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EXECUTIVE SUMMARY

Deliverable D6.9 Guidelines of Lessons Learned, and Training Materials reports on the training and
knowledge sharing formats, tools and materials developed to broadly spread the results, lessons
OHDUQHG DQG H[SHULHQFHVY JDLQHG I|UR BeMbHstatiDi &ttities.\Whe GHYH
target groups to be profoundly informed and trained comprise especially energy managers, energy
consultants, plant planners & engineer, but also policy makers on various levels. The formats
developed and applied include five DryF online seminars, the DryFiciency training program

consisting of three modules, and nine DryFiciency YouTube videos.

1 INTRODUCTION

In industrialised countries 12 to 25% of the industrial energy consumption is attributable to industrial
drying. Most of this energy is based on the use of fossil fuels with no or little utilization of waste heat
streams.

Industrial heat pumps (IHPs) are an efficient heat recovery technology in an early phase of market
diffusion gaining increasingly attention from both policy makers and industrial end-users. Stringent
environmental legislation 3 (XURSHDQ *U H &lQoreHdy@able gas and electricity price ratio
as well as rising prices for carbon dioxide emission certificates are the driving forces behind this
development. In a recent market study by Global Market Insight, the European IHP market valued
at over US$ 180 million in 2020 was estimated to register more than 6% CAGR between 2021 and
2027 to reach a projected value of US$ 300 million in 2027.1

In the DryFiciency project, three novel high temperature heat pump  (HTHP) systems were
developed under the lead of the coordinator AIT and demonstrated first -time in industrial
environment with supply temperatures of up to 160°C thereby utilizing waste heat streams from
three dry ing processes in three industrial sectors

Food industry: A novel closed loop heat pump technology was
implemented for drying of starch from potato, wheat, and corn at a
production site of Agrana Starke GmbH (www.agrana.com) in
Pischelsdorf, Austria.

Ceramic sector: An innovative closed loop heat pump was
implemented for green brick drying by Wienerberger AG
{www.wienerberger.com), the largest brick producer worldwide, in a
brick production plant in Uttendorf, Austria.

Waste management industry:  An improved MVR drying technology
for sludge respectively biomass drying was installed together with
an innovative open loop heat pump in a land-based waste
management system in Drammen, Norway.

1 Global Market Insights, Europe Industrial Heat Pump Market, Regional Outlook 2027, April 2021

https://www.gminsights.com/industry-analysis/europe-industrial-heat-pump-market
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The main innovations on the closed loop heat pump systems comprise:

Two advanced compressor technologies : modified screw compressors by
Bitzer Kuhlmaschinenbau GmbH (www.bitzer.de) used in the heat pump
application at Agrana Starke GmbH for starch drying and a novel piston
compressor technology developed by Viking Heat Engines
www.vikinqheatenqines.com}, which was taken over by Heaten AS
Www.heaten.no} in 2020 implemented in the brick drying application at
Wienerberger allowing heat supply temperatures up to 160°C.

A unique synthetic lubricant  for high temperature applications developed
by FUCHS {Www.fuchs.com} for both compressors being sufficiently viscous
and chemically stable with the refrigerant selected, Opteon™ MZ from
Chemours, at elevated temperature levels.

Opteon™ MZ from Chemours (www.chemours.com), R1336mzz(Z), a
synthetic refrigerant based on HFO (hydrofluoro-olefin), was developed for
high temperature applications with heat supply temperatures of up to 160°C
prior to the project. It shows a low GWP (Global Warming Potential) of 2 and
a number of favourable characteristics, such as non-flammability and non-
toxicity. It is also not subject to the EU legislation to control F-gases (so called
F-gas regulation).?

The design of the closed loop refrigeration cycle  was developed by AIT,
who was also responsible for an appropriate process control system for the
two air drying processes as well as for the monitoring of the performance of
the two novel HP systems.

The main innovation on the open loop heat pump system , commonly referred to as Mechanical
Vapour Re-compression (MVR), which uses water (R718) as refrigerant, includes:

Advanced , low-cost, oil-free turbo -compressor technology from
ROTREX AS {www.rotrex.com) originating from the automotive sector, which
was further developed to reach condensation temperatures of up to 155°C.

Advanced, MVR dryer technology improved in terms of capacity and
efficiency of more than 75% while reducing energy consumption by 70%, was
developed by Scanship AS {www.scanship.no)

The design of the MVR system was elaborated and implemented in close
cooperation by EPCON (www.epcon.no) and SINTEF (www.sintef.no)
considering the boundary conditions of the drying application at Drammen.
SINTEF and ECPON were also responsible for an efficient process control
and the integration of the MVR system into the drying process and the
monitoring of the system performance.

