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Digitalization for optimizing integrated
district heating systems

Digital technologies are believed to make the whole energy system smarter, more
efficient, and reliable and to boost the efficiency and the integration of more
renewables into the system In the future, digital applications might enable district
energy systems to fully optimise their plant and network operation while empowering
the end consumer. Further on, digital technologies are a key enabler for sector
coupling and hybridisation of the energy system. On the other hand, challenges need
to be tackled, such as data security and privacy as well as questions about data
ownership.

Aim of the Webinar was
e to discuss the role of digitalisation within a future CO:2 free and integrated
energy system,
e to present activities, challenges and solutions from the industry perspective,
e to get an impression of current commercial solutions,

The webinar was directed towards:
e District heating network operators and energy suppliers
e Digitalization solution providers (soft- and hardware, consultancies)
e R&D institutes and universities
e Policy makers, energy authorities and associations

This Webinar was held in the framework of
two international cooperation programs:

IEA DHC Annex TS3 “Hybrid Energy Networks*
IEA DHC Annex TS4 “Digitalisation of District Heating and Cooling*

More information at
https://lwww.iea-dhc.org/the-research/annexes/2018-2024-annex-ts4/

http://www.iea-dhc.org/the-research/annexes/2017-2020-annex-ts3
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NN

S = p

"
il

)
)
«

|

\ )
N
l"', 4”11., ‘..”/

More information at . IEE
https://www.iea-dhc. org/the-research/annexes/2018-2024-annex-ts4/

http://www.iea-dhc.org/the-research/annexes/2017-2020-annex-ts3 TOMORROW TODAY
w INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHCICHP District Heating and Cooling including Combined Heat and Power - i

A

Y ":nar Etiquet

+ The microphone should be muted by default
= They should only be switched on if you are speaking.

« Only one person speaks at a time.
= Requests to speak are reported via chat ("rts"),
= the moderator will ask then the speakers to speak.
= Please state your name and institution before you speak

« Please turn off your webcam!
= No general video transmission in order to reduce the bandwidth.
= The camera can be used at short notice for spoken contributions.
= We will make a “group-photo” at the end of each block

« Caution with humor and sarcasm!
= much of the original effect between the lines can be lost

P-C) INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHCICHP District Heating and Cooling including Combined Heat and Power
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Presentation 1:
D. Schmidt: Introduction into the Webinar

November 34, 2021
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The video file will be available after the webinar on the IEA DHC YouTube
channel https://www.youtube.com/channel/UCuYcql jJi8thrUJCjzL Baow

We will have a “group photo” at the end of the webinar, so please be
prepared to turn on your webcam (participation voluntarily)

= INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHCICHP District Heating and Cooling including Combined Heat and Power
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Introduction into the Webinar
(Dietrich Schmidt, Fraunhofer IEE)

National R&D perspectives for the digitalisation of the energy sector
(Stefan Krengel, Project Management Juelich)

The role of digitalisation with a focus on buildings and district heating
(Ksenia Petrichenko, IEA Paris)

The European framework
(Matteo Pozzi, DHC+/ Euroheat and Power)

Q&Ato all presenters

m End of Block |

I INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHCICHP District Heating and Cooling including Combined Heat and Power 5
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m Testing of technical connections
Introduction into the IEA DHC Annex TS4 project
(Dietrich Schmidt, Fraunhofer IEE)

The utility perspective on digitalisation of district heating
(Julia Westerweck, Warme Hamburg)

Digitalisation solutions for heat infrastructures
(Milan Jungic, Danfoss)

Digitalisation potentials: Research test facility for innovative DH systems
(Anna Kallert, Fraunhofer IEE)

Interactive session and Q&A to all presenters

W End of Block Il
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« a platform for international experts

= dedicated to helping to make DHC and CHP powerful tools for energy conservation and the
reduction of environmental impacts of supplying heat

= Current members: Austria, Belgium, Canada, China, Denmark, Finland, France, Germany, Italy
Korea, Norway, Sweden, United Kingdom, United States of America.

* The projects within the IEA DHC TCP are either
= Funded through a cost-sharing approach (by the member states)
= Funded through a task-sharing approach (the participants contribute resources in-kind for
connecting existing national and international projects), e.g. Annex TS3 and TS4

* More information: http://www.iea-dhc.org/home.html

X9 INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHCICHP District Heating and Cooling including Combined Heat and Power e

Presentation 1:
D. Schmidt: Introduction into the Webinar
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m Testing of technical connections

Introduction into the IEA DHC Annex TS3 project
(Ralf-Roman Schmidt, AIT)

The TSO perspective on sector coupling and district heating
(Anders Bavnhgj Hansen, Energinet)

Analysing systemic benefits in an integrated expansion planning model
(Henrik Schwaeppe, RWTH Aachen University)

Interactive session and Q&A to all presenters

End of Block IlI
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NATIONAL R&D PERSPECTIVES FOR THE DIGITALISATION OF THE
ENERGY SECTOR

Dr. Stefan Krengel, 3"“November, 2021
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7THRESEARCH PROGRAM
»INNOVATIONS FOR THE ENERGY TRANSITION”

> Primary goal of research funding:
> Support the transition to a climate neutral energy supply
> Increasing the usability of innovative energy technologies
» Research on technologies and concepts that offer
> Significant increases in efficiency
>  Integration of renewable energies
> Ensuring security of supply
> And a rapid transfer of research results to the application and into the market

> Keyideas
>  Technology-open approach
> Adoption of new trends: sector coupling or the digitisation of the energy sector
> Offer opportunities for innovative companies in the national market

Presentation 2:
S. Krengel: National R&D perspectives for the digitalisation of the energy sector

November 34, 2021
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ENERGY RESEARCH PROGRAMMES

> Strategic element of energy policy since 1977

> 2018:
> launch of current 7th program
> Common program of BMWi and BMBF
> > 500 Mio € per year

Project management apency for the

ptJ @,
7THRESEARCH PROGRAM

»  Four focus areas
> Energy inthe end use sector (buildings and communities, industry, mobility)
> Energy supply and electricity generation (wind, PV, bicenergy, geothermal efc )
»  System integration (power supply system, grids, energy storage and sector coupling)
> Cross-system research topics (system analysis, “energy transition and society”).

»  Digitalisation is a major R&D topic in all of the focus areas
» digitaltwins, digital planning, digital concepts for district heating and cooling networks, plant monitoring and
asset management,...
» However: Digitalisation processes are currently more advanced in the area of electricity than in the area of
heat supply
> Current development
> Additional support for climate neutral heat supply
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CALL 2021: KomTechE NEW PILLAR 7THRESEARCH PROGRAM: LIVING LABS
> Focus on the transfer of technologies and innovations into daily life
> Special focus on utilisation of communication technologies in buildings, electrical > Preparing the market for innovative sclutions
networks, city districts and district heating networks .
) > Concentration energy system relevant problems to push forward the energy
> 39 proposals (100 Mio. €, 198 partners, thereof 25 % research) transition
> Support by “service project” National 5G Energy Hub > City districts und multi-energy infrastructure, district heating, Hydrogen productionand use,
> Plafform with standardised interfaces for data collection and data processing is offered to allprojects Digitalization
» Main aspects with DHC context, projects to start in 2022: > Improved integration of additional funding formats for plant technology and
> Wireless monitoring of thermal networks infrastructure
> Digitalisation of network operation and planning In
> Area-wideroll-out of digital processes the network
» Digitalisation of heat transfer stations and network nodes m anwendungsorientierte anwendungsnahe
= [Forschung
| | | | | 1
TRL 1 2 El 4 5 6 7 ] 9

Project management agency for the Project management agency for the

Federal Minist

Phtvj LIVING LABS FOR THE ENERGY TRANS'TION Q E{E;‘«M%T&m P.tj LIVING LABS FOR THE ENERGY TRANSIT'ON Q ﬂ‘ﬂ.ﬁ"z"“
N e TRANSURBAN.NRW 17M€

> Regulatory sandbox for the energy transition:
performed in former coal-mining region in North
Rhine-Westphalia

> Objective: Transform fossil-based district heating
networks into low-carbon supply systems

> Fifth generation energy systems can enable
transition to climate-friendly supply

> Support by digital monitoring, control processes
and cloud applications (E.ON ectogrid™)

100 Mio. € Systemic approach,
funding/year for : B socially embedded
projects 5

Toprove
innovation in
industrial scale

&inreal

100 Millionen € Innovationen erproben environment
jahrlich fir Projekte mit REALLABORE in industriellem

Partnern aus Industrie der Energiewende Mafdstab und in
und Wissenschaft realer Umgebung

TransUrban.NRW will show how the high-

temperature energy infrastructure can be
converted to a low-temperature energy system.

currently 5 Living Labs in city districts

© stock.adobe.com/struvictory

Presentation 2:
S. Krengel: National R&D perspectives for the digitalisation of the energy sector 4
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Fraject management agency for the

Rtj LIVING LABS FOR THE ENERGY TRANSITION @,E&;ﬂ;&?‘”&m
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> Objective: Intelligent combining renewable
energy quantities (sources, storage, consumer)
in multi-energy network

> A virtual power plant will efficiently regulate the
energy supply of districts and distributed feed-in

> Concept based on BlockChain technology
> Combination of research & practical application

IW3 will develop and implement a verification

- system for thermal flows combined with market-
©HANBURG ENERGIE/Daniel Sumesguiner oriented efﬂciency_

