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1. Agenda

Monday , 8" of September 2025

16:00

16:10

16:25

16:40

17:05

17:20

17:30

Digitalization of district heating: Enabling technology for transforming heat
networks
(Dietrich Schmidti IEE, Germany)

Challenges for data access and data interoperability in DHC
(Edmund Widl 7 AIT, Austria)

Use cases and applications of semantic modelling for DHC and buildings (Qian
Wang i KTH, Sweden)

Using the flexibility in the network pipes and the buildings to reduce peak loads in
a district heating network
(Michele Tunzii DTU, Denmark)

How digitalization can impact the business case of DH
(Kristina Lygnerud i LTH, Sweden & Zheng Grace Ma'i SDU, Sweden)

Panel Discussion and Q&A

Closing



2. Introduction and Overview

The special session on Digitalisation of District Heating and Cooling Systems,
organized within the framework of IEA DHC Annex TS9, began with an introduction
to the importance of digital technologies for the future development of district energy
networks. It was emphasized that traditional DHC systems often rely on limited
control mechanisms and lack detailed insights into supply and consumption
structures, which restricts optimal heat generation and network operation.
Digitalization, by contrast, enables more efficient and sustainable management of
these systems, supports the integration of renewable energy sources, and improves
both network performance and end-user experiences. With the ongoing transition
toward a fully renewable energy system, the role of digital tools becomes increasingly
crucial, as they enhance system intelligence, improve building-level heat control, and
strengthen consumer involvement.

The session explored how digitalization can contribute to advancing 4™ Generation
District Heating (4GDH) and presented state-of-the-art technological solutions that
are shaping the next generation of DHC networks. The speakers discussed
challenges and opportunities related to digital integration, including the development
of scalable digital infrastructures, interface standardization and API design, improved
system integration across production, distribution, and consumption levels, as well as
issues of data security, privacy, and ownership. Emerging business models, legal
and policy frameworks, and examples from current R&D projects and demonstration
plants were also highlighted. Altogether, the session provided participants with a
comprehensive overview of how digital solutions and improved data utilization can
enhance the performance, efficiency, and resilience of district heating and cooling
systems.
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Create awareness for the advantages of the integration of data and signal from different
domain

Investigate solutions for interoperability, protocols and standardization of data
communication between the involved components in DHC networks.

Evaluate non-technical barriers and enablers for digitalization processes in district
heating and cooling schemes such as business models, legal aspects and policy
instruments.

Provide an updated state-of-the-art overview of the digitalization of district heating
schemes in terms of R&D projects, demonstrators and case studies, building further on
IEA-DHC TS4.

» To allow different components—such as sensors,
energy sources, and control systems—to share and

interpret data based on a common understanding A

Digitalization
Infrastructure

B.
Application

» To ensure data exchange between different AR

applications and system components, facilitating a
seamless communication and control across the
DHC systems

C.
Roadmap to
Digitalization

» To assess non-technical barriers integrating
sustainable business models and robust data
policies

R

THE 19TH INTERNATIONAL SYMPOSIUM ON DISTRICT HEATING AND COOLING

Energy
7-10 SEPTEMBER 2025 | GENK, BELGIUM

Ville

4] >~ vito

IEADHC

Presentation 1
Dietrich Schmidt: Digitalization of district heating: Enabling technology for transforming heat networks
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+ Objective: Modernize District Heating and Cooling (DHC) with interoperable,
real-time data management, analytics, and control via an ontology-based
framework

» Main work items:

= Evaluate the current state of DHC networks

= Analyze how to integrate sensors, data collection, communication systems, and semantic
frameworks in heterogeneous DHC environments

= Develop a semantic model to formalize DHC knowledge and enable better data
interoperability

= Review existing DHC digitalization deployments to extract best practices, challenges, and
measurable benefits, supported by case studies

» Objective: Assess standardized interfaces and interoperability mechanisms to
facilite efficient data exchange

* Main work items:

= Evaluate protocols, formats, and data models for consistent data exchange and interoperability
in DHC networks

= Assess application programming interfaces (APls) for smooth integration between software
applications and digital infrastructure

= Examine digitalization efforts in DHC systems to identify best practices

m Energy & vito THE 19TH INTERNATIONAL SYMPOSIUM ON DISTRICT HEATING AND COOLING =S
Ville 7-10 SEPTEMBER 2025 | GENK, BELGIUM IEADHC

+ Objective: Assess the digitalization roadmap in different DHC systems, integrating
sustainable business models and robust data policies

* Main work items:

= Analyze existing DHC business models to identify innovative approaches for integrating digital
technologies and how the issue data security is influencing them.

