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Digitalization as the Enabler for Hilerformance District
Heating Systems

Digital technologies are expected to improve the efficiency and system
integration of additional renewable sources, as well as making the entire energy
system reliable, smarter, and more efficient. Future digital applications may
allow district energy systems to fully optimize the operation of their plant and
network assets while realizing immediate and feasible decarbonization of urban
heat supply: With data to optimize district heating systems and new business
opportunities.

This conference offered information on cutting-edge technologies and solutions around
digitalization measures in district heating supply systems and created a forum for
participants from business, research institutions, and politics. A small industry
exhibition allowed exchange in these topics as well as products and technology. Thus,
the conference provided an opportunity for an open interdisciplinary conversation on
how to address the upcoming challenges of the digital energy transition

The presenters brought a wide range of expertise in digitalization solutions with a
specific focus on the design and management of district heating systems. They
additionally gave insight into the development status of new digital business
processes.

This event completed the Annex TS4 project, "Digitalization of District Heating and
Cooling: Optimised Operation and Maintenance of District Heating and Cooling
Systems via Digital Process Management”, which was carried out within the framework
of the International Energy Agency's District Heating and Cooling Program. It is

organized in close collaboration with the Fraunhofer Cluster for Integrated Energy
Systems (CINES).
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« Improving the business case for DHC including the integration of prosumers

« Decarbonisation and temperature reduction in DH networks

« Integration of renewable energy sources into existing DHC systems
* Hybrid energy networks

» Digitalisation — systematic optimisation of DHC in the era of big data

« Improving district heating infrastructure.

Netherlands, Norway, Sweden, UK, USA|
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« Research projects proceed in two ways: ‘cost share’ and ‘task share’
+ Deployment of digitalisation (hardware, software, and controls) has the potential to be a

« |EA DHC has carried out cost share projects since 1983, and task share projects since 2011
fundamental game-changer leading to the emergence of new business models.

« Cost share projects: chosen by competitive bidding and funded by IEA-DHC
« Potential improvements can be made to all aspects of DHC systems from planning to

« Task share projects: arising from suggestions by member country organisations - participants identify their P . . g
operation, improving efficiency, economy, and environmental performance.

own funding
- Digital platforms can promote user engagement, and digital techniques can potentially enable
future consumers to become prosumers.

« Reports for all completed projects are freely available at www.iea-dhc.org

« A further important element is cybersecurity.

= INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON X INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
1EADHC DISTRICT HEATING AND COOLING 1EADHC DISTRICT HEATING AND COOLING

» Digital techniques can be deployed to optimise overall heat distribution and integration of new
technologies and multiple heat sources.

« Monitoring can be carried out down to individual component level, enabling fault detection of
problems that otherwise would not be found.

NATURAL GAS INFRASTRUCTURE

DISTRICT HEATING AND COOLING INFRASTRUCTURE

« Fault diagnosis and continuous commissioning helps to secure low-temperature operation. rammi
This is crucial for the transition towards renewables-based DHC networks.

« In this way, thermal grids can evolve towards smart grids, integrating multiple heat sources
and enabling the circular economy.

Example of a Hybrid Energy Network with some possible technologies and
connections (source: Fraunhofer IEE)
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« Access to state-of-the-art international research « Direct benefit of receiving funding for successful cost share bids; successful bids are 100% funded

« Global reach leads to deeper perspectives on technology implementation and market « For task share participation: contribute your own research effort — and receive the additional benefit of
development matching research efforts from other participants

« All projects benefit from input from researchers from multiple countries « Both cost and task share final reports are widely read across the current membership countries and beyond —

a great shop window!

Help to define future research priorities and shape the research programme
« International perspectives enrich project outcomes

Bid for future cost share projects; participate in task share projects
« Opportunity to build up international networking

Networking opportunities with experts from different countries
« Under the auspices of the IEA, project outcomes come to the notice of ministerial representatives on IEA

Cooperation with other TCPs and Euroheat & Power and International District Energy

Association. sommitiees.
S INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON = INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHC DISTRICT HEATING AND COOLING 1EADHC DISTRICT HEATING AND COOLING

Technology Collaboration Programme
bylea

« Full reports for detailed information about completed projects

« Summary reports for a quick synopsis of project outcomes
« Webinars on various project topics

« Key guide to information by topic

+ Programme brochure

« Links to major external sources of DHC information

www.iea-dhc.org

=2 INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON S INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
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Federal Ministry o
* 2 Cimae etion. Launch of the 8th Energy Research Programme for applied energy
research — Research missions for the energy transition

