
RHC for Buildings and Industry

Renewable Heating and Cooling 

Solutions for Buildings and Industry: 

4th Edition

15th of June 2023, Madrid, Spain

sustainableplaces.eu



sustainableplaces.eu

15th of June 2023, Madrid, Spain

Renewable Heating and Cooling 

Solutions for Buildings and Industry: 

4th Edition

RHC for Buildings and Industry

AGENDA
14:00 - 14:10  opening of the workshop
14:10 - 15:30  RHCsolutions in Buildings
15:30 - 16:00  Coffee break
16:00 - 17:00  RHCsolutions in industries
17:20 ς17:30 closing of the workshop



EVENTANDPLACE: SustainablePlaces2023, Madrid

DATE: June15th, 2023

QianWang,Researcher,KTHRoyalInstitute of Technology,Sweden



Project Description

Duration: 
January2023 - December2026 (48 months)

Call: 
HORIZON-CL5-2022-D3-01

Partners: 
18 partnersfrom 8 countries

TRL: 
4-7

Coordinator: ARCbcn. 
David Verez (d.verez@arcbcn.cat) 

Website: 
https://www.hystore-project.eu/

mailto:f.milani@arcbcn.cat


Consortium



Context of the project

Å Thermochemical storage systems (TCM) or even other novel types of PCM storagesare either absent from the marketor emerging as an early-
stage innovation 

Å Historically, TES systems have been consideredmainly as an auxiliary componentfor the energy systems at user levels.

Å Connection to the grid can unlock new demand, leading to innovation (lowering cost) and increase the performance (higher investment 
returns) of TES.

Å A holisticsolution that integrateTES with HVAC, energynetwork on buildingand localcommunitylevel



HYSTORE Mission

ÁHeating and cooling

ÁDHW

ÁProvision of hybrid services (related to heat and power) thanks to a smart aggregator and an open-source multi-service platform.

Develop and validate four innovative sets of Thermal Energy 
Storage(TES) concepts, based on PCMand TCMsolutions. 

The four novel concepts attain different applications: 



Challenges

Before After

Connection to the grid that can unlock new demand, lower 
the cost and increase the performance of TES



In a nutshell



Pillar 1 ï
Technical 

development 
of storage 
systems

Pillar 2 ï
Technical 

development 
of control and 
management 

systems

Pillar 3 ïMulti-
level system 

integration and 
adoption

Pillar 4 ï
Validation of 

HYSTORE 
complete 
solutions

Pillar 5 ï
Exploitation, 
business and 
value chain 

creation



PILLAR 1: High-performance thermal storages (TES)

ÅHP + PCM storage 

box.

ÅEvaporator/condens

er PCM integrated.

ÅNatural refrigerant 

propane (GWP=3).

PCM LOW-TEMP 

H&C
ÅModular design (HP 

ready).

ÅPolymer based HEX and 

enclosure.

ÅHigh percentage of bio-

based raw materials.
 

ALL-IN-ONE PCM

PCM Heating solution

ÅLHTES with HPs.

ÅStainless-steel PCM 

storage tank. 

ÅHigh energy density.

ÅModular and 

compact system.

TCM HEATING & 

COOLING

ÅRadiofrequency 

charging. 

ÅWater as refrigerant.

ÅSeparated units for 

charging and 

discharging. 

SoC algorithm

ÅEasy-to-install and 

low-cost sensors.

ÅSurface 

temperature 

sensors.

ÅMachine-learning 

techniques. 

ÅTCM, pressure + 

temperature 

sensors.



PILLAR 2: HYSTORE control, management and integration tools

ÅIoT-based ontology. 

ÅBuilt on SAREF 

framework.

ML models 

ÅInteroperable 

software for TES 

asset and 

monitoring data 

management.

ÅFederated learning. 

ÅDeployed on 

buildings edge 

hardware (SEAS).

ÅSEAS and TES 

solutions joint AI 

training.  

Enhanced smart edge computing 

ÅModular hardware 

aggregator

ÅAggregation 

optimization. 

ÅOpen APIs will 

enable secure 

deployment

Ontology for TES

ÅML models and optimization methods 

for TES-integrated energy network

TES Smart energy aggregator

 

 

 



PILLAR 3: HYSTORE platform and integration

ÅModular design

ÅBuilt on SAREF 

framework.

