software 
for modelling and analysis. It also considers grid stability and economic impacts.  
 
The Palma demo emphasises an integrated approach, with tools divided into backend and frontend 
components, facilitating decision-making through photovoltaic potential simulation, energy balance 
calculations, stakeholder involvement, and more. Both approaches provide comprehensive workflows 
for CEC implementation, making them adaptable for different CECs with varying regulations and 
characteristics. These tools aim to streamline decision-making processes for stakeholders in various 
CECs. 
 

 
 

Figure 5 Citizen Energy Communities workflow for planning CPCCs. (Graphics: Jesus Daniel Garcia Melo ɀ NTNU) 
 
 

https://energy.ec.europa.eu/topics/markets-and-consumers/energy-consumers-and-prosumers/energy-communities_en
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Virtual Reality Environments 
Deliverable s  
D2.6: Demos of Virtual Reality Environments, to be delivered in M36. 
D2.7: Description and lessons learnt from training & awareness sessions using Virtual Environments, to be delivered 
in M48. 

 
The goal is to investigate, incorporate, and apply various 3D and visualisation methods in Virtual Reality 
(VR) and Augmented Reality (AR) to support the exploitation of results in 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 of AR/VR  environments as an essential component of 
the comprehensive approach within Living Labs (LLs) and will be employed in suitable demonstrations 
and contexts. 

Figure 6 Virtual Reality Environments illustration (Graphics: Jesus Daniel Garcia Melo ɀ NTNU) 
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CPCC Living Labs 
Deliverable s 
D3.1 Plan and overall methodology for establishing CPCC Living Labs, including Stakeholder mapping. Delivered in 
M12. 
D3.3: CPCC Living Labs reports. First report delivered in  M24 and to be updated in M36 and M48. Not enough 
available information from this deliverable yet. To be included in future 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 energy-efficient 
planning, and fostering diverse sector partnerships. ARV Living Labs will be set up to consider various 
facets of citizen participation, including citizens as tenants and occupants of buildings, citizens residing 
in and being part of CPCC communities, and citizens serving as advocates for green initiatives. Therefore, 
the CPCC Living Labs employ a range of strategies directed at their intended audiences and respective 
functions: 
 

CPCC Living Lab in Trento 
The primary goal of the Trento Living Lab is to implement a collaborative approach 
involving Piedicastello residents, the community, and local authorities in the early stages of 
the project. This includes creating a one-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. The Palma Living Lab's core mission is to actively involve the local 
district community in energy renovations, with Es Laboratori ɀ a Living Lab for Energy 

Transition, as a 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 with schools, and 
reaching out to vulnerable segments of the district's population that are usually harder to engage. 
 

CPCC Living Lab in Utrecht 
The primary goal of the Utrecht Living Lab is to actively involve social housing tenants and 
local citizens in the LL districts, aiming to improve 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 through training and coaching events held at the 
"Panini Fresco" circular pavilion in the Overvecht district. 
 

CPCC Living Lab in Karviná 
The initial phase of the Living Lab in Karviná, involves engaging schools and students 
through practical workshops on energy, sustainability, and climate-positive communities, 
using advanced technology to raise awareness among young people and inspire them to 

consider related careers. This effort aims  at 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 inform and involve various citizen groups in projects 
focused on reducing greenhouse gas emissions and enhancing the city environment. 
 

https://dictionary.cambridge.org/dictionary/english/one-stop-shop
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CPCC Living Lab in Sønderborg 
The Sønderborg Living Lab aims to increase residents' awareness of their role in the energy 
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 plan is to 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 
association and residents. 
 

CPCC Living Lab in Oslo 
The Oslo Living Lab is dedicated to enhancing climate awareness among secondary and 
cultural school students, parents, and local residents. The Living Lab primarily concentrates 
on energy transition, covering energy technologies and circular solutions. It will actively 

involve students in diverse activities, such as learning, co-creation, 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 teachers, maintenance staff, and operational employees), and 
parents from both educational institutions. 
 
To establish CPCC Living Labs at each ARV demonstration site, a methodology called S.M.I.L.E was 
developed (Figure 7), which is informed by existing literature and developed in collaboration with 
representatives from all six demo sites. 
 