N

https://ec.europa.eu/clima/policies/f-gas/leqgislation_en
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2 DIFFUSION OF INDUSTRIAL HEAT PUMPS

Although technologically mature when it comes to supplying heat up to 120°C for some time, IHP
technology diffusion is still in an early stage with only few heat pumps (HPs) installed in the industrial
sector reaching that elevated temperature level.

Recent research by AIT has shown, that there are only 20 demo respectively pilot installations known
using compression HP systems at supply temperature levels of above 100°C, although the first two
HTHPs were reportedly already installed in Japan in 2012 providing process heat up to 125°C and
120°C to chemical processes.

[Figure 1]depicts the HTHP pilots known. Their heating capacities - displayed by the length of the
bars - range from 50 kW supplying 130°C process heat (blue dot) up to a 6000 kwW HTHP planned
to be installed in an Italian DH-network to supply heat up to 120°C. The highest heat sink temperature
- upto 180°C is planned to be achieved by a 500kW HighLift HP developed by the Norwegian SME
Olvondo to be installed at Astra Zeneca in Sweden in 2021.

Figure 1 Overview of compression HTHP installations known worldwide (AIT research)

Besides economic reasons such as long pay back periods due to an unfavourable gas-electricity
price ratio and low prices for carbon dioxide emissions, a broad market penetration of IHPs in
general, and HTHPs in particular, has been hampered up to now by:

x Lack of heat pump technologies allowing supply temperatures of above 120°C.

X Low level of awareness on technical possibilities amongst industrial end-users, but also
relevant intermediaries such as energy consultants, plant designers and engineers.
Limited knowledge on the match between IHP and process demands.
Limited knowledge on integration of IHP in industrial heat processes.

x Lack of data on heat consumption especially in manufacturing companies not belonging to
the energy-intensive industries.
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x Lack of trust on reliability and security of the technology due to low numbers of pilot & demo
plants, and finally

x Lack of training and events supporting the spread of knowledge on IHPs in general, and
HTHPs in particular.

These limiting factors already collected in other R&l projects® also reflect the experience

gathered by the DryFiciency consortium  in the framework of interviews and WS held with industry
DVVRFLDWLRQV DQG WKH SURMHFWVY HIWHUQDO H[SHUWYV
final conference, but also in multiple conversations with interested stakeholders addressing
consortium members either at events or by addressing the project coordinator by email

dryficiency@ait.ac.at

Therefore, a number of knowledge-sharing and training activities developed, were not only focussed
on the DryFiciency project and its heat pump demonstrators but beyond, to promote broad market
diffusion of IHP technology. They are reported in section 4.

3 LESSONS LEARNED

The challenges encountered and to be dealt with during project execution were manifold. In the
following, the lessons learned are described in a more generalized way .

x The choice of components and materials  as e.g., safety valves or various compressor
parts, which are compatible with the media used (refrigerant, steam) and which can withstand
elevated operation temperature levels of above 150°C, is crucial and a challenging task. It is
important to foresee enough time for profound analysis and testing.

X The rob ustness of components & equipment  to be used in industrial environment has to
be considered already in an early development stage. Novel components, such as a e.g., a
compressor, might work nicely in lab environment, however there are a number of challenges

VXUY L

ZKHQ EULQJLQJ LW LQWR WKH WétpBrizlesZz®Wheh Bi@ Bodnxigies) J G X V)

difficult to simulate to the full extent in lab environment.

X The design of the heat pump has to be chosen with great care. It has to be considered, that
improvement work will most likely become necessary at the pilot installation. Therefore, all
critical components prone to damages in such novel high temperature applications, such as
e.g., compressors, need to be positioned in a way that they can be replaced with the lowest
possible effort involved without compromising on the performance of the heat pump system
and too much on the sizing of the heat pump installation as size matters especially when
used for retrofitting.

x Thetechno-HFR QRPLF 3V ZHbtiWedh3he Weat pump and the sizing of the dryer has
to be identified first. As far as the heat pump is concerned, higher temperature lifts can be
achieved by adding more compression stages, which reduces however the efficiency of the
heat pump system. On the other hand, a certain temperature lift is required on the side of the
dryer, to get the system running and achieve the gains in efficiency and sizing required.

X The estimation of costs of pilot installations is a challenging task and might request more
funding than anticipated. Especially, the costs for possible repair and adjustment work are

3 E.g., IEA HPT 48 Industrial Heat Pumps, Second Phase [website}; IEA HPP Annex 35
D6.9 71248



easily to be underestimated. Therefore, strong commitment of the industrial partners,
especially the demo-partners, is required and has to be sought prior to project start.