ÅBuild on top of En-

POWER platform 

Data management Realtime OS

Åsingle building and 

LEC TES sizing

ÅTES energy services 

potential analysis

 

 

 

ÅOpen-source operating 

systems

ÅMELACS based

ÅSecure application of 

TES toward local 

energy community

Optimal 

planning tool



HYSTORE holistic ICT architecture and integration pathways



HYSTORE Impact

+120% Energy Density -50% CAPEX Enhanced Installation 
Efforts

Competitive with 
Batteries

ÁAllow TESto be coupledand integratedwith grid-level aggregatorsthat can be federated in the
contextof both singlebuildingsandlocalenergycommunities.



Å4 use cases. ÅFor each use case a representative 
business model will be selected. 

The HYSTORE demonstration sites



THANKS FOR YOUR ATTENTION
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Introduction

Strategic heating and cooling 
planning is further disseminated and 

taken up

The quality of strategic heating and 
cooling planning is increased.

Strategic heating and cooling 
planning leads to the implementation 

of decarbonisation measures.

05.07.202320

Objectives Consortium and geographical 
organisationCREARA

CSE

Fraunhofer ISI

TUW

E-think

ICLEI

ECLAREON
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Main indicators

05.07.202321

30 pre-feasibility studies carried out for 

individual projects within the municipalities. 

Encouraged by support packages and 

advice

120 municipalities that start, continue or 

improve strategic heating and cooling 

planning, encouraged by support packages.

15 projects for which financing options are 

being developed 

Support Facility

ÅTutoring in applying

ÅTHERMOS & Hotmaps

ÅSupport & feedback to mapping and modelling of projects

Training & Capacity building

ÅTraining programme

ÅTraining materials

Enabling policy and project implementation

ÅStakeholder dialogues

ÅProject events

ÅAmbassador programme
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H&C Workflow

ÅThe workflow tries to depict the
planning process for H&C interventions
from the initial concept to the review
and upscale of the implemented
project .

ÅThe different tasks identified were
clustered in three intervention areas
(Policy, Planning and Execution )
depending on the actors involved .
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Methodology

05.07.202324

Strategic 
planning

Pre-feasibility 
study

Financial 
analysis

ÅThe support is delivered in three different areas that 
could feed into eachother :
ÅStrategic planning

ÅPrefeasibility studies

ÅFinancial analysis

ÅThe support isprovided through two simultaneous
support facilities associated to each of these topics

ÅTwo open -source tools developed in previous Horizon
projects are used to assessthe support activities and 
quantify the main parameters
ÅHotmaps

ÅTHERMOS

ÅInterested parties can apply using the Online 
Application Form available in the Act!onHeat website



05.07.2023

www.actionheat.eu

Planning tools

Motivate strategic energy planning for public 
bodies by facilitating the identification, analysis, 
modelling and mapping of resources and 
technological solutions. 

Vision 

ÅDevelop an open source tool

ÅProvide initial data

ÅProviding proven, easy -to -use software

Objectives

Maps in GIS format of the characterised 
resource (energy demand, potential for the 
development of a heat network, biomass supply 
capacity, ....).

Results

25
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Planning tools

26

Scaling up and accelerating the development of 
low -carbon climate networks in Europe, allowing 
upgrades, renovations or extensions to be considered 
quickly and easily. 

Vision 

ÅMapping demands and generation alternatives for 
the whole street in the pilot cities

ÅEstablish a methodology for local energy mapping 
applicable to the EU.

ÅDevelop and implement algorithms for modelling 
and optimising heat networks.

Objectives

Open source online tool that allows the modelling of 
heat networks taking into account real costs, tariffs, 
performances, operation,... in a versatile and easy to 
use way.

