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Task 65 Participants

Country

GERMANY

AUSTRALIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

CHINA

CHINA

CHINA

CHINA

DENMARK

EGYPT

EGYPT

EGYPT

EGYPT

Name

Uli Jakob

Lu Aye

Alexander Friedrich
Herbert B. Bremstaller
Antoni Castells
Akshay Kumbhar

Jan Bleyl

Mathias Blaser

Harald Dehner
Nayrana Daborer-Prado
Alois Resch

Christian Kloibhofer
Daniel Neyer

Gunter Neyer

Christian Holter

Hannes Poier

Manuel Ostheimer
Wei Wu

Yanjun Dai

Yao Zhao

Ma Tao

Lars Munkoe

Admed Hamza H. Ali
Mahmoud N. Abdelmoez
Mohammed B. Effat

Tamer A. Rehim

Institution / Company
JER / Green Chiller
University of Melbourne
3F Solar

Ecotherm

Ecotherm

Ecotherm

Energetic Solutions
ENGIE Kaltetechnik
FH OO/ ASIC

FH OO /ASIC

FH OO/ ASIC
Gasokol

Neyer Brainworks
Neyer Brainworks

SOLID Solar Energy
Systems

SOLID Solar Energy
Systems

University of Innsbruck
Hong Kong City University

Shanghai Jiao Tong
University

Shanghai Jiao Tong
University

Shanghai Jiao Tong
University

Purix

Assiut University
Assiut University
Assiut University

Nile Valley Engineering

Role

Task Manager
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert

National Expert

Subtask C Leader

National Expert

National Expert

National Expert

National Expert
National Expert

National Expert

National Expert

National Expert

National Expert
National Expert
National Expert
National Expert

National Expert



EGYPT

FRANCE

FRANCE

FRANCE

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

ITALY

ITALY

ITALY

ITALY

ITALY

ITALY
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Laila Elgenedi

Amin Altamirano

Nolwenn Le Pierres

Benoit Stutz

Klaus Ramming

Paul Kohlenbach

Julia Rémer

Roland Kihn
Christian Kemmerzehl
Raplh Herrmann
Gerrit Flldner
Mathias Safarik
Michael Strobel
Benjamin Huber
Siddharth Dutta
Frank Molter

Mathias Safarik
Ernst Muller

Manuel Riepl
Richard Gurtner
Andreas MauRner
Tobias Schmetzer
Salvatore Vasta
Alessio Sapienza
Francesca Martorana
Roberto Fedrizzi
Amir Jodeiri Khoshbaf

Pietro Finocchiaro

Nile Valley Engineering

Conservatoire National
des Arts et Métiers

University of Savoie, Mont

Blanc

University of Savoie, Mont

Blanc
AGO

Berlin Hochschule fir
Technik

Coolar
Coolar
EAW
Fahrenheit
Fraunhofer ISE
ILK Dresden
JER

JER
protarget
SolarNext
TU Dresden
Uni Kassel
ZAE Bayern
ZAE Bayern
ZAE Bayern
ZAE Bayern
CNR ITAE
CNR ITAE
CNR ITAE
EURAC
EURAC

Solarinvent

National Expert

National Expert

National Expert

National Expert

National Expert

Subtask D Leader

National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert

National Expert

Subtask A leader

National Expert
National Expert
National Expert
National Expert

National Expert



ITALY

ITALY

ITALY

ITALY

ITALY

ITALY

MOZAMBIQUE

NETHERLANDS

SLOVAKIA

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SWEDEN

SWITZERLAND

UGANDA

UNITED KINGDOM

UNITED KINGDOM

UNITED KINGDOM

UNITED KINGDOM

UNITED KINGDOM

USA

Marco Pellegrini
Cesare Saccani
Alessandro Guzzini
Marco Beccali
Marina Bonomolo
Ben Alex Baby
Boaventura Cuamba
Henk de Beijer

Michal Masaryk

Pedro G. Vicente

Manuel Lucas

Francisco Javier Aquilar

Alberto Coronas

Joan Carles Bruno
Juan Prieto
Dereje S. Ayou
Victor Fabregat

Francisco David Gallego
Martinez

Puneet Saini
Guglielmo Cioni
Tom Fred Ishugah
Alex Mellor

Mitchell Van Oosten
Bob Critoph

Stan Shire

Jake Locke

Wolfgang Weiss

UNIBO

UNIBO

UNIBO

UNIPA

UNIPA

UNIPA

Eduardo University
SolabCool

Technical University
Bratislava

Miguel Hernandez
University

Miguel Hernandez
University

Miguel Hernandez
University

University Rovira | Virgili-
CREVER

CREVER
CREVER
CREVER
Regenera

Regenera

Absolicon

TVP

Makerere University
Naked Energy
Naked Energy
University Warwick
University Warwick
University Warwick

ergSol

National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert
National Expert
National Expert
National Expert

National Expert

National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert

Subtask B leader



Task 66 — Solar Energy Buildings

Harald Driick
Institute for Building Energetics, Thermotechnology and Energy Storage

SHC

(IGTE), University of Stuttgart TASK 66

Solar Energy Buildings

Task Manager for the German Government (PtJ for BMWi)

Task Overview

Task 66 focuses on developing economic and ecologic feasible solar energy supply concepts with high solar
fractions for new and existing buildings and communities. The targeted solar thermal and solar electrical fractions
depend significantly on the climate zone.

For moderate climate zones such as central Europe, northern China, and the northern USA, the following solar
fractions should be achieved:

e 85% of the heat demand
¢ 100% of the cooling demand and
*  60% of the electricity requirements for households and e-mobility

For sunny climate zones such as southern Europe, southern China, southern USA, Australia, and Mexico, the
following solar fractions should be achieved:

¢ 100% of the heat demand
¢ 85% of the cooling demand and
e  80% of the electricity requirements for households and e-mobility

The main objective of Task 66 is the development of economically and ecologically achievable solar energy supply
concepts for heat and electricity with high solar fractions for new and existing buildings and communities.

The Task addresses single-family buildings, multi-story residential buildings, and building blocks or distinguished
parts of a city, named communities, for both new buildings and the comprehensive refurbishment of existing
buildings.

In the context of this Task, the separation between (single) buildings and building blocks or communities
is based on if the buildings are connected to a thermal grid or not. This separation is based on the thought
that all buildings will be connected to an electricity grid in general. Hence, regarding the interexchange ability of
energy between different buildings, the only difference is the aspect of whether the buildings are connected to a
thermal grid or not.

The Task’s work is divided into four subtasks:

Subtask A: Boundary Conditions, KPIs, Definitions and Dissemination (Lead Country: Germany)
Subtask B: Thermal stand-alone buildings and building blocks (Lead Country: China)

Subtask C: Thermal grid-connected buildings and building blocks (Lead Country: Denmark)
Subtask D: Current and future technologies and components (Lead Country: Austria)

Scope

Subtask A: Boundary Conditions, KPIs, Definitions and Dissemination
The main objectives of Subtask A are:

¢ Define the framework conditions, system boundaries, and screening for legal framework conditions
and definition of reference buildings (single and multi-family houses) or districts.

Define the involved stakeholders (energy suppliers, housing developers, urban planning, etc.).
Discuss and define different scenarios regarding overall energy system developments.
Determine specific KPls.

Address aspects of scalability and assignability, user and stakeholder engagement, business and
statement models, and financing.

e Summarize and prepare the results and disseminate measures.
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Subtask B: Thermal stand-alone buildings and building blocks
The main objectives of Subtask B are:

Determine economic and ecologic energy supply concepts with high solar fractions for new and
existing buildings.

Define potential technologies in a technology portfolio, such as solar thermal (conventional collector
technologies, medium-temperature collectors, charge boost sorption collectors, other specific new
developments), PVT hybrid collectors, PV, micro heat pumps, different thermal and electrical energy
storage technologies (e.g., activation of thermal masses, water storage with vacuum insulation, sorption
storage, ice storage, stationary and mobile battery storage, etc.), heat and cold supply systems, water
heaters and other technologies for heat, cold and power generation (biomass, green gas, cogeneration,
etc.). If applicable, then further develop individual technology elements.

Exploit the new degrees of freedom and possibilities by linking individual technologies from the
technology portfolio from a perspective that looks at the entire energy system, such as sector
coupling, SRI indicators (Smart Readiness Indicator), and self-consumption levels. Consider available
surface and the area- efficiency of individual technologies. Define integrated energy supply
concepts for heat, cold, domestic electricity demand, and e-mobility. Develop intelligent control
concepts (data-based and predictive). Consider aspects of increased user involvement.

Model, simulate, and determine the levelized cost of energy. Evaluate using the technical, economic,
and environmental KPIs and optimization procedures.

Subtask C: Thermal grid-connected buildings and building blocks
The main objectives of Subtask C are:

Elaborate economic and ecologic energy supply concepts with high solar fractions for the existing
building stock and new building blocks or communities, respectively.