1. Values

2. Capitalize on the

Val
] 3. Business model
il 4. Regulatory barriers

to the shifts
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« In the future, digital applications might enable district energy systems to fully
optimize their plant and network operation while empowering the end consumer.

» For a wider integration of digital processes challenges such as data security and
privacy as well as questions about data ownership need to be handled and solutions
need to be worked out.

« A key question is where is the way from the buzzword digitalization to real business
models, products, and market-ready services.

« The strength of the presented project is the very close exchange between system
manufacturers, utilities and service providers with the research community.

4| Energy vito THE 19TH INTERNATIONAL SYMPOSIUM ON DISTRICT HEATING AND COOLING [
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Dietrich Schmidt: Digitalization of district heating: Enabling technology for transforming heat networks

THANK YOU FOR YOUR ATTENTION

Dietrich Schmidt % Fraunhofer

=> https://www.iea-dhc.org/the-
research/annexes/2024-2028-annex-ts9
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* Legacy Systems
= outdated infrastructure and non-

standardized data interfaces hinder
integration and automation

+ Data Quality & Organization

= data is often fragmented (e.g., hundreds
of unstructured CSV files)

= inconsistent timestamps, missing values,

From: E. Saloux, ,Field deployment of predictive control in Canadian district heating systems:

) \ \ ¢ : and questionable accuracy (e_g., wrong challenges & lessons learned’, int:net Community and IEA DHC Annex TS9 - Knowledge
\ S 5 - s Exchange & Collaboration Workshop
A LAY sensor units or locations)
THE 19TH INTERNATIONAL SYMPOSIUM ON DISTRICT HEATING AND COOLING 3 THE 19TH INTERNATIONAL SYMPOSIUM ON DISTRICT HEATING AND COOLING X3
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Security & Real-time Access * Inconsistent Interfaces

= many systems do not support real-time « many systems lack standardized APIs client planner
data access due to cybersecurity - ! TR building L
concerns optimization

= data retrieval is often manual and = data integration often relies on

“ : ” B : : network
delayed experimental” or improvised solutions S map
IStric
= Energy
* Ownership Issues » Lack of Standard Metadata

= unclear data ownership and rights lead to
conflicts, such as overridden or

= different formats (PDF, CSV, SQL,

From: E. Saloux, .Field deployment of predictive control in Canadian district heating systems:

+ ) hall &l learned”’, int:net C: ty and IEA DHC Annex TS - Knowled i i
manipulated sensor data by different B Cachiangs & Cotaboradon Workshop T NoSQL, etc.) and naming conventions From: N for Ghallenges Data Avcess and

int:net Community and IEA DHC Annex TS9 - Knowled & Ci ; ]

stakeholders make semantic linking difficult

A

Enen THE 19TH INTERNATIONAL SYMPOSIUM ON DISTRICT HEATING AND COOLING
P pAVIRO [ oFPTEMBER 2025 | GENK, BELGIUM e . vito  THE 19THINTERNATIONAL SYMPOSIUM ON DISTRICT HEATING AND COOLING 3
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* Poor Device Identification

client planner

= devices often do not self-identify or
provide information about their function
or data mapping

building

simulation
optimization

network

* GIS and Network Data Issues SAM District map
Energy

= network maps are frequently outdated,
inconsistent, and hard to match with
other datasets, impairing device-to-

devices

From: N for Chall Data Access and Interoperability”,

location mapping int:net Community and IEA DHC Annex TS9 - Knowledge Exchange & Collaboration Workshop
Eneray vito THE 19TH INTERNATIONAL SYMPOSIUM ON DISTRICT HEATING AND COOLING -
Ville 7 7-10 SEPTEMBER 2025 | GENK, BELGIUM IEADHC

Objective according to Annex Text:

Evaluate a comprehensive digital infrastructure augmented with an
ontology-based framework to modernize the District Heating and Cooling
(DHC) network, addressing the challenges faced by such systems and
enabling efficient data management, analysis, and control.
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» Semantic Interoperability