Fraject management apency for the
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CONTACT

Dr. Stefan Krengel

Projekttrager Jilich

Energy Systems: End-Use

Head of Energy Efficiency in Districts (ESN 3)
+49 2461 61-96816

s.krengel@fz-juelich.de

Presentation 2:
S. Krengel: National R&D perspectives for the digitalisation of the energy sector

November 34, 2021

Project management agency for the

CONCLUSION

»  Technology-open program on energy research in Germany

> Digitalisation is one key aspect across all focus areas

» Research aims to demonstration and application of innovations in real environment
> Warmewende” becomes more important

Project management agency for the

Q Federal Minist
for Economic.
and Energy
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The role of digitalisation with a focus on
buildings and district heating

IEADHC Technelogy Collaboration Programme

Webinar ‘Digitalisation for optimising integrated district heating systems’

3 November 2021

Ksenia Petrichenko, PhD, Energy Policy Analyst, International EnergyAgency

Deep retrofit and decarbonisation of heating are key for NZE 2050

Reduction in emissionsfrom
buildings

Due to
digitalisation and
smart controls
enable efficiency

gains

By 2030
Due to behaviour
changes: lower
temperature

settings for space
heating or reducing
excessive hot water
temperatures

r/reports/nat-zero-by-2050

Presentation 3:

K. Petrichenko: The role of digitalisation with a focus on buildings and district heating
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Delays in the ramp up of retrofit rates and depth would be almost impossible to catch

November 34, 2021

Heating in buildings is crucial for following the path to Net Zero by 2050 |&(]

>
o
T5 P [
5% T Heatingin buildings
.= (]
'g % of global energy and
3 E process-related CO;
Eu emissions™
All new buildingsare . -
No new sales of zera-carbonready Most appliancesandcooling T O existingbuildings e e demang  More than 8556of
fossil fuelboilers systems are best inclass refrofited tozero-carbon met by heatpumps buildingsare
Buildings ; Universal energyaccess ready levels 26r0-carbon ready
5 3 i | | |
230
@ District energy networks and low-carbon
25 . "
gases, including hydrogen-based fuels,
20 R, . . . .
remain significant in 2050 in regions with
15 i N
high heating needs, dense urban
10 . - -
_ populations and existing gas or district
s heat networks
2020 | 2045 2050

*accounting for fromsiiesot
[E4 (2020). ‘Is cooling the future of heating

as wellas fromupstream electricity and heat generatiano W!E
https

reports/net-aero-by-2050

ieq

The share of heat production for buildings is constant since 2000

Ieq

Global residential space heating and cooling energy
demand

2020

2025

2030
— N ZE

2035 2040
ssases Delayed Retrofit Case

- 18 1320
w
" 1100
mmm Industry
12 and others
880
10 Mon-
residential
8 660
= Residential
8
440
4 -a-HDD18
I I I h
2
2045 2050 0 0

2000 2005 2010 2015 2019

. All righ erved.
IEA. All rights reserved Globally, district heat covers around 9% of global space and water heating demand, as buildings efficiency is

increasing and distribution temperatures are decreasing

up, placing further strain on the power sector and pushing up fossil fuel demand
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Fossil fuels are still meeting the bulk of district heat production ed
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Biomass, waste and other renewables sources covering just a bit over 10% of global district heat production

Digitalisation opens opportunities for system-wide and cross-sector efficiency |2C]

2@

Bigdata Artificial Automation
intelligence

o & =

Smart Interel of  Advanced

meters things simulations
S
GIS Digital
twins

syt

Energy systems
Distribution autemation,
clean energy deployment
plans
Cross-sectoral
Vehicle te grid

integration, demand
@ response, sustainable
urban form, utilisation
of wasle heat and
Transport coaling
systems

Intelligent transport
systems, integrated
multtimodal
information

Buildings
Energy
management
systems, peer-
to-peertrading

City planning
Circularityacross
sectors, urban
and resilience
planning

Digital tools offerintegrated solutions to accelerate net-zerotransitions across sectorsand systems

Presentation 3:

K. Petrichenko: The role of digitalisation with a focus on buildings and district heating

4GDH

The 4th Generation District
Heating (4GDH) system -a
coherent technological and
institutional concept, which
by means of smart thermal
grids assists the
appropriate development of
sustainable energy
systems.

4GDH systems provide the
heat supply of low-energy
buildings with low grid
losses ina way in which
the use of low-temperature
heat sources is integrated
with the operation of smart
energy systems.

It requires the development
of an institutional and
organisational

framework to facilitate
suitable cost and
motivation structures

Erargy effomncy | temperstirs bevel

November 34, 2021

4G 120202050

eqa

Local knowledge to enhance the understanding of heat demand and heat resources is fundamental to asses the cost
effectiveness of district heat systems and possible integration with cooling networks
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Nordhavn in Denmark — urban living lab for testing solutions towards [&(
carbon neutrality

Objective:

to develop new methods
and solutions for the
design and operation of
a cost-effective, multi-
carrier energy system of
the future basedin a

city district as a highly

visible real-life + Utilizes thermal

laboratory. heat capacity of
buildings

Demonstration project Reduces; pesk:

loads

Balance flexibility
of services for the
integrated energy
system

that shows how
electricity, heating, EE
buildings, electric
transportation,
automation and use of
data can be integrated
into intelligent, flexible
and optimised energy
system

http:/jwww e iabnordhavn. com/index htmi

Data warehouse

November 34, 2021

i Intermittent

electricity

A deep transformation of energy systems supported by digitalisation 2Q

Moare flexibility is needed, R S

enabling policies are crucial

with active participation
of consumers

+ Digitalisation can help leverage opportunities:
- Create a more interconnected and responsive energy systems (both electricity andheat)
- Supportcarbon emissionsreduction
- Help to minimise system costand need for newinvestment

- Improve stability, resilience and security

Digital Demand-Driven Electricity Networks Initiative (3DEN)

The IEA is providing actionable guidance to policy makers on the policy, regulatory, technology and investment context needed
o accelerate progress on power system modernisation and effective utilisation of demand side resources.

Mare info: www.iea.org/programmesidigital-de mand-driven-eleciricity-networks-initiative

Presentation 3:
K. Petrichenko: The role of digitalisation with a focus on buildings and district heating

National policymakers can create the right enabling environment to iea
promote digitalization

(&

and programmeswith
peopleattheircore

®
=

4. Ensure the availability 5. Promotethe development 6. Create opportunities
of finance and promote

financial innovation

(o N5

1. Designinclusive policies 2. Build capacityacross 3. Ensure timely, robustand

digitalisation, decarbonisation  transparentaccesstodata
and efficiency ofthe energy

system
ea ]
Empowering Cities
( £ for a Net Zero Future:

Unlocking Resiliont, Smart, Sustainable
Urban Enengy Systems

and uptake of international forsharingandlearning
standards andbenchmarks

Source
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Ksenia Petrichenko, PhD, Energy Policy Analyst, International EnergyAgency
Ksenia.petrichenko@iea.org

Presentation 3:
K. Petrichenko: The role of digitalisation with a focus on buildings and district heating 9
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Under the umbrella of

EUROHEAT
& POWER

G

TECHNOLOGY PLATFORN

Digitalisation of DHC: a European perspective
Matteo Pozzi, Optit / Vice-Chair DHC+ Technology Platform

Digital Heat Roadmap

e J

.

R S {;}\f' \ .| ® The DHC+ issued the second release of the Digital
] ", =

Roadmap for DHC already in July 2019
] - | k .

+ Design and planning,asset management, sector
coupling and integration of multiple sources

Production, distribution, building, consumption

* Horizontal topics: Big Data,Al, bockchain
DIGITAL ROADMAP FOR

DISTRICT HEATING & COOLING = JRCTechnical report Digitalisation: Opportunities

for heating and cooling (May 2019)

DHC: TECHNOLOGY PLATFORM J

Presentation 4:
M. Pozzi: Digitalisation of DHC: An European perspective

November 34, 2021

Introduction

\ J

= Digital Innovation is having a profound impact on the Heating & Cooling sector

= Digital technologies

* make the whole energy system smarter, more efficient,and reliable

* boost the integration of renewables and management of increasingly complex systems

+ are needed to fully optimize district energy systems while empowering the end consumer
= |oT, automation, Al, and big data hold big promises

= Challenges:security, privacy, data ownership

* New business models and policy interventions are needed

DHC: TECHNOLOGY PLATFORM J

Industry 4.0

. J

= Digitalisation of the Heat & Cooling industry follows early focus on Industry 4.0, i.e.
“the comprehensive transformation of the whole sphere of industrial production
through the merging of digital technology and the internet with conventional
industry” that already in 2012 was aiming at Smart Grids as key focus area.

= Several funding opportunities (including H2020) were focused on digital enabling
technologies, while the European Structural and Investment Funds provided no less
than 100 billion € to Member States to make investments in innovation

= Significant incentives were introduced at national level,most notably in Germany,
Italy, France and the UK with loans, tax credits and funding.

DHC: TECHNOLOGY PLATFORM J

10
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Policy Lanscape

= Action plan will help develop a competitive market for digital energy servicesand
infrastructure that are cyber-secure, efficient and sustainable.

