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EXECUTIVE SUMMARY 

This report presents the creation of the Building Information Modelling (BIM)-based Digital Twins 

(DTs) for the four REHOUSE demo sites located in Greece, Hungary, France, and Italy. Detailed 

BIM models been developed according to the specifications from Task 3.5 - Open Specifications for 

common data repository: digital building logbooks (BIM, DT, BRP) for data collection of construction 

and operation phases of the REHOUSE project, and serve as the static foundation for the integration 

of real-time data and dynamic analysis throughout the project lifecycle. 

 

In the context of the REHOUSE project, eight Renovation Packages (RP) have been defined to 

enhance the sustainability and energy performance of the demo buildings. These RPs are 

incorporated into the DT models, allowing for their validation in each of the four demo sites. The DTs 

play a critical role in assessing the performance of these RP, providing a comprehensive view of the 

renovation outcomes. 

 

The DTs are developed to integrate with the BIM-based Digital Building Logbook (DBL) of the 

REHOUSE project and the Integrated Project Delivery (IPD) methodology, ensuring that all phases 

of design, execution, and operation are monitored in real-time. This integration enables stakeholders 

to access data on building materials, technical systems, and renovation results, while supporting 

innovations such as Smart Readiness Indicator (SRI) reports and Energy Performance Certificates 

(EPCs). 

 

This report includes the complete virtual models for each demo site, detailing the specific RPs 

applied, their validation, and how these RPs are represented within the Digital Twin framework. 

 

Deliverable 4.3 corresponds to the type “other”, as such this report is a description of the deliverable. 

 
KEY WORDS:  Renovation Packages (RP), Building Information Modelling (BIM), Digital Twin 
(DT), Digital Building Logbook (DBL) 

  



Co-funded by the 
European Union 

D4.3 / Digital Twins of the 4 buildings of the 4 demos 
 

 

 

VI 

TABLE OF CONTENT 

1 INTRODUCTION ................................................................................................................................. 1 

1.1 PURPOSE AND SCOPE OF THE DOCUMENT .............................................................. 1 

1.2 CONTRIBUTIONS OF PARTNERS ................................................................................ 2 

1.3 RELATION TO OTHER ACTIVITIES IN THE PROJECT ................................................. 3 

2 GREEK DEMO SITE ........................................................................................................................... 4 

2.1 CONTEXT OF THE BIM APPLIED TO THE DEMONSTRATION BUILDING ................... 4 

2.2 BIM DESCRIPTION BEFORE RETROFITTING .............................................................. 8 

2.3 BIM DESCRIPTION AFTER RETROFITTING ................................................................. 9 

2.4 DATA GENERATION: MONITORING AND MODELLING ............................................. 11 

2.5 DOCUMENTATION REFERENCES ............................................................................. 14 

3 HUNGARIAN DEMO SITE ................................................................................................................. 14 

3.1 CONTEXT OF THE BIM APPLIED TO THE DEMONSTRATION BUILDING ................. 14 

3.2 BIM DESCRIPTION BEFORE RETROFITTING ............................................................ 16 

3.3 BIM DESCRIPTION AFTER RETROFITTING ............................................................... 16 

3.4 DATA GENERATION: MONITORING AND MODELLING ............................................. 18 

3.5 DOCUMENTATION REFERENCES ............................................................................. 18 

4 FRENCH DEMO SITE ....................................................................................................................... 18 

4.1 CONTEXT OF THE BIM APPLIED TO THE DEMONSTRATION BUILDING ................. 18 

4.2 BIM DESCRIPTION BEFORE RETROFITTING ............................................................ 21 

4.3 BIM DESCRIPTION AFTER RETROFITTING ............................................................... 22 

4.4 DATA GENERATION: MONITORING AND MODELLING ............................................. 24 

4.5 DOCUMENTATION REFERENCES ............................................................................. 25 

5 ITALIAN DEMO SITE ........................................................................................................................ 26 

5.1 CONTEXT OF THE BIM APPLIED TO THE DEMONSTRATION BUILDING ................. 26 

5.2 BIM DESCRIPTION BEFORE RETROFITTING ............................................................ 27 

5.3 BIM DESCRIPTION AFTER RETROFITTING ............................................................... 32 

5.4 DATA GENERATION: MONITORING AND MODELLING ............................................. 37 

5.5 DOCUMENTATION REFERENCES ............................................................................. 38 

6 INTEGRATION WITH THE DT FRAMEWORK AND DBL .................................................................. 39 

7 CONCLUSION ................................................................................................................................... 40 

8 REFERENCES .................................................................................................................................. 40 

 

 

 

  



Co-funded by the 
European Union 

D4.3 / Digital Twins of the 4 buildings of the 4 demos 
 

 

 

VII 

LIST OF TABLES 

Table 1: Partners’ contribution to D4.3 .............................................................................................................. 2 

Table 2: Relation of D4.3 with other activities in the project. ............................................................................. 3 

Table 3: List of sensors deployed on the Greek demo building ...................................................................... 12 

Table 4: Planning for the French demo. .......................................................................................................... 19 

Table 5: Air quality measurements. ................................................................................................................. 24 

Table 6: Heat pump monitoring. ...................................................................................................................... 24 

Table 7: List of monitoring equipment for the Italian demo ............................................................................. 37 

 

 

LIST OF FIGURES 

Figure 1 - The Greek demo building .................................................................................................................. 4 

Figure 2 - Existing phase of North View - 3D model (pre-retrofitting state) ....................................................... 8 

Figure 3 - Existing phase of South View - 3D model (pre-retrofitting state) ...................................................... 8 

Figure 4 - New Construction phase of North View - 3D model (post-retrofitting state) ..................................... 9 

Figure 5 - New Construction phase of South View - 3D model (post-retrofitting state) .................................... 9 

Figure 6 - North Façade – Existing & New Construction phase (pre and post retrofitting state) .................... 10 

Figure 7 - South Façade – Existing & New Construction phase (pre and post retrofitting state) .................... 10 

Figure 8 - Existing & New Construction phase (pre and post retrofitting state) – 3D Renderings & Phasing tabs

 ......................................................................................................................................................................... 11 

Figure 9 - Top View of the Ground Floor ......................................................................................................... 12 

Figure 10 - Top View of the First Floor ............................................................................................................ 13 

Figure 11– Top View of the Second Floor ....................................................................................................... 13 

Figure 12 - The Hungarian demo building ....................................................................................................... 15 

Figure 13 – 3D envelope of the building in BIM (in REVIT) produced from the point clouds. ......................... 17 

Figure 14 – IFC model of the building with the PV panels included in the roof. .............................................. 17 

Figure 15 – BIM model of the interior of the building in REVIT. ...................................................................... 17 

Figure 16 - The French demo building ............................................................................................................ 19 

Figure 17 - BIM model produced from the surveyor's point cloud ................................................................... 20 

Figure 18 - Positioning of PanoRen and openings .......................................................................................... 21 

Figure 19 - Existing building ............................................................................................................................ 22 

Figure 20 - Different sides of the building ........................................................................................................ 22 

Figure 21 - Removal of orange elements from existing building ..................................................................... 23 

Figure 22 - Representation of wood cladding, new balconies, and solar panels on the roof. ......................... 23 

Figure 23 - Data acquisition architecture (French demo site). ........................................................................ 25 

Figure 24 - The Italian demo building .............................................................................................................. 26 

Figure 25 - South and North view of the BEM realised with TerMus. ............................................................. 28 

Figure 26 - Example of missing information related to selected elements from TerMus to Revit ................... 28 

Figure 27 - South and North view of the BEM imported from ACCA TerMus with geometry issues involving 

windows and walls. .......................................................................................................................................... 29 

Figure 28 - North view of the BIM model realised with Autodesk Revit .......................................................... 30 

Figure 29 - Example of the properties associated to most of the building components with a focus on the 

thermal and physical information available for each elements of the stratigraphy .......................................... 31 



Co-funded by the 
European Union 

D4.3 / Digital Twins of the 4 buildings of the 4 demos 
 

 

 

VIII 

Figure 30 - Example of the material information associated with the structural components ......................... 31 