Define potential technologies in a technology portfolio, such as solar thermal (conventional collector
technologies, medium-temperature collectors, charge boost sorption collectors, other specific new
developments), PVT hybrid collectors, PV, micro heat pumps, different thermal and electrical energy
storage technologies (e.g., activation of thermal masses, water storage with vacuum insulation, sorption
storage, ice storage, stationary and mobile battery storage, etc.), heat and cold supply systems, water
heaters and other technologies for heat, cold and power generation (biomass, green gas, cogeneration,
etc.). If applicable, further develop individual technology elements.

Exploit the new degrees of freedom and possibilities by linking individual technologies from the
technology portfolio from a perspective that looks at the entire energy system, such as sector
coupling, SRI indicators (Smart Readiness Indicator), self-consumption levels, and grid load rejection
potentials (overall grid infrastructures), etc. Consider available surface and the area- efficiency
of individual technologies. Define integrated and grid-interacting energy supply concepts for heat,
cold, domestic electricity demand, and e-mobility. Develop intelligent control concepts (data-based
and predictive). Consider aspects of increased user involvement.

Model, simulate, and determine the levelized cost of energy. Evaluate using the technical, economic,
and environmental KPIs and optimization procedures.

Subtask D: Current and future technologies and components
The main objectives of Subtask D are:

Define current and future technologies in a technology portfolio, such as solar thermal (conventional
collector technologies, medium-temperature collectors, charge boost sorption collectors, other
specific new developments), PVT hybrid collectors, PV, micro heat pumps, different thermal and
electrical energy storage technologies (e.g., activation of thermal masses, water storage with vacuum
insulation, sorption storage, ice storage, stationary and mobile battery storage, etc.), heat and cold
supply systems, water heaters and other technologies for heat, cold and power generation (biomass,
green gas, cogeneration, etc.).

Initiate the development of significantly new improved technical solutions.

Conduct techno-economic assessment of newly developed solutions.

Collaboration with Other IEA TCPs
The Task is aiming to collaborate with the IEA PVPS.

Collaboration with Industry

The strong level of collaboration with industry is reflected by approximately 25% of the Task participants
representing the non-academic sector. For the planned industry workshops, it is expected that around 50% of the
participants will represent solar thermal collector manufacturers, system suppliers, building companies, HAVC
companies, consultancies, business developers, and governmental institutions.



Task Duration

This Task started in July 2021 and will end in June 2024.

Participating Countries

Countries that have expressed interest in participating include Australia, Austria, Belgium, China, Denmark,

Germany, Mexico*, Portugal, Slovakia, Switzerland, United Kingdom, United States*

*Through the PVPS TCP.

Work During 2022

No information provided.

Work Planned for 2023

No information provided.

Dissemination Activities In 2022

Reports, Published Books

None at this time.

Journal Articles, Conference Papers, etc.

Author(s)

Stephanie Banse

Stephanie Banse

Harald Driick, Dominik
Bestenlehner

Dominik Bestenlehner,
Harald Driick

Elsabet Nielsen, Simon
Furbo

Thomas Ramschak et. al.

Analysing 126 solar energy
buildings across Europe

Optimised PVT and heat
pump combinations for
heating and cooling of
buildings

Definitions for Climate
Neutrality and their
Relevance for the
Assessment of Solar
Energy bd Hiti

Theoretical investigations
for electric heating
concepts for residential
buildings

Solar energy buildings with
high degree of
independence of energy
supply from grids

Participation potentials for
energy active facades in
future flexibility markets

Publication /

Conference

solarthermalworld.org,
December 2022

solarthermalworld.org,
October 2022

EuroSun 2022 conference,
Sept. 22 - 29, 2022, Kassel
Germany

EuroSun 2022 conference,
Sept. 22 - 29, 2022, Kassel
Germany

EuroSun 2022 conference,
Sept. 22 - 29, 2022, Kassel
Germany

EuroSun 2022 conference,
Sept. 22 - 29, 2022, Kassel
Germany

_ 2022 Annual Report Page 64

Bibliographic



Jens Ullmann, Harald
Driick, Bernd Hafner

Stefanie Lott, Stephan,
Fischer, Harald Drtick,
Bernd Hafner

Harald Driick & Dominik
Bestenlehner

Elena Engelniederhammer
& Barbel Epp

Development of a
commbined model
predictive and adaptive
control strategy for the
operation of a cold district
heating network

Quasi-Dynamic Testing of
Thermal Sun-Air-Collectors
and Numerical Simulations
of a Cold Ditit Hti

Die Definition von
Klimaneutralitat und ihre
Relevanz fiir die
Solarthermie

How to get renewable
energy to buildings in

EuroSun 2022 conference,
Sept. 22 - 29, 2022, Kassel
Germany

EuroSun 2022 conference,
Sept. 22 - 29, 2022, Kassel
Germany

Symposium Sola-rthermie
und inno-vative Warme-
systeme, 03.-05. Mai 2022,
Bad Staffelstein

solarthermalworld.org, April
2022

dense urban areas

Conferences, Workshops, Seminars

Activity & Presenter Date & Location # of Attendees

Conference / Workshop

| Seminar Name

Task 66 Industry Virtual

Workshop

56 participants

Task 66 Industry
Workshop

Kassel, Germnay 31 participants
Dissemination Activities Planned For 2023

# of Participants (# of
Countries)

Event Date and Location

Industry Workshop No 3 February 7, 2023, virtual

Industry Workshop No 4 October 9, 2023, Graz, Austria

Task Meetings in 2022 and Planned for 2023

Meeting Location # of Participants (# of

Countries)

29 participants

March 23-24, 2022 (12countries)

Experts Meeting 3 Virtual meeting

17 participants (7

September 29-30, 2022 .
countries)

Experts Meeting 4 Kassel, Germany

Experts Meeting 5 February 6, 2023 Virtual meeting

Experts Meeting 6 October 9-10, 2023 Graz, Austria



Task 66 Participants as of 2022

Country

GERMANY

AUSTRALIA

AUSTRALIA

AUSTRIA

AUSTRIA

CHINA

CHINA

CHINA

CHINA

DENMARK
DENMARK

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY
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Name

Harald Driick

Gavin Chengyang

Rebecca Yang

Dr. Fabian Ochs

Thomas Ramschak

Wenbo Cai

Luo Yonggiang

Xinyu Zhang

Tian Zhiyong

Elsabet Nomonde Nielsen
Simon Furbo

Dominik Bestenlehner

Franziska Bocklmann

Yong Chen

Tillmann Gauer

Paul Kastner

Henner Kerskes

Florian Lichtblau

Stefanie Lott

Gerhard Mengedoht

Institution / Company

IGTE, University of
Stuttgart

RMIT University
Melbourne Australia

RMIT University
Melbourne Australia

University of Innsbruck
AEE INTEC

China Academy of
Building Research,
Beijing, China

Huazhong University of
Science and Technology

China Academy of
Building Research, Beijing

Huazhong University of
Science and Technology

DTU
DTU

IGTE, University of
Stutgart

siz energieplus / dp-
quadrat, Germany

IRENA

Technische Universitat
Kaiserslautern

Institut fur
Solarenergieforschung
GmbH, Emmerthal,
Germany

IGTE University of
Stuttgart

Lichtblau Architekten BDA

IGTE, University of
Stuttgart

Technische Hochschule
Ulm (THU)

Role

Task Manager

National Expert

National Expert

National Expert

Subtask D Leader

National Expert

National Expert

Subtask B Leader

National Expert

National Expert
National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert



GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

MEXICO*

MEXICIO*

MEXICO*

MEXICO*

PORTUGAL

SLOVAKIA

SWITZERLAND

UNITED KINGDOM

Dr. Christoph Miiller

Lukas Oppelt

Markus Peter

Claudia Scholl-Haaf

Micha Schafer

Frank Spate

Carlos Espino

Naghelli Ortega Avila

Norma Rodriguez Mufioz

M.C. Mario Najera Trejo

Jorge Facao

Prof. Dr. Roman
Rabenseifer

Dr. sc. ETH Luca Baldini

Richard Lewis

*Mexico participation through the PVPS TCP.

hc-solar innovative solar
solutions

TU Bergakademie
Freiberg

siz energieplus / dp-
quadrat, Germany

IGTE, University of
Stuttgart

IGTE, University of
Stuttgart

Ostbayrische Technische
Hochschule OTH

Centro de Investigacion
en Materiales Avanzados,
S.C., (CIMAV Durango)

Centro de Investigacion
en Materiales Avanzados,
S.C. (CIMAV Durango)

Centro de Investigacion
en Materiales Avanzados,
S.C. (CIMAV Durango)
Centro de Investigacion
en Materiales Avanzados,
S.C. (CIMAYV Durango)
LNEG, Portugal

Slovak University of
Technology in Bratislava

EMPA

Swansea University

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

Subtask D

National Expert

National Expert

National Expert



Task 67 — Compact Thermal Energy Storage Materials within
Components within Systems

Wim van Helden
AEE - Institute for Sustainable Technologies
Task Manager for The Republic of Austria

Task Overview

The purpose of Task 67 is to push forward the compact thermal energy storage (CTES) technology developments
to accelerate the market introduction of these technologies through the international collaboration of experts from
materials research, components development and system integration, and industry and research organizations.

