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2. Welcome and Overview

The Industrial Workshop on Digitalization and Future Developments of District Heating and
Cooling Systems began with a warm welcome from Prof. Michele Tunzi, who opened the
session and greeted all participants. He introduced the overall purpose of the workshop,
which is to explore the role of digitalization as a key enabler of the green transition in district
heating and cooling systems. The event brought together representatives from research
institutions, industry, and public authorities to discuss how digital tools and technologies can
optimize system performance, improve efficiency, and support the integration of renewable
energy sources.

In his opening remarks, Prof. Tunzi highlighted that digital technologies are transforming
energy systems, making them smarter, more efficient, and more user-oriented. He
emphasized that data-driven approaches and artificial intelligence will play an increasingly
important role in optimizing plant, network, and end-user operations, shaping the next
generation of district energy systems.

Following this introduction, Prof. Tunzi provided a short overview of his research activities at
the Technical University of Denmark (DTU) and the work carried out by his group at DTU
Construct. He then introduced the international cooperation activity IEA DHC Annex TS9:
Digitalization of District Heating and Cooling T Improving Efficiency and Performances
Through Data Integration, which he co-leads with Dr. Dietrich Schmidt from the Fraunhofer
Institute for Energy Economics and Energy System Technology (IEE). The annex focuses on
improving the efficiency and performance of district heating and cooling networks through
enhanced data integration and digital solutions.

3. Block 1: The Danish Context: Overview

The first block provided a general overview of the Danish district heating market and national
initiatives aimed at digitalizing the utility sector. Morten Duedahl (DBDH i Danish Board of
District Heating) presented the development and key success factors of district heating in
Denmark, sharing experiences and lessons learned from both national and European
initiatives. Lars Grundhal (Danish Energy Agency) then introduced the national Utility
Digitalisation Programme, which aims to modernize and connect the electricity, heating, and
water sectors through improved data use and digital solutions. Finally, Tore Friis Gad Kjeld
(Center Denmark) outlined the role of Center Denmark as a central platform supporting the
green transition through digital data infrastructures and cross-sector collaboration.

1.1. Discussions/Remarks:
1 The data model has been published as a white paper, covering consumption data and
selected use cases

Good data exists on utility properties, but access to this data is limited

There is interest in easier access to data for different use cases

Collaboration with European energy projects is being pursued to leverage synergies and
share knowledge

1 In some countries, such as the US, gas is often cheaper than electricity, creating a
challenge for renewable energy adoption

E



4. Block 2: The Danish Context: DH Operator/Utility

company experience

The second block focused on the perspectives of Danish district heating operators and their

experiences in implementing digital and low-temperature solutions. Lasse Jakobsen

(Albertslund Forsyning) presented the development of 4th Generation District Heating in

Albertslund, highlighting ongoing efforts to lower system temperatures and utilize digital tools

and data to optimize operations. Christian Mglgaard Byrjalsen (Aalborg Forsyning) shared
insights from Aal bor gbs t r anasddata-driven disiavlzeatidgs a gr e
system, emphasizing the role of consumers and the use of district heating as a flexible

energy resource Sup{reerambitong. t he cityods fossil

1.2. Discussions/Remarks:

1 Reducing consumption: discussed whether this mainly reflects lower heat losses

1 Temperature vs. quality: higher temperatures do not necessarily affect pricing; service
guality maintained

9 Customer support: crucial for lowering system temperatures; no major resistance
reported

9 Success factors: motivating consumers (e.g., terrace projects) helps achieve lower
temperatures

9 Technical challenges: hydraulic balancing and related operational issues noted

5. Block 3: EU Project FUhSNM

The project Fundamental principles of sensor network metrology (FunSNM) develops new
methods to evaluate and improve the reliability of data from distributed sensor networks,
such as district heating and cooling networks. The project focuses on uncertainty
propagation, data quality metrics, and traceability, and tests its solutions in practical, real-
world networks.