Figure 31 - 3D views of the retrofitted BIM model. .......................................................................................... 32 

Figure 32 - View of the RP#4 HP as placed in the building ............................................................................. 33 

Figure 33 - Extrapolation of the technical data sheet with the information associated to the HP, including 

Mechanical, hydraulic, Electric, Geometry and Material data ......................................................................... 33 

Figure 34 - View of the 3D model of the PCM tanks and their correct position in the building ....................... 34 

Figure 35 - Extrapolation of the technical data sheet with the information associated to the PCM tanks ...... 34 

Figure 36 - View of the RP#5 BIM model as represented in the building and with its main components identified

 ......................................................................................................................................................................... 35 

Figure 37 - Examples of the properties associated to the BIPV panel ............................................................ 35 

Figure 38 - Example of the properties associated to the insulation elements ................................................. 36 

 

  



Co-funded by the 
European Union 

D4.3 / Digital Twins of the 4 buildings of the 4 demos 
 

 

 

IX 

LIST OF ABBREVIATIONS 

 ACRONYM DESCRIPTION 

ADBE Adaptive Dynamic Building Envelop 

BEM Building Energy Model 

BIPV Building Integrated PhotoVoltaic 

COP Coefficient of Performance 

CPR Construction Products Regulation 

D Deliverable 

DHW Domestic Hot Water 

EC European Commission 

EU European Union 

HP Heat Pump 

HVAC Heating, Ventilation & Air Conditioning 

IWS Intelligent Window System 

KPI Key Performance Indicator 

LOD Level Of Details 

MPF Multi Purpose Façade 

NZEB Nearly Zero Energy Building 

PCM Phase Change Materials 

PV PhotoVoltaics 

RP Renovation Package 

TES Thermal Energy Storage 

TRL Technology Readiness Level 

WP Work Package 

WT Work Task 



1 Co-funded by the 
European Union 

D4.3 / Digital Twins of the 4 buildings of the 4 demos 
 

 

 

1 INTRODUCTION 

1.1 PURPOSE AND SCOPE OF THE DOCUMENT 

The REHOUSE project focuses on increasing the productivity of the renovation process, 

improving the comfort of building users, and promoting the use of decentralized renewable energy 

solutions. This report of type “other” presents the development of BIM-based Digital Twins (DTs) 

for the four demo sites located in Greece, Hungary, France, and Italy. These DTs are essential 

tools for integrating the detailed Building Information Modelling (BIM) data with real-time 

performance metrics, ensuring that the design, execution, and operation of renovation activities 

are continuously monitored and optimised. 

 

The DTs in this report are based on the BIM models developed according to the specifications 

outlined in Task 3.5 – Open Specifications for a Common Data Repository. These specifications 

guide the creation of the Digital Building Logbook (DBL), which serves as a comprehensive data 

collection tool throughout the construction and operation phases of the REHOUSE project. The 

DTs will monitor, analyse, and optimise the deployment of the eight Renovation Packages (RPs), 

supporting sustainable and cost-effective renovation processes. However, the full integration of 

the Digital Twins with the Digital Building Logbook (DBL) and their final development is still in 

progress. As part of Task 4.1 – Deployment of IPD methodology and BIM-based Digital Building 

Logbook, these systems will be continually updated as the project advances. The information of 

the BIM models will be updated as it will be fed during the project and beyond, during the life of 

the building. This report thus describes the current state of the information, prior to the actual 

retrofitting works and the implementation of the RPs (mostly planned after M24), and prior to the 

deployment of the DBL and BIM-based platform (due on M48). 

This work has several purposes in order to serve the main objective of REHOUSE: 

• Describing the implementations of the Renovation Packages, on real case of buildings 

(their demonstration is the main objective of Work Package 4).  

• Showing the visual impact before and after retrofitting, thanks to the BIM, thus supporting 

the different stages from design to implementation on site. 

• Preparing the future deployment of the Digital Twin connected to the Digital Building 

Logbook and the Building Renovation Passport, by associating BIM data to other 

generated data sources (such has modelling data, and measured data from the monitoring 

activities). 

 

This deliverable target project stakeholders, including construction professionals, engineers, 

facility managers, and decision-makers, providing insights into the ongoing validation and 

effectiveness of the renovation solutions. 

The detailed information of the BIM models of the RP is included in deliverable 2.3 - Detailed 

models of 8 renovation packages (BIM-based) [1], and will be available in the REHOUSE digital 

catalogue https://tools.cartif.es/rehouse-dbl/digitalcatalogue. 

 

https://tools.cartif.es/rehouse-dbl/digitalcatalogue
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1.2 CONTRIBUTIONS OF PARTNERS 

Table 1: Partners’ contribution to D4.3 

Partner contribution 

CERTH WP4 leader. Thermal modelling activities. 

NBK Task leader. 

AMS Building 3D model for Greek demo. BIM model of SmartWall system. 

RENEL BIM model of ABDE system for Greek demo building 

DUTH BIM for the Greek demo building 

ENEA Support to building 3D model for Italian demo 

RINA-C Building 3D model for Italian demo 

CEA Building 3D model for French demo 

WOODS Information of the Hungarian demo 

CARTIF 
Development of the BIM model of the Hungarian demo. Contribution 

section 6 integration with the DT and DBL. 

PLAT Building 3D model for Hungarian demo 

FCHURCH Support to building 3D model for Hungarian demo 
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1.3 RELATION TO OTHER ACTIVITIES IN THE PROJECT 

Table 2: Relation of D4.3 with other activities in the project. 

ACTIVITY 
(DELIVERABLE 
NUMBER) 

DESCRIPTION 

T2.2/D2.2 
T2.3/D2.3 

This report integrates results from Work Package 2, about the 

design and the development of the Renovation Packages of 

REHOUSE, and in particular task 2.2 - Detailed specification of the 

renovation packages. And task 2.3 – Modelling of Renovation 

Packages. The BIM representations will integrate the RPs with a 

limited level of detail here. 

T3.4/D3.4 

Monitoring plans for each of the demo-sites were described in Task 

3.4 – Monitoring plans and reported under deliverable 3.4 – 

Monitoring programmes for the 4 demos.  

T3.5/D3.5 

The DTs in this report are based on the BIM models developed 

according to the specifications outlined in Task 3.5 – Open 

Specifications for a Common Data Repository. 

T4.3/D4.4 

Though the RPs are represented in this deliverable, the full 

information about their detailed design for the 4 demo sites will be 

included in another report, deliverable 4.4 - Detailed design of the 4 

buildings of the 4 demos [2]. 

T4.1/D4.1 

This report presents results from activities developed in task 4.1. 

This task also includes activities that will be finalized later, such as 

the deployment of the Digital Building Logbook that will be presented 

in deliverable 4.1 - IPD and BIM-based platform and digital logbook 

deployed (due month 48). 
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2 GREEK DEMO SITE 

2.1 CONTEXT OF THE BIM APPLIED TO THE DEMONSTRATION 

BUILDING 

The Greek Demo refers to a student’s dormitory building inside the Democritus University of 

Thrace (DUTH) Campus built in 1997. Figure 1 shows a general view of the building. 

 

Figure 1 - The Greek demo building 

 

RP implemented in the building 

The renovation packages to be deployed on this demo are: 

• RP#1: Multi-sourced heat pump. This heat pump can use multi-source energy sources. 

The heat source temperature may vary to a large extent, in order to provide space heating 

and cooling, and domestic hot water. It can achieve an improved Coefficient of 

Performance (COP), compared to conventional heat pump systems, reaching up to 4.5. 

• RP#2: Adaptive Dynamic Building Envelop (ADBE). It is based on a modular structure 

made of recyclable materials (aluminium), thus reducing the building carbon footprint and 

accelerating the renovation works, thanks to prefabrication. 