Results
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Support provision

05.07.202327

Call for applications

Selection process to be a participant in the different support facilities

provided within the Act!onHeat project

ÅThere will be 3 separate calls to select 40 strategic planning projects, 10 

prefeasibility studies and 5 financial anylises each

ÅParticipants will be accepted until the KPIs for each call are fulfilled

ÅIn case the consortiumôsresources are exceeded, applications will be 

accepted on the basis of selection criteria available on the projectôs

website

ÅEach participant will be assigned to a member of the consortium 

according to their geographical location to deliver tailored support

Actors involved

Local and regional authorities

Utilities

Consultancies and energy companies

Energy agencies

Researchers and academia

Policy makers

H&C industry and industry associations

Local government networks
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Ongoing Support Facility Case Studies

05.07.202329

ÅEnergy agency in 
Hessen (Germany)

ÅHeat planning will be
mandatory next year

ÅFirst point of contact for 
the municipalities on
heat planning

3 comprehensive workshops attended by numerous Hessian 
municipalities. Experts from the Act!on Heat consortium gave 
keynote speeches .

Targeted training webinars for members of LEA Hessen. The 
topics ar e:
Å"Data for municipal heating and cooling planningò

Å"Developing a data inventory for heat planningò

Å"Using the hotmaps database and toolbox for strategic heating and 
cooling planningò

Provide advice for a quick advisory service for district heating.
This includes the development of a best -practice slide deck for 
RES in district heating networks .
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Ongoing Support Facility Case Studies

05.07.202330

ÅZelzate Town in East 
Flanders (Belgium)

ÅSources of a large 
amount of residual heat 
nearby

ÅAlready identified a 
potentially economically 
viable heat network

As part of the Support Facility, THERMOS tool has been used to 
answer specific heat network related questions for the local 
government.

Experts from the Act!onheat consortium have been meeting 
regularly with various stakeholders to gather the required data 
on building heat demands, drilling costs, and heat supply costs 
for THERMOS to produce accurate results.

The output of the collaboration will be a pre -feasibility study for 
the local government. Currently, initial results are being 
produced and discussed between experts from the Act!onheat 
consortium and the local government.
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Ongoing Support Facility Case Studies

05.07.202331

ÅResearch Center for 
Energy and Sustainable 
Development (RCESD)

ÅObjective to set up a 
data inventory to assist 
Macedonian 
municipalities in their 
H&C strategy

Currently participating in targeted training webinars as part of 
Act!onHeat. The topics are:

Å"Data for municipal heating and cooling planningò

Å"Developing a data inventory for heat planningò

Å"Using the hotmaps database and toolbox for strategic heating and cooling 
planning"

Experts of Act!onHeat assist RCESDin the collection of data to set up 

the Hotmaps toolbox for Macedonia to be used by Macedonian 

municipalities in the development of their H&C strategy. 

Act!onHeat will host a workshop to Macedonian municipal authorities 

to show in detail how the toolbox works

Macedonian 

Academy of 

Sciences and 

Arts
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How will Renewable Heating and Cooling 
Solutions for Buildings and Industry 
technically change in the future?

Encompass 
demand 

and supply

Treat
heating

and 
cooling as 
a whole

Aggregate
demand

Integrate
RES and 

waste heat

33

Future outlook

Which will be the role of Renewable Heating 
and Cooling Solutions for Buildings and 
Industry in the future EU energy system? 

Help to
reach EU 

2050 goals

Reduce 
overall

demand

Support
decarbonis

ation

Promote
self-

consumpti
on



This project has received funding from the 
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PLUG-AND-USE 

RENOVATION

WITH ADAPTABLE

LIGHTWEIGHT SYSTEMS

This project has received funding from the European 
¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл ǊŜǎŜŀǊŎƘ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ ǇǊƻƎǊŀƳƳŜ 
under grant agreement No 958218.

Maria Founti, Project Coordinator

National Technical University of Athens, Greece

Renewable Heating and Cooling 
Solutions for Buildings and 

Industry: 4th Edition

Madrid, 15/06/2023



Who we are

Å The H2020 PLURAL brings together 18 partners from 7 European countries  (Greece, Spain, Luxembourg, 
Switzerland, Germany, Poland and Czech Republic) with overall budget of 9.5 million EUR.

Å START: October 1, 2020

Å END: September 30, 2024

Å DURATION: 48 months

05.07.2023 RHC Workshop, Sustainable Places 2023 36



Key Objectives

PLURALaims to design, validate and demonstrate a palette of 
versatile, adaptable, scalable, off-site prefabricated Plug-and-Use 
(PnU) kits.