Shahin Tabandeh (VTT Technical Research Centre of Finland) provided an overview of the
FunSNM project, followed by Peter Harris (National Physical Laboratory, UK), who discussed
the challenges of measurement uncertainty evaluation for sensor network metrology. Mads
Johansen (FORCE Technology, Denmark) presented the main aspects of data quality
characteristics, while Martin Koval (Czech Metrology Institute, Czech Republic) outlined the
infrastructure requirements for distributed sensor networks. Finally, Peter Friis @stergaard
(Technological Institute, Denmark) demonstrated methods for continuous identification of

6. Block 4. NSF PIRE project

This U.S. National Science Foundation (NSF) sponsored Partnerships for International
Research and Education (PIRE) project is focused on integrating Artificial Intelligence (Al)
techniques with an understanding of human needs and behaviours to enable an efficient,
human-centered, and resilient operation of district- and community-scale heat pump systems
that promote and support regional scale adoption of building decarbonization.

Dr . Zheng OO6Nei ll (Texas A&M University) introdu
Decarbonization via Al-empowered District Heat Pump Systems project, outlining its
objectives and research framework. Dr. Chris Gray (EcoSmart Land) presented a new



business model for the adoption of residential district heating and cooling in the United
States. Stet Sanborn (Smith Group, UK) discussed the scaling of intersectional analysis for
campus district thermal energy networks integrated with electrical microgrids to enhance grid
flexibility and support decarbonization. Dr. Christina D. Rosan (Temple University) and Liz
Compitello (Delaware Valley Regional Planning Commission) explored energy transitions in
Philadelphia and Southeastern Pennsylvania, focusing on policy developments for thermal
energy networks. Finally, Eric Juma (HEET, Boston) shared insights on policy trends and
technical learnings from U.S. gas utility 5GDHC pilot projects, highlighting the evolving
landscape of thermal energy network deployment in the country.

Discussion/Remarks:

1 Concerns were raised regarding ownership structures, especially in partially unoccupied
buildings

1 Coordination between different stakeholders was identified as a major barrier, illustrated
by examples from lItaly

9 Participants discussed customer pricing and how the proposed cost structures compare
to existing systems

1 The data collection approach appears similar to the practices at Center Denmark,
prompting questions about the concrete data strategy and planned next steps within the
project

7. Block 5: Industrial perspective and Future of District

Energy systems
The last block offered an industrial perspective on the evolution and future of district energy
systems, highlighting how innovation, sector coupling, and digital solutions are driving the
transition towards flexible, efficient, and carbon-neutral infrastructures. Peter Hybertz
Jarnved (Norsyn, Denmark) introduced the Thermonet concept, while Hjorleifur Gudbjérn
Bergsteinsson (Danfoss, Denmark) presented Leanheat i Data Solutions for Smarter
Utilities. Christian Anker Hviid (DTU, Denmark) discussed the Al-driven HeatCheck Project
for optimal heating in apartment buildings, followed by Asger UIf Jensen (DTU, Denmark),
who introduced a Double Loop Network for combined heating and cooling. Finally, Antonio
Calderon (Kakti, Denmark) presented LILA T Optimised Production Planning in District
Heating, focusing on improving operational efficiency.

Discussion/Remarks:

1 A simple operational strategy was emphasized, highlighting the importance of avoiding
frequent oni off cycling of heat pumps

1 Al-based optimization should increasingly account for indirect maintenance costs instead
of focusing solely on measurable equipment performance

1 Regarding the Thermonet concept, questions arose about network ownership, particularly
in the context of heating collectives and community-based governance models



8. Conclusions and closing

The conclusion and closing of the meeting was made by the organizer Michele Tunzi.
Michele provided a short wrap-up and summary of the workshop discussions, highlighting
key takeaways from the different sessions. Practical information was shared regarding the
foll owing dayodos activities, including det
also invited to complete a feedback questionnaire on business models, which will be
distributed by Michele Tunzi and Dietrich to identify key barriers in different countries related
to the implementation of district heating solutions. The session concluded with final remarks
and marked the official end of the industrial workshop.
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Energy consumption in EU households
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°64.1% and
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Water heating
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Cooking
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Legacy from IEA DHC Annex TS4:  [Rresss Aims and objectives
Digitalization Future Challenges .