 
 

Figure 7 Overview of the Living Labs approach and S.M.I.L.E methodology. (Graphics: Jesus Daniel Garcia Melo ɀ 
NTNU) 
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Citizen Engagement Strategies 
Deliverable s 
D3.4 Analysis of citizen engagement tools and processes using a citizen science approach, to be delivered in M40. 
D3.5 Community-scale citizen engagement strategy and tools for the renovation wave, to be delivered in M54. 
Not sufficient information from deliverables yet. Will be updated in 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 renovation projects throughout Europe, ultimately harnessing the 
full potential of the upcoming European Renovation Wave. The expected result is heightened citizen 
engagement, leading to improved satisfaction, well-being, and the integration of energy-efficient 
behaviours as a natural part of daily life right from the start. 

Figure 8 Citizen Engagement Strategy illustration (Graphics: Jesus Daniel Garcia Melo ɀ NTNU) 

 

https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings/renovation-wave_en
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D E S I G N  G U I D E L I N E S 
 
This section focuses on redesigning and retrofitting buildings to create zero-emission, positive energy 
structures in sustainable, climate-positive, circular communities (CPCC). The main objectives include 
reducing energy and emissions, increasing energy efficiency, and integrating sustainability with 
aesthetics and quality of life through circular design processes. This encompasses adapting to local 
climates, renovating with minimal disruption, reducing greenhouse emissions, emphasising circularity, 
and integrating efficient photovoltaics while prioriti sing occupant well-being and architectural aspects. 
The representation of these aspects is shown by the five  demos that are integrating methods regarding 
to the Sustainable Building (Re) Design task.  

Figure 9 Overall 
design guidelines of 
the five demos involved 
in the design stage. 
(Jesus Daniel Garcia 
Melo ɀ NTNU) 
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Zero emission and positive energy buildings in climate positive energy neighbourhood in Oslo 
Deliverable D4.1: Design guidelines of zero-emission and positive energy buildings in a climate positive energy 
neighbourhood in Oslo. First version delivered in M12 and to be updated in M24 and M45. 

 
The Norwegian demo project at Voldsløkka School and Cultural area involves constructing a secondary 
school, new cultural facilities, and renovating an existing historic building, totalling  14,000 square 
meters. One aim is to showcase Oslo's first plus-energy school, generating surplus energy, thanks to a 
1,556 square meter PV installation. The project also encompasses the renovation of a culture heritage 
building on the site (a former industrial building called Heidenreich) 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 Qualities 
¶ Multi -layered system cladding, PV panels and windows. 
¶ Permeable open surface for rainwater management. 
¶ Flexible floor plan layout. 
¶ Preservation and upgrading of Heidenreich building. 

 

Social Qualities 
¶ HUB for education around energy technologies and sustainability. 
¶ 9ÏÕÎÇ ÁÍÂÁÓÓÁÄÏÒÓȭ program promoting energy efficiency. 

 

Environmental Qualities 
¶ First plus-energy school. 
¶ Emissions-free construction site. 
¶ Use of recycled materials, low emission concrete and wood for the renovation of Heidenreich building. 

Figure 10 Illustration of the Voldsløkka School, Oslo, Norway. (Graphics: Jesus Daniel Garcia Melo ɀ NTNU) 
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Design configuration for a modular, scalable, integrated retrofitting concept for Positive Energy Mid- & Highrise 
Buildings embedded in a green neighbourhood in 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 M12 and to be 
updated in M24 and M45. 

 
The Dutch demo in Utrecht includes the areas of Kanaleneiland, Rooseveltlaan and Alexander de 
Grotelaan. Building types are Bredero and Intervam, and two developers Bo-Ex (renovating two building 
types Bredero and Intervam) and Woonin (renovating an Intervam building type). In total, six 
apartment buildings are renovated into Nearly Zero Energy Buildings nZEB) and four apartment 
buildings to become Positive Energy Buildings (PEB). The interventions addressing energy transition 
are crucial today, as they improve housing sustainability. However, challenges like rising energy costs, 
housing affordability, raise of construction costs, and home overheating delay progress. Here, the Inside-
Out system stands out, by being 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 
¶ Innovative elements are included in the plug-n-play integration of 

PV components in façade roof, balcony, railing, and balustrade 
building components 

¶ PV panels that give a clear structure inspired by the architectural 
character of 1960s. 

 

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

power more fairly among tenants. 
¶ Minimal inconvenience for residents while renovating. 
¶ All consumption is monitored according to the applicable requirements 

and can be viewed by residents. 

 

Environmental Qualities 
¶ 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.  
¶ Collective heat pumps, buffer vessels, BA/BIPV panels, insulation system. 
¶ Heat recovery for LT heating and ventilation, DC-ready cabling and (BA/BIPV) panels  

 
  

Figure 11 Illustration of part of the housing blocks in the Sønderborg demo site, Denmark. (Graphics: Jesus Daniel 
Garcia Melo ɀ NTNU) 
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Zero-emission & positive energy refurbished and new buildings in Palma. 
Deliverable D4.3: Design guidelines for zero-emission & positive energy refurbished and new buildings in Palma. 
First version delivered in M12 and updated in M24 and M45. 