The main objectives of the Task are to 1) better understand the factors that influence the storage density and the
performance degradation of CTES materials, 2) characterize these materials in a reliable and reproducible manner,
3) develop methods to effectively determine the State of Charge of a CTES, and 3) increase the knowledge base
on how to design optimized heat exchangers and reactors for CTES technologies.

CTES technologies are the subject of the Task. These technologies are based on the classes of phase change
materials (PCM) and thermochemical materials (TCM). Materials from these classes will be studied, improved,
characterized, and tested in components. The main components for these technologies are heat exchangers and
reactors, which are also studied and further improved in the Task. The temperatures of the heat that the thermal
storage will supply are determined by the areas of application and range from 0°C to 20°C for cooling purposes,
from 40°C to 95°C for buildings, between 60°C and 130°C in DHC networks, and 80°C to more than 500°C for
industry and vehicles. Due to the underlying physical and chemical processes, the charging and discharging
temperatures, especially with TCM, can have very different values, with charging temperatures determined mainly
by the applied heat source.

The Task is organized into five subtasks:

e Subtask A: Material Characterization and Database (Lead Country: Austria)

e Subtask B: CTES Material Improvement (Lead Country: Spain)

e Subtask C: State of Charge — SoC Determination (Lead Countries: Denmark (PCM) and Canada
(TCM))

e  Subtask D: Stability of PCM and TCM (Lead Country: Germany)

e Subtask E: Effective Component Performance with Innovative Materials (Lead Countries: Spain (PCM)
and Switzerland (TCM))

Scope

Subtask A: Material Characterization and Database
The subtask's main objective is to develop and validate several standardized measurement procedures for CTES
materials and further expand and maintain the materials and knowledge databases.

Subtask B: CTES Material Improvement

The subtask's main objective is to identify proper strategies that allow for tuning the reactivity of CTES materials,
thus improving their properties and final performances.

Subtask C: State of Charge — SoC Determination
The subtask's main objective is to develop techniques with which the SoC of a CTES can be determined in a

reliable and cost-efficient way.

Subtask D: Stability of PCM and TCM
The subtask's main objective is to arrive at PCM and TCM with predictable and improved stability.
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Subtask E: Effective Component Performance with Innovative Materials
The subtask's main objective is to improve material-component interaction for optimal system performance.

Collaboration with Other IEA TCPs

Task 67 is a fully joint Task with the IEA Energy Storage (ES) TCP Task 40. The Task Manager for the ES Task
40 part is Andreas Hauer, ZAE Bayern, Germany.

Collaboration with Industry

Three industries are participating in the Task: Sunamp (United Kingdom), Engineer (Portugal), and Rubitherm
Technologies (Germany).

Task Duration

This Task started in October 2021 and will end in September 2024.

Participating Countries

Austria, Canada, Denmark, France, Germany, ltaly, Netherlands, Norway, Portugal, Slovenia, Spain, Switzerland,
United Kingdom, United States

Work During 2022

Subtask A: Material Characterization and Database
Overall, 39 institutions from 15 countries participate in four round-robin test groups:

Thermal conductivity and thermal diffusivity of liquids, solids, and packed beds
Specific heat capacity of powdery materials

Enthalpy change due to sorption or chemical reaction

Thermal expansion, density, and viscosity determination

PON=

Every round-robin test has a person responsible for the actual progress. In 2022 several online meetings besides
the biannual expert meetings took place to harmonize the measurement procedure and materials to be tested. At
the time of this report, the round-robin tests are in the state of the actual measurements. Preliminary results from
three institutes on the round-robin test on density were already obtained and discussed at the experts meeting in
Kassel.

Subtask B: CTES Material Improvement

An overview was made of the different methods to tune material properties like energy density, charge/ discharge
temperature, heat transfer and mass transfer. Experts presented their work on the materials developments: cycling
stability of high energy density composite materials, synthesizing esters as PCM, plastic crystals as solid-solid PCM,
using nano-particles to enhance the behavior of heat transfer fluids and PCM, using phase-diagrams to determine
the optimal salt-hydrate mixture PCM.

A schematic overview was composed for CTES material characteristics with related properties on the material level
and related KPIs on the component level. It was discussed if and how such a classification can be applied to prepare
material improvement learning curves showing the evolution of research over the past years and Tasks.

Subtask C: State of Charge — SoC Determination

In this Subtask, two activities are running. First,
to work on an inventory of promising material
properties and related measurement techniques.
The inventory will be based on a collection of
methods for PCM and TCM thermal energy
storage units, which have been developed by the
participating organization or published in
literature. Second, to work on a collection of




experimental and numerical proof of concepts, including tested measurement techniques and sensor technologies.

To discuss and sort the collected SoC determination examples, a three-level schematic was developed and further
refined during the 3 experts meeting; see the figure above. Measurements on the material level (green circle) are
usually calibrated with external measurements on the component level (orange circle). System control requirements
are application specific and define, for example, the necessary SoC determination uncertainty, SoC determination
frequency, and the communication between SoC measurement (device) and storage system integration.

Subtask D: Stability of PCM and TCM

Work started on listing the relevant degradation mechanisms for different material classes. For this, a template was
made; see the figure below, where the template was filled in for salt hydrates to be used as PCM.

In the first discussion round, suggestions were made to refine further and improve the template.

Example:
Vertical density
gradients of salt

Example: Phase
separation of
non-congruently

Salt hydrates (PCM) hydrate in melting salt
container... hydrate Example: Salt
hydrate mixture
...might change with: Time Charging-discharging-cycles ?,2’,‘,,“::{:232
composition
: Example:
. Mechanical P Phase
...might change due to: Temperature Reduced .
forces melting enthalpy separation

due to phase
separation

Measureable

(changing) (Crystal) Example: Nucleating Water ups=*Example: First 10
. structure agent or thickener to rmal ¢ cycles are
properties: prevent separation g important to study
of eutectic mixtures separation
(hypothesis)

Reasons to better
understand
degradation:

Find additives to prevent

degradation Enable ,fast degradation tests

Subtask E: Effective Component Performance with Innovative Materials

The Overall goals of Subtask E are: i) to make it possible to compare different components. ii) to assess how the
use of different CTES materials affects the performance of a storage unit.

Different alternatives proposed by participants are being explored.

The @nrorm | ¢norm  (time weighted and energy weighted) proposed by the University of Basque Country and the
University of Zaragoza in collaboration with the subtask participants has been applied for experimental results from
more than 8 participants, and the open questions were identified and being discussed in the group. Stopping criteria
were proposed, and they are also under discussion.

The University of Basque Country proposed the normalized UA for predicting the discharging time of LHTESS with
different mass flow and materials properties. The predicting discharging time is compared to the discharging time
obtained from the simulation using a numerical model.

An update of the approach of ZAE Bayern to evaluate charging/discharging power curves of PCM thermal energy
storage units was presented and discussed. This method calculates charging/discharging curves with constant
power output based on constant volume flow experiments. The underlying motivation addresses two questions:
“How long can the PCM storage deliver constant power? How much energy can be delivered at constant power
until power drops under a certain threshold value?” Based on two experimentally examined PCM storage units, the
energy charged/discharged in constant volume flow experiments is equal to or less than the energy
charged/discharged at constant power operation. Thus, considering the usable energy content determined in
constant volume flow experiments might serve as a rough and conservative estimation for the usable energy content
at constant power operation. This conclusion is to be backed up with more experimental results.
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The three sections method proposed by Fraunhofer to assess the power performance of LHTESS was presented.
The results shown are promising, and the next step is applying the methodology for different LHTESS concepts.

Work Planned For 2023

Subtask A: Material Characterisation and Database

Round-robin tests will be performed for the four properties indicated above. First, results should be discussed and
further actions defined. The material database www.thermalmaterials.orq is to be tested, in particular, the handling
of the uploaded measurement data will be examined. In addition, the data content of the database will be extended
by uploading measurement data from the group of participants.

Subtask B: CTES Material Improvement

A publication will be written about the current methods for performance improvement techniques for TCM and
PCM. The inventory process will be continued, and application examples will be further studied.Subtask C:

Subtask C: State of Charge — SoC Determination

The first results of tests with novel methods for the SOC determination in sorption materials will be presented and
discussed. Further work will be done on the third Subtask C activity, “Description of application requirements,”
dealing with system control requirements.

Subtask D: Stability of PCM and TCM

Planned activities are to update the contributor table and complete CTES material stability mapping templates for
CTES materials or material classes under investigation by the Task experts.

Subtask E: Effective Component Performance with Innovative Materials

Further work on constructing a set of KPIs for TCM and gathering input for component performance testing
methods used.