- Create awareness for the advantages of the integration of data and signal from =
» Get your copy online here e difierent domain
interoperability

* 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.

#0bj_4:

Saf d Lack of * Provide an updated state-of-the-art overview of the digitalization of district
Sg;}?;;gf reference heating schemes in terms of R&D projects, demonstrators and case studies

dataset and
T benchmarks
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More information available... Industrial Workshop Agenda: Day 1

©9.15-10.15: Block 1 -The Danish Context: Overview
. . g * Morten Duedahl — Danish Board of District Heating
< Latest deve]opments and prOjeCt S Updates * Lars Grundhal — Danish Energy Agency (Energistyrelsen): Utilities National

digitalization programme
* Tore Friis Gad Kjeld — Center Denmark

https://www.iea-dhc.org/the-
research/annexes/2024-2028-annex-ts9

¢ 10.15-11.15: Block 2 - The Danish Context: DH Operator/Utility company

% Please reach out if you would like to join the experience

Team!

* Lasse Jakobsen — Albertslund Forsyning
¢ Christian Mglgaard Byrjalsen — Aalborg Foresyning

IEA DHC Annex TS9

IEA DHC Annex TS9
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Industrial Workshop Agenda: Day 1 Industrial Workshop Agenda: Day 1

©11.15-12:30: Block 3 - EU Project FunSNM * 13.30-14.30: Block 4 - NSF PIRE project
¢ Shahin Tabandeh, VTT Technical Research Centre of Finland * Dr. Zheng O’Neill - Professor at Texas A&M University
e Peter Harris, National Physical Laboratory, (UK) * Dr. Chris Gray — CTO EcoSmart
¢ Mads Johansen, FORCE Technology (Denmark) * Stet Sanborn — Vice President and Director of Climate IMPACT at Smith Group
e Martin Koval, Czech Metrology Institute (Czech Republic) * Dr. Christina D. Rosan/Liz Compitello — Professor at Temple University/ Manager of
o Peter Friis @stergaard, Danish Technological Institute (Denmark) Sustainable Energy at Delaware Valley Regional Planning Commission

* Eric Juma — Director of Technology, HEET

¢ 12.30-13.30: Lunch
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Industrial Workshop Agenda: Day 1 Industrial Workshop: Day 2
¢ 14.45-16.30: Block 5 - Industrial perspective and Future of District Energy systems «29 October 2025

* Peter Hybertz Jarnved - Norsyn . .. . . istrict h .
« Hjbrleifur Gudbjérn Bergsteinsson - Danfoss — Leanheat *10-12: Site visit at Hgje Taastrup Fjernvarme (District heating

* Christian Anker Hviid — DTU Construct ope rator)
* Asger Ulf Jensen — DTU Construct
* Antonio Calderén — Kakti

*13-15: Termonet — Site visit in Jyllinge led by Peter Hyhertz

* 16.30: Final remarks Jarnved - Norsyn

IEA DHC Annex 159
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15
Presentation 1
Michele Tunzi: Opening and Introduction to the Workshop and IEA DHC Annex TS9



J
=
=

m

2728 October 2026

Practicalities

[l Wi-Fi Access:
*Network DTU Guest;
eUser: ieadhcts9
ePassword: dG6M3gZBGsx5
£ Presentations:

¢ Allin-person presentations will be run from a single laptop. Online participants will share their
slides via Teams.

* Each session has a discussion. We will keep the questions/comments there

¢ To ensure good audio for online participants, we might move the speakers a bit during
discussions.

¢ Please raise your hand on Teams, and a moderator will let you intervene in the discussions
® Coffee & Lunch:

eCoffees and snacks during breaks at 11 and 14.30;

eLunch at the Faculty Club (next corridor)

DTU Construct IEA DHC Annex TS9
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Workshop Feedback and Questionnaire

-
Workshop Feedback IEA Annex T59 Questionnaire on Business Models

'Mpﬂ:;",'T-w'lw\.m' ce.com/e/xed4zsT6a7 https://forms.office.com/e/s3DhGgMFb,

DTU Construct

IEA DHC Annax 159
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Welcome

District Energy Implementation:
Experiences & Lessons learnt in
Danmark (plus learnings from other places)

- a general overview of the Danish
district heating market, outlining its
evolution and status.