• RP#3: SmartWall. It is a multi-functional wall system that combines several technologies 

including: 1) fully-prefabricated panels with eco-friendly insulation, 2) a slim type fan coil 

for heating and cooling, 3) a mechanical ventilation system with (HEPA, active carbon or 

range adhesive) filters and an energy recovery unit with 70% efficiency, 4) batteries, 5) 

commercial PV panels, and 6) high-performance windows with smart blinds control for 

improved visual comfort. 
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Estimated planning of the retrofitting works 

The project involves the installation and commissioning of various renewable energy systems, 

such as heat pumps, photovoltaic panels (PVs), and fan coil units (FCUs), for the efficient energy 

management of a building. The project spans from May 2024 (M20) to March 2025 (M30), and 

different teams are leading and supporting each phase of the project. 

Phase 1: Heat Pump Installation and Hydraulic/Electrical Interconnections (M20-M26) 

The first major milestone is the installation of the heat pump and associated hydraulic and 

electrical interconnections, which takes place from May 2024 to November 2024 (M20-M26). 

This is a critical step in the project, as it lays the groundwork for renewable energy integration. 

KEY ACTIVITIES: 

1. Heat Pump Installation (M20-M22): 

• Led by PSYCTO and RENEL, supported by DUTH, the heat pump installation will be 

completed by July 2024. 

• RENEL will update the team on the completion of the heat pump installation. 

2. Hydraulic Interconnection (M21-M23): 

• Hydraulic connections between the heat pump and the system will take place between 

June and August 2024. 

• RENEL will provide updates on the completion of this interface. 

3. Electrical Interconnection (M22-M24): 

• The electrical connections are planned from August to September 2024, managed by 

RENEL and supported by DUTH. This will ensure that the heat pump is fully integrated 

into the building’s energy system. 

4. Solar Thermal and Geothermal Interconnection (M24-M26): 

• The final part of this phase involves integrating solar thermal and geothermal systems, 

which will be completed by November 2024. RENEL will ensure that all these connections 

are made seamlessly. 

 

Phase 2: Wall-Mounted PV Installation on Building C2 (M21-M26) 

In parallel to the heat pump installation, wall-mounted PVs will be installed on the building's 

facade. This phase is led by RENEL and spans from June 2024 to November 2024 (M21-M26). 

KEY ACTIVITIES: 

1. Scaffolding (M21-M23): 

• Scaffolding will be erected by RENEL to support the installation work, which will last from 

June to August 2024. 

2. Wiring and Piping (M22-M24): 

• Wiring and piping for the PVs will be installed between August and September 2024. 

3. Aluminum Frame Installation (M23-M25): 

• Aluminum frames to hold the PVs will be set up by RENEL between July and October 

2024. 
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5. Insulation and Plastering (M24-M25): 

• Once the frames are in place, insulation and plastering of the PV system will occur, 

ensuring the system is weatherproof. 

6. Placement of PVs (M25-M26): 

• The final part of this phase, the installation of PV panels and general electrical equipment, 

is scheduled for November 2024. RENEL will provide updates on the completion of these 

tasks. 

 

Phase 3: Smart Wall and FCUs Installation (M23-M27) 

The installation of Smart Walls and Fan Coil Units (FCUs) will take place between August 

2024 and January 2025 (M23-M27), led by AMS and supported by DUTH. 

KEY ACTIVITIES: 

1. FCU Placement (M23-M25): 

• The placement of FCUs begins in August 2024 and runs through October 2024. 

2. Smart Wall Commissioning (M25-M27): 

• After FCUs are installed, commissioning of the smart walls will take place from October 

2024 to January 2025. AMS will lead the commissioning process, ensuring that all 

components are working effectively. 

• AMS will revisit deadlines if necessary and provide updates on commissioning progress. 

 

Phase 4: FCUs Placement (DUTH) (M23-M29) 

DUTH will oversee the placement of FCUs and other components from August 2024 to 

February 2025 (M23-M29). This phase overlaps with other activities, ensuring a smooth transition 

between systems. 

KEY ACTIVITIES: 

1. Tender Process and Contractor Selection (M23-M24): 

• The tender process for selecting contractors starts in August 2024 and is expected to 

conclude by September 2024. 

2. Vertical Piping Installation (M24-M25): 

• Installation of vertical piping for FCUs begins in September 2024 and runs through 

October 2024. 

3. FCU and Inertia Tank Installation (M26-M28): 

• FCU and inertia tank installation will be completed between November 2024 and January 

2025. 

4. Connection of Terminal Connectors and Heat Pump (M28-M29): 

• The final task is the connection of terminal connectors and integration with the heat pump, 

scheduled for February 2025. 
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Project Milestones and Key Updates: 

• M22 (August 2024): RENEL will provide updates on the completion of the heat pump 

installation. 

• M23 (September 2024): RENEL will update the project team on the hydraulic interface’s 

completion. 

• M25 (October 2024): RENEL is expected to update on the completion of both tasks 

related to PV and wiring. 

• M27 (December 2024): AMS will revisit deadlines for commissioning. 

• M29 (February 2025): DUTH will provide updates on the connection between FCUs and 

the heat pump. 

 

BIM use context 

There was no available BIM design for the Greek Demonstration Building prior to the REHOUSE 

project. All BIM context was designed with Autodesk Revit by AMS, based on existing 2D 

drawings, on-site measurements and photographic material. 

 

BIM Level of Development 

• Level of Detail: 200 - 300 

• Level of Information: 200 - 300 

(design for the area of the ground floor for RP#3 contains more information and detail than the 

rest of the building)  

 

The purpose of the BIM design for the Greek Demo Building is: 

1) to combine information about the building volumes and materials, the surrounding area 

and orientation of the demo building and the technologies that are to be applied in the 

Renovation Packages. 

2) to define the situation of the demo building, pre and post retrofitting. 

3) to display as much detail of the buildings existing phase, based on agreed LOD. 

4) to visualize future structural, technological, MEP and architectural projects. 

 

The BIM drawings done by AMS describe both phases of the project: 

A. existing phase of the building, prior to the retrofitting. 

B. new construction phase of the building, post retrofitting. 
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2.2 BIM DESCRIPTION BEFORE RETROFITTING 

This section provides some illustrations of the visualization of the BIM data developed on this 

demo site (Figure 2 and Figure 3). 

 

 
Figure 2 - Existing phase of North View - 3D model (pre-retrofitting state) 

 

 
Figure 3 - Existing phase of South View - 3D model (pre-retrofitting state) 
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2.3 BIM DESCRIPTION AFTER RETROFITTING 

In this section the illustrations of the BIM of the building include the integration of the RPs, as 

designed (Figure 4 to Figure 8). 

 

 
Figure 4 - New Construction phase of North View - 3D model (post-retrofitting state) 

 

 
Figure 5 - New Construction phase of South View - 3D model (post-retrofitting state) 

 

 

 



10 Co-funded by the 
European Union 

D4.3 / Digital Twins of the 4 buildings of the 4 demos 
 

 

 

 
Figure 6 - North Façade – Existing & New Construction phase (pre and post retrofitting state) 

 

 
Figure 7 - South Façade – Existing & New Construction phase (pre and post retrofitting state) 
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Figure 8 - Existing & New Construction phase (pre and post retrofitting state) – 3D Renderings & Phasing tabs 

2.4 DATA GENERATION: MONITORING AND MODELLING 

A residential building requires a system that will enhance the living standards and also reduce 

energy use. To act as the main infrastructure for data gathering and communication, as mentioned 

in Table 3, five Raspberry Pi machines have been thoughtfully positioned around the building: 

two on the ground floor, two on the first floor and one on the second floor. 

The building has nineteen Z-Wave Multisensor 7 Aotec sensors installed at different places, which 

provide an effective control over temperature as well as humidity. In addition, five Tuya CO2 

sensors and 3 Z-Wave MCO CO2 sensors monitor air quality to help minimize the diseases 

associated with air pollution caused by poor ventilation. Three more Aqara Zigbee multisensors 

offer extra data on humidity and temperature. 

The electric energy usage is measured with accuracy with seven Z-Wave Qubino 3-phase smart 

meters that are used for energy management. At each level there is a router to ensure continuity 

of communication. Also, fuses at the electrical panel of each floor serves as protective devices 

against electrical shocks. 

