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Executive Summary

The present public deliverable “D4.2 Enhanced Building Performance Assessment tool and
user-friendly Uls” offers a detailed description of three User Interfaces (Uls), along with the
testbed pilot in Greece used as a common case study.

The three Uls are: (i) ChroViewFM, related to the 3D BIM tool interfaces for Facility
Managers and the AECO (Architecture, Engineering, Construction, and Operations) sector;
(i) ChroViewOcc, a mobile app designed for homeowners and tenants; and (iii)
ChroViewPlus, a dashboard for ESCOs and other professionals seeking insights into
building operations. Each of the three Uls is covered in a dedicated section (sections 3, 4
and 5) including a functionality overview, user needs, technical description, and a final
demonstration featuring a use case walkthrough.

Finally, the conclusions and further developments section provides the summary of the main
development of the task along with the next steps to deliver the CHRONICLE solution.
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1 Introduction

This deliverable demonstrates the project results related to “Task 4.2 Enhanced Building
Performance Assessment”. The task covers the development of user-friendly interfaces
alongside the backend services involved. Three individual Uls have been designed and
tailored for different stakeholder groups: AECO, Facility Managers, homeowners,
occupants and ESCOs

The Uls provide a wide range of capabilities; such as performance benchmarking, building
operations monitoring and BIM. The key outcomes include:

e ChroViewFM: 3D interface for Facility Managers and AECO stakeholders, enabling mesh-
based (OBJ/FBX) transformation of BIM models for enhanced 3D visualisation.

e ChroViewOcc: Mobile applications for homeowners and tenants, providing insights into
comfort, well-being, and energy performance.

e ChroViewPlus: Dashboard for ESCOs and technical stakeholders for building operations
insights. It enables near real-time and offers expert recommendations and in-depth insights
to effectively reduce energy consumption.

Finally, the Uls delivered in this task will serve as the co-creation in Living Lab workshops
(T6.2), contributing to the CHRONICLE MVPs.

1.1 Scope and Objectives

The objective of this task comprises the design, development, and deployment of three key
Ul solutions that will enhance building assessment. Therefore, “D4.2 Enhanced Building
Performance Assessment tool and user-friendly Uls”includes a detailed description and a
practical demonstration with the testbed located in Greece of all Uls. The primary objectives
of this task are:

e Implementation of the Use Cases defined in WP2 addressing requirements from
stakeholders.

o Develop intuitive Uls tailored to the needs of diverse user groups (e.g., facility managers,
homeowners and ESCOs).

e Demonstration with common case study across all Uls to ensure consistency and ensure
the tools are part of the final solution.

o Facilitate stakeholder engagement and co-creation through mock-ups, functional
prototypes, and Living Lab workshops in WP6.
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1.2 Relationship with other tasks

The development of the “Enhanced Building Performance Assessment Tool and user-
friendly Uls”, primarily depends on the performance metrics defined in WP2, along with the
tools and engines developed in “WP3 (Digital Twins and Common Data Model)”. Also, the
implementation and installation of devices coming from task 5.1 is essential to deliver the
final tools of CHRONICLE. Figure 1 shows a chart mapping those tasks and their
interdependencies.

WP2 Holistic Building Performance T34 DT Framework
Assessment Methodologies
Achitecure and methodologe defon DataDriven and Physic-based models \ T4.2 Enhanced Building Performance 16.2 Living Lab Engagement & Co-Design
Assessment Framework

Engage with stakeholders to co-Create and test

” User-friendly Uls and components soluions

5.1 Excante surveys of pilot sites and IoB T3.1 Common Data Model
deployment |,

Implementation at each pilotste ll and Buiding daa

Figure 1. Tasks interdependencies
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2 Case Study Description

All the developed Uls within task 4.2 are showcased through a common practical use case
walkthrough.

The testbed pilot is located in Athens, Greece. It's a residential apartment consisting of two
floors and built in 1987 with a further renovation in 2022. The systems include electric water
heating, solar thermal heater, AC split units and gas boiler for heating. Regarding IoT
equipment; there are energy meters, smart plugs, multisensor devices and IAQ (Indoor Air
Quiality) sensors. Furthermore, this pilot provided a BIM file with information on the building
geometry, structural details and building fabrics. Figure 2 on the following page depicts the
3D representation of the testbed pilot we are using for this demonstration.

The use of a shared case study based on real-world data from this pilot, enabled us to
showcase the distinct interfaces in a realistic environment, demonstrating the practical
relevance and utility. Each interface successfully collects specific data from the testbed and
provides valuable insights into buildings performance across a variety of scenarios as
described in the next sections.