The key is to understand how to select and integrate various 
renewable energy technologies,incorporate them in prefabricated 
façade components and optimize their performance for different 
building types, climates and socio-economic conditions. 

PLURAL demonstrates the integration of hybrid passive and active 
systems into one kit and their ability to work together in synergyfor 
façade retrofitting, reaching NZEB.

05.07.2023 RHC Workshop, Sustainable Places 2023 37

1) Near zero energy consumption of buildings renovated with PnUkits
2) Cost-effective renovation
3) Fast-track renovation
4) Environmentally-friendlier deep renovation
5) Flexibility ςAdaptability

Key Objectives



The PLURAL Concept

Å Three PnUkits: the SmartWall, the ConExWall(external Wall Heating and Cooling kit) and the DENcomfortwith 
eAHC(external Advanced Heat and Cool recovery kit)

Å Six demonstration sites implementing the PnUkits ( 3 real and 3 virtual)

Å Enhancement of occupant satisfaction via a user centric approach that implements learning based control 
methods and strategies.

Å A Building Information Modelling (BIM) based data handling platform and a Decision Support Tool (DST) are 
developed to enable the optimal component selection, and integration, best PnUkit design, faster and low-cost 
manufacturing and installation.

Å PLURAL focuses on how to manufacture the PnUkits minimizing energy use and material waste (implementing 
lean manufacturing principles-F.Q.Ps).

Å Develops training tools for main stakeholders (planners, installers, building owners and end users);

Å Improves the life cycle based (LCA, LCC) performance standards applied in the building sector.

05.07.2023 RHC Workshop, Sustainable Places 2023 38



The three real demonstration Sites

ÅThe PLURALPnUkits will be integrated atthree different real demo 
building sites, located inGreece, Spain andthe Czech Republic, featuring 
different climate conditions, heating/cooling needs and user requirements. 
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Mediterranean climate (hot 
summer)

2 of 10 flats - SmartWall

Mediterranean climate (mild 
summer)

1 block of 2 ςDEN Comfort.

Continental climate (warm, 
humid)

Whole building-ConExWall



The replication sites : Virtual demos

ÅPLURALalso includesthree virtual building demosfor simulating and validating 
the performance and operation of the solutions. The real demonstrators will also be 
used for their virtual assessment under conditions that differ from the actual ones. 
The virtual demos are located in Switzerland, Germanyand Sweden.
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Boreal climate
ConExWall

Alpine climate
ConExWall

Continental climate
SmartWall



Methodology
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Achieved



Achieved and expected Results
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2021

Definitions-Requirements-

KPIs

Å Technical status and 

requirements for all 

cases defined

Å Architectural design, 

BIM models 

completed

Å Monitoring 

methodology defined

Optimization of PnU kits

Å Completion of component 

optimization and 

assembly of PnUkit 

prototypes

Å Completion of testing and 

simulation campaigns

Å Set FQPs for 

manufacturing

2023

Implementation of 

monitoring platforms, 

DST 

Å Manufacturing

Å Monitoring systems, 

monitoring protocols 

implemented 

Å Functional DST

Å Façade retrofitting

2022

2024

Validation

Å Proof  of NZEB status for 

renovated buildings

Å Manufacturing/ 

installation  procedures 

validated

Å Market uptake/business 

models

Near zero energy 

consumption

Cost-

effectiveness

Fast renovation Environmentally-

friendlier/

Flexibility



The three core PnUkits
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The SmartWall: Heat pump driven by PVs and 
solar thermal- fan coils integrated in the design 

The ConExWall: Heat pump driving 
the eWHCsystem/active hydronic 

The DEN Comfort: PVs 
driving the eAHC
ventilation unit

Architectural Design

 

INTERNAL AND EXTERNAL SIDE 

 

SMARTWALL LAYOUT. 

 

eAHCventilation unit



Additional Components
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The Heat Harvesting  Window

The Toolboxes



Functions of SmartWall (AMS)

Å Versatile prefabricated panel developed by AMS that can be 
installed externally or internally to an existing building façade. 

Å It consists of a metal or other material frame, insulation 
materials, gypsum/cement boards for covering and various 
types of coatings for finishing and rendering. 