This system demonstrates a commitment to leveraging advanced technology and efficient data 

to promote environmentally friendly sustainability, comfort, and safety, creating sophisticated and 

effective living spaces. 
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Table 3: List of sensors deployed on the Greek demo building 

Quantity Device Unit Protocol 

Five (5) Raspberry Pi  - - 

Three (3)  Router - - 

One (1)  Splitter - - 

Nineteen (19)   Multisensor 7 aeotec 
Temperature [°C] 

Relative Humidity [%] 
Zwave 

Five (5) Aeotec  7 zwave stick -  

Four (4)  Sonoff Zigbee Stick - - 

Three (3)  Mco CO2  sensor Carbon Dioxide Level, PPM Zwave 

Seven (7) Qubino 3 phase smart meter Watt [W] Zwave 

Five (5) Tuya CO2 Sensor Carbon Dioxide Level [PPM] Zigbee 

Three (3) Aqara zigbee multisensor 
Temperature [°C] 

Relative Humidity [%] 
Zigbee 

 

Additionally, top-view schematics of each floor have been produced to provide a comprehensive 

visual overview of the building layout. These floor plans (Figure 9 to Figure 11) offer precise 

representations of the sensor placements, equipment distribution, and infrastructure, facilitating 

better analysis and planning for the ongoing monitoring and optimization efforts. 

 
Figure 9 - Top View of the Ground Floor 
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Figure 10 - Top View of the First Floor 

 

 
Figure 11– Top View of the Second Floor 

The energy model has already been developed using INTEMA.building, and the simulation 

results are detailed in deliverable D2.3. Additionally, the Life Cycle Assessment (LCA) and Life 

Cycle Costing (LCC) analyses have been completed using VERIFY and are also included in D2.3 

[1]. However, with the integration of real-time data from sensors, both the LCA and LCC will be 

recalculated to reflect updated environmental and economic metrics. This approach will provide 

more accurate and dynamic results based on actual operational data. The specific sensors 

required to measure the KPIs necessary for these recalculations are listed below: 

• PV production (kWh) (for each type of PV separately, e.g., facade and roof slanted PVs) 

• Total electrical consumption without thermoelectric (kWh) 

• Heat pump air-to-air (kWh) 
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• Heat pump air-to-water (kWh) 

• Air conditioner (kWh) 

• Boiler Natural Gas (kWh) 

• Boiler Oil (kWh) 

• Boiler Biomass (kWh) 

• Resistive heating (kWh) 

• Infrared heating (kWh) 

• Hot water storage (kWh) (fuel type must be specified) 

• Battery Charge (kWh) 

• Battery Discharge (kWh) 

Please note that there must be a way to distinguish whether a heat pump or air conditioner is in 

heating or cooling mode. 

With this approach, the REHOUSE demo will create digital twins that integrate both energy 

performance and sustainability metrics, enabling continuous monitoring and improvement 

throughout the building’s lifecycle. 

2.5 DOCUMENTATION REFERENCES 

Here is a list of documents created and stored by AMS for the REHOUSE Project: 

1. 3D design of DC#3 building is drawn in one main Revit Project file (.rvt) and is developed 

constantly. 

2. 3D design of each SmartWall unit, as separate smaller Revit Project files (.rvt) which are 

linked / imported into the main Project file. 

3. 3D design of several components that are not available in BIM form (in Revit Libraries or 

online) are designed from scratch by AMS, as Revit Family files (.rfa) or Model-in-place 

components. 

4. 2D drawings (.dwg & .pdf) of Block Building C2, which are linked / imported into the main 

Project file and vice versa. 

5. IFC exports for each Revit file (.ifc). 

6. Images and rendering exports of 3D designs (.png, .jpeg, .pdf, etc.). 

3 HUNGARIAN DEMO SITE 

3.1 CONTEXT OF THE BIM APPLIED TO THE DEMONSTRATION 

BUILDING 

The Hungarian Demo Site is a two-storey dormitory building with an additional third attic floor, 

and works as student dormitory for a university in Budapest. It was built around 1900 years, for 

personal and office building of a brick factory. Figure 12 shows a general view of the building. 

Nowadays the building provides a living area for about 65 students which number can vary 

according the fluctuation of students. In the three floors are common bathroom kitchen and 

laundry rooms beside the dormitory rooms. The rooms depending on the size has one or two 

occupant(s). In the last decade, the building was formed to a dormitory which meant also a 
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moderate renovation mostly in the rooms separation and the utility system including the water 

and electricity systems. The original structure of the building was untouched during the former 

renovation when the room size and structure was changed and the recent dormitory system was 

formed. The heating system is traditional natural gas furnace system with water tank buffers which 

provides the domestic hot water supply for occupant. No renewable energy sources are used and 

neither active nor passive energy efficient solutions are implemented. 

 

Figure 12 - The Hungarian demo building 

RP implemented in the building 

In the Demo building in Budapest are planned implement three renovation packages, namely 

RP#2 the Adaptive Dynamic Building Envelop (ADBE); RP#7 the Activated Cellulose 

insulation, and the RP#8 which is an Intelligent Windows System. Beside these innovative 

renovation solutions there are about 100 PV panel installed to the building for provide the 

Renewable energy source by reducing the fossil energy consumption. 

The building has about 900 m2 outer surface without any insulation, just the original brick wall. 

This surface will be renovated by the ADBE module system frame structure in which will be 

integrated the Intelligent Windows System (IWS) and also the Activated Cellulose insulation. The 

ADBE provides an innovative methodology for dynamic fixing technique and the sealing of 

different modules mentioned before. 

The building has 41 traditionally big windows with the size of 2.1 m by 1.1 m causing significant 

thermal loss of the building, and this will be completed with IWS system. The IWS (RP#8) is an 

adapter for reducing the heat loss of windows without expensive change of the original windows. 

These amounts of window will be completed with IWS, and the IWS adapter will be fixed to the 

ADBE system and to the existing wall. The fixing technology was worked out for reducing the time 

of local work, and the disturbance the occupant. Every part is prefabricated, delivered to the site 

and assemble and turn into operation. 

Activated Cellulose Insulation (RP#7) is an environment friendly solution for producing useful 

insulation by using forestry and wood waste materials which ones could be used only lower value 

products or burn for producing energy. This new insulation does not contain any adhesive and no 

synthetic component is added. On the Budapest Demo building was chosen a part where no 

windows are existing and, in this part, will be integrated to the ADBE system about 15-20 m2 the 

Activated Cellulose Insulation. 
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Estimated planning of the retrofitting works 

Retrofitting work will be done by PLATAN from August to November in the year 2024. Site visit 

had been done several times by the most competent partners and professionals and the 

preliminary task were determined and figured the areas will be used for the work. There was 

determined the area for storing raw materials and for the construction site office and also for the 

parts for tools and equipment.  

After eliminating the disturbing part of the building, almost everything which were fixed to the outer 

wall, like water canal, cameras and signs etc. 

Second step will be the scaffolding and measurements of fixing point by a precise laser tool. The 

fixing of connection point than the levelling of the new surface line of the building will be formed. 

Than the ADBE structure with the built-in modules will be fixed. There are four months for 

implement the full process of the retrofit works. 

BIM use context  

No BIM system has been implemented or utilised in the building, and none of its elements are in 

use. The development of a BIM model for this case study will focus on its application in the 

upcoming renovation project, with the goal of creating a DT of the building. This DT will integrate 

the newly installed monitoring devices, fully modelled and incorporated into the BIM system to 

support efficient management and analysis during and after the renovation. 

3.2 BIM DESCRIPTION BEFORE RETROFITTING 

Before retrofitting no BIM system is used in the building. 

3.3 BIM DESCRIPTION AFTER RETROFITTING 

The renovation process began with a 3D scan of the building, conducted at a resolution of 5 mm. 

Using this 3D model, which was created from the building’s exterior, a reality model of the 

structure was built. The building is quite old, and no original plans were available. The plans 

prepared during a previous renovation did not accurately reflect the building's actual dimensions 

and forms. Several deviations were discovered when comparing the 3D scan to the drawings 

created approximately ten years ago for documentation purposes. This 3D model was crucial in 

designing the ADBE systems and components, as well as determining the correct dimensions for 

the Intelligent Windows System.  

