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Dimitrios Rovas
Associate Professor
The Bartlett School of Environment, Energy and 
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University College London, UK

Background: 
Mechanical Engineering/Applied Math 

Leading activities in:
Group on Smart Buildings and Digital Engineering 
Developed MSc SBDE
Co-leading IEA Annex 81 (Data-driven Smart Buildings)
Several HE/H2020/UK projects in the space

Academic excellence
30 Nobel laureates
11 academic faculties
43,800 students
14,300 employees
2nd in UK for research power (REF 2021)
440 undergraduate programmes
150+ nationalities represented 

by student body
675 postgraduate programmes

Rankings:
8th in the world (QS 2022)
4th in Europe
4th in the UK

The Bartlett
UCL's global faculty of the built environment
Largest postgraduate faculty in the UK 
Ranked 1st (2020) and 3rd (2021)
Over 350 academics in 13 Schools and 
Institutes:

Architecture 
Construction & Project Management
Development Planning Unit  (DPU)
Planning
Environment, Energy and Resources



2nd Summer School of Linked Data in Architecture and Construction
June 9th, 2922 3

Commissioning

Construction Users

Ugly

Design Construction
Commissioning

Operation Retrofitting

Occupant Behavior?

Predicted

Av
er

ag
e 

An
nu

al
 E

ne
rg

y

Bad

Ideal

Good

Real
Performance Degradation

Performance
Gap

Context: Energy Monitoring and Modelling



2nd Summer School of Linked Data in Architecture and Construction
June 9th, 2922 4

Performance Degradation

Commissioning

Construction

Users

Design Construction
Commissioning

Operation Retrofitting

Av
er

ag
e 

An
nu

al
 E

ne
rg

y

“As-is”

Context: Existing buildings, Performance Gap



2nd Summer School of Linked Data in Architecture and Construction
June 9th, 2922 5

Building Energy Management Systems (BEMS)

•

Image source: Energy Efficiency 2019, IEA
Source: PEBBLE, FP7
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Built Environment Digital Twins
Maturity Levels

Source: IET Digital Twins for the Built Environment
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BIM Repository Connector

COMMUNICATION 
LOGIC LAYER

CBIP tool

Data Management Module

Semantic Enrichment: 2nd-level space boundaries 
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• Space Definitions Errors
• Clash Errors Involving 

Building Spaces
• Surface Errors

Semantic Enrichment: Error correction
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Semantic Enrichment: Data integration
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BIM
Model

BEPS
Model

Energy model generation
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From information to energy models

Scope: develop the module of RenoDSS that will be responsible for estimating the building energy
consumption before and after the renovation interventions under examination -> Pre-validation Sites
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Mapping of:

- Surface type;

- Boundary condition type;

- Construction & materials;

- Thermal zones;

- Thermal properties of 
opaque materials;

- Thermal properties of 
opening elements;

- HVAC supply and demand 
side components;

- Internal gains;

- Renewables.
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Render by surface type
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Challenges: Integration with professional BIM tools

13

LIDAR Scanners

2D Plans

Building to be renovated

BIM
Authoring Tools

Import

Point Cloud

Scan-to-BIM

BIM Design Guidelines

+

BIM 
Authoring Tools

Export

Export
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Incorrect or Missing 
2nd Level Space 
Boundaries

Missing Inverse 
Relations in case of 
Curtain Walls

Missing Light, Occupancy and 
Equipment Schedules

Missing Thermal 
Properties

Data Quality: Challenges
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Challenges: Integration with Professional BIM authoring tools

15

IFC1
Scan to BIM

IFC2 IFC2 Enhanced

Scan-to-BIM Geometric MVD
DefinitionShape: ExtrudedAreaSolid 
Profile: ArbitraryClosedProfile

BIM-MP
CBIP

Import Export

IFC for Revit IFC for Revit

!
!

! !
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Challenges: Working with different IFC versions
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Beyond Geometry: 4D BIM
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Built Environment Digital Twins
Maturity Levels

Source: IET Digital Twins for the Built Environment
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Getting data from the field:
IoT and Middleware platforms (Home Applications)

Room Controller
Building Gateway

Open Hardware
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Getting data from the field:
IoT and Middleware platforms (Field devices)

W
ebServices (REST)
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How operational data are used? 
obXML Generator

obXML

Building operation
• Weather predictions
• Occupancy modelling 

(e.g. IEA Annex 66 work)
• Model calibration and uncertainty 

quantification
• Model training 

(in ML-based approaches)
• Demand response, B2G

Fault Detection and Diagnostics
• Predictive maintenance 
• Benchmarking 
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Using a digital twin for operation (PEBBLE, DT Maturity Level: 4-5)
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1. ZUB (Fraunhofer)                         2. RWTH (Aachen) 3. TUC
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Emergent behaviours