For PCM, further work will be done on the inventory of existing performance characterization methods in
literature, previous (IEA) work, and standards. The discussion on how to improve the current approach or develop
alternatives will be continued, with the underlying question of whether it is possible to have a common approach
for the different component designs.

Dissemination Activities In 2022
Reports, Published Books

Journal Articles, Conference Papers, etc.

Jodo Passaro; A. Rebola; L. Numeric study of geothermal International DOI:

Coelho and J. Conde borehole heat exchanger Journal of 10.1016/.ijft.2022.10
enhancement via phase change Thermofluids, 0245, Part of ISSN:
material macro encapsulation, 2022-11 2666-2027 (Q1)

Jodo Passaro, A. Rebola, L. Effect of fins and nanoparticles in Applied Thermal DOI:

Coelho, J. Conde, G.A. the discharge performance of Engineering, 10.1016/j.appltherm

Evangelakis, C. Prouskas, PCM thermal storage system with =~ 2022-07 aleng.2022.118569,

D.G. Papageorgiou, A. a multi pass finned tube heat Part of ISSN: 1359-

Zisopoulou and |.E. Lagaris exchange 4311 (Q1)


http://www.thermalmaterials.org/

Carlos Simao; Joao Murta
Pina; Jodo Pedro Oliveira; Luis
Coelho; Joao Passaro; Diogo
Ferreira, Fernando Reboredo;
Tiago Jorge and Pedro
Figueiredo

Luis Coelho; Maria K. Koukou;
George Dogkas; John
Konstantaras; Michail Gr.
Vrachopoulos; A. Rebola;
Anastasia Benou; loannis
Choropanitis; Constantine
Karytsas; Constantinos
Sourkounis and Zenon
Chrysanthou

Toifane, H.; Tittelein, P.;
Cherif, Y.; Zalewski, L.; Leuck

Ibrahim, R.A.; Tittelein, P.;
Lassue, S.; Chehade, F.H.;
Zalewski, L.

Calabrese L., Palamara D.,
Piperopoulos E., Mastronardo
E., Milone C., Proverbio E.

Mastronardo E., Mazza E.L.,
Palamara D., Piperopoulos E.,
lannazzo D., Proverbio E.,
Milone C.

Carrillo A.J., Bayon A.,
Coronado J.M., Mastronardo
E.

Mastronardo E., Piperopoulos
E., Palamara D., Frazzica A.,
Calabrese L.

Calabrese L., Hernandez L.,
Mondragon R., Cabeza L.F.

Boquera L., Pons D.,
Fernandez A.l., Cabeza L.F.

Gunasekara S.N., Barreneche
C., Inés Fernandez A.,
Calderdn A., Ravotti R., Risti¢
A., Weinberger P., Omur

A Case Study for Decentralized
Heat Storage Solutions in the
Agroindustry Sector Using Phase
Change Materials

Latent Thermal Energy Storage
Application in a Residential
Building at a Mediterranean
Climate

Thermophysical Characterization
of a Thermoregulating Interior
Coating Containing a Bio-Sourced
Phase Change Material

New Supply-Air Solar Wall with
Thermal Storage Designed to
Preheat Fresh Air: Development
of a Numerical Model Adapted to
Building Energy Simulation

Deviceful LiCl salt hydrate
confinement into a macroporous
silicone foam for low-temperature
heat storage application

Organic Salt Hydrate as a Novel
Paradigm for Thermal Energy
Storage

Editorial: Recent Advances in
Solar-Driven Thermochemical
Fuel Production and Thermal
Energy Storage

Morphological Observation of LiCl
Deliquescence in PDMS-Based
Composite Foams

Macro-porous permeability
aspects of MgSO4 salt hydrate
foams for energy storage
applications

Characterization of supplementary
cementitious materials and fibers
to be implemented in high
temperature concretes for thermal
energy storage (TES) application

Thermal energy storage materials
(Tesms)—what does it take to
make them fly?

AgriEngineering,
2022-02

Energies, 2022-
01

Applied Sciences
2022 12, 3827

Applied Sciences
2022 12, 3986

Journal of
Science:
Advanced
Materials and
Devices

Energies

Frontiers in
Energy Research

Applied Sciences
(Switzerland)

Journal of
Applied Polymer
Science

Publication

Publication

DOI:
10.3390/agrienginee
ring4010018

DOI:
10.3390/en1503100
8 (Q2)

doi:10.3390/app120
83827

doi:10.3390/app120

83986

7,2022, 100463

15, 2022, 4339

10, 2022, 885894

12,2022, 1510

139, 2022, 51924

10.3390/en1416519
0

10.3390/cryst11111
276
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Paksoy H., Kogak B.,
Rathgeber C., Chiu J.N.,
Stamatiou A.

Kogak B., Fernandez A.l.,
Paksoy H.

Svobodova-Sedlackova A.,
Barreneche C., Gamallo P.,
Fernandez A.l.

Majoé M., Calderon A,
Salgado-Pizarro R.,
Svodobova-Sedlackova A.,
Barreneche C., Chimenos
J.M., Fernandez A.l.

Svobodova-Sedlackova A.,
Huete-Hernandez S., Calderén
A., Barreneche C., Gamallo P.,
Fernandez A.l.

Salgado-Pizarro R., Calderén
A., Svobodova-Sedlackova A.,
Fernandez A.l., Barreneche C.

Prieto C., Ruiz-Cabafas F.J.,
Madina V., Fernandez A.l.,
Cabeza L.F.

Garcia-Plaza J., Diaz-Heras
M., Mondragén R., Hernandez
L., Calderdn A., Barreneche
C., Canales-Vazquez J.,
Fernandez A.l., Alimendros-
Ibafiez J.A.

Salgado-Pizarro R., Martin M.,
Svobodova-Sedlackova A.,
Calderén A., Haurie L.,
Fernandez A.l., Barreneche C.

Diarce, G., Rojo, A., Quant, L.,
Bouzas, L., Garcia-Romero, A.

M. Navarro, Diarce, G.,
Lazaro, A. Rojo, A., Delgado,
M.

Laura Quant, Gonzalo Diarce,
Lourdes Bouzas, Ana Garcia-
Romero,

Long-term stability of sensible
thermal energy storage materials
developed from demolition wastes
interacting with hot heat transfer
fluid

Novel sampling procedure and
statistical analysis for the thermal
characterization of ionic
nanofluids

Assessment of Solid Wastes and
By-Products as Solid Particle
Materials for Concentrated Solar
Power Plants

Effect of Nanoparticles on the
Thermal Stability and Reaction
Kinetics in lonic Nanofluids

The relevance of thermochemical
energy storage in the last two
decades: The analysis of research
evolution

Corrosion performance of alloy
800H and alloy 625 for potential
use as molten salts solar receiver
materials in concentrating solar
power tower plants

Experimental study of different
coatings on silica sand in a
directly irradiated fluidised bed:
Thermal behaviour and cycling
analysis

Manufacturing of nano-enhanced
shape stabilized phase change
materials with montmorillonite by
Banbury oval rotor mixer for
buildings applications

Thermal endurance of xylitol as a
phase change material for thermal
energy storage applications

Comparative study on bubbling
and shearing techniques for the
crystallization of xylitol in TES
systems

A comprehensive study of the
phase segregation of a urea-
based phase change material

Publication

Publication

Publication

Publication

Publication

Publication

Publication

Publication

Journal of Energy
Storage

Results in
Engineering

Journal of Energy
Storage

10.1002/er.7193

10.1016/j.molliq.202
1.118316

10.1002/s0lr.202100
884

10.3390/nano12101
777

10.1016/j.est.2022.1
04377

10.1016/j.est.2022.1
05824

10.1016/j.appltherm
aleng.2022.119169

10.1016/j.est.2022.1
05289

Journal of Energy
Storage , 55, Part C
art. no. 105717.
Elsevier, 2022.

Vol 17, March 2023,
art no. 100909.
Elsevier 2023

Volume 60, 2023, art
no. 106621



tested under thermal cycling
conditions,

Kénig-Haagen A., Diarce G

Comparison of Corrected and

Uncorrected Enthalpy Methods for
Solving Conduction-Driven
Solid/Liquid Phase Change
Problems

Jafarian M.; Delgado M.; Omid
M.; Khanali M.; Mokhtari M.;
Lazaro Fernandez, A.