* Outlines how different EU policy and funding instruments will work together to exploit
the benefits of digital solutions in the energy sector

* Supports sector integration, prosumer participation and interoperability of data, platforms
and services

5 focus areas: Data-sharing infrastructure, Empowering citizens, Uptake of digital
technologies, Cybersecurity, climate neutral solutions for ICT

= The Roadmap feedback period closed on 10 September 2021
= Public Consultation open until 24 January 2022
= Commission Adoption planned for Q2 2022

DHC- TECHNOLOGY PLATFORM J

- J

Policy Landscape

= Governs the re-use of data generated by public sector bodies

* enable access of 3rd parties for commercial and non-commercial purposes (create apps.
supply services)

= 2019 revision broadens the scope of the 2003 Directive to include data from public
undertakings, i.e. the ones operating in water, energy, transport and postal services
= The data generated by the DHC operators can fall under the Directive if they meet
the requirements to be considered as ‘public undertakings’
= Upcoming impact assessment and consultation on the Implementing Act for a list of
High-Value Datasets
* Act meant to be published in Q1 2021 (currently delayed)

* No immediate threat of additional burden for DHC operators.

( DHC- TECHNOLOGY PLATFORM J

Presentation 4:
M. Pozzi: Digitalisation of DHC: An European perspective

November 34, 2021

Policy Landscape

= Focus is on empowering and informing DHC consumers
= Article 9 — metering

* 9a - Building-related metering

*  9b - Sub-metering & cost-allocation

* 9c - Remote readability

+ Relates to building-level,individual smart meters that should be readable remotely (if new)
= Article 10 — billing

* Relates to frequency, consumption-based measurements, minimum level of information

provided to consumers, privacy, e-billing, cyber security

= Article | | — Cost

» Consumers should not bear cost of access to metering, billing and consumption info

DHC: TECHNOLOGY PLATFORM J

-/

GDPR

= Smart Meters can collect data with high granularity (hourly or less), a marked shift
with respect of traditional meters, used only for billing purposes.

= Severalstudies have concluded that smart meter data may considered personal data
(as they reveal personal behaviors) and should thereforebe covered by the GDPR

= The Danish Energy Agency and Department of Justice have proposed that to the
extent that such processing is in the public interest (e.g. to save energy) or for the
purposes of legitimate interests (e.g. improving energy efficiency) district heating
operators need not request consent from customers to read remotely smart
meters more frequently than required for billing purposes

= Blockchain presents additional challenges to GDPR rules application

( DHC: TECHNOLOGY PLATFURMJ

11
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Funding Funding

Horizon Europe - Partnerships Horizon Europe - Calls for Funding

= Key Digital Technologies

* aims to strengthen electronics value chains to ensure EU technological sovereignty in global

Open/Forthcoming Calls
= Reinforcing digitalisation related know how of local energy ecosystems

competition
» Link between this partnership and (i) sustainability policy and (ii) smart networks partnership, = Circular and low emission value chains through digitalisation

means that DHC networks are an attractive research project due to potential for = Smarter buildings for better energy performance

decarbonisation and uptake of cutting-edge digital technologies i o A i .

o o = Smart-grid ready and smart-network ready buildings, acting as active utility nodes
» EC contribution:€1.8 billion between 2021-2027 :
. - . Built4People
o participating Member States make a similar contribution,
o additional €2.5 billicn via industrial associations (A\ENEAS, Inside and EPoSS) = Demand response in energy-efficient residential buildings

+ First calls expected December 2021

= Smart networks and services
* aims to strengthen Europe’s scientific and industrial leadership, achieve SDGs
+ EC contribution: €900 million 2021-2027

NV e DHC. TECHNOLOGY PLATFORM o DHC. TECHNOLOGY PLATFORM J

Funding Thank you for your attention!

Life Programme

= LIFE Clean Energy Transition sub-programme

* Accelerating technology roll-out, digitalisation, new services and business models and .
- . ®
enhancement of the related professional skills on the market

= Open Calls
+  Creating the conditions for a global improvement of smart readiness of European buildings Sdentie Unbrelaos
+ Establish innovative business models and contractual schemes for smart and sector- @ EUROHEAT
integrating energy services e | - : & POWER
SRNRRELhn. - R — oI
Find out more: ‘«P—j—ﬁ_)—l_,‘—J | J Stay in touch:
&  www.dhcplus.eu 4 dhcplus@euroheat.org

fm DHC+ TechnologyPlatform
DHC. TECHNOLOGY PLATFORNJ &7 ¢ @DHCplus

Presentation 4:
M. Pozzi: Digitalisation of DHC: An European perspective 12
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The video file will be available after the webinar on the IEA DHC YouTube
channel https://www.youtube.com/channel/UCuYcqLjJi8thrUJCjzL Baow

We will have a “group photo” at the end of the webinar, so please be
prepared to turn on your webcam (participation voluntarily)
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1EADHCICHP District Heating and Cooling including Combined Heat and Power

Energy) Technology
Network

oy,

« The microphone should be muted by default

= They should only be switched on if you are speaking.
« Only one person speaks at a time.
= Requests to speak are reported via chat ("rts"),
= the moderator will ask then the speakers to speak.
= Please state your name and institution before you speak
« Please turn off your webcam!
= No general video transmission in order to reduce the bandwidth.
= The camera can be used at short notice for spoken contributions.
= We will make a “group-photo” at the end of each block
« Caution with humor and sarcasm!
= much of the original effect between the lines can be lost

oS INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHCICHP DISTRICT HEATING AND COOLING INCLUDING COMBINED HEAT AND POWER
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Testing of technical connections

Introduction into the IEA DHC Annex TS4 project
(Dietrich Schmidt, Fraunhofer IEE)

The utility perspective on digitalisation of district heating
(Julia Westerweck, Warme Hamburg)

Digitalisation solutions for heat infrastructures
(Milan Jungic, Danfoss)

Digitalisation potentials: Research test facility for innovative DH systems
(Anna Kallert, Fraunhofer IEE)

Interactive session and Q&A to all presenters

End of Block I

o INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
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Technology Collaboration Programme
bylea
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oS INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
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« The project aims at promoting the opportunities of the integration of digital processes into DHC schemes
and to clarify the role of digitalisation for different parts within the operation (and maintenance) of the district
heating and cooling system.

«  Furthermore, the implementation of these technologies is going to be demonstrated.

« Onthe other hand new challenges need to be tackled, such as data security and privacy as well as questions
about data ownership

4

November 34, 2021
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Create awareness for the advantages of the implementation of digital processes to the various stakeholders
and users

Provide a state-of-the-art overview of the digitalization of district heating schemes in terms of R&D projects,
demonstrators and case studies

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

o INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
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sy

Business layer

Function layer

Information layer

Communication layer

Interoperability Dimension

Component layer

Generation

Transmission
Distribution

Customer
Premise

Domains
Source Fraunhofer CINES Cluster

Increased effici
procedures of assets/grids

November 34, 2021

\\\\\‘\\_\\\\\\\ -

Optimisation of real time operation,

cy in the planning
incl. predictive maintenance

Implementation of new digital
business models and processes

(5
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ST A: Digitalisation of end use / consumptiori Saia collecton

simulation,

digital twins

case studies /
legal aspects

and monitoring

ST B: Digitalisation of infrastructure

ST C: Digitalisation on the system perspective

analytics and

ST D: Digitalisation of business processes optimisation

Improved control of heating system with focus on lowering:

* Supply temperature
* Return temperature

+ Peak load

= Large potential as the actual heat demand is much lower

than the design load

Strategy for developing the building service package:

a. Define the potential for lowering the temperatures in the building

b. Stimulate the use of all radiators

Heating system operating temperature

&

Space heating lemperatures
Toergy MW,

||I|||||||

sy s el yoarly average To,Tr:35.5 °C, 27.9°C

c. Data mining to identify anomalies in the SH operation

d. Troubleshooting and improved hydraulic balance of the system

[

IEADHC|CHP
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LA digital twin is a connected, virtual replica of a physical

product, asset, or system.”
A. Rasheed et al., Digital Twin: Values, Challenges and Enablers (2019)

Interdisciplinary topic including

= Data-driven modeling

physical system

virtual system
= Machine learning

Is

= Numerical modeling

= Simulation

i

= Analytical models

= Internet of things '

= DHC domain knowledge

November 34, 2021

AT Wy

) (¥
LG

Possible use cases

= Optimization of operation and
control

= Fault detection and diagnosis
= Scenario evaluation /
What-If Analysis
= Predictive maintenance / Asset
management

= Visualization / Virtualization _ »
From project ,Digital twins for large-scale heat pump and

refrigeration systems” http://digitaltwins4hprs.dk/

oS INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHCICHP DISTRICT HEATING AND COOLING INCLUDING COMBINED HEAT AND POWER
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OPERATIONAL OPTIMIZATION ANALYTICS

= CONTROL = ONLINE = DIAGNOSIS = OFFLINE

Active interaction with the network, i.e. real No active intervention in the direct operation of
interventions in the operation of the network. Think of the network. These tasks however relate to the
modifying the control of temperatures or flow analysis of the network performance in order to
rates in the network in order to achieve a certain optimize the efficiency and sustainability of the
objective on the network or energy system scale network.

(e.g. peak shaving or increasing the share of

renewable energy in the energy system).

The core issues are to

1. Examine the cost drivers for operating and maintaining a DHC network and qualify the economic potential
for improvements based on tools and insights provided by digitalisation.
Best practice examples are to be included to give proof and validate the ROl model.