8. Energieforschungspro
zur angewandten Energ

Forschungsmissionen fiir
Energiewende

: B | ot https://www.bmwk.de/Redaktion/DE/Dossier/energieforschung-und-innovation.html

o o and Climate Action
Five missions to focus energy research on accelerating the energy Mission Warmewende — Accelerating the transition to climate-neutral
transition and towards the German climate policy goals and efficient heating and cooling

) Objectives
= Mission Energy System 8. Energieforschungsprogrami 1) Climate-neutral and sustainable heating
zur angewandten Ene c
avoscoce s Forschi issionet g H HPRH
= Mission Warmewende | Enepeende and cooling for buildings
(Transformation of the heating sector) 2) De-fossilize heating and cooling supply in
industry

= Mission Stromwende
3) Robust infrastructure for efficient

(Transformation of the electrical system) sl
distribution and storage of heat

= Mission Hydrogen
4) Exploitation of flexibility within the

= Mission Transfer : :
heating and cooling sector

@ Federal Ministry Fedenal Ministry
¥ | for Economic Atfairs ¥ | for Econoenic Affairs
and Climate Action and Climate Action

Presentation 2:
Welcoming and the Role of Digitalization in
German Energy Research 4
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@ Federal Ministry
for Economic Affairs

Digitalization is already an essential aspect of many research projects and Chrae Acion

within the district heating sector —some examples

1) Top-down approach to provide a framework for
the digitalization of processes in district heating F W
networks (https://www.fernwaerme-digital.de/projekte/fw-digital)

2)  Bottom-up approach to research potentials of SMHR'I‘ HEH'I'
digitalization within a real-life physical network

(https://www.fernwaerme-digital.de/projekte/smartheat)

3) Integrated approach to learn from different real LiVing Lab GWP

life applications of large scale heat pumps in

district heating networks
(https://www.energiewendebauen.de/projekt/neu-
grosswaermepumpen-in-deutschen-fernwaermenetzen)

* Fedenal Ministry
YEY | for Economic Affairs
and Climate Action
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xxxxxxx

:s
xxxxxx

133t
2304
113

Presentation 2:
Welcoming and the Role of Digitalization in
German Energy Research 5



Digitalization as the enabler for high performance district heating systems 20.11.7 21.11.2023

Our future Energy
system will be digital!

IEA DHC Annex TS4 Conference | November 2021, 2023

Introduction to the Confer

Dietrich Schmidt

Z Fraunhofer
CINES IEADHC

IEA DHC Annex TS4
Digitalization of District Heating
| ~*" . and Coaling:

-
Operation and Ma,intenance' istricBHeating - . - : 724 n
ooling Systems via Dig"l Pro Management ; c bl 4 =~ \: S >
., haw » . L i) ‘ S e ——

- : :

- . f E “ &) ouraims
. - J § > Create awareness and promote opportunities for the imp
el —— digital processes to the various stakeholders and use

> Provide a state-of-the-art overview of the digitalizatio
schemes in terms of R&D projects, demonstrators, ant

> Evaluate non-technical barriers and enablers for di
district heating and cooling schemes such as busil
and policy instruments

el Rl e T
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Digitalization of the ‘ ’ : ‘ 1 Digitalization to Link th
demand side : N R L % ) | Supply Chain

— System Perspectiv% :

Business Models
— Unlocking the

Digitalization of
Energy Infrastructure
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Technology Collaboration Programme

INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
S DISTRICT HEATING AND COOLING

¢ Published via the Gve‘m’\én Heat and Power

17

Association AGFW
e Some facts:

= 13 chapters
ANAL REPORT - il el {
or : ]
District Heating: Transforming Heat = 32 authors and 3 gues
Networks for a Sustainable Future TRRLBEARRRAY
Edited by Dietrich Schomdt

S
S
RS ——

)
L RO et e
8 Sntitgustigus ’
el % SO SONSSOSSO S S o
a3 INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON Z Fraunhofer
IEADHC DISTRICT HEATING AND COOLING L anes IEADHC

by the German Bundestag
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Total net greenhouse gas emission trends
and projections in Europe

European
Commission

EU intensifies efforts for faster

S ma rt T h erma I N etWO rks emission reductions:

. - Commitment to reduce emissions by at A »\ g
least 55% by 2030 300 /\
In the European Union 5 =
New binding target for share of RES at 3000 emesions S
42.5% by 2030 . g e