INFO

B Window.1.4

BIM Data IFC Standard Properties

IFC Standard Quantities

< ® 606 06

Other Properties  Favorites

Ifc Dimensions Materials and Finishes(Type) Other Other(Type) Phasing
Dimensions(Type) Graphies Graphics(Type) Identity Data Identity Data(Type)
Analytical Properties(Type) Constraints Construction Construction(Type) Dimensions
Property Value

Analytic Construction <None>

Define Thermal Properties by User Defined

Heat Transfer Coefficient (U) 1.6

Solar Heat Gain Coefficient 0.78

Thermal Resistance (R) 0.625

Visual Light Transmittance 0.81

iy wall.1.24

BIM Data IFC Standard Properties

IFC Standard Quantities

(K S 6660

Other Properties  Favorites

Graphics Identity Data Materials and Finishes Other Phasing Structural
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Thermal Resistance (R) 1.653

Figure 2. Case Study: Hypertech's Testbed, Greece
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3 User Interface 1: ChroViewFM for AECO/FM
Professionals

3.1 Functionality Overview

The ChroViewFM is a web-based tool that integrates BIM models and combines three-
dimensional (3D) visualization with near-real-time monitoring of building data from smart
equipment, including energy consumption, environmental conditions, and key performance
indicators such as costs, CO2 emissions, and indoor air quality. Its user-friendly interface
allows users - such as facility managers, architects and BIM modelers - to upload and
explore IFC files, track energy usage and comfort levels, and receive notifications for
maintenance and unexpected equipment behaviour.

3.2 Discussion of User Needs and Cases addressed

Table 1 below presents the coverage of functional requirements introduced in “D2.1 -
CHRONICLE Business requirements, Use cases & System architecture”

FR-16 | ChroViewFM | The ChroViewFM should be integrated | High Completed
integration with the CDE for data exchange
with the CDE

FR-17 | ChroViewFM | The ChroViewFM should allow users to | High Completed
Document upload documents
upload

FR-18 | ChroViewFM | The ChroViewFM should allow the user | High Completed
Document to search for specific documents to be
search visualized

FR-19 | ChroViewFM | The ChroViewFM should be able to | High Completed

KPIs retrieve | retrieve from the CDE and display the
and display requested-by-the-user KPIs

FR-20 | ChroViewFM | The ChroViewFM should be able to | High Completed
IFC display | visualise the IFC elements in a tree-
options view style and allow for individual
element selection
FR-21 | ChroViewFM | The ChroViewFM should allow the 3D | High Completed
3D visualization of the building geometry for
visualization | the investigated IFC scenario
FR-22 | Predictive The ChroViewFM should inform the user | Moderate In  progress;
and if planned maintenance activities are testbed lacked
Preventive upcoming or if an irregular consumption relevant  use
maintenance | behaviour might be indicating a device case scenarios
notifications malfunction for
maintenance
or

malfunctions.

Table 1. ChroViewFM: Functional requirement coverage
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3.3 Technical Description of Tool Operation

Table 2 outlines the technology stack, corresponding versions, and licenses that form the
foundation of ChroViewFM.

TypeScript 4.7.2 Apache 2.0
Angular 14.2.0 MIT
Angular Material 14.2.0 MIT
Three.js 0.152.2 | MIT
OpenBIM Components 1.3.1 MIT
Node.js 18.x MIT
IfcOpenShell 0.7.0 LGPL-3.0
Tailwind CSS 4.1.3 MIT

Table 2. Technology stack for the ChroViewFM

3.3.1 Backend Architecture and Data Management

ChroViewFM serves as the front-end component of CHRONICLE's Common Data
Environment (CDE), retrieving relevant data via its documented APIs. These APIs are
detailed in the deliverable “D3.1 - CHRONICLE Data Model and Common Data
Environment” while the component’s input and output data dependencies are outlined in the
deliverable “D2.1 - CHRONICLE Business requirements, Use cases & System architecture”.

ChroViewFM is a web-based application accessible through a browser and access is
restricted to authorized users only.

3.4 Demonstration — Practical Use Case Walkthrough

3.4.1 Authentication, user access

Only authorized users can log in, as shown in Figure 3. Depending on their assigned project,
different stakeholders have varying access rights to the web application. The authentication
system used in ChroViewFM is based on Keycloak, a widely adopted open-source identity
and access management solution, enabling secure and flexible user management.