 
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 project focuses on resource-efficient renovation on a 
large scale, district energy analysis and operations, emphasising social, educational, and digital aspects 
to engage citizens.  
 
The primary aim is to achieve circular, zero-emission, and positive energy buildings within sustainable, 
climate-positive circular districts. Key actions include large-scale retrofitting of 250 private dwellings, 
the creation of a new Positive Energy Social Housing Building, and energy renovation of a heritage-
protected office building with BIPV solutions. 
 

Architectural Qualities 
¶ Traditional low -tech construction based on load bearing walls.  
¶ Retrofitting of thermal envelope according to energy standards 
¶ High performance building envelope, efficiency of equipment and 

systems. 

 

Social Qualities 
¶ Integration with the environment and historical background of 

the neighbourhood. 
¶ Improving a building of heritage interest that was abandoned 

and degraded. 
¶ Integration of passive design strategies to improve indoor comfort. 

 

Environmental Qualities 
¶ Cross-ventilation, thermal intermediate spaces, solar control, and thermal inertia to reduce demand. 
¶ Prefabricated and natural local materials to reduce greenhouse gas emissions. 
¶ Efficient systems and energy flexibility 
¶ Renewable energy production with transparent and opaque BIPV 
¶ Digital twins to accelerate retrofitting actions. 

 

 
 

Figure 12 Illustration  of the buildings in the Palma de Mallorca demo site, Spain. (Graphics: Jesus Daniel Garcia 
Melo ɀ NTNU) 
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Zero-emission & positive energy renovation of the Health Care Centre in Karviná. 
Deliverable D4.4: Design guidelines for the zero-emission & positive energy renovation of the Health Care Centre in 
Karviná. First version delivered in M12 and to be updated in M24 and M45. 

 
The Czech demo case in Karviná centres on the renovation of the Karviná Mizerov Health Centre. The 
project's key objectives are to transform it into a nearly zero energy building (nZEB), utilising digital 
design and 3D simulations for solar potential and optimal shading, testing climate-resilient 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 green roof 
samples for heat reduction and water runoff control. 
 

Architectural Qualities 
¶ Digital twin as the baseline for further and larger refurbishments.  
¶ Improvement in technical quality by architectural renovations. 
¶ Maximising asset utilisation: Co-location and flexible spaces. 

 

Social Qualities 
¶ Designing user-friendly  environment. 
¶ Stakeholder outreach. 
¶ Multi stakeholder co-creation, monitoring, and evaluation  

of the process. 

 

Environmental Qualities 
¶ Implementation of thermal insulation, window replacement, 

photovoltaics and heat pump installation. 
¶ Green roof sample for reducing heat islands, rainwater management. 
¶ Installation of mechanical ventilation systems with heat recovery combined with CO2-VOC-humidity -

temperature sensors. 
¶ Focusing on disassembly during the design phase to increase the chance of effective second use. 

 

 
 

Figure 13 Illustration of the building in the demo site in Karviná, Czechia. (Graphics: Jesus Daniel Garcia Melo ɀ 
NTNU) 
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Timber-based construction & renovation of small-medium size buildings in Trento. 
Deliverable D4.5: Design guidelines of timber-based construction & renovation of small-medium size buildings in 
Trento. First version delivered in M12 and to be updated in M24 and M45. 

 
The Italian demo case in Trento, Destra Adige - Piedicastello, comprises four areas with distinct 
purposes. Area 1 focuses on creating a self-sufficient district with a geothermal system and PV power 
generation. Area 2 involves renovating social housing using standardised timber-based façade 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 
connecting commuter flows to commercial services and supporting energy storage with a Vehicle-to-
grid (V2G) system. 
 

Architectural Qualities 
¶ Local and circular materials for the building structure and envelope.  
¶ Long-lasting and easy-to-be recycled building components. 
¶ Nature based solution. 

 

Social Qualities 
¶ Spatial quality and social inclusion 

 

Environmental Qualities 
¶ Energy positive building. 
¶ Integrated passive and active systems for energy saving and indoor 

living comfort. 