Simultaneous Heating and Cooling
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Building as a Service (BaaS)

Remote 
Data Center

Data
Warehouse

Automated Analytics

Interactive tools

Control 
Hardware

Local Server

Embedded analytics

Facility 
Management 
System

Recommended Actions
§ Summary of faults
§ Top 10 worst 

performers
§ Prioritized service / 

maintenance 
actions

§ Cost analysis 
supporting upgrades 
/ retrofits

§ Reports

Analyst

24/7

On-demand

Refrigeration

Combustion

Controllers

Sub-metering

MONITORED ASSETS

ü
HVACü

ü

ü

Sensorsü

Technician

Modeling

Local Analytics

24/7

BIM, 
system models

data

Source: Honeywell/BaaS

http://www.bacharach-inc.com/air-conditioning-refrigeration.htm
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Digital twins and the role of knowledge graphs 
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Meta-data representation (Role of knowledge graphs)

A spectrum of building data representation from 
more flexible and ad-hoc (leftmost) to more formal 
and semantically defined (rightmost); plus the 
estimated location on that scale for several existing 

metadata schemas.

Source: Annex 81, A3 Survey of Data-driven buildings metadata
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Annex 81: Enabling innovation and value creation

Fault Detection Supervisory 
control

Data Analytics

A Multi-Tenancy Open Data Platform

Building owners 
BMS data

3rd party 
providers

IoT sensors -
data providers

Data Marketplace
(Shared non-competing 
infrastructure for delivering 
services)

Data Providers
(Data owned and access 
controlled by data provider)

Data Consumers 
(“Applications” owned by 
service providers)

Data sharing ‘platform’ to match ‘data’ supply and demand 
facilitating an open digital services ecosystem

Concept of value and values



2nd Summer School of Linked Data in Architecture and Construction
June 9th, 2922 29

DTP
Input Data

BIM Model

Construction 
Schedule

Point Clouds & 
Geometry Quality 
Control Results 

Location Tracking 
Data

Imagery & Visual 
Defects

Relational 
DB

Key-Value 
DB

Timeseries 
DB

DTP 
Output Data

Semantically Linked Data
(Triplestore)

BIM Data Post-processing 
Services
Extraction, Transformation 
& Loading Services
Data Management 
Services

Geometric Data of 
Building Elements

Construction Tasks

Location Tracking 
Data

Imagery and Point 
Clouds

Visual and Geometry 
Quality Checking 

Construction 
Schedule

Digital Twin Platform
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Digital twin platform (COGITO)
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DTP’s six-layered architecture 

Digital Twin Platform

Data Ingestion Layer

External Input Data Sources

Data Persistence Layer

Data Management Layer

M
es

sa
gi

ng
 L

ay
er

Au
th

en
tic

at
io

n 
La

ye
r

COGITO Applications

Data Post-processing Layer

COGITO Input Data Sources

(1)

(2)

(5)

(3)

(4) (6)

1. Authentication Layer ensures that access to 
resources and services is restricted to specific 
users with the appropriate permissions.

2. Data Ingestion Layer loads the as-designed and 
as-built data and real-time IoT data to the DTP and 
orchestrates the execution of the included ETL 
services to generate the knowledge graph and 
populate corresponding databases.

3. Data Persistence Layer for data storage in 
different formats.

4. Data Management Layer for data query 
management and connection of Data Persistence 
layer components to other COGITO tools.

5. Messaging Layer for message and notification 
handling among COGITO applications.

6. Data Post-processing Layer for performing ETL 
and data quality checking operations on BIM data.

Digital Twin Platform (DTP): Functional components
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Data Ingestion Layer

Project 
Management

Knowledge Graph 
Generation

BIM 
Management

COGITO Applications

Data Persistence Layer

Relational 
DB Triplestore Key-Value 

DB
Timeseries 

DB
File Storage

System

Data Management Layer

API Wrappers

Actor-based 
Runtime Environment

Web Services

Data Post-
processing Layer

MVD Checker

B-rep 
Generator

IFC Optimizer

Authentication 
Layer

Health & Safety Quality ControlProcess 
Modeling

Visualization

Identity 
Provider

COGITO Tools

IoT Data 
Pre-Processing

Visual Data 
Pre-Processing

External Tools

BIM Schedule

Extraction, 
Transformation 

& Loading 
(ETL) Tools

Data Quality 
Checking Tools

DTP High-level architecture
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Data Ingestion Layer

Data Persistence Layer

Data Management Layer
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Data Post-processing Layer

Input Data Management

REST API

GUI

BIM Management

IFC Geometry Exporter

IFC Parser IFC Consistency Checker

IFC Version Control

Knowledge Graph Generator

Thing Manager

IFC to RDF JSON to RDF

Knowledge Graph Enrichment

RDF Data Validator

XML to RDF CSV to RDF

The Data Ingestion Layer includes 
software components responsible for 
project creation, BIM data handling, 
ontology population and generating Thing 
Descriptions. 