Binding efficiency target of at least 11.7%
compared to the expected FEC in 2030

Digitalization as the Enabler for High Performance District
Heating Systems

Actions to reduce dependency on Russian
gas 1000

Renovation Wave, Heat Pump Action
Plan, ETS overhaul ¥ e
Jonathan Volt 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

JRC C.7 - Energy Transition Insights for Policy [

Commission

Source: EEA, 2023

- - Digitalisati
From linear to integrated energy systems gitalisation
Testeam )
The energy system today : linear Future EU integrated energy iy N
and wasteful flows of energy, in one system : energy flows between users &>
direction only and producers, reducing wasted

resources and money

Energy efficency | tempersture level

B 7z
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EhEl C
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| |
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Source: Lund et al. (2021) Perspectives on fourth and fifth generation district heating
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D
Ss
¢ | New models and new challenges
2o
. 23
§ 3 * Long term concessions linking large scale * Mid term concessions + service contracts,
) . . ) . g% production, supply and grid management often separating production contracts and
Smart thermal networks refer to efficient heating infrastructures that distribute SE within a unique contract supply from grid operation
heating and OOOling to multlple facilities within a district or Clty They are %’E = Vertical integration, no transparency on = Full transparency on the value chain at
characterized by operating at lower temperatures than conventional thermal 28 I NRHOUS(UEIS
networks and possessing a higher complexity with numerous supply and Gl et oy | |Dstiiel pebiin i
demand points. Smart thermal networks utilise intelligent technologies and §§ duFing the contiact ' targets and cost effectiveness
strategies to maximize energy efficiency, reduce emissions, and optimize thermal S$ & Gldas aclossd; “ohe Wiy S syRtem & G erabler i BNy exchanges
S z = : 5 ) =2
dIStnbu“on' Fu_rthermore’ they _are typlca"y lntegr_ated lnt_o the W|de|' en_ergy % E’ = Mandatory connection, regardless of = Conditional connection, can be challenged by
system, enabling them to provide valuable balancing services to power grids. S efficiency of alternative supply proposals efficient standalone solutions
8 ;:: = Supply driven development = Demand driven development
<
§§ = Low consumer information, no cooperative = Customer/stakeholder information as
g s dialogue to stakeholders enabler to the model
Os g
o=
M| $8% [
835 Commission

— Smart thermal networks: a strategic
Overlooked potential (?) element in EU's climate work

Presence of district heating in the EU "
Relative FEC (in comparison with population) EU Energy System Integration Strategy

~Strategy laying the foundation for the decarbonised European energy system of the future

% M Baseline 2015 | Inerval of feasible district heat share Minimum recommended share of district heat
| in HRE 2050 050

in HRE 2
Relative FEC (MWh/population) Renewable Energy Directive
-

~Target of 42.5% of energy consumed comes from renewables (Art. 3)
+RES and waste heat targets for district heating and cooling (Art. 24)
-Requirement to inform consumers about RES in DHC (Art. 24)

Energy Efficiency Directive

+Definition of efficient district heating and cooling (Art. 26)
-Local heat and cooling plans (Art. 25)
-Comprehensive assessment (Art. 25)

9% of heat demand supplied by district heat

Energy Performance of Buildings Directive
AT BE cz DE ES Fl FR HU m NL PL RO SE UK HRE
tota

-Zero emission buildings (Art. 2)
-National building renovation plans (Art. 3)
Source: Paardekooper et al. 2018, Heat Roadmap Europe, in RAP, 2023 =Renovation passports (art. 10)

ea _\
B ren 0

eurostatill *EUETS and ETS 2
European «Target of 100 climate neutral cities n European
Commission ~Energy communities Commission

-Positive Energy Districts

Presentation 4:
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Trends

Digitalisation and the increased use of smart meters and sensors in
the networks have dramatically increased the amount of data
available, and this can be used for advance planning and
operational optimisation.

System integration represents a great opportunity for the EU’s power
and heating and cooling sectors. Networks with multiple thermal
generation plants can offer great flexibility to the wider energy
system, especially if coupled with thermal energy storages.

» The role of thermal networks has shifted from simply ensuring
sufficient supply to optimising the whole system, from supply point to
end-users.

* New role for utilities and new potential business models.