= even when structural data exchange exists (e.g., via FMI for co-simulation), the semantic

meaning of data is often missing, preventing automation and scalability

+ Stakeholder Misalignment

= lack of collaboration makes coherent system integration difficult

Energy
Villeg
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» Proof-of-concept for handling energy data acquired via a data broker (e.g., Center
Denmark)
= requires Non-Disclosure Agreement (NDA) between data user and data broker
= anonymizing of data (construction years, building areas)

Kontor n=156 bygninger. Ugeprofil pr. maned Detailhandel n=124 bygninger. Ugeprofil pr. maned
2500 Maned 2500 Maned
e i 0 ji]
S— £ =% £ T
.  — @ & Em— ] % = % -
[ "“""""‘“—m‘_ . R .n._...,ﬂ—_'....... s - : T E:f :: E::
moa e e e e S S A
Fra@Wol,AfEA9DStac cessiinbiBHN y From: C. H. Christiansen, .Data space”,
imet community and 9tEmo DHEd hen&RaMBaberation Workshop int:net community and IEA DHC Annex TS9 - Knowledge Exchange & Collaboration Workshop
THEBH | NTERNATI ONAL SYMPOSI UM ON DI STRIEX H Energy THE 19TH INTERNATIONAL SYMPOSIUM ON DISTRICT HEATING AND COOLING [
U VIO S e P TEN®B®E NKEL GI UM ed) i FAVIO 76 sepTEmBER 2025 | GENK, BELGIUM EADHC
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What we are doing with ontology: digital representation and inputs for LLM-based Al Agents

* Ontology is used as a tool to digitalize and integrate heterogeneous information in building
energy systems.

+ Semantic models act as a bridge between physical buildings and LLM-based Al agents:
OntOIOQY'based Al Agents for +  Case 1: Residential multifamily houses (with Svenska Bostader)
o . + Case 2: Office building (with Vasakronan)
Building Management and Energy A
. X . * Rethinking ontology and semantic models in the era of LLMs. A new ontology is under developing:
Opt|m|zat|°n +  Kebnekaise Ontology.

s

1 Digital representation 1 Digital representation

i bt - A " _— + RDF: Triplets have the ability to integrate various information.
Information and data within buildings and energy systems are becoming increasingly sophisticated. Ontology: Provides standardized vocabularies to describe the system.

%0 Sardnaressatan 10

+ Semantic models: A representation that addresses semantic interoperability and digitalization,
unifying heterogeneous information without ambiguity.

e Time-consuming

e Expertise-heavy Predicate Space,

m diagram. autoCAD Sensa gav. exca Tag lists, vendor locked-in Ownership —_ Topology, media
i R e pr'oc.:esses Resource Description Framework RealEstateCore ~ ASHRAE Standard 223
Trivial (RDF) (
by - o Inefficient workflows
) — ] i —
*; Not scalable l — % Brick Ontology ~ SAREF
; ] T Entities: water
‘ . s wells/substation
. Radiator - Temperature
» + hasPoint sensor
Control cards 2r manual Field inspection

Presentation 3
Qian Wang: Use cases and applications of semantic modelling for DHC and buildings



P

£ KT }i%

s

1 Digital representation 2 Ontology-based Al Agents

LLMs have the ability to perform human-like intelligent thinking and reasoning over natural language (text).

From building legacy metadata to semantic data models.

o PR Semantic model: LLMs understand physical system
e B L Function calling: LLM-based Al Agents decide what, when, and how to use the
= W il - = . = provided tools (FDD models, timeseries prediction models etc.)
Timeseries dota @ e s s e Timeseries data
F W
¥ .
° lal:FF_fan a brick:Return_Fan ;
= NG s223:cnx lal:FF fan outlet point ;
. s223:hasProperty lal:FF_return fan efficiency ;

® rdfs:comment "FF fan, return fan"~"xsd:string .

N

- ') L NF\ '

Timesaries data

Building Meta data Semantic data model \a1:red_duct_before_heating a s223:Duct ;
m m p— $223:cnx la1:GP11_pressure_sensor,
eo ASHRAE Standard 223 la1:GT42_temperature_sensor ;
R"IEmmc"\m J rdfs:comment " before heating red ductin la1"*"xsd:string .
E:% Brick Ontology Textuation of the physical system Large language models

2 Ontology-based Al Agents: Case 1 2 Ontology-based Al Agents: Case 1

Human can interact with this ventilation system and utilize tools, such as the temperature prediction

Key features:
model.