Morten Jordt Duedahl
Business:Development Manager

dbdh.dk

.o

District Heating in Denmark

70% of all households (1.982.623, 2025)
78+% renewable heat (2023)
All homes in major cities

THE COPENHAGEN L
DISTRICT HEATING NETWORK

~350 DH companies (Consumer/municipal owned)
60.000 km of pipes (30k flow/return)
1.000.000.000 | of water

Prices: Competitive “1/
E —

Presentation 2
Morten Duedahl: Experiences & Lessons learnt in Denmark

* Magazine HOT|COOL
* Seminars, training, exchanges of know-

Dooee.

The Go-to-Partner
Estab. 1978
80+ members

how, mentoring

dbdh.dk

J22e@

LOWEST PRICE!!!!

* Renewable!
* Smart Energy

* Air pollution

* Stable prices

* Noimport

* Jobs

* And much more

LOWEST

PRICE!!!!

& renewable!

dbdh.dk
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DH development in Denmark Sustainable Heat Sources
o Production of district heating, by type of €]
150
1903 0 Waste incineration Municipal company 140 e
1960'ies ?? Low cost oil Many co-operatives 2
1979 30% Gas, coal Lowest Price. Planning b I e
1990’ies 50% Biomass Many new companies “
o .
2025 70% Electrification Integration to power o ; zs incl renewabie naturaigas
Soon 75% Everything Fully renewable (99,?%) 2 i
: = 0
© : 2010 2015
- °
@ dbdh.dk @ dbdhdi

i oson Stable F k conditions
Key Success factors — from DK and Europe table Framework conditions
« Municipal leadershi * LONG TERM!
un|C|pa. mARSIER “Ultimately, the future .
* Ownership of district heating will * Deal with the natural monopoly
* Capital be shaped by those * Protect:

who own it.”

Stable framework conditions — Investor (in Denmark = the DH company)

» Consumer protection — Consumer

— Society

* Financing is essential

dbdh.dk
dbdh.dk
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Planning Consumer protection

Everyone know what to do

Clear stable heat law

Local and municipal leadership

Clear price regulation — cost based

* Zoning * Transparency — to the extreme
— Long term perspective

— Flexible both speed and where Functioning complaint system

— Provide the security needed

Investor protection and consumer protection

L I
#:° DBDH ##7 DBDF
Danish DH Project Proposals
—Calculates the “value” of a DH project
—Standardised format .
* “a calculation tool” How to dO It bESt?
* All the numbers, cost, efficiencies
* Technology Catalogue
* Published by the Energy Agency
- dbdh.dk : dbdh.dk
| s
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Think very big

* DH should cover and benefit
the entire city

* Act big in coordinated phases
= planning

dbdh.dk

How to get the last 50%

* Tell me!

dbdh.dk
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- GET THE PIPES IN ‘
THE GROUND!

Thank you!

/

7 DBDH
Project evaluation for financing and business
development
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Cases from Europe

The Netherlands Germany

| ot 7 ot e
o Tala T ale 7 ol

.
L J
.
@ dbdh.dk Amiens, France Hamburg, Germany
i DBDH
The outcome of project proposals
* Business case
* Avoid losing money / go bankrupt
¢ Consumer economy
* They will complain / not sign up,
= * Socio-economic
° ¢ Include external factor like pollution
: ¢ Allow for a harder push (mandatory connections back then)
®
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| Producton 20202022 District Heating in Vi&¥gPH
2026 - 2022

« Randers * 42.000 inhab

wharhus * Most has DH
252 km ;