 
 

 
 

Figure 14 Illustration of the Piedicastello tunnel (upper left), a building renovated with prefabricated elements 
(upper right), and a new positive energy building (bottom).  (Graphics: Jesus Daniel Garcia Melo ɀ NTNU) 
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New & retrofitting of existing buildings as zero-emission positive energy-buildings in climate positive circular 
communities. 
Deliverable D4.6: Design guidelines of new & retrofitting of existing buildings as zero-emission positive energy-
buildings in climate positive circular communities, to be delivered in M50. 

 
The design of new and retrofitting of existing buildings as zero-emission positive energy buildings in 
CPCCs, will be reported in the Design Guidelines (D4.6), collecting insights from findings in the design 
guidelines of each demo (D4.1 ɀ D4.5). The aim is to support and illustrate  overall results and co-relation 
between the different demos, showcasing their similarities, differences and challenges to facilitate 
replication. This is a draft example, since the deliverable will be completed (M50). 

Each demo will showcase 
their design processes 
through a timeline where 
highlights will be explained 
and mapped with all demos . 

Best design practices will 
emerge as common learnings 
after mapping all demos. It  
will facilitate to establish 
project outcomes and use 
them for further replication . 

One of the pillars of the 
guideline is to  put under the 
spotlight the  work that has 
been done between the 
project, stakeholders and 
communities . 

Figure 15 Examples of design activities from the ARV demo projects. (Graphics: Jesus Daniel Garcia Melo ɀ NTNU) 

 



 
  
 

 
 C L I M A T E  P O S I T I V E  C I R C U L A R  C O M M U N I T I E S 

 
 

26/ 67 

3 .3.  RE SOU R CE  EF F I CI E NT  (PR E) MANU F ACT UR I NG  AND 
CONSTR U CTI ON 
 
 
This chapter presents an overview of innovative solutions designed to improve the retrofitting and 
construction of energy-efficient building skins for medium- and high-rise buildings. These 
advancements aim to address critical challenges in resource efficiency, environmental sustainability, 
and process optimisation. By adopting strategies such as the design of energy-neutral or energy-positive 
building envelopes, the automation of data collection and pre-production workflows through advanced 
ICT tools, and the 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: Pre-Manufacturing, 
Manufacturing, and Construction. Each phase is enhanced by cutting-edge digital innovations, including 
the use of drones, parametric Building Information Modelling (BIM) systems, and file-to-factory 
manufacturing processes.  
 
 
These technologies 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 generation, performance simulation, and 
production, these systems help bridge the traditional gap between conceptual design and practical 
performance. 

Figure 16 Overview of the resource efficient (pre)manufacturing and constructions section. (Graphics: Jesus Daniel 
Garcia Melo ɀ NTNU) 
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Figure 17 Overall resource efficient workflows and demos related. (Jesus Daniel Garcia Melo ɀ NTNU) 
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P R E-M A N U F A C T U R I N G 

Workflow analysis for a transition from on-site manufacturing to prefabricated components. 
Deliverable D5.2 Workflow analyses and advise on how to move towards more prefabricated components and reduce 
work on-site, to be delivered in M60. 

 
The concept of Off-site Manufacturing (OSM) centres on the off-site 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 advanced materials, cutting-edge technologies, 
and digital tools, with Building Information Modelling (BIM) playing a central role in facilitating off-site 
production and driving innovation within the construction industry.  
 
This section delves into the application of BIM strategies to standardise 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 mitigate 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. 
 

 
 
Figure 18 Main characteristics to consider in an off-site fabrication workflow. (Graphics: Jesus Daniel Garcia Melo ɀ 

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 on-site, to be delivered in M60. Some information is available in working documents. Further updates will come 
later.  

 

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

QUOTATION ACCELERATOR OF FAÇADE PANELS 
The Quotation Accelerator streamlines 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 cloud 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. 

Figure 19 Illustrations of an overview of the IT Innovations implemented in the Dutch demo 



 
  
 

 
 C L I M A T E  P O S I T I V E  C I R C U L A R  C O M M U N I T I E S 

 
 

30/ 67 

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 M60. Some information is available in working documents. Further updates will come 
later. 

 
A robust methodology for describing modular panels leverages systematic digital data harvesting to 
create a "smart repository" that organises 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 prefabricated modules 
by addressing both off-site production and on-site installation needs. National demonstration projects 
can adopt this framework for consistent descriptions of modular solutions, enabling cross-comparison 
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 categorised by 
function, excluding aesthetic variables, to optimise 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 minimise on-site 
challenges. This digital approach standardises modular panel descriptions, enhances collaboration, and 
supports scalable, innovative construction practices. 