» Al agents can read and retrieval data from knowledge graph.
» Input data for the temperature prediction model is provided by Al Agents.

e 858

! b
F‘ \~.. : Request Response
S Results Tool use
N
: : — —
4] \!" Read 'm' Results

LLM-based Al

é 3: Predict the future temperatare of supply air.
k’c Layer 1: Semantic data model agent Layer 2: Data-driven &gg Q AR kR B PR

(knowledge graph) prediction models A3: The prediction model forecasts the supply air 25,8
temperature to be 22.5°C in the next hour.

g&g Q1: Visualize the outdoor air temperature trends over the
previous 6 hours.

= Al Virtual Building Manager

%?‘S Q2: Identify the sensor responsible for monitoring the
C2) supply air temperature in the HVAC system.

A2: GT11 is responsible for supply air temperature, the tag ~ =,88
in BMS is xx.DUC201.A101.Value.xx-LA1-GT11.

| xl!- (A “,) ll‘ J

Workflow of the LLM-based Al agent interacting with a human, the knowledge graph and the data-driven model.

14

Presentation 3
Qian Wang: Use cases and applications of semantic modelling for DHC and buildings
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2 Ontology-based Al Agents: Case 2

We are designing an Al agent that can automatically build simulations (gray-box modeling) for
building energy systems by itself.

Digital foundation: a semantic model is created using ontology:

Semantic models
for 4th Floor

=~ - Vasakronan

v

®

3 Gaps in Current Ontologies

We are rethinking how to enable large-scale production of semantic models and use LLMs for automation.

Developing them with current ontologies is complex: data collection, reviewing ontology documentation,
analyzing examples, mastering tools, and applying provided modeling approaches to build semantic data
models...

Project
Haystack
by W3C SSN/SOSA REC Fso
Project Haystack Proposed by Propoased by REC Proposed by Ville
‘community W3C and OGC consortium Kukkonen et al.
SAREF Brick Schema ASHRAE Standard 223P W3cC BOT
Proposed by Proposed by Brick Proposed by ASHRAE Proposed by W3C
ETSI Smart M2M ‘community with Project Haystack Linked Building Data
community and Brick ‘community group
‘community

Figure from our paper, where we reviewed and evaluated the current state-of-the-art
ontologies available on the market.

Presentation 3
Qian Wang: Use cases and applications of semantic modelling for DHC and buildings

o,
S |a e | |“ Phys:;‘bau’:l‘ulm |$ 2 o 0 | —— Components

Provides sensor m‘m‘;’g::‘m Unified and standardized
. S tp physloal componant g
LLM agents: specialized roles L relationships
and functions
+  Communicates with users in ot bt o it S
natural language, manages S — o ok ook [
knowledge graph queries. domain agents..* Queries R
A oo i otom s G ManLwagent | FOFE @0 vuman
+  Executes thermal model ratn
creation, parameter Maintains tasks Resuts
optimization, inferencing. Tttt

Human

] [ Records simulation parameters,

"You are an energy simulation

assistant that helps users calibrated model coeflicients,
- Functions for graybox .
‘madeling todis... optimization, and data configurations
analysis
‘@smsm Pmmpts‘ |§ Tools. ‘ ‘ a Memory ‘

Figure from our manuscript, design of the ai agent system

4
[ »
®
Comparison of semantic models ¢ ®
for an inlet air duct using different
ontologies: o ©
(a) target physical system; 9
(b) ASHRAE Standard 223;
(c) Brick Schema/REC; . .
(d) Keb Ontology. ® , \ e P
—~2. 9 @ o
- (d)
Figure from our paper
15



3 Kebnekaise Ontology (under developing)

« Actor: Entities that can generate data or can be controlled (database ID or IP address from BACNet, ' \]IZSZESE o TW' nVISta
KNX, mudbus). No need to model non-Actors. 54 OCH KONST

« Set: Group Actors logically. Ease the modelling of topologies (piping, connectivity between subsystems).

« Caption: Captions add flexible natural-language descriptions to Actors and Sets, storing context, roles,
connections, and links to external resources.

Table 4: Comparison of Ontologies for Semantic Modeling of Building Systems Th a n k you !