2. Collect thoughts and ideas for new potential business models that can be enabled through digitalisation. This
can be the energy provider offering services to the end-user.
It could also be business models that put demand response and thermal storage capacity in buildings into play.

o INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHCICHP DISTRICT HEATING AND COOLING INCLUDING COMBINED HEAT AND POWER
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+ German Heat & Power Association (AGFW)

AGF@ :

UROHEAT .

November 34, 2021

P g
Digital technologies are believed to make the whole energy system:
smarter,
more efficient, and
reliable and

&POWER .
« DHC+ D" =+ 2
. Danish Board of District Heating (dbdh) DBDH
>
« |EA EBC Annexes on: ﬁ
“Demand Response of Buildings in DHC networks / Annex 84” & EBC ﬁ >
“Data-Driven Smart Buildings / Annex 81” ERw o

+ And others...
as IEA HPT Annex 57 ,Flexibility by implementation of heat pump in
multi-vector energy systems and thermal networks*

© :

to boost the efficiency and
the integration of more renewables into the system.

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 buzz word 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.

INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
DISTRICT HEATING AND COOLING INCLUDING COMBINED HEAT AND POWER
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Technology Collaboration Programme
bylea
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Warme Hamburg at a glance

Since more than 120 years Wiarme Hamburg is a reliably partner of the
City of Hamburg regarding district heating

The utility perspective on
digitalisation of district heating

Dr. - Ing. Julia Westerweck, Warme Hamburg GmbH
Julia.Westerweck@waerme.hamburg

1894
L.y Town hall of Hamburg

First supply with district heating

Main customers are the City of Hamburg, huge
housing companies and industrial units with

about 11,000 contracts

District heating grid has length of
845'( 12 Waérme Hamburg provides heat for about
m and generating units m 520.000 residential units
¢

Each household reduces carbon footprint by

1 tonne C0, compared to traditional
heating system after coal phase-out

% Company s current installed heat capacity is about

1.800 MW

We deliver heat and comfort throuth our grid

'/ The heart of the Company represent about
()
654 employees & 54 trainees as well as m by m22°/o of Hamburg"s heat market -
dual students With rising trend!

Warme
Hamburg ||-|

Smart Meter Rollout Hamburg

* Creation of modern district heating infrastructure

* Cross-linking, automated and controlled housing stations

* Automated meter recording (billing)

* Online data management of operational data in housing
stations, refreshment every 15 min of all housing stations

* Realization of database for future products and services

SAM Portal @ Warme Hamburg

Application examples

« Search: return flow rate > 60 °C and customer A

* Show spread of flow and return flow

* General data like minimum, max, average

* Alarm settings, watch function

* Heat map: polygon, sum of ongoing consumption of
individual streets, strands or districts

+ data of heat meter (~11.700 available) analysed,

d Vision: integrated real-time sorted by highest flow rate and highest return flow rate
management of heat production, - ; (e.g. 95°C/90°C): possible trouble on secondary site, next
delivery and consumption stept: contact to customer

« Analysis of index circuit at summer: further reduce flow
temperature below 90°C optional Feitichos

',III 4 Confidentility — None (C1) 'H

“ afencity

Presentation 6:
J. Westerweck: The utility perspective on digitalisation of district heating 18
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Load management and peak shaving with IoT & Al

real time data from heat meter and
heating controller, using IoT ,
connection and communication between Q\"J w
custemer and supplier D .

eather forecast inner space
sensor data

o
building thermodynamics, .-
pattern recognition

optimization with AT

measurement yransfer station
= steering and shift signals depending on <data ______
network requirements load shift signal —_
? adshiftsignal v @ LEANHEAT
price signal optimized x4 -
= 20% evg. reduction of peak load dear steering
' monitoring Jisy
[l 1] Iﬂl [
o mparin i 5"
5 Al-based observations predictive
H i and alarms maintenance

Leistung oro St

'hwmne
Hambur
J St Tools  Services

Functional areas at a glance

Verbrauchsdaten Rechnungen

digtalum?
drletaten Monate und Jahre {Historische Verbrauchscaten) ensehen. Laden Sie ir Ive Rechnungen

« Overview of the properties supplied with district heating

« Extensive detailed view of the heat station
Sie verwalten 94 Stationen ( 1
« Historical consumption values for each transfer station
* Remote data reading with real-time key figures

« Efficiency monitoring

« Convenient service area

Target Group

« Warme Hamburg's business customers, i.e. > 4,000
customers with 12,500 transfer stations

2021 Warme Harmberg | N0 | Ontenchuts | Kot

Presentation 6:
J. Westerweck: The utility perspective on digitalisation of district heating
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Development of the customer portal over time

Go-Live Go-Live End of Code  Migration from Cloud
Kick-off Phasel Phase IT Merge to on-premises
E 2018-06  2018-09 2019-Q2 2019 Q3 2019 Q3 to 2020 Q1
| l | l
Agile Project Development, Scrum Framework End of Cooperation Further development in the environment of WH

Database Optimisation
On-Premises

Interface: REST API for remote data reading

Interface for digital invoice data

« 2021: Cooperation initiated with Key Customer for further + Registration is increasingly in demand
dewvelopment of the customer portal + The market reports our portal as a frontrunner for
« 5 plot customers from the association of housing companies customer centricity in district heating provider — most

(VNW) can provide their input. comprehensive offer

FunCtiOﬂS in detail Link to Demo: http://portal. waerme.hamburg/

 All properties supplied with district heating can be displayed at a glance, compared with each other
(efficiency monitoring), managed and grouped according to your own ideas and requirements.

* The customer has access to the current consumption and contract data, the billing and current instalment
payments.

» The historical consumption values of individual properties can be compared with each other.

» As a business customer with a remote data transmission module installed, the "live" key figures of the meter
are displayed. Current consumptions per hour, month or year can be displayed graphically.

* Both the costs and the consumption of the properties can be compared. In this way, the customer always retains an
overview of his annual heat procurement costs for individual properties or the entire portfolio..

+ In the Service Area, changes of ownership and an imminent change of property management, if any, can be triggered.

* General commercial enquiries about billing, the contract or even technical support can be requested directly via the
customer portal.

* The customer finds his responsible direct technical or commercial contact person with telephone number and e-mail
address for each of his installations.

+ 24/7, the customer has access to current and historical invoice documents.

19



IEA DHC Annex TS3 & TS4 Industry Online Workshop on: November 3, 2021
,Digitalization for optimizing integrated district heating systems*

Station overview, hourly data and interfaces to source systems

House Connection Portal

Ménc 2,20095} 0: 9013740362 o vt Zaerstand
Consumption Data Location
Verbrauchsdaten Standort 100 wn 2,5 mwn 151,4 v
N / Volomastrom Vrmstempersar [r—
g iy
. 1731 m 90« 40+« + B2C-Portal for end customers
mmContack Berson o o +  Connection requests for new connections,
I I . ALive Involcing changes, disconnections as well as construction

s sen Okt Mo Dex 04063963038

for electricity, gas, water and district heating

Techai

okt

bty e Sndemre g2 Frbnarzost + Focus on process optimisation for incoming
Interfaces requests by querying via online portal
ontract Dat: Payment on account: Weather =
CogtrackRer Y RSagstahihen Date vMw + Workflow-supporting integrated employee portal
Vertragsis soz0mans i) (CRM)
Vertrag aktuall 1.137,00€
o ) ‘
S B AWS Samson Cloud Target Group st e ot
Remote Meter Data 8 . o SRE——

s «  Predominantly volume business with individual
R I I I | customers —
TG

e o onco 2w 1500 Se

Sales tool: Augmented-Reality-App

09:43 . T- . . 2 .
« application for mobile devices

« visualisation of technical
installations at on-site
appointments

different functionalities:

* AR-projection

« explanations of components
» flow-animation

« screenshots

* save projects
& Impressum  Hilfe

Warme
Hamburg

FUr die Menschen, fUr die Stadt.

Presentation 6:
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M Our definition of a state-of-the-art
L District Energy system
Danfoss Climate

From single source to

SOlutionS fOI‘ : 3 : = ) multisource
Heating

From fossilto

Surplus energy Heat storage Renewable Enfrg‘y renewables & surpl us

Your partner for - : energy
- ;. ]
D | Stl‘l Ct en ergy = From high temperature to
y low temperature
solutions i
- Fl:on:n one-way to

Complete management ; - bidirectional
ar_ld o_ptimization solution for ; y g 1l i ’ g e - Positive regulatory
District Energy systems . i 718 trends across the globe

Changing customer
structure & increased
investments (Engie,
Veolia, Fortum,...)

;
ENGINEERING TOMORROW M

Main Challenges Digitalization ig’enabling the 4th (5th) generation district energy

P in District Energy
Economical balance Drives up overall cost
between temperature (OPEX as well CAPEX)
and flow

Peak energy demand

Digitalization thrgligh the entire district energy system - from plants and homes - is enabling
smarter, more g£fficient and reliable systems

consuming

5 I P Z
energy source complexi t e ([T on Business models

In production: more
heat sources including
renewables

Decarbonization

Legislation and
environmental care /
energy efficiency

Energy & Buildings 2020

Presentation 7:

Optimal
Network Design Legacy SCADA
With new connections & . Make data integration Demand °
and new buildings e N Ve difficult and time
@Decentralization —increz = = . Increase focus ‘
S

Distribution °

Create attractive busine
environment for future

Resiliance Production 0

Secure high efficiency of operation and coverage of
customer needs by providing undisturbed district
energy distribution (or service), also in most
demanding and unexpected conditions.