Enhancing thermophysical

nanoparticles

Conferences, Workshops, Seminars

Conference / Workshop /
Seminar Name

Activity &
Presenter

Energies Vol 16 (1), art. no.
449,

International 10.1002/er.7594

Journal of

properties of phase change
material via alumina and copper

Date & Location

Energy Research

ISEC 2022

VI IMPRES Symposium

VI IMPRES Symposium

E-MRS Fall meeting

Eurosun 2022

Eurosun 2022

Charactérisation Thermophysique
d’un Enduit Intérieur Thermo
Régulant Contenant Un Matériau
a Changement de Phase
Biosourcé

Modélisation Par Approche MFN
d'une Fagade Solaire
Pariétodynamique Destinée Au
Préchauffage d’air Neuf:
Probléme de Détermination Des
Coefficients d’échange Convectif

Etude Expérimentale d’un
Echangeur-Stockeur Avec
Matériaux a Changement de
Phase Pour La Production Solaire
d’eau Chaude Sanitaire

Poster

Wim van Helden

Oral presentation
Mikel Duran

Oral presentation
Sergio Santos

Oral presentation
Maria Taefo

Oral presentation
Angel Serrano

Poster presentation
Stefania Doppiu

Presentation
TOIFANE H.;
Tittelein, P.;
Zalewski, L.; Cherif,
Y.; Leuck

Presentation
ABOU IBRAHIM
R.; Tittelein, P.;
LASSUE, S.; Hage
chehade, F.;
Zalewski, L.

Poster Thonon, M. ;
Frangois, E.;
Leconte, A.;
Zalewski, L.;
Fraisse, G.; Pailha,
M.

April 2022

Barcelona, Spain
October 2022

Barcelona, Spain
October 2022

September 2022

Kassel, Germany
September 2022

Kassel, Germany,
September 2022

Paris, France
June 2022

June 2022

Paris, France

June/July 2022
Albi, France

# Attendees # Countries,
Industry,
Government,
Research

~ 350

~ 150

~ 150

~100



IMPRES 2022 Presentation October 2022

Elpida
Piperopoulos

IMPRES 2022 Presentation October 2022
Candida Milone

IMPRES 2022 Presentation October 2022

Luigi Calabrese

IMPRES 2022 Presentation October 2022

Emanuela
Mastronardo

Dissemination Activities Planned For 2023

A publication on the materials improvement methods is planned.

Task Meetings in 2022 and Planned for 2023

Task Meeting 2 April 4-5, 2022 Graz, Austria 38 (13 countries)
Task Meeting 3 September 29-30, 2022 Kassel, Germany 41 (12 countries)
Task Meeting 4 April 24-26, 2023 Halifax, Canada

Task Meeting 5 September 25-27, 2023 Lyon, France



Task 67 Participants
Country
GERMANY
GERMANY
AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRALIA
CANADA
CANADA
CANADA
CANADA
CANADA
CANADA
CHINA
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY

GERMANY

GERMANY

GERMANY

GERMANY
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Name

Wim van Helden
Andreas Hauer
Samuel Knabl

Daniel Lager

Peter Weinberger

Bernhard Zettl

Gayaney Issayan

Kemal Hooman
Dylan Brady

Lia Kouchachvili
Reda Djebbar
Dominic Groulx
Maijid Bahrami
Handan Tezel

Yang Xiaohu
Anthony Rawson
Nuria Navarrete Argiles
Veronika Stahl
Franziska Klinder
Sebastian Gamisch
Stefan Gschwander

Andrea Gutierrez

Maike Johnson

Konstantina Damianos

Thomas Herzog

Institution / Company
AEE INTEC

ZAE Bayern

AEE INTEC

AIT Austrian Institute of
Technology GmbH

TU Vienna

University of Applied
Sciences Upper Austria

University of Applied
Sciences Upper Austria

University of Queensland
CanmetENERGY
CanmetENERGY
CanmetENERGY
Dalhousie University
Simon Fraser University
University of Ottawa
Xian Jiaotong University
DLR

DLR

DLR

Fraunhofer ISE
Fraunhofer ISE
Fraunhofer ISE

German Aerospace
Center

German Aerospace
Center

Rubitherm Technologies
GmbH

TH Wildau

Role

SHC Co-Task Manager
ES Co-Task Manager
National Expert

Subtask A Leader

National Expert

National Expert

National Expert

National Expert
National Expert
National Expert
Subtask C Leader
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert

National Expert

National Expert

National Expert

National Expert



GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

DENMARK

DENMARK

DENMARK

DENMARK

DENMARK

DENMARK

DENMARK

FRANCE

FRANCE

FRANCE

FRANCE

FRANCE

FRANCE

FRANCE

FRANCE

FRANCE

FRANCE

FRANCE

ITALY

ITALY

ITALY

Micha Schaefer
Christoph Rathgeber
Michael Britting

Florian Kerscher

Leander Morgenstern

Alessandro Maccarini
Alireza Afshari

Evdoxia Paroutoglu
Anastasiia Karabanova
Gerald Englmair
Jianhua Fan

Simon Furbo

Gregory Largiller

Jérdbme Soto

Lingai Luo

Frederic Kuznik
Kevyn Johannes

Erwin Franquet

Laurent Zalewski
Jean-Pierre Bedecarrats
José Laracruz

Nathalie Mazet

Nolwenn Le Pierres

Andrea Frazzica
Vincenzo Brancato

Raffaele Liberatore

University of Stuttgart
ZAE Bayern
ZAE Bayern

Technische Universitat
Minchen

Technische Universitat
Minchen

Aalborg University
Aalborg University
Aalborg University
DTU
DTU
DTU
DTU
CEA

CNRS, University of
Nantes

CNRS, University of
Nantes

INSA-Lyon
INSA-Lyon

LaTEP-ENSGTI -
University of Pau

Université d'Artois
University of Pau, LaTep
University of Pau, LaTep
University of Perpignan

University Savoie Mont
Blanc

CNR
CNR

ENEA

National Expert

Subtask D Leader

National Expert

National Expert

National Expert

National Expert
National Expert
National Expert

National Expert

Subtask C Leader

National Expert
National Expert
National Expert

National Expert

National Expert

National Expert
National Expert

National Expert

National Expert
National Expert
National Expert
National Expert

National Expert

National Expert
National Expert

National Expert



ITALY

ITALY

ITALY

ITALY

ITALY

ITALY

ITALY

ITALY

NETHERLANDS

NETHERLANDS

NETHERLANDS

NORWAY

NORWAY

NORWAY

NORWAY

POLAND

PORTUGAL

PORTUGAL

PORTUGAL

SLOVENIA

SPAIN

Bianca Gumina

Candida Milone

Elpida Piperopoulos

Emanuela Mastronardo

Emanuele La Mazza

Fabrizio Alvaro

Luigi Calabrese

Davide Palamara

Henk Huinink

Natalia Mazur

Ruud Cuypers
Alexis Sevault
Frida Vullum-Bruer
Galina Simonsen
Ragnhild Saeterli

Pawel Oclon

Alfredo Oliveira

Luis Coelho

José Costa
Alenka Ristic

Angel Serrano

University of Messina,
Department of
Engineering

University of Messina,
Department of
Engineering

University of Messina,
Department of
Engineering

University of Messina,
Department of
Engineering

University of Messina,
Department of
Engineering

University of Messina,
Department of
Engineering

University of Messina,
Department of
Engineering

University of Messina

Eindhoven University of
Technology

Eindhoven University of
Technology

TNO

Sintef
Sintef
Sintef
Sintef

Krakau University of
Technology

Engineer

Polytechnic Institute of
Setubal

University of Coimbra
NIC

CIC EnergiGune

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert
National Expert
National Expert
National Expert
National Expert

National Expert

National Expert

National Expert

National Expert
National Expert

National Expert
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SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SWEDEN

SWEDEN

SWEDEN

SWITZERLAND

SWITZERLAND

SWITZERLAND

SWITZERLAND

SWITZERLAND

UNITED KINGDOM

Eduardo Garcia-Suarez
Elena Palomo del Barrio
Jean-Luc Dauvergne
Stefania Doppiu

Elisa Alonso

Oscar Seco Calvo
Rocio Bayén

Ana Lazaro

Aran Sole

Emiliano Borri

Luisa Cabeza

Camila Barreneche
Ines Fernandez

Gabriel Zsembinszki

Andreas Konig-Haagen

Gonzalo Diarce

Amir Abdi

Saman Gunasekara

Tianhao Xu

Benjamin Fumey

Xavier Daguenet-Frick

Anastasia Stamatiou

Rebecca Ravotti

Paul Gantenbein

Yulong Ding

CIC EnergiGune

CIC EnergiGune

CIC EnergiGune

CIC EnergiGune
CIEMAT

CIEMAT

CIEMAT

Universidad Zaragoza
Universitat de Lleida
Universitat de Lleida
Universitat de Lleida
University of Barcelona
University of Barcelona
University of Lleida

University of the Basque
Country

University of the Basque
Country

KTH Royal Institute of
Technology

KTH Royal Institute of
Technology

KTH Royal Institute of
Technology

EMPA

Institute for Solar
Technology

Lucerne University of
Applied Sciences and Arts

Lucerne University of
Applied Sciences and Arts

SPF Institut fur
Solartechnik

Birmingham University

National Expert
National Expert
National Expert
Subtask B Leader
National Expert
National Expert
National Expert
Subtask E Leader
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert

Subtask E Leader

National Expert

National Expert

National Expert

National Expert

Subtask E Leader

National Expert

National Expert

National Expert

National Expert

National Expert



UNITED KINGDOM

UNITED KINGDOM

UNITED KINGDOM

UNITED KINGDOM

UNITED KINGDOM

UNITED STATES

Phil Eames
Lukas Bergmann
Jon Elvins

Sara Walsh

Bob Critoph

Wale Odukomaiya

Loughborough University
Sunamp

Swansea University
Swansea University
University of Warwick

NREL

National Expert
National Expert
National Expert
National Expert
National Expert

National Expert
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Task 67 — Efficient Solar District Heating Systems

Viktor Unterberger
BEST GmbH
Task Manager for The Republic of Austria

Task Overview

Solar technologies offer an efficient option for using CO2-free technologies for local/district heating systems.
Therefore, the SHC TCP work on solar district heating systems is continuing in this new Task. Task 68 is providing
a platform for research and industry to work together on the opportunities, challenges, and benefits of solar district
heating.