After logging in, users can select a project to view, as displayed in Figure 4. In this example,
the user has access to Hypertech’s testbed. Projects are distinguishable by their names
and/or thumbnails.




@ userauth.que-tech.com

CHRONICLE

Username or email

Password

Figure 3. ChroViewFM: Log in window

M- < Not Secure — 78.47.90.211

CHRONICLE

Selected Projects

Figure 4. ChroViewFM: Project selection
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3.4.2 User Interface Overview

The ChroViewFM interface is designed for intuitive navigation. At the centre, the 3D model
of the building is displayed, allowing users to explore its structure. In the top-right corner,
buttons provide controls for interacting with the 3D model. On the top-left, three tabs allow
users to switch between BIM data (currently selected), I0T data, and KPIs. Below these
tabs, the model tree presents a hierarchical view of building elements for easy selection and
navigation. The orientation box, located at the bottom-left corner, enables quick adjustments
of the viewing angle. (Figure 5)

Not Secure — 78.47.90.211

v HYP Testbed @

BuildingElement ©

> Covering @
IFCFLOWCONTROLLER ©
loT Devices @

> Fumiture ©
Member @

> Site @
Space ©
SpaceHeater @

> StairFlight @

UnitaryEquipment ©

Figure 5. ChroViewFM: Application Layout

Model Tree Navigation

Users can explore the hierarchy of building components by expanding categories in the
model tree. For instance:

e Selecting the 'Columns' tab displays all column elements (Figure 6).

e Clicking on a specific column highlights it in blue within the 3D model, making it easier to
locate and inspect (Figure 7).

e Plus button @: Expands all elements in the hierarchy tree (Figure 8).

e Minus button e: Collapses the hierarchy tree, returning it to its original state (Figure 9).
o Visibility button Q Toggles the visibility of elements in the model.

When pressed at the top of the model tree, all elements toggle between visible and
hidden. In (Figure 10), the Visibility button hides all elements in the 3D model.
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When elements are hidden, pressing the Visibility button next to a category or
element makes only that selection visible. In Figure 11, the “Slab” category is toggled
on, displaying all slabs. In Figure 12, the “Wall” category is added, making both walls
and slabs visible in the 3D model.

Not Secure — 78.47.90.211

~ HYP Testbed @

~ BuildingElement @

> BuildingElementProxy ©

v Column @

Pilar rectangular:280 x 420
mm:1446733

Pilar rectangular:280 x 420
mm:1446971

Pilar rectangular:280 x 420
mm:1447278

> Door @
Railing @
> Slab @
> Wall @
> Window @
> Covering @
> IFCFLOWCONTROLLER @

v IaT Navirae @

Figure 6. ChroViewFM: Expanded BuildingElement with Column




Not Secure — 78.47.90.211

CHRONICLE

HYP Testbed @
BuildingElement ©
BuildingElementProxy ©

Column ©

Pilar rectangular:280 x 420
mm:1446733

Pilar rectangular:280 x 420
mm:1446971

Pilar rectangular:280 x 420
mm:1447278

Door ©
Railing @
Slab @
Wall @
Window ©
> Covering @
> IFCFLOWCONTROLLER @

v 1T Navicae @

Figure 7. ChroViewFM: Column “Pilar rectangular:1447278” selected and highlighted

Not Secure — 78.47.90.211

CHRONICLE

v Column ©
Pilar rectangular:280 x 420
mm:1446733

Pilar rectangular:280 x 420
mm:1446971

Pilar rectangular:280 x 420
mm:1447278

~ Door @

DoorlLeaf_Wooden:DoorlLeaf_Wooden:1
Doorleaf_Wooden:DoorLeaf_Wooden:1

Single-
Flush:entrance_223x4:1367050

Single-
Flush:entrance_223x4:1367050

Single-
Flush:entrance_223x4:1367050

Single-
Flush:Ground_door:1365861

Single-
Flush:Ground_door:1365861

Single-
Flush:Ground_door:1365861

Single-
Flush:Ground_door:1366009

Single-
Flush:Ground_door: 1366009

Figure 8. ChroViewFM: The “Plus” button expands all elements in the hier




Not Secure — 78.47.90.211

v HYP Testbed @
> BuildingElement @

Covering ©
IFCFLOWCONTROLLER ©
loT Devices ©
Fumiture @
Member @
Site @
Space ©
SpaceHeater @
StairFlight ©

UnitaryEquipment ©

Figure 9. ChroViewFM: The “Minus” button collapses the hierarchy tree to its default state

Not Secure — 78.47.90.211

v HYP Testbed &
> BuildingElement &

Covering &
IFCFLOWCONTROLLER &
loT Devices &
Fumiture &
Member &
Site &
Space ®
SpaceHeater &
StairFlight &

UnitaryEquipment &

Figure 10. ChroViewFM: All model elements hidden using the “Visibility” button.