* Some storage
* Several heat sources

(e Arbejde

ooy , ‘ Immwaue Fossil 2021 MW [Renewable Fossil__|2022 MW Jﬁmmahk Fossil
. 47,3921 472 o, 50,6191} 50,6 0. 41,334 a1.3] 0
/ Reserveload not included - T R -
) 47,3551 | 424 o, 9,04 49,0 X a1 | a1 o
. k | d- 47,1091 4.1 o, 51,182 51,2 0, 42,280 23] 09
Pea oaa: 97! 1 Mw m,a'% 4,0 0,0 szsé 52,9 0, 23,3020] 134 o
51,4593} SL5) ] 53,8¢ 53,9 0, 44,1204 a1 ly
51,425 514] 0, 55, S:I 55,6 0, 44,262 443 0.0
50,% 50,9} 0, 58, 58,0| 0, 45,2144 45.2) 0,0
- 507" 0.3 ogf 57‘% sh.2 X 45,854 253 0
51,34 513 04 58,3 583 X 3 463 o
. 52,002 52,0 00 58,4751 585 0, 46,051 461 0
L 50,5943] 509 [ 57,8951 52,9 0, 25,7654 25,8 0]
P ag.1721] 13,2 o, 56,02 56,0 X 45,5635 25, o
L J
@ dbdh.dk

Production 2020-2022

) Municipal Leadership
?‘ % Of tOtaI prOdUCtion e “ltis our village / town / city!”
(2020 - 2022) + Heat Planning is key

¢ Success depends on local leadership.
Renew ¢ Municipalities must:
capacity | 2020 2021 2022 | Average — Lead and take ownership of the

“Ultimately, the future

11,2 38 307 349 33,3 :
18,3 52,5 86,1 52,0 Gy - glj:iz: sv:?)isheould benefit and ho Of district heating will
37| mo| ns| 750 N be shaped by those
e 202 245 93,9 — Control the process who own it.”
68,9 98,8 99,8 99,5 2
80,0 1000 99,848 99,978 99,9 e
90,0 | 1000 99,986 99,9987 | 99,995 :
100,0 100,0 100,0 100,0 100,0 @ dbdh.dk
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i DBDH

Why District Heating?

Predictable, fair and lowest prices
* Green/sustainable

* For everyone

* Social and other benefits

dbdh.dk

Main ingredients

Stable Framework conditions

* Municipal Leadership — heat planning

* Think very big — act in stages

* Forget the other non-existing solution: H2 etc.

* Allow many heat sources — be agnostic

* DH integrates the energy system

* Consumer protection

* We have no time! And the only thing we have is time.

dbdh.dk
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Back to Denmark

What made DH a succes in Denmark?

.
@ dbdh.dk
## DBDH
Trust :
* Democratic ownership
* Consumer protection
* Control of the natural monopoly Bottom Up
* Transparency
* Not-for-profit
Top Down
:
@ dbdh.dk

23



Qoo

: * Professional, commercially acting organisation

Trust

* Democratic ownership

* Not-for-profit

dbdh.dk

The business model

* End-user/Customer owned
— Co-operative
— Municipal

* In charge of the whole value chain
* Provide heat at lowest prices

dbdh.dk
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* Consumer protection
Control of the natural monopoly Bottom Up
* Transparency

Top Down

Lowest

IR DBDH

[ X XN NN

. possible price

A

J

dbdh.dk

Y DBDH

Green, job, import, .....

Developments today

* Gas is out!

* Supports integrations with the power market

* Surplus heat — all kinds

— Large heat pumps (data centres, industry, anv kind of water....)

— Hydrogen, PtX, CCS/U
» Storage

* Smart energy / digitalisation

dbdh.dk




Composition of DH companies Use all/many heat sources
mm ¢ Use what you have (also biomass' gas, CHP)
Municipal 70  Large Often ”arm-length SPV”, but fully owned. consumer owned . . .
(indirectly). * Build big storage — keeps prices low and support the
Cooperative 275 Smaller Private co-operative, consumer owned. entire energy system
7th or 8th largest DH is the largest co-op. N .
Many established in 60’ies and 80'ies. * Sector integration to Power, PtX, HS, WtE

From 70 houses to 75.000 persons.

* Ability to always choose the cheapest source
—with respect to investments allready made

* Focus on fossil-free, but remember - there is still time

Commerecial 4  Micro Private-commercial (EON)

* Approximate numbers

0000
[ X XXX

@ dbdh.dk
dbdh.dk
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