The Task is organized into four subtasks:

e Subtask A: Concepts for Efficiently Providing Solar Heat at Medium-high Temperature Level (Lead
Country: Germany)

e Subtask B: Subtask B: Data Preparation & Utilization (Lead Country: Austria)

e Subtask C: Business Models (Lead Country: Netherlands)

e Subtask D: Use Cases and Dissemination (Lead Country: Sweden)

Scope

Subtask A: Concepts for Efficiently Providing Solar Heat at Medium-high Temperature Level

The main objective of Subtask A is to develop concepts, models and performance measures to efficiently provide
solar heat by SDH systems, with a special focus on medium-high temperature heat. Specific objectives of Subtask
A are:

¢ Requirements and concepts for planning and designing SDH systems, with a special focus on
medium-high temperature heat.

Configuration/scaling of systems

Modeling of different technologies on component and system level

Performance and efficiency definitions

Testing methods and standardization

Subtask B: Data Preparation & Utilization

The main objective of Subtask B is to increase the efficiency of SDH by taking the next step regarding digitalization
aspects, especially regarding data preparation and utilization. Specific objectives of Subtask B are:

Automated gathering, storing and distribution of data
Validation of data

Analysis/monitoring/detection techniques

Advanced control strategies for plants/systems
Open data approaches

Subtask C: Business Models
The main objective of Subtask C is to evaluate and identify new business models as well as find ways to make SDH
systems more business-appealing (e.g., by reducing costs). Specific objectives of Subtask C are:

Investigate current risks and barriers for the success of SDH systems

Investigate the requirements and needs of district heating grids to integrate solar heat

Investigate and propagate possible financing and investment schemes for SDH systems

Ways and possibilities of cost reduction for SDH systems regarding CAPEX and OPEX

Investigate how energy policy can act as an enabling factor for SDH systems aiming at a medium-term
subsidy-free situation.

Subtask D: Use Cases and Dissemination
The main objective of Subtask D is to gather data and insights from real installations and to disseminate the
knowledge to industry and the public. Specific objectives of Subtask D are:

¢ Description of installations



¢ Summary of demo applications

¢ Policy-oriented document for the promotion of efficient temperature SDH systems, especially
focusing on medium-high temperatures

¢ Country reports regarding SDH systems to derive a holistic view of the global situation

¢ Industry workshops

Collaboration with other IEA TCPs

It is intended to cooperate with the IEA DHC Annex TS5, Integrating Renewables. The level of cooperation will start
at a low level and possibly increase after further discussion. A joint Task Meeting is planned for 2023.

Collaboration with Industry

The cooperation rate with industry is high, about 50% among the Task participants. Currently, it is dominated by
manufacturers of collectors and solar-based systems. Efforts are underway to better integrate utilities and
companies from the field of digitalization into the Task.

Task Duration

This Task started on April 2022 and will end March 2025.

Participating Countries

Austria, China, Denmark, Germany, ltaly, Netherlands, Spain, Sweden, Switzerland, Turkey, United Kingdom

Work During 2022

Subtask A: Concepts for Efficiently Providing Solar Heat at Medium-high Temperature Level

Work on the first deliverable, Subtask A: Comparison of different collector technologies, was started by designing
a template to use to collect information from collector manufacturers, which will be included in the Task’s first report.
An excerpt of the template is shown in Figure 1.

EA SHC Task 68 — Subtask A Concepts — Template A1

Version 1, 10.11.2022

Manufacturer

Name

Location

Year of foundation
Website

Collector main features

Model

Technology

Used materials

Receiver environment

Specific weight [kg/m?]

Thermal power [W/m?] for the
following conditions:

Gb =850 [W/m?]; Gd = 150 [W/m?];
Ve = 1.3 [m/s]; Tm-Ta =0 [K]
Tracking type (single or two axes)
Tracking precision [°]

Power consumption of the tracking

kWh_/m?a]

Figure 2: Subtask A template used to gather information from collector manufacturers.

The participants also decided to use standard definitions for several key technical terms in the Task. For example,
“medium-high temperature heat” means supply temperatures in the range of 80-120°C. And a news article in
solarthermalworld.org was published covering the latest solar district heating developments in Germany and the
Netherlands.

Subtask B: Data Preparation and Utilization

Task participants identified running projects that are relevant to the Subtask’s work. Many institutions work on SDH
digitalization topics and could support this work. For example, in Austria alone, about ten projects could potentially
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contribute to the subtask. Experts also discussed a draft of the first report, their inputs are in blue in Figure 2.

Draft structure RB1: Efficient gathering, storing,
distributing and validation of data

Sensor Technology
Consider On-device / remote Satellite image resources
((https://solcast.com/?gclid=CiwKCAIAVvK2bBhB8EIWAZUbP1ETe oJLKRYuIFS2
xu3d-i42100-p8lon4XCO30t3FHILITMb nxoCpQgQAvD BwE) / Forecast data

o Recommended Sensor Types

- Uncertainties of the sensor types are important
- How to install it in order to reduce measurement errors

o Recommended Measurements

Data Acquisition
« Data Logging

o Where to do the data logging ? = on-site / in the cloud (e.g. PLC/ Database / ) &
looking for best-practices here

o If you need redundancy in the data ?

o Jensen/ ISFH: Do we have to take care of the data size? Or is the approach: We
measure everything we can and in the worst caste produce a lot of "data trash".

= Feierl / SOLID: 1 Min. interval = typically enough to understand most of
the processes, since they are quite slow. Also der is a ISO Draft for the
performance check which needs the 1 Min. = it depends on the
applications. Regarding data trash =» more annoying if you could have
logged the data but you didn't do it = Lukas perspective better log more

data then needed

Figure 3: Excerpt of the session discussing the structure of the first report of Subtask B. Text in blue refers to input
from the meeting participants.

Based on the feedback received, a short survey to identify concrete topics for Subtask B (Data Utilization) will be
disseminated. In addition, the first open-access publication was published in the Journal Solar Energy Advances
titled “Fault Detective: Automatic Fault-Detection for Solar Thermal Systems based on Atrtificial Intelligence.” This
publication presents the work on a fully data-driven fault detection algorithm applied to three different solar thermal
systems with a focus on long-term performance using data from more than a year. An article on this work was also
published in the December 2022 SHC Solar Update newsletter.

Subtask C: Business Models

An author team was formed to manage two upcoming deliverables. At the second Task Meeting, participants
focused on cost reduction, and experts led by the Chinese collector manufacturer Sunrain provided important insight
into the analysis of costs and options to reduce them.

Finally, Excel sheets were drafted to collect information on costs from manufacturers, see Figure 3.



2023 2030 2050
<1MW |1-10MW| >10MW | <1MW |1-10MW| >10MW | <1MW |1-10MW | >10 MW
Investment costs total Concentrating solar [EUR/m2] a-b c--d e-f
Vacuum tubes [EUR/m2] g-h i kool
Flat plate high efficient |[EUR/m2] m--n 0 p g r
Flat plate standard [EUR/m2] St UV W X
... of which collector|Concentrating solar [EUR/m2]
Vacuum tubes [EUR/m2]
Flat plate high efficient |[EUR/m2]
Flat plate standard [EUR/m2)]
... of which balance of plant|Concentrating solar [EUR/m2]
Vacuum tubes [EUR/m2]
Flat plate high efficient |[EUR/m2]
Flat plate standard [EUR/m2]
... of which ir 1 costs|Concentrating solar [EUR/m2]
Vacuum tubes [EUR/m2]
Flat plate high efficient |[EUR/m2]
Flat plate standard [EUR/m2]
Fixed O&M costs Concentrating solar [EUR/m2/year]
Vacuum tubes [EUR/m2/year]
Flat plate high efficient |[EUR/m2/year]
Flat plate standard [EUR/m2/year]
Variable O&M costs Concentrating solar [EUR/kWh]
Vacuum tubes [EUR/kWh]
Flat plate high efficient |[EUR/kWh]
Flat plate standard [EUR/kWh] I

Figure 4: Excerpt of the Excel sheet to efficiently collect information from manufacturers and system providers.