After the renovation, the 3D model of the building’s exterior envelope, which was generated from 

a point cloud scan, will be updated an made available in BIM format. This model accurately 

captures the building’s outer structure. The 3D BIM model showing both the current status and 

the proposed renovations, including the building envelope, is displayed in Figure 13.  

The PV panels to be installed on the roof for the renovation project have also been modelled in 

BIM, as shown in the Industry Foundation Classes (IFC) file in Figure 14. However, these panels 

have been proposed to be moved to the annex building, and the final acceptance of the new 

location is pending by the European Commission. The PV panels of the façade are not included 

in this version of the model, as the final positioning and implementation of the panels are still 

under discussion. 

The interior of the building, on the other hand, was modelled in BIM using existing plans that had 

been obtained in PDF format. These plans provided a foundation for the interior modelling, which 

was refined during the renovation process (Figure 15). 
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Figure 13 – 3D envelope of the building in BIM (in REVIT) produced from the point clouds. 

 

 

Figure 14 – IFC model of the building with the PV panels included in the roof. 

 

 

Figure 15 – BIM model of the interior of the building in REVIT. 
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Additionally, data collected on energy consumption and the physical conditions of rooms could 

also become part of the BIM system. The monitoring system, which will remain in the building 

post-project, will continue to provide data on energy usage and environmental factors such as 

temperature, humidity, vibration (noise), and VOCs, all of which can serve as important elements 

in the BIM system. 

3.4 DATA GENERATION: MONITORING AND MODELLING 

Consumption monitoring is provided by CERTH and can be visualised through CERTH’s 

visualisation platform. In addition, the monitoring system provides historical and real time insights 

in building consumption profiles. 

3.5 DOCUMENTATION REFERENCES 

The BIM models of the Hungarian demo site are organised in two IFC files:  

• 3D envelope of the building in BIM produced from the point clouds.  

• BIM model included the interior part of the building and the PV panels proposed. 

4 FRENCH DEMO SITE 

4.1 CONTEXT OF THE BIM APPLIED TO THE DEMONSTRATION 

BUILDING 

The building was built in 1959 in Saint-Dié-des-Vosges. It is a large residential multi-family 

building with 19 dwellings. The surface of façades to be renovated is around 1,000 m². The 

building was made of concrete walls with little or no insulation. Figure 16 shows a general view 

of the building. 
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Figure 16 - The French demo building 

 

RP implemented in the building 

RP#6 PanoRen, will consist of the deployment of the innovative PanoRen solution on 1,000 m2 

(entire surface of the demonstrator) including 200 m2 (integration in facades and roofs) equipped 

with PV modules. The panels will be insulated with wood fibre and will incorporate ventilation 

ducts. 

 

Estimated planning of the retrofitting works 

The main planned steps as regards the design and installation of the RP is shown in Table 4. 

 

Table 4: Planning for the French demo. 

Time Description 

Last trimester 2024 Finalisation of BIM model and plans 

First trimester 2025 Panel production 

Spring 2025 Installation of the panels and finalisation of retrofitting work 

 



20 Co-funded by the 
European Union 

D4.3 / Digital Twins of the 4 buildings of the 4 demos 
 

 

 

BIM use context  

The use of the BIM model depends on each project and each building configuration. For the 

demonstrator, the BIM model was produced specifically for the renovation project using the 

surveyor's 3D measurements. This model provides greater precision by taking measurements 

using a cloud of points, a 360° rotating 3D camera and a drone. For buildings of this type, i.e. 

older buildings undergoing renovation, this method is particularly useful for gaining a better 

understanding of the building and its external envelope, so as to be able to fix the PanoRen. 

Using the BIM model created by the surveyor of the existing building (Figure 17), we can draw 

the PanoRen panels directly onto the building, with the final dimensions of the panels, their 

position on the existing envelope, the positioning of the joinery and fixings, and the different types 

of cladding used (Figure 18). We draw a first panel in the software, integrating the opening for the 

joinery, and we duplicate this panel, modifying certain parameters such as the size and position 

of the opening for the other panels. The BIM model can also be used to extract the various panels 

and convert them into 2D drawings so that they can be manufactured on the production machine, 

including the quantity of wood used, the centre-to-centre distance, the insulation and the 

dimensions.  

In this way, the BIM model enables the building to be viewed in its entirety, with its initial structure 

and the renovation carried out. Each element is independent and can be hidden or displayed 

depending on the precision required and the location of the element to be studied.  

Each partner (architect, manufacturer, surveyor, heating engineer) can also work on the same 

document, the same BIM model, to add specific features, characteristics and elements to the 

building. 

Once the model has been finalised and validated by the stakeholders, it can be used for the entire 

life of the building. For example, it can be used to check the location of a fixing, a duct or an 

existing wall, so that action can be taken if there is a problem during the life of the building 

(deterioration, maintenance, etc.). 

 

 
Figure 17 - BIM model produced from the surveyor's point cloud 
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Figure 18 - Positioning of PanoRen and openings 

4.2 BIM DESCRIPTION BEFORE RETROFITTING 

The existing building has balconies and loggias, which will be removed during the renovation to 

provide easier access to the building envelope. 

The joinery is PVC and double-glazed with an integrated monobloc roller shutter 

The location of the openings will be retained, but the joinery will be changed and integrated 

directly into the panels. 

Each element of the model is numbered and referenced to identify its composition and location. 

The panels are numbered by floor, starting with 0. All the panels on the ground floor are numbered 

as follows: 001, 002, 003...; those on the first floor are numbered 101, 102, 103...; those on the 

2nd floor: 201, 202, 203... and so on. Figure 19 and Figure 20 offer different BIM views of the 

building. 

 

PanoRen 

Joinery 
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Figure 19 - Existing building 

  
Figure 20 - Different sides of the building 

4.3 BIM DESCRIPTION AFTER RETROFITTING 

Some parts of the building will be removed prior to the renovation to facilitate the installation of 

PanoRen and improve the building's thermal performance (Figure 21). For example, the roof will 

be removed as well as the chimneys and then changed in order to install the photovoltaic panels 

on the roof as well as the balconies and the joinery and the entrances to the building will be 

rearranged. 

Then, all the panels are prefabricated in the factory, including triple-glazed joinery, roller shutters, 

ventilation ducts, fixings and cladding. They are fixed to the existing facade using metal fittings 

previously fixed to the existing walls and to PanoRen (2 different types of fittings). 

The positioning of each of the above-mentioned elements is rigorously integrated into the BIM 

model (Figure 22) and set out in the form of drawings so that they can be manufactured in the 

factory. 

Finally, the new balconies have been installed and the solar panels fixed to the roof. 

Building interior 

Loggia 

Balcony 

Accesses 
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Figure 21 - Removal of orange elements from existing building 

 

 

Figure 22 - Representation of wood cladding, new balconies, and solar panels on the roof. 
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4.4 DATA GENERATION: MONITORING AND MODELLING 

Monitoring 

The monitoring of the building consists on the instrumentation of different variables of thermal 

comfort, air quality status and energy efficiency. The instrumentation and the list of the different 

variables are described in Table 5. The sensors have been installed in three dwellings since July 

2024. All measurement points are fully described in D3.4 - Monitoring programmes for the 4 

demos [3]. 

Table 5: Air quality measurements. 

Measured  

variable 
Unit Localisation Quantity Brand Reference 

Communication 

protocol 

Temperature °C 
Living room / 

Bedroom 
2 NanoSense EP5000 ENOCEAN 

Humidity RH% 
Living room / 

Bedroom 
2 NanoSense EP5000 ENOCEAN 

CO2 ppm 
Living room / 

Bedroom 
2 NanoSense EP5000 ENOCEAN 

VOC (totals) μ⋅g/m3 
Living room / 

Bedroom 
2 NanoSense EP5000 ENOCEAN 

PM 10, 2,5 1 (CO) ppm 
Living room / 

Bedroom 
2 NanoSense EP5000 ENOCEAN 

Luminosity lux 
Living room / 

Bedroom 
2 NanoSense EP5000 ENOCEAN 

Acoustic 

performance 
dB 

Living room / 

Bedroom 
2 NanoSense EP5000 ENOCEAN 

Window opening 

detection sensor 
 

Living room / 

Bedroom / 

Kitchen 

3 Fibaro 
Opening 

detector 
Z-Wave+ 

 

In addition to these measurements, others are planned, including the instrumentation of the heat 

pump, as mentioned in Table 6. A weather station will also be installed on the demo site. 