© European Union 2023

Unless otherwise noted the reuse of this under the CC BY 4.0 license. For any use or reproduction of elements that are

not owned by the EU, permission may need to be sougm directly from the respective right holders. ;; - S

Presentation 4:
Smart Thermal Networks in the European
Union: Status, Trends and Outlook

European
Commission

European

Commission

20.11.7 21.11.2023

Clean Energy Technology Observatory

* The Clean Energy Technology Observatory
(CETO) is a project to monitor EU research
and innovation activities on clean energy
technologies needed for the delivery of the
European Green Deal.

» The 2023 Competitiveness Progress
Report on clean energy technologies

« Strategic Energy Technology (SET) Plan

= European
https://setis.ec.europa.eu/publications/clean-energy-technology-observatory- ;-, Commission

ceto/ceto-reports-2023_en

11
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Session Il - Challenges of Digitalization in District Heating

Access to funding

and Network

Foster participation and
matchmaking of our members in
EU projects

©

The Role of Digitalization for DHC Performance
Upgrade: an Industry Perspective

=y

IEADHC

Advocacy and
Communication

Set priorities for DHC
technology development &
funding in Europe

Digitalization as Enabler for High Performance District Heating

Systems

Euroheat
& Power

Digital Heat: a buzz word since
afew years

Operators & Utilities Natienal Associations

The DHC+ issued the “Digital Roadmap for DHC” in
July 2019

™ DANISH DISTRICT
AG F!!/ O HEATING ASSOCIATION

. Calore ‘ 1
£azalagn 4 odalkia

GROUPE €DF

BRI AAR EOR * Production, distribution, building, consumption GANGie e_an @Nmk
DISTRICT HEATING & COOLING » Design and planning, asset management, Flemvarme
sector coupling and integration of multiple @
sources
VEOLIA

* Horizontal topics: Big Data, A.l., blockchain

The EU JRC produced, in the same year, a Technical
report on “Digitalization: Opportunities for heating
and cooling”

DHC: Techrwlogy Platerm ¢/o Eurohest & Power

oNggre
0

EU Projects - cross cutting

o
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The DHC+ Platform: hub for Research and Innovation

Knowledge
Transfer

Bo the key portal to access

district energy related
resources

Equipment Manufacturers

e

DAIKIN

@ Gradyent I(amstrup

OPTIT

Replication &
Scale up

Accelerate the development and
replication of sustainable
district energy on the ground

Members of the Digitalisation Working Group

Research & Academia

IREES

o0

:. Jozef Stefan Institute
@ Encrgy Effiency Centrs

L

cE rouTECHICO
) BF MICANO
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Activity timeline DHC+ Digital Heat Survey

« 2 parallel surveys focused on Digital Solutions supply and demand were launched
g DigiWG activities since 2022

Target: (digital) solution providers or inhouse
developed tools

Aim: understand what solutions are available

Target: DHC utilities at large

Aim: verify uptake of digital tools and solutions

Revamp Survey Survey Survey  Results Report Report Public Socialmedia  SESConf. Webinar  IEADHC Conf. by operators / identify upcoming challenges

WG Design Launch analysis discussion  draft final Launch  Campaign Copenhagen  w/ Utilities Berlin /maturity / areas of investment
] Numb: f C try / R
322 5/22 622 922 12/22-2/23 3/23 423 5/23 7-9/23 12/9/23 19/9/23  20-211/23 Number of Country / Region(s) umber of Country FRegionts) —
Sovania 1 _— Dervmarc 2 13 contributions
R 16 contributions Lt & 60% bl g
. . . o are public an
_ 10 Digital solution . private DH utilities
tay, 1 — providers .
. 2R h - * Large, mediumand
g 2 csearc Fance 1 small systems
centres

Global; 1 Hungary, 3
2

ermany; 1 France; 1

DHC+ Digital Heat Survey: key findings

DIGITALISATION IN
DISTRICT HEATING AND
COOLING SYSTEMS

A TANGIBLE PERSPECTIVE TO UPGRADE
PERFORMANCE

Thereport on
Digitalisation

Significant number (and quality) of market-
ready innovative solutions and approaches

Strong commitment to make animpact,
based on growing data availability

Good coverage of the value chain®, margins
for more integration

Communication onimpacts may improve

Small number of respondents is a clear sign
thatissue is not on top of the agenda (and/or
there may be an “ownership” issue)
Complexity is increasing and there is good
awareness of untapped potential, but “pain
level” still low

Struggle to perceive real impacts (cost-

in DHC
Systems

May 2023

benefit balance) of digital heat

* There seems to be a gap between demand and supply of Digital Solutions

Presentation 5:
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