Subtask D: Use Cases and Dissemination

This subtask includes the results of the work of the SHC TCP communication activity on promoting solar district
heating among multiplier organizations. Task participants provided feedback on the PPT presentation and
discussed open technical issues, for example, how to deal with storages compared to other technologies.

Participants developed a special website to serve as a platform to promote the results of Task 68 in an appealing,
hands-on, and easy-to-understand format for less technical target groups. The website describes the necessity of
solar thermal district heating systems and how they can help to decarbonize cities. Example cities, selected from
the EU manifest, show what 20% decarbonization of a city's heat demand using solar looks like. For each city, the
size of the solar thermal field is shown in relation to the city district so people can better understand the scope of
such projects and that it is feasible to build near or close to their city. A Task website is under development, which
will include Task deliverables, videos, and roadmaps about the goals to decarbonize cities. Website visitors will be
able to leave a comment, proposition, or question, and the Subtask D manager will redirect emails to professionals
in charge of the specific topic. Figure 4 shows a screenshot of the draft website homepage, which will be updated
throughout the Task.

Home Cities Contacts

This website is collaborative initiative of partners of IEA SHC task 68: Efficient Solar District Heating Systems. Here you will find
explanation how solar thermal will heat 100 cities in Europe. For more information about this task visit the main page

Solar District Heating for 100 cities is possible today

According to Solar Heat Europe, solar district heating can replace 1/3 of all
the gas used in traditional district heating with solar thermal and seasonal
heat storage.

Figure 4: Screenshot of the new website for disseminating the Task results in an appealing, easily understandable way.

Work Planned For 2023

Subtask A: Concepts For Efficiently Providing Solar Heat at Medium-high Temperature Level
For the year 2023, it is planned to:
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Collect the input from the Task experts on the first deliverable (see Excel sheet in Figure 2)
Complete a report on the comparison of different collector manufacturers

Prepare a news article

Begin work on other Task reports

Evaluate how the Subtask can use synergies with IEADHC TS 5

Evaluate whether the work in the subtask can lead to a scientific paper or a joint project

Subtask B: Data Preparation and Utilization

e Survey Task experts to gather input for the report on efficient gathering/storing/distributing of data
and validation techniques

e Begin work on other Task reports

¢ Evaluate whether the work in the subtask can lead to a scientific paper or a joint project

Subtask C: Business Models

e Collect input from the Task experts on the draft Excel (see Excel sheet in Figure 4)

e Draft report on financing, investment schemes, and new business models

e Publish a news article on cost reduction potential (already published February 2023, see
https://solarthermalworld.org/news/iea-shc-investigates-cost-reduction-potential-of-solar-district-
heating/)

e Begin work on other Task reports

¢ Evaluate whether the work in the subtask can lead to a scientific paper or a joint project

Subtask D: Use Cases and Dissemination

Provide an overview of efficient SDH systems to be updated throughout the Task

Start the concrete work on reports

Work and improve the dissemination website run by Absolicon with the latest Task results
Organize an Industry Workshop

Hold a joint meeting with the IEA DHC Annex TS5

Publish a news article

Evaluate whether the work in the subtask can lead to a scientific paper or a joint project

Dissemination Activities In 2022

Reports, Published Books

None at this time.

Journal Articles, Conference Papers, etc.

L. Feierl, V. Unterberger, Journal Paper: Solar Energy Advances, Volume 3, 100033, ISSN
C. Rossi, B. Gerardts and Fault detective: Automatic 2667-1131
M. Gaetani fault-detection for solar

thermal systems based on
artificial intelligence

Barbel Epp, Improving the efficiency of htips://solarthermalworld.or = 25.03.2021
Viktor Unterberger SDH a Link:

https://solarthermalworld.or
ag/news/improving-sdh-

efficiency/
Barbel Epp, Support joint marketing https://solarthermalworld.or | 07.02.2022
Joakim Bystrém, ﬁgg[fﬁ;‘” solar district 9 Link:
Bengt Sdéderbergh, https://solarthermalworld.or

g/news/support-joint-

Viktor Unterberger
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Viktor Unterberger

Barbel Epp,
Alejandro Diego Rosell

Absolicon + Task 68
Community

Solar goes Digital: Wie
Solarwarme
selbstlernende
Algorithmen nutzt”

(in English: Solar goes
Digital: How solar heating
uses self-learning
algorithms)

Heat pumps: Competition
or complement in district
heating?

https://solardistrictheating.

eu

Conferences, Workshops, Seminars

Conference /
Workshop / Seminar

Name

Cross SHC task
workshop between
Task 62, 64 and 68

ISEC 2022

Activity & Presenter

Keynote regarding Task 68

Poster
Automatic Fault Detection
for Solar-Thermal Systems

https://www.solarwaerme.a
t/

https://solarthermalworld.or
[¢]

01.11.2022

Date &
Location

# of
Attendees

April 2022 ~60
Graz Austria
April 2022 350

Graz Austria

marketing-efforts-for-solar-
district-heating/

11.05.2022
Webinar, Link:

https://www.youtube.com/
watch?v=AL01tNZiNz4

13.09.2022

Link:
https://solarthermalworld.or
a/news/heat-pumps-
competition-or-
complement-in-district-
heating/

Non-researchers, general
public

If Task Hosted:
Organized with, #
participants
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ISEC 2022

Swiss National
Research Day

Austrian IEA
Networking Event

Working group Meeting
regarding Subtask D

IEA DHC ExCO
Meeting

IEA HPT Annex 56

Poster

IEA SHC Task 68
Efficient Solar District
Heating Systems
Efficient Solar District
Heating Systems

Presentation of the Task and
participation panel
discussion

Presentation of the Task

Working meeting and
presentation of task website

Presentation of the Task and
interlinks between SHC and
DHC

Discussion and presentation
of digitalization aspects
between the two
tasks/annexes

April 2022
Graz Austria

June .2022

September
2022

September
2022

November
2022

November
2022

Dissemination Activities Planned For 2023

Task Meetings in 2022 and Planned for 2023

Meeting

Experts Meeting 1
Working Group Meeting
on Subtask D

Experts Meeting 2
Expert Meeting 3

Expert Meeting 4

April 4-5, 2022

September 25, 2022

November 9-10, 2022
Spring 2023

Autumn 2023

Location

Graz, Austria

Kassel, Germany

Online
Not defined yet

Sweden

350

~100

IEA Cross-TCP Workshop at the CEBC in Graz, Austria in January 2023
Joint Task Meeting with TS 5

Draft scientific paper

Two Task Meetings

Several Working Group meetings online

# of Participants

(# of Countries)

55 (14)

~40 (6)

51 (16)



Task 68 Participants

Country

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

AUSTRIA

CHINA

CHINA
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Name

Dr. Viktor Unterberger

Ing.in Sabine Putz

Dr. Markus Goélles

Dr. Daniel Muschick

DI Christoph Rohringer

DI Daniel Tschopp

DI Philip Ohnewein

Jonathan Cazco

DI Thomas Natiesta

Dr. Ralf-Roman Schmidt

Dr. Sebastian Schramm
DI Lukas
Feierl

Christian Holter

Ass. Prof. Dr.-Ing. Fabian

Ochs

DI Alice Tosatto

Li Bojia

Jiao Qingtai

Institution / Company

BEST - Bioenergy and
Sustainable
Technologies GmbH

SOLID Solar Energy
Systems GmbH

BEST — Bioenergy and
Sustainable Technologies
GmbH

BEST - Bioenergy and
Sustainable Technologies
GmbH

AEE INTEC - Institut fur
Nachhaltige Technologien

AEE INTEC - Institut fur
Nachhaltige Technologien

AEE INTEC - Institut fir
Nachhaltige Technologien

AEE INTEC - Institut fur
Nachhaltige Technologien

AIT - Austrian Institute of
Technology GmbH

AIT - Austrian Institute of
Technology GmbH

GREENoneTEC
Solarindustrie GmbH

SOLID Solar Energy
Systems GmbH

SOLID Solar Energy
Systems GmbH

UIBK - Universitat
Innsbruck Institut fur
Konstruktion und
Materialwissenschaften

UIBK - Universitat
Innsbruck Institut fur
Konstruktion und
Materialwissenschaften

China Academy of
Building Research

Sunrain Solar

Role

Task Manager

Subtask B Leader

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

Subtask A Leader

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert



CHINA

DENMARK

DENMARK

DENMARK

DENMARK

FINNLAND

FRANCE

FRANCE

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

Wandong Zheng
Andreas Zourellis

Jianhua Fan

Jakob Jensen

Geoffroy Gauthier

Kaj Bishop

Nicolas Lamaison
Francoise Burgun

Magdalena Berberich

Stefan Mehnert

Dominik Bestenlehner

Dirk Kriger

Julian Jensen

Yuvaraj Sathiyadev
Pandian

Dirk Mangold

Barbel Epp

Thorsten Urbaneck

Karin Ruhling
Christian Stadler
Andreas Burger

Paulina Majewska

Tianjin University
Aalborg CSP A/S

Department of Civil and
Mechanic Engineering,
Technical University of
Denmark

Heliac A/S

PlanEnergi

Savo Solar

INES - cea tech
CEA

Solites — Steinbeis
Research Institute

Frauenhofer ISE

IGTE — University of
Stuttgart

Institute of Solar Research
German Aerospace
Center

Deutsches Zentrum fir
Luft- und Raumfahrt
(DLR)