 

Table 6: Heat pump monitoring. 

Thermal energy 

production 
KPI09 

Thermal energy 

meter 

1 meter per demo site 

building 

Heat pump 

monitoring 

Thermal energy 

consumption 

KPI09, KPI10, 

KPI11 

1 meter per demo site 

building 

Heat pump 

monitoring 
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Collection of the Data 

Regarding the digital acquisition, all sensors are connected to a specific data system/gateway, 

based on a mini-PC system (Jeedom type) and TP link (4G) to transmit data to CEA servers. 

Figure 23 describes the general architecture. 

 

Figure 23 - Data acquisition architecture (French demo site). 

Modelling 

A dynamic thermal simulation (DesignBuilder, Energy+) has been achieved in D2.3 - Detailed 

models of 8 renovation packages (BIM-based) [1]  of the REHOUSE project, in order to compare 

the baseline and the different renovation scenarios. This model was also utilized to carry out 

simulations based on the existing situation to estimate the building’s consumption in D4.2 - 

Technical diagnosis (SRI, energy performance, air quality) initial status [4]. These results were 

contrasted with the buildings’ consumption estimation made by energy bills and the results were 

relevant. The main purpose of the initial simulation was to determine the breakdown between 

DHW and heating requirements (only gas bills available). This model will be updated and used in 

T4.6 - EVALUATION - Impact assessment and evaluation of performance for the performance 

assessment. 

During the operating phase, the monitoring will permit to recalibrate the digital model. That means 

measuring the building's overall consumption (heat pump monitoring), the approximate heating 

set points (use of temperature measurements in the three apartments) and weather conditions. 

In this way, the aim is more to verify that the renovation is achieving the objectives set by the 

project (performance guarantee) than to use a model to carry out control actions in real time, 

which is ultimately more the definition of the so-called operating digital twin. 

On the other hand, the heat pump can be controlled using a simplified model to maximize self-

consumption. However, this study is not part of RP#6. 

4.5 DOCUMENTATION REFERENCES 

The gateway collects sensor and meter data and sends it to the gateway software platform located 

at a private IP address and to the REHOUSE project's digital building register once it has been 

deployed. The specifications for the digital building register are defined in the D3.5 - Open Spec. 

framework for the definition of Building logbook, BIM models, Digital Twins and the Building 

Renovation Passports. Open Specifications framework for the definition of the building logbook, 

BIM models, digital twins and building renovation passports. Data from this platform can be 

exported in a file extension as .csv format. 
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5 ITALIAN DEMO SITE 

5.1 CONTEXT OF THE BIM APPLIED TO THE DEMONSTRATION 

BUILDING 

The Italian demonstration site is situated in Margherita di Savoia, an Adriatic coastal municipality 

within the Apulia region of Italy. The demo building has a rectangular footprint, and it is built in a 

reinforced concrete frame with poor insulation. The building has four floors above ground plus a 

floor on the roof dedicated to storage rooms. Each floor consists of two units of 80 m2 and 93 m2, 

respectively, for a total of eight apartments. The building, built in the mid-1980s, has a reinforced 

concrete structure with perforated brick closures and metal window frames without thermal break 

and with single glazing, except for three apartment units where the glazed surfaces have been 

replaced by PVC elements and double-glazing. Figure 24 shows a general view of the building. 

 

Figure 24 - The Italian demo building 

RP implemented in the building 

The purpose of the retrofitting project is to integrate the innovative technologies developed in 

RP#4, the centralised holistic H&C renovation kit,  and RP#5, the multipurpose façade 

system with bio-based insulation and BIPV, with conventional interventions. 

The RP#4 is a truly complete renovation kit for central heating and cooling systems. It is designed 

around a reversible commercial air-water heat pump powered by on-site BIPV (architecturally 

integrated photovoltaic) and connected to a thermal energy storage tank: a Thermal Energy 

Storage (TES) stratified with PCM inside. 

The RP#5 consists of a system of prefabricated panels that, integrated with a modular 

substructure anchored to the walls of an existing building, give origin to a thermo-sound-absorbing 

and photovoltaic coating, which, as a whole, constitutes a multi-purpose façade that characterizes 

the design and architecture of the building. 
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Estimated planning of the retrofitting works 

The retrofitting works are planned to start in November 2024 and to cover about 12 months.  

BIM use context 

Before the start of project there wasn’t any BIM of the demo site, so this methodology was 

introduced with the beginning of REHOUSE, causing, on some occasions, confusion and 

concerns between the partners representing the different disciplines involved in the renovation. 

This was mainly due to the interoperability issues between the BIM software, or the software that 

can export IFC files, as, in most of the cases, even if they can produce an IFC file, it doesn’t 

necessarily maintain all the correct geometries, details and information when exported and read 

by other software. With this respect, as it wasn’t feasible for all the experts to work using the same 

software and with the aim to speed up the process, everyone adopted its own methodology to 

produce IFC files resulting in several interoperability problems. In this view, a proper BIM model 

integrated with all the disciplines wasn’t produced and used for the design of the interventions, 

but it was realized a Building Energy Model (BEM) for the energy analysis, resulted from structural 

analysis and punctual diagnosis on the stratigraphy of the building components, leveraging on 

several focused technical surveys and non-destructive investigations and analysis, as described 

in D4.2 - Technical diagnosis (SRI, energy performance, air quality) initial status [4]. 

Subsequently, a BIM model based on the BEM was created after the commissioning of the project 

design. Unfortunately, this represented a missing opportunity for the stakeholders involved in the 

project to benefit of BIM methodology to avoid, among the others, early clashes and error 

detection and subsequent reduction of changes necessary in retrofitting phase, cost reduction 

associated with more precise quantity take-offs and time savings in the design phase. Considering 

the process that led to the realization of the BIM model, as further explained in the following 

chapters, both the baseline and retrofitted models should be considered as a valid architectural, 

structural and energy representations of the state-of-the-art and the renovation situation. In this 

sense, they can be used as a source of information supporting a more efficient design of future 

interventions, as well as streamlined procedures for the maintenance and operation of the building 

leading to associated cost reduction. Furthermore, starting with the post-intervention BIM model, 

there will be also the possibility to obtain a Digital Twin of the building once also the Mechanical, 

Electric and Plumbing plants will be added, and the monitoring sensors will be connected for 

potential real-time monitoring, predictive maintenance, and optimized energy management. 

5.2 BIM DESCRIPTION BEFORE RETROFITTING 

For the purpose of the Italian project, a first BIM model of the pre-intervention situation in the 

Italian demo site was realised as a BEM to specifically analyse the energy aspects of the building 

(Figure 25 and Figure 27). In this view, the ACCA TerMus software has been used as it allowed 

to design and verify the building energy performance, extrapolating the Italian building energy 

certification (APE), the energy diagnosis and the energy efficiency intervention. As this TerMus 

model was developed for the energy analysis, it accurately represents the thermal situation of the 

building (e.g. the thermal bridges and thermal loads) based on several technical surveys and 

preliminary specific non-destructive analysis on the stratigraphy of the components and on the 

structural elements performed by ENEA and UNIBAS, that resulted in a precise diagnosis of the 

state-of-the-art, as deeply described in D4.2 - Technical diagnosis (SRI, energy performance, air 

quality) initial status [4]. Despite this, the architectural elements don’t always match the reality 

due to some limitations of the software (e.g. the windows of the verandas couldn’t be represented 

as continuous glazing).  
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Figure 25 - South and North view of the BEM realised with TerMus. 