Å Depending on the position and the existing wall that is going 
to be attached, the SmartWall may include a window, or a door 
with a shutter or blind.

Å SmartWall also can feature a big variety of electromechanical 
equipment to cover any demand of the building renovated.

Å This includes space in the panel for a heating/cooling unit 
that can be diversified depending on the application or the 
renovation scheme. 
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Prototype and implementation of SmartWall
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The SmartWallprototype Installation at the NTUA living-lab



Functions of the ConExWall(SPF)
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Field of application and advantages of ConExWall
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Å Applicationfor renovationof buildingswith an 
old, non-insulatedfacade(or removableold
insulation)

Å Addingof a low-temperatureheating
distribution(thus, substitutionof fossil fuelswith
high-efficiency heatpumps) 

Å Building canbe renovatedwhilebeeing
occupied(differenceto floor heating)

Å Industrial pre-fabricationispossible (lack of
professionals is lessrelevant, costreductionfor
larger buildings)

Å Focus on spaceheating, coolingispossible as
well (if moistureisavoided)



Prototype and Implementation of the ConExWall
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Construction of the Heating layer on a 
Prototype Modularity of the heating loops and façade panels at the 

Swiss Demonstrator



The eAHCconcept (CVUT)

Å EU patent: EP 3 627 061 B1

Å Ventilation unit with the function of cooling/heating of 
ventilated spaces using a combined heat exchanger 
consisting of a passive counterflow part and an active part 
using thermoelectric modules.

Å Provide space ventilation, as well as could provide 
space heating or cooling.

Å Passive module comprising at least one passive heat air 
exchanger for heat recovery.  It has at least two inputs and 
at least two outputs. 

Å An active module comprising at least one active heat air 
exchanger. The active module also has at least two inputs 
and at least two outputs.

05.07.2023 RHC Workshop, Sustainable Places 2023 50



Prototype and Implementation in DENcomfort
Wall 
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The eAHCprototype The DENcomfortWallprototype 
(DENVELOPS)



Key Performance Indicators
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KPI Performance Value Target value Results achieved in M24 of PLURAL

Near zero 
energy 
consumption 
of buildings 
renovated with 
PnUkits

U-value (W/m2K) of 
PnUkit

0.23 W/m2K PnUdesigned with U-value matching nZEB; U-value results: 

Voula/SmartWall: 0.31 W/(m2K), 

Terrassa/DENcomfort: 0.23 W/(m2K),

Kasava/ConExWall: 0.24 W/m2K2

Primary Energy 
consumption per 
building

<90 kWh/m2a 
(depends on 
country)

Voula/SmartWall:  84 kWh/ m2a (fulfils NZEB)

Terrassa/DENcomfortWall:  76 kWh/m2 a (fulfils NZEB)

Kasava/ConExWall: 93 kWh/m2a (fulfils NZEB)
Cost-
effectiveness

Renovation Costs 58% less than 
conventional 
renovation

Parameters influencing costs: planning, design, site preliminaries, on-site and off-site labor, substructure, 
materials, BEM, factory costs, redesign, financing. The overall cost reduction cannot be defined yet. Major 
cost reduction is expected for onsite laborcosts.

Fast-tract 
renovation

Time required for deep 
renovation

At least 50% 
reduction

Parameters influencing renovation time: Measurements & design, permits & approvals, engineering, 
procurement & logistics, manufacturing & site preparation, onsite works, clean up. First estimates indicate 
significant time savings in procurement and logistics (ca. 60%) and for onsite works (ca. 40%)

Environmental 
impact 

CO2eq/m2 perPnU kit 0.5 tCO2eq/m2 SmartWall: 0.116 tCO2eq/m2

DENcomfort: 0.0815 tCO2eq/m2

ConExWall: 0.079 tCO2eq/m2

Recyclability per PnU 
kit

70% material 
recyclability

SmartWall: 90%

DENcomfort: 70%

ConExWall: 78%
Flexibility ς
Adaptability

perPnU kit System 
combinations

SmartWall: 8 defined

DENcomfort: 3 defined

ConExWall: 2 defined



PLURAL experiences in relation to RHC

Advantagesof prefabrication and integration of RESin the component/system design for
heatingandcooling:

ÅPnUkits can successfullyintegrate RES(PVs,OPVs,solar thermal systems,various types of heat
pumps,ventilation,air-handling,hydronicsystems)andachieveefficientoperation.