ENGINEERING TOMORROW M 4 | Department (slide master) ENGINEERING TOMORROW M
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Complete operational#anagement and optimraqtion solution

District Energy optimization cycle

predict®

a p timize apply
dem andside

design & operate

your distribution
with optimal

thermal-hydraulic
parameters

simulate
(verify)

produce energy
from sources with
best economy

learn

5 | Department (slide master)

ENGINEERING TOMORROW M{

Understand and optimize your consumers

Traditional building automation Optimized by LeanHeat AI

24h power consumption 24h power consumption

Bomestic hot wiater

M Space heating (traditional) [l Domestic hot viater

W Space heating (t1ad

Previous peak

kn

Cut peak power
by 20%

ENGINEERING TOMORROW

New products
and services

Optimal production

Benefits with demand response

Presentation 7:
M. Jungic: Digital solutions for heat infrastructures

design &opeiale
your distributicn with
op im althe mat

DEMAND PREDICTION & OPTIMIZATION

-vc.
. Indoor sensordata Q

e

© .. Weather data die

PR ..... District heat data Il€

Complete operational s

predict &
optimize
demand side

hydrault
am ekl

produce energy
from sources with
best economy

8 | Department (slide master)

anagement and optimi

District Energy optimization cycle

Distribution network

November 34, 2021

Why District Energy with Danfoss?

Leanheat AI

Short & long-term demand prediction

Auto-commisioning & self-adaptive

© Optimize demand side heating parameters

© Optimize distribution & production according to needs
of demand

© Optimize demand by utilizing building thermal capacity
for peak shaving

hk Knowing how your consumers will
behave is the basis for optimal operation
of your district energy system. 9y

ENGINEERING TOMORROW M

$¢ riv::

) m]j il We
§ uddd

Energy sources ) i 'y

simulate
(verify)

y
ENGINEERING TOMORROW Mg
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Design & operate your heat distribution optimally

Leanheat Network

Effectively build and maintain district
heating and cooling hydraulic network
models

Simulate hydraulic and thermal
conditions in district energy
distribution systems

Optimize hydraulic conditions in the
network

ENGINEERING TOMORROW M

Design & operate your heat distribution optimally

Leanheat Network as an on-line operational support tool

Overview of the
composition of
production sources
at any point in the
network

Overview of the
temperature, flow
and pressure at any
point in the network

Calculate
optimal hydraulic
parameters and

apply them

Planning of
interventions with
effective execution
and quality of
services

Simulation of What-if analysis for
future conditions daily operating
based on weather challenges and critical

prognosis events

ENGINEERING TOMORROW
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Design & operate your heat distribution optimally

Leanheat Network as an development support tool

Optimization of
expansions,
refurbishments and
new connections

Analysis of impact of
expansion, refurbishments
and new connections on
the rest of the network

Development of
contingency plans

Database of knowledge
about network

17%

Investment
reduction

ENGINEERING TOMORROW ?ﬂﬂ{

Complete operational gifanagement and optimi

District Energy optimization cycle

predict &
optimize
demand side

) Distribution network ' lﬂ
design‘& t?pelfate Buildings Energy sources 'Y
your distribution i l & lat
with optimal Q i T E—— ) simu _a e
thermal-hydraulic ! —[—— @ . (verlfy)
parameters amd ' ®

[ h ]
| b |
@ . |
prcduceenergy ‘ \ ? =Y
from sources with

12 | Department (slide master)

,
ENGINEERING TOMORROW M
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Optimize your supply temperature

Leanheat Production Temperature Optimization

Supply temperature Peak Load Temperature Savings Potential:

before Optimization Y

i A \ Big annual Less maintenance
% / costs savings and repair of pipeline
oI .
“ : 5 Energy savings ROI between
s optimized safety margin 5% according to EU 1/2 to 2 years
Supply
a0} Temperature
» “ To reduce heat losses and primary
o energy costs in the district heating
— Swed2  ——Tshoopt Tk ——Tiopt network, the supply temperature

must be kept as low as possible. ,,

ENGINEERING TOMORROW M{

Complete operational ifanagement and optimi

District Energy optimization cycle

predict&
cptimze
dem andside

design &opeiale
your distributicn v ith
op im althe mat
hydrmauli
am ekl

simulzte
Geriy)

prcduceernergy
from sources with

ENGINEERING TOMORROW M
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Plan and Optimize your production mix

Leanheat Production Optimization

Complex district energy systems: Savingsof 1-3 %

Number and type of heat sources @ Techno-economical optimization on total fuel costs

R ’
P I“’ |
' 1 — e -

Waste heat

N Better utilization
vy ? @ aull of thermal energy storage
‘ ‘ - ™

14

(0

Time savings in production
planning process

& Techno-economical optimization of diverse production has one of biggest
cost-saving potentials in modern District Energy systems. 1]

y
ENGINEERING TOMORROW M

Improve control with Leanheat Monitor

Make data integration easier and less

. . Up to
time consuming

30%

improved effidency
compared to
traditional SCADA

Lower IT investment & maintenance costs

Enable data extraction and interpretation
easy

Integrate devices with different protocols

¢ @

Open, Modern Customized Lower investment
connected and web-based for district and predictable
transparent solution energy operation costs

ENGINEERING TOMORROW M
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Danfoss Heating offers an end-to-end portfolio of products and
software services to utilities

District Energy Networks

Thermo-hydraulic
Modeling

Multi- and single-family buildings Apartments
1 A
B smart sub-station

Connected Sub-stiﬂm
TITAN® Villa Stations'}

3 Danfoss
Leanheat® Leanheat® - Devimert A Ll ‘Solo’ ESSR
: | ; e
Production Network ¥e O |

Return. Temp.

Temperature-
and Plant Optimization

) ~
| l M
dl v o rlM e
System Monitoring , o~ Buiing Integration Heating Control " Customer engagement
o ? Electronic <= £ RevisedeTRV
Leanheat® I /38 Leanheat® Flat Station . (ForMFH)
Monitoring ﬂ Building Bevecpment
L. e

ENGINEERING TOMORROW ?ﬂﬁ{
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- Danfoss Heating, your partner for district energy solutions.

Thank you!

milan.jungic@danfoss.com

2021

y
ENGINEERING TOMORROW M
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Industry workshop of IEA DHC Annex TS3 & 4 “Digitalization for optimizing integrated district heating systems”, November 342021, online

Getorgert dure:

Joint Project: EnEff:Warme: UrbanTurn: ® |
Transformation of the urban district heating supply PR

FKZ 03EN3029

Laufzeit: 48 Mon

Dr. Anna Kallert, Head of Department Thermal Energy Systems Technology, Fraunhofer IEE, Kassel
02.2021 - 01.2025

AGFW)

BRUGG
Pipes

Dt
GEL
NCU s

Z Fraunhofer
IEE

.

L.

Management system
and control concepts

Pipe test bench
for mechanical tests

¢abore/District LAB htm s

Presentation 8:
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Project goals

The main target is to develop and derive technical solutions for the transformation,
decarbonisation and the digitalization of district heating supply, taking into account volatile
pressures and temperatures using regenerative energy and waste heat sources

Transformation

- Deriving measuresto transform existing districtheating DH-System

systems taking into account digitalization

- Development of new approaches for operational
management and control in the context of the digitization
of heating networks

- Verification of the approachesthrough software-based and
experimental investigations (digital twin)

=
=
a
]
]
1)
=
S
@
@
o=

- Development of proposals for the amendment of the
technical regulations and new design criteriafor the system
components (characteristic system behavior)

5
]
©
-
o
=
=
I
a
©
-]
X

- Creation of a catalog of measures for network operators and
energy suppliers

AGF@ BRUGG M G.Emfy hCU Ef;; Z Fraunhofer

Pipes IEE

Challenges of transformation strategies for existing heating networks
Deriving measures to transform existing district heating systems taking into accountdigitalization

* Identification of new
requirements, barriers and
potentials in the
transformation of heating
networks

Decarboni-
zation

Digitalization

* Identification of existing
design criteria of existing
heating networks

* Parameterization of
investigation scenarios for
experimental investigations

R il = zentraler KWK-Erzeuger

~ = dezentraler Wamoerzeuger
%) solarc oder BHKW
5
/ . = grofiflachige Solaranlage

= Druckerhahungsstation

AGF@ BRUGG M G.Efy hCU E;‘ %Fraunhoﬁil;

Pipes
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Software-based investigation of selected technologies at DistrictLAB

* Development and validation of a

central control system as an
interface for operating and
regulating the test facility

D
i
L)+ owe

* Creation and verification of a
"digital twin" of the test facility

(flexible heating network)

Boil . .
oer * Development of a virtual, reaction

model "pipe-soil interaction" (pipe
test section)

Preparation of a measuring point

D )
= HC

plan for the implementation of
investigations at the District LAB

AGFW) BRUGG

=

Pipes

M GE@ hCU Q"'m Zi Fraunhofer

Experimental investigations at the DistrictLAB test facility

Investigation flexible heating grid

® Investigations of different
supply scenarios (e.g.
decentralized of bi-directional
feed-in of volatile energy
sources)

* Identification of possible critical
operating variables (pressure,

temperature, volumetric flow e

rate)

* Evaluation of the examined
supply scenarios with regard to
their potentials as well as
obstacles