Considering the BEM connotations of the TerMus model, its limits related to the inclusion of ad 

hoc architectural and technical components (Figure 26¡Error! No se encuentra el origen de la 

referencia.), and the fact that the RPs (RP#4 and RP#5) designed during the project and to be 

represented in the retrofitted model of the building were developed using Autodesk Revit software, 

it has been decided to realise a BIM model of Margherita di Savoia in Revit, starting from the BEM 

model already defined. This task wasn’t so straightforward to be completed, as importing the IFC 

file from TerMus into Revit highlighted several errors and discrepancies related to the low 

interoperability between the two different software, e.g. geometry errors and missing information 

selecting the elements, that in this case resulted as simple 3D solids, as indicated in the images 

of Figure 27. 

 

 
Figure 26 - Example of missing information related to selected elements from TerMus to Revit 
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Figure 27 - South and North view of the BEM imported from ACCA TerMus with geometry issues involving windows 

and walls. 

 

A preliminary work to correct all the errors generated by importing the Termus model into Revit 

has been carried out, as shown in Figure 26, with the aim, where possible, to mitigate the 

geometry discrepancies and to include the physical (e.g. Density), and thermal (e.g. Thermal 

conductivity)  information in each selected component, so to obtain a baseline reference of the 

building, as most accurate as possible, for future interventions, as the design and implementation 

of the REHOUSE retrofitting solutions. 

Despite the work dedicated to adjust the model and obtain a precise BIM model of the building, 

some components still don’t represent the reality from an architectural perspective (e.g. the 

verandas windows), as it was chosen to prioritise the effort focusing on correcting the 

geometry/information issues that have a major impact on the overall representation of the building 

especially in relation to the renovation interventions already defined. In this view, for instance, as 

adjusting the verandas windows would have been too time consuming and the retrofitting 

intervention includes their demolition, it has been decided to leave them as they were defined in 

the BEM model imported from TerMus. Moreover, the Mechanical, Electric and Plumbing (MEP) 
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components of the building weren’t included in the BIM model, as they were not present in the 

BEM model because their exact 3D representation wasn’t need for the purpose of the project, so, 

also in this case, it would have required a lot of time to model them from scratch. For these 

reasons, it has been decided to not consider the MEP modelling in the context of the REHOUSE 

project. Finally, as the structural elements of the BIM model were modelled not with Revit nor with 

TerMus, adding another level of interoperability complexity between software, and they resulted 

in 3D elements without any information, it was not possible to include other details than the 

material ones to avoid the re-modelling of the overall structures. 

The baseline BIM model generated provides a reliable architectural representation of the 

building's pre-intervention state. Although it may not capture every detail with absolute precision, 

it contains geometric, physical, and thermal information for the majority of the selected 

components (Figure 28 to Figure 30). This model serves as a solid reference point for renovation 

interventions or building modifications, as demonstrated in the designs developed during the 

REHOUSE project. However, to have a complete baseline BIM model of Margherita di Savoia 

demo site, the MEP components should be included for future interventions.  

 

 

Figure 28 - North view of the BIM model realised with Autodesk Revit 
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Figure 29 - Example of the properties associated to most of the building components with a focus on the thermal and 

physical information available for each elements of the stratigraphy 

 
Figure 30 - Example of the material information associated with the structural components 
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5.3 BIM DESCRIPTION AFTER RETROFITTING 

The retrofitted BIM model has been developed using Autodesk Revit starting from the baseline 

BIM model realised importing the BEM TerMus model into Revit (Figure 31), as described in the 

previous chapter. Even for the case of the renovation model, a BEM model was realised using 

TerMus, so that model has been used as a reference to identify all the interventions designed 

during the project.  

 
Figure 31 - 3D views of the retrofitted BIM model. 

The main renovations concerned the integration of the RP#4 (Centralized Holistic H&C 

Renovation Kit) and RP#5 (Multipurpose Prefab Façade System with Bio-Based Insulation 

and BIPV), together with the substitution of the windows with more energy efficiency ones, the 

demolition of the verandas that were unauthorized and that were replaced by balconies, the 

energy efficiency of the slab that covers the top floor of the building with the inclusion of low 

thermal conductivity materials in the stratigraphy of the component and its structural 

reinforcement in the North portion where the new Heat Pumps and the PCM will be installed, the 

reinforcement of specific structural nodes (beams and pillars) using the  carbon fibre ribbons, the 

energy efficiency of the external walls including low thermal conductivity materials within the 

stratigraphy, the construction of a room for an autoclave and a wheelchair ramp at the entrance 

of the building. 

 

For what concerns the RP#4, two are the innovative components modelled and included in the 

BIM model: the two Heat Pumps and the two stratified PCM tanks.  

For the Heat Pumps (Figure 32), it has been chosen to use a model of a generic heat pump from 

the Revit MEP library and to detail it with the geometric, material, electric, hydraulic and mechanic 

information coming from the tender specification related to these components (Figure 33), as the 

precise BIM model of the heat pumps couldn’t be obtained by the identified technical provider. 

The model realised has a development level of LOD 300.  
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Figure 32 - View of the RP#4 HP as placed in the building 

 

Figure 33 - Extrapolation of the technical data sheet with the information associated to the HP, including Mechanical, 

hydraulic, Electric, Geometry and Material data 

 

For the stratified PCM tanks (Figure 34) an Inventor model has been realised and imported in 

Revit as an IFC file with the information included as indicated in the technical data sheets 

extrapolated below (Figure 35), reaching LOD 300. 
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Figure 34 - View of the 3D model of the PCM tanks and their correct position in the building 

 

Figure 35 - Extrapolation of the technical data sheet with the information associated to the PCM tanks 
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For what concerns the RP#5 (Figure 36), the Multipurpose façade was developed as a loadable 

3D parametric LOD 300 Revit family including 4 main components, each one representing a family 

itself: the hemp panel, the vertical and horizontal structural components, the BIPV/Equitone 

panels and the connecting elements. Each family is structured with lines and reference planes, 

dimensional parameters associated with each components of the family, geometry constraints 

related to the reference planes preliminarily set and information concerning the material, 

geometry and thermal characteristics of the elements (Figure 37 and Figure 38). This allows the 

user to freely modify and adjust the components to fit them in the model. The images below 

summarise the structure and information of the Multipurpose façade components. 

 
Figure 36 - View of the RP#5 BIM model as represented in the building and with its main components identified 

 
Figure 37 - Examples of the properties associated to the BIPV panel 
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Figure 38 - Example of the properties associated to the insulation elements 

The RP#4 and RP#5 models have been integrated in the BIM retrofitted model, together with the 

other renovations listed above, resulting in a 3D representation of all the interventions designed 

and implemented during REHOUSE project with consultable geometry, physical, thermal and 

technical information for each selected component. It is important to highlight that the RP#4 

elements are not connected to a BIM MEP model at the moment, but they are included in the 

correct real position with their technical details. This is because, as also explained in the chapter 

before, the MEP model was not included in the baseline, and it wasn’t foreseen to model it in the 

renovated one at this stage of the project. In this view, as an update of the present BIM model, it 

will be possible to include the MEP model of the specific plant elements of the building in the 

future, so to obtain a complete integrated and informed representation of the demo site to be used 

as a source of stored information on the characteristics of the building. This would be a valuable 

asset for, among the other purposes, support its operation and maintenance, the design of next 

intervention, and for the potential connection of the monitoring equipment with the BIM model, so 

to obtain a dynamic Digital Twin that could open to other advanced applications, including real-

time monitoring, predictive maintenance, and optimized energy management. Moreover, as 

another aspect to be underlined, to facilitate the modelling operations and considering how the 

RP#5 Revit family has been structured, the RP#5 has been added as a stand-alone modular 

element to the external walls of the building, so, being possible to select the walls with their 

stratigraphy and the RP#5 separately, the transmittance (U-value) is indicated for each of the two 

elements and it should be combined to obtain the value for the total wall and so they are the other 

characteristics. Finally, as the structural elements of the BIM model were modelled not with Revit 

nor with TerMus leading to several issues concerning the possibility to read and include 

information for each element, as already indicated in the previous chapter, the reinforcement of 

specific nodes using carbon fibre bows couldn’t have been modelled, but it was only included as 

a description selecting the beams and columns involved in the intervention.  
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5.4 DATA GENERATION: MONITORING AND MODELLING 

The monitoring activities performed until the submission of the present deliverable, as already 

described in D3.2 - REHOUSE set of indicators selected for the impact assessment [5], D3.4 - 

Monitoring programmes for the 4 demos [3], and D4.2 - Technical diagnosis (SRI, energy 

performance, air quality) initial status [4], involved the definition of an ex-ante pre-monitoring 

baseline: one for the summertime period from 10th August till the 10th September 2023 – labelled 

as Pre-monitoring Period #1 – and one for the wintertime period from the 14th December 2023 

– labelled as Pre-monitoring Period #2. Regarding the setup of the Pre-monitoring Period #2 

baselines, four dwellings were considered in the research activity, but different units were 

involved (namely units 1, 5, 6, and 8). In Table 7 the monitoring equipment deployed in the building 

at present is summarised, with the indication of the related purpose and parameters to be 

acquired, unit, localisation in the building, brand, reference name and communication protocol 

used. 