Not Secure — 78.47.90.211

v HYP Testbed &
~ BuildingElement &
BuildingElementProxy &
Column &
Door &
Railing &
Slab @
Wall &
Window &
Covering &
IFCFLOWCONTROLLER &
IoT Devices &
Fumiture &
Member &

Site &

Figure 11. ChroViewFM: The “Slab” category is toggled on, making all slabs visible

Not Secure — 78.47.90.211

v HYP Testbed &
~ BuildingElement &
BuildingElementProxy &
Column &
Door &
Railing &
Slab @
Wall @
Window &
Covering &
IFCFLOWCONTROLLER &
IoT Devices &
Fumiture &
Member &

50 FPS (0-61)

Site &

Figure 12. ChroViewFM: The “Wall” category is added, displaying both walls and slabs in the 3D
model
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Additional Navigation Tools

e The Search button . Opens a search bar for locating specific elements or categories,
which are highlighted in the 3D model (Figure 13).

e The Properties button E Displays IFC file information for the selected element, this may
include its unique ID, materials, position, elevation, and attributes (Figure 14).

e The Focus button E Centres and zooms in on the selected element, whether chosen
from the model tree or directly from the 3D model (Figure 15).

e The Reset View button Resets the model to its default position and zoom level (Figure
16).

+ .t
e The Performance button Toggles a performance box at the bottom left of the model,
displaying FPS and system ping (Figure 17).

e Lastly, on the bottom left of the screen the orientation box is located, which allows quick navigation
between different model perspectives. (Figure 18)

Not Secure — 78.47.90.211

CHRONICLE

Basic Wall:Generic - 27.5 cm EXTERIH! 357142

Basic Wall:Generic - 35 cm EXTERIOR: 1347066
S — BaschalI:Gener?c-aﬁcm EXTERIOR: 1348641
Basic Wall:Generic - 25 cm Basic Wall:Generic - 35 cm EXTERIOR:1348820
EXTERIOR:1355533 Basic Wall:Generic - 35 cm EXTERIOR: 1348820

Basic Wall:Generic - 25 cm Basic Wall:Generic - 35 cm EXTERIOR: 1348820
EXTERIOR:1355533

Basic Wall:Generic - 25 cm
EXTERIOR:1355533

Basic Wall:Generic - 25 cm
EXTERIOR:1355533

Basic Wall:Generic - 27.5 cm
EXTERIOR:1357142

Basic Wall:Generic - 35 cm
EXTERIOR:1347066

Basic Wall:Generic - 35 cm
EXTERIOR:1348641

Basic Wall:Generic - 35 cm
EXTERIOR:1348820

Basic Wall:Generic - 35 cm
EXTERIOR:1348820

Basic Wall:Generic - 35 cm
EXTERIOR:1348820

Basic Wall:Generic - 35 cm
EXTERIOR:1348820

Basic Wall:Generic - 356 cm
EXTERIOR:1348820

Basic Wall:Generic - 35 cm
EXTERIOR:1356030

Basic Wall:Generic - 35 cm

Figure 13. ChroViewFM: The search bar for locating specific elements or categories in the model tree
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HYP Testbed @
~ BuildingElement ©
BuildingElementProxy @

Column ©

_O

Pilar rectangular:280 x 420
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mm:1447278

Door ©

Railing @

Slab @

Wall @

Window ©
Covering @
IFCFLOWCONTROLLER @

IAT PNovinae @

Figure 15. ChroViewFM: The “Focus” button cantering and zooming in on a selected element

Properties

IFC Entity
HeWall

Global ID
104HRLJ2jF48032qGI350V

Name
Basic Wall:Generic - 35 cm EXTERIOR:1348641

Express ID
2753

Type

NOTDEFINED

Z Attributes
Qto_WallBaseQuantities

Pset_Environmentalimpactindicators
2296

Not Secure —




Not Secure — 78.47.90.211

v HYP Testbed @
> BuildingElement @

Covering ©
IFCFLOWCONTROLLER ©
loT Devices ©
Fumniture ©
Member @
Site @
Space ©
SpaceHeater @
StairFlight ©

UnitaryEquipment ©

Figure 16. ChroViewFM: The “Reset View” button restoring the model to its default position and
zoom level
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Figure 17. ChroViewFM: The “Performance” panel displaying system FPS and ping statistics
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Figure 18. ChroViewFM: Top View on the orientation box

3.4.3 10T Data Visualization

The loT tab presents available 10T devices in a structured hierarchy. Users can select a
period using a start and end date calendar, which determines the displayed data (Figure
19).