Pipe test
bench

Hardware inthe loop units,
incl.decentralized heat
sourcesand sinks

Flexible heating
grid

Centralizedheatsources
andsinks(Heat Pumpand
boiler)

AGFW)

Presentation 8:

BRUGG
Pipes

Dot GEE, ) NCU &

Z Fraunhofer
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A. Kallert: UrbanTurn: Transformation of the urban district heating supply

November 34, 2021

Experimental investigations at the DistrictLAB test facility

Pipe test
bench

®

Hardware inthe loop units,
incl. decentralized heat
sourcesand sinks

=
Flexible heating
grid [T~

Centralized heat sources
andsinks(Heat Pumpand
boiler)

BRUGG
Pipes

AGFW)

M G.Egy hCU gn:‘ Z Fraunhofer

Experimental investigations at the DistrictLAB test facility

Investigation pipe testbench

Investigation of the interaction
of pipeline and soil under
consideration of dynamic
operating conditions

Pipe test
bench

Investigation of the bedding
reaction conditions under
fluctuating pressures and
temperatures

Identification of new
requirements or criteria for
bedding materials and
installation techniques

Hardware inthe loop units,
incl. decentralized heat
sourcesand sinks

Centralized heat sources
andsinks(Heat Pumpand
boiler)

BRUGG

=
AG F@" Pipes

entid GEE_, NCU &

Z Fraunhofer
IEE
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Verification and extension of design criteria for thermal grids with volatile feed-in

H e ]
Goals .r. ®__BEEW
. . . - Suats a3
+  Analysis of the measured data with regard to thermal and hydraulic state changes » L
+ Review of the range of validity of common design criteria for heat networks with high temperature =
and pressure fluctuations ' » '=

+ Development of a proposal for the extension of existing design criteria

=
+ Creation of a catalog of measures for network operators and energy suppliers Dr_Ing. Anna Marie Kallert # Fraunhofer

Head of Department Thermal Energy Systems e foch
Technology, Fraunhofer Institute for Energy Economics *I?“"v"v“:{m‘“"'
and Energy System Technology IEE
N Mail: anna.kallert@iee.fraunhofer.de
| Phone:+ 49 561 804-1876

FKZ 03EN3029

+ New design and evaluation criteria for future district heating supply solutions Laufzeit: 48 Mon
02.2021 - 01.2025

AGF@ EF!'EEGG ?,aqlgﬁ GE@ hCU gy Zi Fraunhofer AGF@ BRUGG M GE@ hCU by Z Fraunhofer

IEE P\pes IEE

Working items:

+ Description of characteristic, thermo-hydraulic state changes

sulgeund eioes Beschlusies
s Dewtschen Bunstages

+ Influence on the service life as well as the limit load capacity of system components

Presentation 8:
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Technology Collaboration Programme

is webinar is recorded

" ( 7
r Digitalization for optimizing integraféd district heating systems

k Il - Hybrid energy systems / =

P Q.

~

N 2
o 7
_— Y,

G |

sy

aris held in the framework of two international cooperatie{) prog
gy Networks® and IEA DHC Annex TS4 “Digitalisation of Diftric

1

The video file will be available after the webinar on the IEA DHC
YouTube channel
https://www.youtube.com/channel/UCuYcalJi8thrUJCjzL Baow

We willhave a "group photo” at the end of the webinar, so please
be prepared to turn on your webcam (participation voluntarily)

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

Y RREN ‘/ r // 17 /f'

binar Etiquette

S RN

enda

b Py

B ozl

Welcome and introduction into the IEA DHC Annex TS3 project (Ralf-
Roman Schmidt, AIT)

The TSO perspective on sector coupling and district heating (Anders
Bavnhgj Hansen, Energinet)

* The microphone should be muted by default List of —

parficipants camera share your

Settings l screen
d ([}

* Requests to speak are reported via the hand
symbol

+ Please state your name and institution before

you speak Analysing systemic benefits in an integrated expansion planning model

(Henrik Schwaeppe, RWTH Aachen University)

* Please turn off your webcam!

The camera can be used for spoken Interactive session

contributions. Hand Mute Leave webinar - Q8Ato ,a" presenters X
symbol - Evaluating SWOT factors for hybrid energy networks
* We will make a “group-photo” at the end of
sach block End of Block Il
I INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON I INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHC DISTRICT HEATING AND COOLING IEADHC DISTRICT HEATING AND COOLING 5
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« a platform for international experts

= dedicated to helping to make DHC and CHP powerful tools for energy conservation and the
reduction of environmental impacts of supplying heat

= Current members: Austria, Belgium, Canada, China, Denmark, Finland, France, Germany, Italy,
Korea, Norway, Sweden, United Kingdom, United States of America.

The projects within the IEA DHC TCP are either

= Funded through a cost-sharing approach (by the member states)

= Funded through a task-sharing approach (the participants contribute resources in-kind for
connecting existing national and international projects), e.g. Annex TS3 and TS4

* More information: http://www.iea-dhc.org/home.html

e INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHC DISTRICT HEATING AND COOLING 6

' \\\\\\\\\\\\‘\~
) v \\\‘\\ \

Lo

» An international cooperation project within IEA DHC

* Aim: To promote the opportunities and to overcome the challenges for district heating and
cooling (DHC) networks in an integrated energy system context

* Funded through a task-sharing approach (participants contribute resources in-kind)

» Coordination team: Ralf-Roman Schmidt (AIT, lead); Dennis Cronbach (Fraunhofer IEE,
Subtask D), Anton lanakiev (NTU, Subtask C); Anna Kallert (Fraunhofer IEE, Subtask C);
Daniel Muschick, (BEST, Subtask B); Peter Sorknaes (Aalborg University, Subtask A),
Inger-Lise Svensson (RISE, Subtask C), Edmund Widl (AlT, Subtask B)

* Runtime: Fall 2017 — March 2022

* More information at https://www.iea-dhc.org/the-research/annexes/2017-2021-annex-ts3

e/ INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHC DISTRICT HEATING AND COOLING

S e g‘g‘\i‘i\ ' A 'f I : //}" ’ \ P '\\ .-\0\
» Integrated energy systems/ sector coupling / integration is considered one of the
key measures for decarbonizing the energy system.

» District heating and cooling (DHC) networks are traditionally linking the heating &
cooling and the electricity sector (+ the gas sector) through combined heat and power
(CHP) plants.

* However, the role of CHP plants will significantly change
= competition for renewable fuels with hard-to-decarbonise sectors

= increasing share hydro, wind and PV, less CHP electricity required

- We will need other heat (and cold) sources
- We will need other coupling points to provide flexibility

= INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
1EADHC DISTRICT HEATING AND COOLING
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I INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
1EADHC DISTRICT HEATING AND COOLING
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B oioaies .~ NN \\\\\\\\\\\\\\“
W T Sl O\ Ih
S ’v W\ Nﬁlu —m&-’ ¥, \ '\\ ..!«\
» Waste and ambient heat, solar and geothermal energy often require heat pumps (HPs)
for upgrading their temperature level;
» electric boilers (eBs) enable high temp. heat generation at fast gradients and low costs;
« power-to-gas (PtG)! processes generate fuels, that can be used in

* CHP plants for generating electricity and heat.

1 PtG process itself generate significant amounts of waste heat, so a proper term would
be power-to-gas&heat (PtG&H) or combined heat and gas (CHG) plants

November 34, 2021

proch .
W .\\\\\ 5

Central D i
. integration of coupling points integrated planning and
@ — Strateg Ic as a reaction to market design, optimized interaction
\&7, pressure and decarbonization

*This classification differs from the 4G DHC networks concept (Lund et. al=) - the main characteristic of a HEN is the integration between the
different networks, and not the supply temperature or the time period where the different generations were dominating.

e INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHC DISTRICT HEATING AND COOLING

Technology Collaboration Programme
bylea

o /
Vi~
d energy s :
e ‘\é\\f > ]

S I 3 '
ANBER LR l[ ¢
AN SRR /.

\\‘\‘\‘“““‘:“‘ 3 ,
7

/I
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4
| 4

= INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
1EADHC DISTRICT HEATING AND COOLING
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e/ INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
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CENERGINET

THE TSO PERSPECTIVE ON SECTOR COUPLING
AND DISTRICT HEATING

Industry workshop "Digitalization for optimizing integrated
district heating systems 2021-11-03

Anders Bavnhgj Hansen (abh@energinet.dk)
Chief engineer
Energinet, System Perspective

ENERGINET

A 70 % REDUCTION REQUIRES SIGNIFICANT
DIRECT AND INDIRECT ELECTRIFICATION

Indirect electrification

Direct electrification ( typical < 200 EUR/ton CO,)

: (>200EUR/ton CO,)

5
. R
v e

|
|
T I
8 ==
3 = |
5 |
5 =T
2 |
57 |
2 0
5
2 2 }
& 1
El -
E 2030 scenarios I
2% 1
£
g Electricityand ~ Oil/gas  Processheat for Light Individual ~ Heawyduty | PtX, green
IS district heating  production industry transport heating transport | gasses and
production | @reenfuels
|
|
I

M 2019 emissions
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W Reduction to 12,5 Mton

W Reduction to 10 Mron

éreach 70% climate gas \

reduction:

+ Heat pumps large scale in
District heating

*  50% electrification of
industry proces heat

* 0.5tolmioEV’s

* Conversion of oil burners
and up to 70% of individual
natural gas burners

* Production of electrobased

\fue\s (PtX) /

Mton CO; eq.