Ontology Entity SPARQL Full Topol- LLM Code | Modeling
coverage support ogy Support Length Effort

ASHRAE Stan-  Yes Yes Yes Possible 111 Hard
dard 223
Brick Yes Yes No Possible 28 Medinm
Schema/REC
Keb Ontology Yes Yes Possible Yes {20 ) Easy

16
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« Data-driven method for calculating the simultaneity factor

« Data resolution matters!

.

Ahwm
Sy

7g'23, Martin Frandsen', Morten Karstoft R

« Possible approach: combining with the building characteristics

« Can existing buildings be heated with low temperatures?

uﬂ
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What is the current and future DH market? Simultaneity factor: definition and status

« The DH design peak load is a combination of space heating (SH) and DHW.

* More than 1,9 million households — 69 % of all * In particular, the demand for DHW from buildings does not occur simultaneously. To avoid
market over-dimensioning, the simultaneity factor (SF) is used.

. . « Two SF curves are used, one for total heat demand and one for DHW.
» Natural gas or oil boilers where no DH networks
« The SF is the ratio of the actual combined peak load to the sum of the individual peak.

» Phase out Natural Gas for residential use by 10 ™
2035 = _ -
i ; I
« Municipality heat planning with lowest socio- P i
economic cost/technical feasibility s 5

1 1 w00
Number of dwellings [N] Number of dwellings [N]

The solution will be DH or individual heat pumps

addi.dk/2.11/more_info_get.php 578 lype=856_a& 0971&source_id=8709708key= 563446

IEA DHC Symposium, Genk 2025 IEA DHC Symposium, Genk 2025
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- Data-driven simultaneity factor calculation - Preliminary analysis
max!_ (3X_, P t) Winter results
* SF(X) = m ~ " SF Is higher (~0.58) Summer results

SF is lower (~0.30)

No significant change in SF for N > 35 No change in SF for N > 60

O N
timestamp s
B1 (30 25 5 18 —
B2 4 7 2 -
B3 22 23 @ .
B4 @ 2 8 13
30+ 20+ 15
SF®) = 30525415~ 09

IEA DHC Symposium, Genk 2025

IEA DHC Symposium, Genk 2025
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=
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i Project introduction: data and metering e Resolution determines the data quality
+ Data from three district heating networks in Denmark . 20 e
; . I * 30 min and 1 h data ’i — 30 minutes
+ Collecting data with long-range communication protocol are too smoothed and 2000 ‘ — 1 hour A
{ [
from smart heat energy meters fail to capture the peaks - r l

= 1 hour and 3 minutes resolution

Flow (L/h)

1000 [

» Collecting high-frequency data with optical eye and

* 3-mininutes data show
datalogger

some loss, but reflect
the peak nearly as well
as 2-second data

= 2 second resolution

» Using the Danish BBR (Building and housing register) i

Time (UTC)

DHW flow rate at different temporal resolutions, a hotel in Denmark

IEA DHC Symposium, Genk 2025 IEA DHC Symposium, Genk 2025
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Building categorization based on their characteristics

+ Denmark’s BBR (Building and Housing Register) is a national registry that records

=a
]
=

M

Building categorization using BBR

Number of buildings identified by types construction year

Number of buildings identified by type and hydraulic zone

1600 2000
key information about every property, such as size, purpose, year of construction, o -
and facilities. o .
&00 . 1000
Construction year Renovation year Building area Residential area Commercial area Building code Zone 7,1: I I I I :::
Malerserienummer N o
& & P P P F P & 200 . I
000037 1917 1899 210 431 [ 120 3 > A Y 4 & o —
& & B B D & Zonel Zone2 Zone3 Zoned Zone5 Zone6 Zone7 Zone8
00012182 1987 1998 149 149 0 120 3
mSingle WMulti = Comm msSingle W Multi mComm
0022e0fd 1984 0 100 100 0 120 6
00284650 Tore 200 s a1 ¢ W * 4418 buildings in total, and 90% of the buildings are single-family houses
00297061 1960 2001 184 184 [} 120 7

* 90% of the buildings were constructed after 1961, 25% after 2000.

» 30% of the buildings have been renovated at least once.

08 Saptember 2025 IEA DHC Symposium, Genk 2025

08 September 2025
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Operating temperatures in different hydraulic zones  The simultaneity factor depends on building characteristics
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