Each device lists its associated metrics (Figure 20). Upon selecting a metric, its data is
plotted for the chosen period. In (Figure 21), the temperature metric from the basement
multisensor is plotted for a February day. Users can hover over the graph to view precise
timestamps and values.

Multiple metrics can be plotted simultaneously, even from different devices. In (Figure 22),
the luminance from the basement sensor and the temperature from the living room sensor
are displayed together.
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Figure 19. ChroViewFM: The IoT tab displaying available 10T devices in a hierarchical structure
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Figure 20. ChroViewFM: List of IoT device & metrics available for selection
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Figure 21. ChroViewFM: A graph plotting the temperature metric from the basement multisensor for a
selected day
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Figure 22. ChroViewFM: A graph combining luminance and temperature from the basement sensor
and temperature from the living room sensor
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3.4.4 KPI| Data Visualization

The KPI tab organizes KPIs in a hierarchical structure based on their type (Figure 23). Users
can hover over a KPI's name to view its description (Figure 24).

Multiple KPIs can be selected for display, including time-series KPIs (Figure 26), which can
be combined for comparative analysis (Figure 25).
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Figure 23. ChroViewFM: KPIs in their hierarchical structure, according to types
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Figure 24. ChroViewFM: KPI descriptions displayed on hover
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Figure 25. ChroViewFM: Multiple KPIs selected for display
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Bar-Plot: Energy Consumption

30

kWh/m2/month

2024-09

Month

Electric Energy Consumption Over Time Primary Energy Consumption Over Time

Thermal Degree Percentage Hours (TDP) 7.00 %

Heating Consumption/Area 0.077 KWh/m?

Total Power/Area 0.194 kWh/m2

Figure 26. ChroViewFM: Timeseries KPIs plotted with static KPIs
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4 User Interface 2: ChroViewOcc for Building
Occupants

4.1 Functionality Overview

The ChroViewOcc is a mobile application created for the tenants of residential buildings and
is designed to interpret and visualize the data collected from the 10T sensors installed on
site in a simple and comprehensive manner. This data includes the current indoor
environmental conditions at the premises, and monthly performance analytics of the
household depending on its measured energy consumption.

During the design phase of the CHRONICLE solution, to support the application design and
the requirements collection process, a survey was circulated to potential ChroViewOcc
users from the CHRONICLE pilot sites, as part of the T2.1 activities, to identify the major
points of interest from their side. These surveys of residential stakeholders, reported in D2.1,
revealed a strong preference for mobile applications and a high interest in receiving
information from the sensors installed on site. In addition, most of the residential users stated
their limited knowledge in relation to their energy performance and efficiency. This feedback
formulated the concept of a mobile application that would allow residential users to monitor
and interpret their energy performance and better understand their energy bills on a monthly
basis.

More specifically, following the requirements defined through the T2.1 activities,
ChroViewOcc was developed. A straightforward and minimal interface design was adopted
addressing users with limited technical background who cannot interpret complex data
streams, and are therefore, more interested in already processed analytics rather than raw
data sets. The application views were designed to be self-explanatory, ensuring accessibility
to a wider audience and to delivering simplified and unambiguous information.

More complex and detailed scenarios, including raw data streams and financial figures, can
be found within other CHRONICLE applications (i.e. ChroViewPlus and ChroViewFM).
However, ChroViewOcc remains focused on the most basic understanding of the
household’s performance at different levels, identifying the average building tenant as the
key stakeholder, regardless of whether they own the building or not. The implementation of
the mobile application is described in UC2.1 Dynamically updated user-friendly energy
performance reports for residential users, described in D2.1.
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4.2 Discussion of User Needs Addressed by the Tool

FR-37 | ChroViewOcc - | The SRI+ score should be High Completed as
SRI+ score for | visualised in an intuitive manner described in
past month | and updated based on the actual section 4.4.3
visualisation building operation with a monthly
frequency
FR-38 | ChroViewOcc - | The dynamic performance rating | High Completed as
Dynamic should be visualised in an described in
performance intuitive manner and updated section 4.4.3
rating based on the actual building
operation with a monthly
frequency
FR-39 | Retrieval of | The user should be able to select | High Completed as
historical and visualise performance ratings descri