Table 7: List of monitoring equipment for the Italian demo 

DEVICE 

DEPLOYE

D 

READ 

VARIABLE 

UNI

T 

LOCALISA

TION 

QUANTI

TY 

BRAN

D 

REFERE

NCE 

COMMUNICA

TION 

PROTOCOL 

Smart 

meters 

Active 

Energy and 

Reactive 

Energy 

W 
1 for 

dwelling 
4 ENEL 

SMART 

INFO+ 

Power Line 

Communicatio

n (PLC) 

Smart 

plugs 
Energy Load W 

3 for 

dwelling 
12  

AEOT

EC 

SMART 

SWITCH 

6 

Zwave 

Multiparam

eter sensor 

ZWave 

Temperatur

e 
°C 

Living room 

/ Bedroom 

#1 / 

Bedroom #2 

/ Kitchen 

Up to 4 
AEOT

EC 
ZW100-C Zwave 

Humidity 
RH

% 

Living room 

/ Bedroom 

#1 / 

Bedroom #2 

/ Kitchen 

Up to 4 
AEOT

EC 
ZW100-C Zwave 

Luminosity lux 

Living room 

/ Bedroom 

#1 / 

Bedroom #2 

/ Kitchen 

Up to 4 
AEOT

EC 
ZW100-C Zwave 

Ultraviolet UV 

Living room 

/ Bedroom 

#1 / 

Bedroom #2 

/ Kitchen 

Up to 4 
AEOT

EC 
ZW100-C Zwave 

Window 

opening 

detection 

sensor 

  

Installed in a 

subset 

location 

from the 

group above 

12 
FIBAR

O 

FGDW-

002 ZW5 
Zwave+ 



38 Co-funded by the 
European Union 

D4.3 / Digital Twins of the 4 buildings of the 4 demos 
 

 

 

DEVICE 

DEPLOYE

D 

READ 

VARIABLE 

UNI

T 

LOCALISA

TION 

QUANTI

TY 

BRAN

D 

REFERE

NCE 

COMMUNICA

TION 

PROTOCOL 

BEETA 

Box IoT 

edge 

computing 

gateway 

The Wi-Fi 

sensors 

have been 

connected 

to this 

specific data 

acquisition 

system/gate

way, that is 

an edge 

computer 

designed for 

indoor IoT 

ecosystems 

  4  BeetaBox 

ZWave 

protocol, but 

with possibility 

to store the 

data only 

locally on SD 

card 

 

In particular, the use BeetaBox IoT edge computer is planned for the second half of the project, 

as TERA has designed, developed, and released a new functionality consisting on a data logger 

feature. BeetaBox is able to receive and store the data provided by the smart meters “1G” and 

“2G” installed in by e-Distribuzione (the main Distributor in Italian electricity grid and in some other 

countries) via Power Line, connected via USB port, as detailed in D4.2 Technical diagnosis (SRI, 

energy performance, air quality) initial status [4].  

Furthermore, the monitoring devices are foreseen to be included also in the other 4 dwellings (8 

in total) during the rest of the project, to cover all the needed data for the KPIs calculations (e.g. 

energy demand). For the same purpose, TERA is procuring four CO2 sensors to evaluate the air 

quality inside the dwellings supporting the complete KPIs assessment. These sensors will be 

installed as soon as the devices are received and configured.  

For what concerns the building modelling and the future actions that can be connected to the 

monitoring data that will be available from the sensors, the activities, as already mentioned in the 

previous chapters, could proceed implementing also the mechanical, electrical and plumbing 

components in the present BIM model. In this way, having a complete digital copy of the building, 

the actions to dynamically connect the monitoring sensors to the 3D building information model 

could be investigated, obtaining a proper Digital Twin of Margherita di Savoia with the use of 

advanced data analytics platforms for the information analysis and generation of valuable 

insights. 

5.5 DOCUMENTATION REFERENCES 

The BIM models of the Italian demo are organized in two IFC files:  

• Pre-intervention model: REHOUSE Italian Baseline BIM Model. 

• Post-intervention model: REHOUSE Italian Retrofitted BIM Model. 
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6 INTEGRATION WITH THE DT FRAMEWORK AND 

DBL 

The BIM models developed for the demo sites in the REHOUSE project contain critical details on 

materials, system properties, and technical building elements. These models play a pivotal role 

in Task 4.1 - Deployment of IPD methodology and BIM-based Digital building logbook of 

REHOUSE by forming the basis for both the DBL and the DT. The BIM models offer 

comprehensive data about building materials and systems, which will be incorporated into the 

DBL. This connection enables the DBL to serve as a centralized repository, ensuring continuous 

documentation and providing essential information for building managers and decision-makers. 

The BIM models also act as the static foundation of the Digital Twin, offering detailed building 

geometry and structure.  

 

Synergy Between BIM, DBL, and DT 

The integration of BIM with the DBL and DT provides a unified framework for managing all aspects 

of building renovation and operation. This approach enhances decision-making, supports real-

time adjustments, and optimises building performance throughout its lifecycle, ensuring efficient 

management of the renovation packages installed in the demo sites. By linking static BIM data, 

ongoing performance metrics, and historical records, the project achieves a highly coordinated, 

data-driven approach to managing renovations and long-term building operations. 

Note that the BIM models are still in progress, representing in this moment the current and 

proposed renovation status. The final as-built BIM model will be completed after the 

construction phase, particularly the final implementation of the façade PV panels in the 

Hungarian demo site, and will be updated as those decisions are finalized, as part of Task 4.1 of 

the REHOUSE project. The BIM models will continuously provide updated data to the DBL and 

Digital Twin systems, ensuring alignment with Task 4.1 goals.  
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7 CONCLUSION 

The results presented in this report mark the initial steps towards the implementation of the DT 

functionalities envisioned by the REHOUSE project.  

First, producing BIM data on each demo site and into standard formats represents an effort as 

how each demo site started from their own initial individual context (e.g. BIM information only for 

thermal modelling, or BIM only for illustration, or no BIM initially planned) and how they orientate 

towards a shared initiative (all have now fully adopted the REHOUSE methodology), ensuring a 

consistent and integrated approach to renovation. This collective effort facilitates the 

implementation of TRL7 technologies and supports better collaboration and knowledge sharing 

across the sites.  

Secondly, the BIM data and the digital representation of the RPs to be installed for each of 

the demo site is an essential milestone in preparing these innovations for the market. By digitally 

representing these solutions in real buildings, the project not only assists design and installation 

teams but also offers value to all stakeholders—tenants, building owners, and local authorities. 

This step allows stakeholders to visualise the planned renovations and assess the impact of the 

technologies before physical installation. 

Moreover, gathering the BIM data together with other datasets, such as sensor measurements 

and analytical models, establishes a robust foundation for the future deployment of DT 

functionalities. This data will be linked with the DBL as part of Task 4.1 - Deployment of IPD 

methodology and BIM-based Digital building logbook of REHOUSE, enabling a dynamic system 

that will support real-time monitoring, performance tracking, and maintenance of both the 

buildings and the RP installed.  

In conclusion, this report presents a crucial first step toward the integration of DT technologies, 

with the BIM models providing a solid base for further digital enhancements as the project 

progresses. 
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