DENMARK HAS A 70 % CLIMATE GAS REDUCTION

REDUCTION TARGET TOWARDS 2030

The target very relevant for TSO system planning

Accumulated greenhouse gas emissions per sector

——— wiuct”

Waste
A\
’M A VA Agriculture
4 ~
Industry
- Energy®
. P— ~ ~
Total nationalemission ~< S
~ B mma-. Total, BAU
Energy system emission S
. . ‘\' ----- Total, 70%
1990 2000 2010 2020 2030 terget
vear === Total, energy

Powergrid Ll

sector

Electricity

-

.
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ENERGINET

\

* The CO, emission for the society should be reduced
to 22,5 Mton CO, equivalents

The 70% reduction entails that:

* The emission from the energy sector should be
reduced to 10-12,5Mton CO,/year

* To obtainlong term climate national neutraltarget
a negative emission on 10 Mton CO,/year is set as

boundary condition

ndluse and forestry.
ranspert.

ENERGINET

ENERGY CLUSTER CASE IN A SMART ENERGY SYSTEM

Gas grid (BNG) i

H2fom |

offshore PG |

Methan

—————————— Industry chister — —f- ————————— -
) \

Heat

Hydrogen

Ammonia
(+ other

Direct Air
Capture
(Post 2030)

industry)
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EXAMPLE ON SECTOR COUPLING CLUSTER AREAS ENERGINET

District heating
demand

ENERGY ISLANDS*PROIECTS

. The North Sea:
Region Aalborg o . .
+ Large heating demand 3 GW offshore wind by

* Largebiogas (CO2) basis 2033, later at least 10 GW.
* Large CO2-basis from cement industry

Region Hobro-Arhus Nord The Baltic Sea:

+ Caverns for storage of H2, CO2, 02 etc. 2 GW offshore wind by

* Strong E-grid node (Tjele) 2030.

* Large biogas (CO2) basis

* Moderate DH demand
(incl. Arhus demand high)

Region @ Holstebro-Herning
+ Access to offshore el
* Very large bio gas (CO2) basis

Copenhagen area

* Moderate DH demand ¢ Carbon sources from Bio CHP and waste
incineration

« Very high heat demand for use of excess heat

Region @ Esbierg

* Access to offshoreel (and H2 from PtG) NEW OFFSHORE WIND FARMS

* Large DHdemand - Exist. Gas net . . =
Region Trekantsomrade
* Bio gas in region (CO2), but if access invest in O Biogas [with CO;) + Refinery @ ENERGYISLAND NL, BE, DE
15km pipeline from Ribe © Examplesof clusters + Biogas O ONSHORE CONNECTIONS, ALTERNATIVES
--- Examples of Hy lines. * Large DHdemand

ENERGINET ENERGINET

PERSPECTIVES ANALYSED IN SCENARIOS — BALANCING THE DANISH POWER SYSTEM

Residual: Wind/solar minus basis consumption (case 2035)

CO2 capture on biomass and waste CHP Analysed lines in the m 6@:"‘ 5 2000

Energy hubs/islands potential

2, so00 3
~ = £ 1 Potential pocclusters”
z 5 000 £
21 w00 3 Wl Fowential Hydrogen cavern
g s z
. S 0 8= ==== Potential HYDC cables
Hydrogen in caverns = 0 z=
3 2000 1?. o « =~ Potential hydrogen lines
-10 -4000 &
R R R R e R R R =
. SR AR NAR SRR RENREE ©
offshore elektrolysis - OdNZORARBITAAREEELRE g
BN
——Hourlyimbalance (GW) = Acc. imbalance (GWh) =

HVDC/HVAC alternatives —

Investment costs for the energy storage part

PtX units, refinary of (NB: Exclusive input/output units)

Jetfuel etc.
CO2 Direct Air Capture (DAC)

o
RE ammonia production il

Hydrogen infrastructure incl.”
potential exportto Germany

Market zones analysed to handle grid congestion
- a partofthe Smart Energy System

Further information at: http://wwnw.ensrginet.dk/Sys35

Presentation 11:
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PERSPECTIVES ANALYSED IN SCENARIOS

Example of consumption scenario
- climate neutral

Analysed Iiknes‘. in

wind (depending on PV capacity)

handled in the system

Thanks for attention ©

Presentation 11:
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* H2 direct use
* DAC
* H2toPtX
fuels
PEX & DAC

« Transition towards DK climate neutrality requires 12-16 GW offshore

ENERGINET

Potential power
for PtXto export

Power for:

¢ The Danish offshore ressources gives potential for production of
more PtX for export — a case with extra 25 TWh H2 analysed and

SUMMING UP

November 34, 2021

ENERGINET

SYSTEM PERSPECTIVES FOR THE

70% climate gas reduction in DK towards 2030analysed

Reduction towards climate neutral system in DK analysed.
Negative emission on 10 MTon CO2 from energy system assumed to balance non-energy climate gas

DK Offshore windpower potentials very high (more than needed for climate neutral DK)
— a climate neutral scenario with export of up to 25 TWh PtX fuel also analysed R&D roadmap

Direct Air Capture used for CCU and CCStowards climate neutral scenario

Sector coupling in large clusters used for efficient system integration of Power, H2, CO2, Heat
A coupling of clusters with specific hydrogen lines analysed

Offshore electrolysis at Northsea hub analysed — and concepts might be relevant

The integrated energy system requires digitalization and further development of market- and
operation solutions
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Systemic benefits of district heating

Analysing systemic benefits of district heating with an integrated
transmission and generation expansion planning model in 2050+

Henrik Schwaeppe, Luis Bottcher, Klemens Schumann, Lukas Hein,
Philipp Halsig, Simon Thams, Paula Baquero Lozano, Albert Moser

2 A,

oo E— ; i
82| ;000

ol $ooo @ GP_(

W
E:

14 [ e e,
Pames  TAEW &8s

Systems, 7 International conference, Union's Horizon 2020 research and innovation programme

21-22/09/21. Shown at IEA DHC
der grant t No 863922
industry workshop 03/11221. under grant agreement o

1 First presented at SmartEnergy “ This project has received funding from the European

[DEA21] Danish Energy Agency (2021). 1 Tank Large-Scale Hot Water Tanks
Technology Data.  hifps/ensdien/our- 2 PTES: Pit Thermal Energy Storage
services/projections-and- 3 Li-lon- Lithium-ion NMC battery (Utility-scale)

Versatility and flexibility as systemic benefits  rodesrechnoiogydaa Heat storage depiction’ Flaticon com

Versatility Figure 1: Decentral heating vs. district heating options

= Decentral heating makes use of one technology

o F O~ nd
= District heating: versatile and efficient options T T |
1 1 1 1 1
= High share of renewables: heat pumps : : : : : 6 I O = ‘ e
= Low share of renewables: CHP plant / fuel boiler ot ot !
= Use of excess heat sources/ storage ‘ ‘ M,

Table1: Cost of energy storage in 2050

Flexibility according to [DEA21]

Large-scale heat storage magnitudes cheaper
than grid-scale battery storage

Tank! PTES? Li

Capacity 175 MWhy, 4500 MWhy, 8 MWh
= Uni-directional charging only (electrically), but:
ging only ( V) Cost 3.000 470 255000
B [€/MWh]
= temporalload shifts
N N Roundtri
= |ocational load shifts Emcienq’: 98 % 70 % 92 %
3 First presented at Smart Energy This project has received funding from the Eurepean At Wigh Vattage
Systems, 7% International conference - Union's Harizon 2020 research and innovation programme T rIAE\N Pt iola RWTH
212209721 Shown & IEA DHC under grant agreement No 863922 PlaMES Energy Economics

industryworkshop 03/11/21
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Introduction
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[SNE20] Sneum, D. M. (2020). Flexibility in the interface between district energy and
the electricity system. PhD thesis. Technical University of Denmark.

[HAG20] Duijvestin, M., Peeters, N, van der Lubbe, M., Bolhuis, M. (2020)
Resistance against heat networks. Report. The Hague University of Applied Sciences

= Climate change requires radical change in systemic thinking
= Sectorintegration to reduce greenhouse gas emissions
= Several approachesto sectorintegration

= District energy as part of the solution [SNE20]
= Electricity, heat & cooling provided from various energy sources
= Providestap water, space heating and process heat

= People hesitant to invest in district heating connections [HaG20]
= |nvestmentand operational comparable to conventicnal boilers
= Fear of monopoly etc.

= Spend more effort on enhancing district heating (DH)?

= Does DH reduce the costand emissions of thermal supply?

= Can DH offer benefits to other sectors?

Agenda

[TTITT1
@ O-e=x | \What are systemic benefits of DH?

