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Smart buildings and DHC networks

Proactive energy 
managementData-driven 

Applications: FDD, 
load prediction

Demand response 
optimization

AI-powered decision 
support

Automated 
reporting and 

analytics

Physical systems Smart applications

Smart buildings and DHC networks are expected to be equipped with
• Advanced sensing

• Large scale deployment of sensors
• Data management

• Recording, Storage, Retrieval

• Smart applications​
• Fault detection & diagnosis, load prediction​

• Control technologies
• Supports the development and deployment of 

optimal control strategy 
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Challenges
The complexity of 4-5GDHC networks presents unique challenges:

• Multiple decentralized renewables
• Distributed storage systems​

• The low-temperature nature of DHC
• Smart control strategy 
• Big data

Advanced thermal networks evolve into complex graphs with 
countless nodes and intricate topologies

The data and information flow is complex in this graph

The roadblock: fluent transmission and effective utilization of 
data and information

A graph visualization of a building 
district
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The idea
A layer that models the complex graph of thermal networks:
• Support querying language (database technology) 
• Computer program can read & write data and information unambiguously

How smart applications interact with digital representations of DHC systems to 
acquire data and information.

Physical systems
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Some preliminaries

SPARQL

Subject Object

Predicate

Resource Description Framework (RDF) 

Two key semantic web technologies: 
• Resource Description Framework (RDF) for constructing the graph
• SPARQL as the standard query language, enabling efficient modeling and querying of data
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Some preliminaries

SPARQL

Subject Object

Predicate

Resource Description Framework (RDF) 

Two key semantic web technologies: 
• Resource Description Framework (RDF) for constructing the graph
• SPARQL as the standard query language, enabling efficient modeling and querying of data

Radiator_1 Temperature
_sensorhasPoint Get the temperature sensor in room 101 

in building A
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An example

A building connected to district thermal 
pipe network

A simplified semantic model using RDF 
triplets
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An example

A building connected to district thermal 
pipe network

Visualization of the semantic model with 
timeseries data

Timeseries data

Timeseries data
Timeseries data

Timeseries data

Timeseries data
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An example
If we want to find all temperature sensors

If we just need the temperature sensor from Room 301

SPARQL query Results

SPARQL query Results
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How smart applications interact with digital representations of DHC 
systems to acquire data and information.

Physical systems
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A challenge
• Standarization

"Tags" need to be standardized and consistent across & between systems
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Ontology - standardization

Some existing ontologies A "Dictionary" that you can lookup
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Ontology?

"Dictionary" is not big enough

• The unique requirements of thermal networks.

• Choose which one to follow?
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Some other challenges
• Standarization

"Tags" need to be standardized and consistent across & between systems
• Automation

Manual creation of graphs is time-consuming and error-prone

• Application
Research is needed to fully understand and effectively utilize these graphs in practical applications
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Summary - semantic interoperability for building and DHC

Semantic Interoperability:
• Read & Write data, exchange information unambiguously

Digital Information Infrastructure:
• (Data) Time series data
• (Information) Relational information

Ontologies is leveraged for consistency and scalability: 
• Provides consistent semantic information across and between systems
• Supports expansion to diverse building and DHC scenarios
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(Knowledge) Knowledge derived from 
data and connectivity patterns
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