ÅStorage(thermal, electrical)and low carbonfootprint materialsand componentscould be part of
the PnUdesign

ÅFlexiblesolutionfor retrofitting includingEV-charging
ÅEffectiveάƛƴǘŜƎǊŀǘŜŘέsolutionfor decarbonised, adaptativeandregenerativeBuilt Environment

Challenges:

Å PnUkit designandRESneedto be adaptedto buildingcharacteristics
Å Industrialization,componentintegrationaspart of the manufacturing: new businessmodels
Å Lackof regulatoryframeworkfor activebuildingfaçadecomponents
Å Acceptance(industrial,end-userandsocial): Restricteddueto lackof large-scaledemonstrations,long-term

performanceevaluation,harmonizedstandards,economiesof scaleto reducecosts
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Discussion

Question 1: How will Renewable Heating and Cooling Solutions for Buildings and 
Industry technically change in the future?

Å RHC can unlock new potentials for energy savings and reduction of emissions in the building sector when 
ŎƻƳōƛƴŜŘ ƛƴ άŀŎǘƛǾŜέ ŜƴǾŜƭƻǇ ŎƻƳǇƻƴŜƴǘǎ ǘƻ ƻŦŦŜǊ ƛƴǘŜƎǊŀǘŜŘ ǎƻƭǳǘƛƻƴǎ ŦƻǊ ŘŜŜǇ ǊŜǘǊƻŦƛǘǘƛƴƎ ŀƴŘ ƴŜǿ ŎƻƴǎǘǊǳŎǘƛƻƴΦ

Å RHC technologies are rather mature. Need to focus on integration and cost-reduction: R&I efforts are needed to 
standardize and replicate RHC systems leading to cheaper equipment that is easier to install.

Å Further research is needed to quantity potentials of integration of RHC solutions and their components in active 
envelop solutions towards complete, fast, lower cost solutions 

Å Take a system approach and have more demonstration projects to optimize the integration of  RHC solutions  in 
active components in different set-ups and to allow for better system integration.

Å The environmental impact of  RHC solutions in a building life cycle perspective needs further investigation. 
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Discussion

Question 2: Which will be the role of Renewable Heating and Cooling Solutions 

for Buildings and Industry in the future EU energy system? (e.g. based on 

project investigations or on your perspective as an expert)

ÅRHC systems could provide solutions/options beyond compactness, e.g. more eco-

friendly materials, recyclable-reusable components, "standardization" of size/materials to 

make them interchangeable.

ÅPrefabricated, fully-ƛƴǘŜƎǊŀǘŜŘ ϥǇƭǳƎ ƛƴ ŀƴŘ ǇƭŀȅΩΣ ƳƻŘǳƭŀǊΣ ƘȅōǊƛŘκƳǳƭǘƛǎƻǳǊŎŜ wI/ 

systems could offer cost reduction and increased market acceptance

ÅIntegration of RHC systems in building components could create new business 

opportunities based on local /regional value chains
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THANK YOU FOR YOURATTENTION!

www.plural-renovation.eu
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Contact us via e-mail:
info@plural -renovation.eu

This project has received funding from the 
European UnionɅs Horizon 2020 research and 
innovation programme under grant agreement No 
958218.
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Start: 01/05/2020
Duration: 48months
Coord: CEA
Consortium: 10
Budget: 4,999,423.74ϵ
Typeof action: RIA
Topic: LC-SC3-RES-7-2019 Solar Energy in Industrial
Processes
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Advances done from SP22
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FRIENDSHIPaim at superior performance by incorporating several new 
improvements and functions to the standards SHIP solution:

ÁLow-cost solar collectors combined with selective coatings (improve 
absorbance) and nanoparticles(improve heat transfer)

ÁAn advanced very high temperature heat pump that enables continuous 
and stable heat supply at target temperatures between 180 and 250ϲC

ÁA high-density combined thermal storage that allows the storage of heat 
from the solar heat loop as well as from the process loop

ÁAn advanced control management will allow the enhancement of the 
quality and availability of heat, to match the process demands and 
rationalisethe use of the existing energy sources