The BIM Management component is responsible for
parsing IFC data and loading the corresponding objects
into the key-value database of the Persistence Layer. It
is responsible for serializing/deserialising, querying,
updating, and merging the IFC data

The Input Data Management component
provides a standalone web-based
application responsible for creating a
new project, assigning users, and loading
data from the other COGITO applications.

The Knowledge 
Graph Generator is 
responsible for 
generating, 
validating and 
storing RDF data 
coming from 
heterogeneous data 
sources in several 
data formats such 
as IFC, JSON, XML 
and CSV.

IFC4, IFC4x3

IFC Versioning

IFC Library (Read, Process, Write)

IFC Geometry Exporter

IFC Consistency Checker

DTP: Data Ingestion Layer
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The File System is 
used for storing files 
generated by other 

COGITO applications

The Triplestore is 
used for storing 

COGITO's knowledge 
graphs in RDF format

The Time-series DB is 
used for storing IoT 

location tracking data

The Key-value DB is 
used for versioning 

and storing IFC 
objects

The Relational DB is 
used for storing 

project and user data

Data Ingestion Layer

Data Persistence Layer

Data Management Layer
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Data Post-processing Layer

The Data Persistence Layer contains 
different types of databases for 
storing structured data of various 
data formats.

Relational Database Key-Value Database Timeseries Database

Triplestore File System

The TD supports
discovery, creation, 

retrieval, update and 
deletion of TD’s

Thing Directory

WoT Hive

DTP: Data Persistence Layer
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Data Ingestion Layer

Data Persistence Layer

Data Management Layer
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Data Post-processing Layer

The Data Management Layer is 
responsible for performing and 
supervising data query operations, 
ensuring that data have been correctly 
retrieved from the Persistence Layer and 
efficiently delivered to COGITO 
applications.

DTP: Data Management Layer
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Data Ingestion Layer

Data Persistence Layer

Data Management Layer
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Data Post-processing Layer

Produces graphics-
friendly triangulated 
boundary 
representations of 
BIM elements for 
rendering purposes 
from their IFC 
parametric and non-
parametric 
descriptions.

Implements data 
quality checks on 
input BIM (IFC) files 
based on Model 
View Definition 
rules defined in an 
mvdXML file 
produced by the 
IfcDoc tool.

B-rep Generation Model View 
Definition Checker

Performs lossless 
compression of an 
IFC file to speed up 
loading and data 
transformation 
processes. This 
component 
generates a new IFC 
with reduced file 
size.

IFC Optimizer

The Data Post-processing Layer 
comprises components for handling time-
consuming processes. These components 
are modular, and additional can be 
included in an extensible manner.

IFC file size 
reduction by 

40%

35

DTP: Data Post-Processing
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Looking forward: DigiBuild
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Built Environment Digital Twins
Maturity Levels

Source: IET Digital Twins for the Built Environment

Digital Twin Platform

Data Ingestion Layer

External Input Data Sources

Data Persistence Layer
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COGITO Applications

Data Post-processing Layer

COGITO Input Data Sources

(1)

(2)

(5)

(3)

(4) (6)
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Conclusions

Digital Building Twins: A useful conceptualization, reflective of ideas that have been evolving for some time 

Need for meta-data, and must make a conscious selection of ways to represent data 

Advanced applications should consider the value generated, move beyond EE

Different DT maturity levels: 
Static BIM (Low maturity) 
Including operational data (Insights) 
Autonomous operation and continuous optimization 

Operational Efficiency is a continuous process – to reduce the energy performance “gap.”

Tools (Platforms & Algorithms) providing (ICT) services and generic frameworks necessary to deliver of the concept.

BIM remains relevant (and quite necessary) for (most?) applications.
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For more information

For questions:
d.rovas@ucl.ac.uk

Support and participating members of:

Acknowledgement: UCL Group (K. Katsigarakis, G. Lilis), 
BIMERR and COGITO project collaborators (UEDIN, UPM, HYP)

mailto:d.rovas@ucl.ac.uk
mailto:d.rovas@ucl.ac.uk