ISFH (Institute for Solar
Energy Research in
Hamelin)

Solarlite CSP Technology
GmbH

Solites — Steinbeis
Research Institute

SOLRICO

Technische Universitat
Chemnitz

TU Dresden
VIESSMANN
Industrial Solar GmbH

Industrial Solar GmbH

National Expert
National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

Subtask A Leader

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert

National Expert
National Expert
National Expert

National Expert



GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

GERMANY

ISRAEL

ISRAEL

ISRAEL

ITALY

ITALY

NETHERLANDS

SPAIN

SPAIN

SPAIN

SWEDEN

SWEDEN

SWEDEN

SWEDEN

SWEDEN

SWEDEN

SWITZERLAND

SWITZERLAND

Joachim Kruger

Bert Schieble

Julian Schumann

Janybek Orozaliev
Stefan Abrecht
Jan Kelch

Lior Eshed

Filiba Eytan

Zvika Klier
Maurizio Repetto
Ivan Mariuzzo
Luuk Beurskens

Eduardo Antonio

Pina

Luis M. Serra
Ana Lazaro
Benjamin Ahigren
Joakim Bystrém
Daniel Bergqvist

Bengt Séderbergh

Max Bonnier Eklund

Gunnar Lennermo

Alexis Duret

Xavier Jobard

Industrieverband
Deutsche CSP

Institute for Solar Energy
Research Hamelin (ISFH)

Institute for Solar Energy
Research Hamelin (ISFH)

Kassel University
Solar-Experience GmbH
Uni Kassel

Tigi Solar

Tigi Solar

Tigi Solar

Politecnico di Torino
Politecnico di Torino
TNO

GITSE-I3A, University of
Zaragoza (Spain); IPESE,
Ecole Polytechnique

Fédérale de Lausanne
(Switzerland)

University of Zaragoza
University of Zaragoza
Absolicon
ABSOLICON
Absolicon

Absolicon

Absolicon
Energianalys AB

Laboratory for Solar
Energetics and Building
Phyics (LESBAT), School
of Engineering and
Management Vaud

Laboratory for Solar
Energetics and Building
Phyics (LESBAT), School
of Engineering and
Management Vaud

National Expert

National Expert

National Expert

National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
National Expert
Subtask C Leader

National Expert

National Expert
National Expert
National Expert
Subtask D Leader
National Expert
National Expert
National Expert
National Expert

National Expert

National Expert
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SWITZERLAND

SWITZERLAND

SWITZERLAND

SWITZERLAND

UNITED KINGDOM

UNITED KINGDOM

Florian Ruesch

Dimitris Papageorgiou
Guglielmo Cioni
Florent Saunier

Alex Mellor

William R H Orchard

OST - Ostschweizer
Fachhochschule, SPF
Institut flr Solartechnik

TVP Solar SA
TVP Solar SA
TVP Solar SA
Naked Energy

Orchard Partners London
Ltd

National Expert

National Expert
National Expert
National Expert
National Expert

National Expert



7. SHC TCP Contacts

These were the members as of December 2022. Please check www.iea-shc.org for current
members & contact information.

Executive Committee Members

AUSTRALIA

AUSTRIA

BELGIUM

CANADA

CCREEE
(Sponsor)

CHINA

DENMARK

EACREEE
(Sponsor)

ECOWAS/ECREEE
(Sponsor)

EUROPEAN
COMMISSION

EUROPEAN COPPER
INSTITUTE
(Sponsor)

FRANCE

Mr. Ken Guthrie

Sustainable Energy Transformation Pty Ltd

ken.guthrie@setransformation.com.au

Mr. Werner Weiss
AEE INTEC

w.weiss@aee.at

Prof. Sergio Altomonte
Architecture et Climat

Université Catholique de Louvain
sergio.altomonte@uclouvain.be

Dr. Lucio Mesquita
Natural Resources Canada
Lucio.mesquita@canada.ca

Dr. Gary Jackson
CCREEE

gary @ccreee.org

Prof. He Tao (Vice Chair)
China Academy of Building Research
iac@vip.sina.com

Mrs. Carina Haubjerg
Danish Energy Agency

carha@ens.dk

Canon Goddy Muhumuza
EACREEE
f.ishugah@eacreee.org

Mr. Guei Kouhie
ECREEE
g.muhumuza@ecreee.orq

Mrs. Szilvia Bozsoki
European Commission — ENER C2
Szilvia.BOZSOKI@ec.europa.eu

Mr. Robert Pintér
ECI
robert.pinter@copperalliance.eu

Mr. Paul Kaaijk
ADEME
paul.kaailk@ADEME.fr

Alternate — Dr. Stephen White
CSIRO
Stephen.d.white@csiro.au

Alternate — Mrs. Sabine Mitter
BMK
Sabine.mitter@bmk.gv.at

Alternate — Dr. Xinyu Zhang
China Academy of Building Research
zxyhit@163.com

Alternate — Mr. Leo Holm
PlanEnergi
Ih lanenergi.dk

Alternate — Mr. Julien Bulgo
ECREEE
jbulgo@ecreee.org

Alternate — Mr. Piero De Bonis
European Commission - RTD D1
Piero.de-bonis@ec.europe.eu

Alternate — Dr. Daniel Mugnier
PLANAIR
daniel.mugnier@planair.fr
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GERMANY

ISES
(Sponsor)

ITALY

NETHERLANDS

NORWAY

PORTUGAL

RCREEE

(Sponsor)

SACREEE
(Sponsor)

SICREEE

(Sponsor)

SLOVAKIA

SOUTH AFRICA

SPAIN

SWEDEN

SWITZERLAND

TURKEY

Ms. Kerstin Kriiger (Vice Chair)
Forschungszentrum Jiilich GmbH
k.krueger@fz-juelich.de

Dr. Klaus Vajen
ISES President
vajen@uni-kassel.de

Dr. Maria-Anna Segreto
ENEA
mariaanna.segreto@enea.it

Mr. Tomas Olejniczak (Chair)
Netherlands Enterprise Agency (RVO)
tomas.olejniczak@rvo.nl

Ms. Trine Kopstad Berentsen
Norwegian Solar Energy Cluster
trine@solenergiklyngen.no

Mr. Jorge Facéaco
LNEG
jorge.facao@Ineq.pt

TBD
RCREEE
ashraf.kraidy@rcreee.org

Mr. Kudakwashe Ndhlukula
SACREEE
kuda.ndhlukula@sacreee.org

Ms. Maria Eugenia Salaverria
SICREEE
maria.salaverria@sicreee.org

Dr. Eduard Jambor
SIEA
eduard.jambor@siea.gov.sk

Dr. Karen Surridge
SANEDI
karenst@sanedi.org.za

Dr. Rita Valenzuela
CIEMAT
r.valenzuela@ciemat.es

Ms. Kajsa Paludan
Swedish Energy Agency

kajsa.paludan@swedishenergyagency.se

Mr. Andreas Eckmanns
Federal Office of Energy
andreas.eckmanns@bfe.admin.ch

Dr. Bulent Yesilata
Ankara Yildirim Beyazit University

Dr. Daniela Rolf
Forschungszentrum Jilich GmbH
d.rolf@fz-juelich.de

Alternate — Ms. Jennifer Mcintosh
International Solar Energy Society
(ISES)

mcintosh@ises.org

Alternate — Dr. Alessandra
Scognamiglio

ENEA
Alessandra.scognamiglio@enea.it

Alternate — Mr. Lex Bosselaar
Netherlands Enterprise Agency (RVO)
Lex.bosselaar@rvo.nl

Alternate — Dr. Michaela Meir
Inaventa Solar
michaela@inaventasolar.com

Alternate — Mr. Joao Cardoso
LNEG
joao.cardoso@lneg.pt

Alternate — Dr. Maged K. Mahmoud
RCREEE
maged.mahmoud@rcreee.org

Alternate — Mr. Readlay Makaliki
SACREEE
readlay.makaliki@sacreee.org

Alternate — Ms. Alexandra Arias
SICREEE
alexandra.arias@sicreee.org

Alternate — Mr. Barry Bredenkamp
SANEDI
barryb@sanedi.org.za

Alternate — Dr. Franciso Ferrera
Cobos
CIEMAT - PSA

Alternate — Dr. Stephan Mathez
Solar Campus GmbH
Stephan.a.mathez@solarcampus.ch

Alternate — Dr. Kemal Gani
Bayraktar
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