ÁA cooler that enables cold production for industry from the residual high-
temperature heat, either by using an absorptionor ejectorchiller

Main innovations 
ÁFinished ςNew selective coating to be used for the solar 

field of SHIP200  DEMO

ÁDeliverable: D2.1 Design engineering report for a solar 
thermal system with high availability

Á3 Papers :
ÁReview of the spectrally selective (CSP) absorber coatings, 
ǎǳƛǘŀōƭŜ ŦƻǊ ǳǎŜ ƛƴ {ILtΤ  bƻő [ΦΤ WŜǊƳŀƴ LΦΤ {ƻƭŀǊ 9ƴŜǊƎȅ 
Materials and Solar Cells 2022, 238.

ÁA review of the use of nanofluidsas heat-transfer fluids in 
parabolic-trough collectors; Chavez PanduroE.; Finotti F.; 
LargillerG.; Lervåg K.; Applied Thermal Engineering 2022, 
118346.

ÁEnvironmentally sustainable electroplating of selective cobalt-
chromium coating on stainless steel for efficient solar 
collectors; Zäll, E., Nordenström, A., Järn, M., Mossegård, J., 
Wågberg, T.; Solar Energy Materials and Solar Cells 2022, 
111821.

Á1 video on Heat Production : https://vimeo.com/782532916

Status

https://vimeo.com/782532916
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Main innovations 

ÁPrototype commissioned and test campaign ongoing at 
SINTEF

ÁPublic Deliverable 3.1: Initial heat pump concepts and 
integration principles for SHIP200 targeting heat delivery up 
to 200 ϲC (steam cycle) and 250 ϲC (e.g. CO2 cycle)

Á1 video on Heat Production : https://vimeo.com/782532916

Status

https://vimeo.com/782532916
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Main innovations 

ÁPrototype manufacturing ongoing and test campaign coming 
soon at CEA

ÁDeliverable: D5.1 Detailed design of PCM storage

ÁDissemination: IN-POWER workshop 2020, SolarPACES2021

Á1 video on Heat Storage : https://vimeo.com/814166694

Status

https://vimeo.com/814166694
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Main innovations 

ÁModelling of digital twins in Modelicaongoing at CEA

Á1 Paper:
ÁSolar Field Output Temperature Optimization Using a MILP 

Algorithm and a 0D Model in the Case of a Hybrid Concentrated 
Solar Thermal Power Plant for SHIP Applications; Kamerling, S.; 
Vuillerme, V.; Rodat, S.; Energies 2021, 14, 3731.

ÁDissemination: SWC 2021, EuroSun2022

Status
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Main innovations ÁPrototype commissioned and tested at CEA

ÁDeliverable: D4.2 Optimal design of ejector chiller concepts 
targeting cold production down to 5 ϲC (short term) and -10 
ϲC (long-term)

ÁDeliverable D4.3 Optimal design of absorption chiller 
concepts targeting cold production down to -20ϲC (short 
term) and -40ϲC (long-term)

Á2 Papers :
ÁChoked liquid flow in nozzles: Crossover from heterogeneous 

to homogeneous cavitation and insensitivity to 
depressurization rate; WilhelmsenØ.; Aasen A.; Chemical 
Engineering Science 2022, 248, Part B.

ÁOne-dimensional mathematical modeling of two-phase 
ejectors: Extension to mixtures and mapping of the local exergy 
destruction; WilhelmsenØ., Aasen A., BanasiakK., HerlyngH., 
HafnerA.; Applied Thermal Engineering 2022, 119228.

ÁDissemination: SolarPACES2021, ICR 2023, PôleCristal 2023

Status



WP4 ɀAbsorption chiller prototype
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Absorption chiller, front view

Absorption chiller prototype assembly completed. The 
assembly of the prototype as well as the tightness and 
pressure tests were finished in the beginning of August.
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Photograph of the semi -virtual test bench

WP4 ɀAbsorption chiller prototype

Performance measurements at steady-state points and 
ŘȅƴŀƳƛŎ ǘŜǎǘǎ ǿŜǊŜ ŎŀǊǊƛŜŘ ƻǳǘ ŘǳǊƛƴƎ ǿƛƴǘŜǊ Ψнн-Ωно