Figure 20 Illustration of the method for digital data harvesting. (Graphics: Jesus Daniel Garcia Melo ɀ NTNU) 
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File2Factory manufacturing 
Deliverable  D5.1 Manufacturing configurator for high-rise 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, as elaborated in the subsequent sections. 
These tasks involve amalgamating a comprehensive set of building attributes, gathering pertinent GIS 
data, and initiating the initial stages of AI-based recognition for architectural types and structural 
elements. 
 
To streamline the transition from digital design to factory production, a methodology was introduced 
to directly generate machine-ready files from building information models. This innovation was 
specifically tailored for the façade manufacturer Rc Panels (an ARV partner), where advanced tools were 
developed to optimise the operations of both their cutting machinery and a specialised 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 machine-compatible files. 
While initial efforts relied on exporting geometry-based data, this approach proved insufficient for more 
complex manufacturing requirements. The solution 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 system grants  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.  

 

Figure 21 File2Factory manufacturing process. (Graphics: Jesus Daniel Garcia Melo ɀ NTNU) 
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M A N U F A C T U R I N G 

Plug and Play Elements. 
No available information from deliverables yet. To be included in future updates. 
D5.3 Resource Efficient (Pre)Manufacturing & Construction Workflows ɀ Demo Utrecht, to be delivered in M60. 

Figure 22 Overview of the manufacturing workflows and the Plug&Play concept (Graphics: Jesus Daniel Garcia 
Melo) 
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C O N S T R U C T I O N 

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 M60. 

Figure 23 Overview of the carbon footprint reduction during the construction process (Graphics: Jesus Daniel 
Garcia Melo) 
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Reduction of nuisance 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 on-site, to be delivered in M60. 

Figure 24 Overview of the nuisance for occupants during renovations section (Graphics: Jesus Daniel Garcia 
Melo ɀ NTNU) 
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D E M O  W O R K F L O W S 

Utrecht 
No available information from deliverables yet. To be included in future updates. 
Deliverable D5.3 Resource Efficient (Pre)Manufacturing & Construction Workflows ɀ Demo Utrecht, 
to be delivered in M60. 

 

Palma 
No available information from deliverables yet. To be included in future updates. 
Deliverable D5.4 Resource Efficient (Pre)Manufacturing & Construction Workflows ɀ Demo Palma, to 
be delivered in M60. 

 

Oslo 
No available information from deliverables yet. To be included in future updates. 
Deliverable D5.5 Resource Efficient (Pre)Manufacturing & Construction Workflows ɀ Demo Oslo, to be 
delivered in M60. 

 

Karviná 
No available information from deliverables yet. To be included in future updates. 
Deliverable D5.6 Resource Efficient (Pre)Manufacturing & Construction Workflows ɀ Demo Karviná, 
to be delivered in M60. 

 

Trento 
No available information from deliverables yet. To be included in future updates. 
Deliverable D5.7 Resource Efficient (Pre)Manufacturing & Construction Workflows ɀ Demo Trento, to 
be delivered in M60.  

Figure 25 Resource Efficient (Pre)Manufacturing and Construction Demo workflows (Graphics: Jesus Daniel 
Garcia Melo ɀ NTNU) 
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3 . 4.  I NTE GR ATE D R E NE W ABL ES AND ST OR AG E  SYSTE MS 
 
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 and neighbourhoods. These efforts are crucial for 
conceiving the ARV project's objectives of establishing communities that generate surplus energy and 
have minimal emissions. 
 
The integration of renewables and storage systems in the ARV demo 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 buildings (Figure 26). 
From an aesthetic perspective, the integration of renewables and storage systems aims for seamless 
incorporation into the architectural fabric, promoting visual harmony and acceptance within the built 
environment. Environmentally, this approach prioritises clean energy sources, reducing carbon 
footprints and fostering a more sustainable future. User acceptance is crucial, highlighting the 
importance of designs that align with occupants' preferences and needs. Assessing economic life cycles 
ensures long-term viability and cost-effectiveness, reinforcing the project's commitment to financially 
sustainable solutions. Finally, operational flexibility is a key feature, adapting to dynamic energy 
demands and promoting efficient resource utilisation.  

Figure 27 shows the overall implementation plan of Renewable Energy Systems (RES) and Energy 
Storage Systems (ESS) from the five demos involved. 
 
 

Figure 26 Different criteria for the implementation of renewables and storage systems in ARV  
(Graphics: Jesus Daniel Garcia Melo ɀ NTNU) 
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Figure 27 Overall implementation plan of Renewable Energy Systems (RES) and Energy Storage Systems (ESS) 
from the five demos involved. (Graphics: Jesus Daniel Garcia Melo ɀ NTNU) 




























