Introduction of an integrated transmission
and generation expansion planning model

Exemplary investigation on
systemic benefits and results

'.P\aMEs Future outlook on applications

Systems, 7° International conference,
21-22/09/21. Shown at IEA DHC
industrywerkshop 03(11/21

2 First presented atSmar Energy n This project has received funding from the European

under grant agresment o 863922

Union's Horizon 2020 research and innovation programme

st 7 o e | IRNNTH
pames  TAEW B5iet

[HS21] Schwaeppe, H., Moser, A, Paronuzzi, P, Monaci, M. (2021). Generation and

Integrated Transmission &

Transmission Expansion Planning With Respect to Global Warming Potential. Conference paper.
[DEA21]
services/projections-and-models/technology-data

Danish Energy Agency (2021). Technology Data. hiips-//ens dk/enjour-

Generation Expansion Planning

Figure 2: Expansion
results of exemplary
scenario 2050+

Onshore wind: 1282 GW
Photovoltaic 166.9 GW

Natural Gas PP: 47.0 GW
Fuel Cell PP: 840w

Electrolyzer: 239 6W

(I Gas Engne expansion

I Onahcre wins rbines
|0 Photovoliaic
[ otenore wina s

e
B0 st Heing SCGT tback prossure)
| ciecric boter
D P st ot with hoat

ACine
ACine expansion S0%
AC Ino axpansin 100%
——ocne

Single-stage linear expansion planning [H521]
= Minimize total cost of expansion and operation
min ), CAPEX + OPEX

Constraints

= Compliance with CO2 restrictions
= Demand coverage (electric, heat, gas)

Decision Variables

= Transmission grid expansion
= Nodal capacity investment
= Hourly operaticnal decisions

Exemplary Inputs

= Existing power plants & high voltage grid
575 electrical and decentral thermal nodes
182 district heating nodes

Bottom-up electrical and thermal demand
Weatherdata, potential data
Costparameters [DEA21]

4 First presented atSmart Energy This project has received funding from the European
Union's Horizon 2020 research and innovation programme

Systems, 7° International conference,
21-22/09/21. Shown at IEA DHG

o s under grant agresment o 863822

s [ e A
Pames  TAEW i
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Integrated Transmission & Generation Expansion Planning Heat storage depiction’ Fiaticon com Exemplary investigation on systemic benefits in 2050+ 1 annuty interest rate = 0%
e L N . . - [T—
Potential investigations Figure 3: Aggregated electrical operational balance =§“Z{"'“"mm'""“ Increase heat storage potential (2x)
—_ 200 ] . 200 B Simple Cycle Gas Turbine
= Operational decisions and limits in hourly = o =" 150 R G ks G ot €5 Total | A 1co District heati
resolution I £ o Tuine Poves P _ otal annua nnua 2 istrict heating
o ) § e I by 20T ok ) & DH share system cost! balance supply
= Determination of energy volumes and required E x g ) T ubuad Oyce Ces Tutine o 10 % MG
imports é o P s \ F Ty =§'Kz§!‘£’: _;; _ 12 GWh 20.93 = kLS 31.48 +0.02
* Costanalyses g 50 IH ! | é—mn‘ r | _é’::-;,_::;;m . w Heat storage billion million million t  million t
S 100 000 1 200 080 2w 2150 z200 L g g e 2 6 GWh (x182) EUR EUR CO.eq CO.eq
= CO2emissions|...] ) ime i) e 3
0 1000 2000 3000 4000 5000 6000 7000 8000 Gt “:
o g g D;St‘,/a'e -717.0  -782.7 -066 | -0.70
Nodal heating configuration 2 DH Share - million million million t | million t
Figure 4: Aggregated thermal district heating balance and individual network operation I 20 % = EUR EUR CO.eq CO,eq
5] o Heat storage = =
Decentral heating District heating - - < 12 GWh
2 =
e ! . . . . . . . .
~x— o 5 i ’ - 1. Investing in district 2. Investing in district 3. DH supply reduces
Q._/?& H 5 T e - §§Q§ﬁ:§f§fg?§ ?;;gg‘;:ﬁaﬁf;ng heating decreases heating decreases total economic costs,
\ F § I Pt Therma E nergy Sig . .. N
: \ g g " S S e ) ) ’ total system cost in CO, emissions but becomes itself
£ - L s o = Cost of heat grid expansion not included the long run more expensive
5 1 o rerml Enecgy S charg
[ = | Load
2 o w ww mm 7w 2w 7w = DISCLAIMER ) -
High Voltage Grid ° . el Showcasing a potential application; - Investin heat - Preferred solution? - Subsidies?
3000 4000 5000 6000 7000 not a validated scenario
time [h] networks?
5 First presented at SmartEnergy This project has received funding from the European T High Voltage 6 First presented atSmar Energy This project has received funding from the European U s High Voltage
Systems, 7% International canference, - Union's Harizon 2020 research and innovation programme T rIAEW Fimarielad | RWTH Systems, 7% International conference, n Union's Horizon 2020 research and innovation programme T rIAEW ey RWTH
21-22/09121, Shown 5t IEA DHC under grant agreement No 863922 PlaMES Emegy Economics 21-22/09/21 Shown at A DHC under grant agresment o 863922 PlaMES Enory Economics
industry workshop 03/11/21. industrywerkshop 03(11/21
What we will do
= Continue to develop our software
= Solvers for up-scaling to European level PlaMES
consortium
= Refine energy system scenarios i
Henrik Schwaeppe, M.Sc. gy | TN
Why you want to get in touch with us Consortium leader PlaMES 2 Fraunhofer
. 3 Research associate at
= Conduct system studies with novel types of models RWTH Aachen University
. . Chair of High Voltage Grids and oOPTIT
= You want to investigate yourself? Energy Economics
PlaMES provides you with a web interface (in development) Energy System Planning %
» Detailed analyses on distribution level? Tel. +49 (0) 241 /80 94931 OEDAS
PlaMES also develops tools for analyzing energy sharing h.schwaeppe@iaew.rwih-aachen.de o

communities, distribution & transmission grids

® plames.eu
Thank you for listening! m

Iplames
® @plames2050
R*  PlaMES

7 First presentedat SmartEnergy This project has received funding from the Eurepean At f HghVotage

Systems, 7% International conference Union's Harizon 2020 research and innovation programme T I AEW Pt iola
21-22/09721, Shown &t IEA DHC under grant agresment No 863922 PlaMES EnergyEconomics
industry workshop 03/11/21
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STRENGTH WEAKNESSES
« Higher degrees of freedom for planning/ operation; « additional investments into coupling points

« higher security of supply, resilience, flexibility « increasing level of complexity

« counteract limitations of the el. network + reduce losses + Present electricity tariffs and taxes are a barrier

« New business models (ancillary services, markets) « regulatory restrictions for electricity grid operators

« decarbonization of DHC network « seasonality of the heat demand

« (booster) HPs support Integrate low temp. heat sources <« supply competition in DHC (especially in the summer)
« economic added value (investment in coupling points)  « Only renewable, if fossil-free electricity is used

OPPORTUNITIES THREATS

« More research, products, demo projects, trainings etc.  « a possible disruptions of existing business models;
improved performance of coupling points/ controls « overall higher electricity demand

Digitalization supports handling of the complexity « Changingregulatory framework / market design
Increasing PV and wind - more flexibility required « market development (alternative flexibility providers)
Green financing options < availability of waste heat as a source for HPs

« tendency for the reduction of DHC temperatures + Availability of suitable DHC infrastructures?

o o o
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»'nergy Networks: a SWOT 'éigseésment |

% P the fona i strct Heai Cooing ¢t
£ = 021, Nottingham, UK: htfps:/ /ool 0xa/ 10,101 44 sav# 202 1.0 -

In 2018, a cooperation between IEA ISGAN Annex Helpful Harmful
6 and IEA DHC Annex TS3 started. A first shared to chieing the o ective. e
document is a SWOT analysis.

igin

The SWOT analysis aims at supporting the
general understanding of the properties and
characteristics of a Hybrid Energy Network

Strengths Weaknesses

Internal ori

Method: a structured expert involvement:
First: collection of SWOT factors
Second: comprehensive discussion phase
Third: (not yet carried out): survey

Opportunities Threats

Extemal origin
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nteractive session - evaluating SWOT factors for

“‘\;\
- hyb ooy

Join at

slido.com

#689 719
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~ what are the main Strength of HEN?

. decarbonization of DHC network

. higher security of supply, resilience, flexibility

. Higher degrees of freedom for planning/ operation

. counteract limitations of the el. network + reduce losses

(booster) HPs support Integrate low temp. heat sources

. economic added value (investment in coupling points)

. New business models (ancillary services, markets)
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3.90

2.21

1.79

1.58
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What are the main Opportunities for HEN?

1.

Digitalization supports handling of the complexity

. Increasing PV and wind --> more flexibility required

. improved performance of coupling points/ controls

. tendency for the reduction of DHC temperatures

. More research, products, demo projects, trainings etc.

. Green financing options

2.06

1.67

0.67
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What are the main weaknesses of HEN?

. increasing level of complexity

. Present electricity tariffs and taxes are a barrier

. seasonality of the heat demand

. additional investments into coupling points

. Only renewable, if fossil-free electricity is used

. regulatory restrictions for electricity grid operators

. supply competition in DHC (especially in the summer)

November 34, 2021
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3.12

3.00

2.82

2.41

1.59

0.88
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What are the main Threats of HEN?

@ 1. Changing regulatory framework / market design

Availability of suitable DHC infrastructures?

market development (alternative flexibility providers)

a possible disruptions of existing business models;

overall higher electricity demand

availability of waste heat as a source for HPs

3.89

2.28

2.06

1.89

0.89
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Finalizing the work in the Annex and reporting in winter/ spring
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Training = Contribution still possible!

security threats, system hacki
separated business units

electrici’[y trading » Development of a short fact sheet/ summary for policy makers +
Time Shift Elec recommendations + a guidebook!

Presentation of selected results in a journal papers

» (national) workshop on the TS3 results in Spring 2022 (Austria?)
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In total up to 90 participants
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