X In a globalized world, lead times for components & equip ment vary very much, and can
become extremely long in case of a pandemic or any other disturbances in the international
transport business. Therefore, their supply has to be secured as early as possible in the
project.

X The involvement of small, innovative, = component or equipment suppliers might put an
innovation project at risk due to their limited staff resources and often also their financial
SURQHQHVYV 7KHUHKRVYROXWERKN ZLWK D ODUJHU FRPSRQHQW
preferable.

x The involv ement of external experts into an innovation project is of great value, as they
bring in constructive advice as well as active promotion and references.

More details on technical experiences made and lessons learned in context with the
development work on component and system level are published in two other deliverables, in
D453, OWHULP UHSRUW RQ WKH KHDHWO BlRRIS5M H FIK@OIRM® B HSRWUBHRQ W
pump technologies developed* ’, which will be published|here

4 To be published on the DryFiciency website|here
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4 TRAINING AND KNOWLEDGE SHARING ON LESSONS LEARNED

Considering the limiting factors for broad market introduction of IHPs the DryFiciency consortium
designed various training and knowledge sharing formats & tools to broadly spread the results,
and lessons learned in the S U R Mderlgprent and implementation activities to all target groups
concerned keeping in-mind however at all times the economic interests of all project partners
concerned, who invested also substantial own funds in this project, which proved challenging in
various aspects.

These knowledge transfer & training measure s included:

X DryF online seminar series conducted from 30.09.2020 to 21.04.2021
x DryF Final conference on 06.07.2021
X DryF training program (3 modules); online trainings conducted: 15.07.2021 to 19.08.2021

4.1 Online seminars and final conference

4.1.1 Main Goals

x To increase competence on HTHPs and overcome especially non-technical obstacles for its
application such as e.g., lack of knowledge on technologies available and their technical
limits, lack of know-how on successful demo installations, etc.

x To prepare for and facilitate rapid and widespread uptake of HTHP technologies post project
by broadly informing on the project, its activities, and results.

4.1.2 Main target groups addressed

Industrial end-users, policy makers, energy mangers & consultants
Plant engineers & Heat pump manufacturers

4.1.3 Online Seminars

4.1.3.1 Online seminars for industrial end-users, policy makers, energy managers & consultants

This online seminar aimed at showing best practice
examples from both state-of-the art IHPs used in the
food & beverage industry as well as in the animal
health products facility with supply temperatures of
up to 90°C as well as current research showcasing
HT-HP research projects from the dutch RTO TNO
and first operational experiences from the DryF
demonstrator for starch drying at Agrana.

The presentations are available[here]

This online seminar aimed to stress the potential
contribution of large HP technologies to the
GHFDUERQL]DWLRQ RI (XURSHT'
EEAB member Silvia Madeddu from PIK informed
on the status of electricifation of industry. DryF
partners AIT and SINTEF informed a.o. on HP
installations, challenges in development and
integration as well as the potential impact of HT-
HPs. The presentations are attached in section 5.3.
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The recorded online seminar is available|here]
This online seminar aimed at showcasing four
projects dealing with energy efficiency including
links to the industry either as supplier of waste heat
or its user: energy cooperation in industry (R-ACS),
recovery and re-use of urbane excess heat
(ReUseHeat), re-use of low-temperature renewable
energy sources in urban DHC-networks
(REWARDHeat), and finally DryFiciency. The
presentations are attached in section 5.3

The recorded online seminar is available|here]

In total, 388 stakeho Iders participated in the two seminars conducted in 2021. The following figures

show an analysis of the audience in terms of professional background. 3, QGXVWU\" FhBa®? SULVH'
pump manufacturers and components thereof as well as other technology suppliers. 32WKHU”™ LQFOXG
participants who identified t KHPVHOYHMVHPSOWHAGG’
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4.1.3.2 Online seminars for heat pump manufacturers & plant engineers

This seminar aimed at informing HP manufactures
and plant engineers on the latest developments on
component level, covering two compressor
technologies, a novel lubrication oil and a new low-
GWP refrigerant. DryF partners AIT, Fuchs,
Chemours, Bitzer, Rotrex and Heaten reported on
the development and adaption of their components
for upgrading idle waste heat streams to process
heat streams at temperature levels of up to 160°C.

The recorded online seminar is avai|ab|e The presentations are attached in section 5.3

This seminar aimed at informing HP manufactures
and plant engineers on the latest developments and
results of the three DryF demonstrators on system
level. Demo partners Agrana, Wienerberger, and
Scanship as well as the scientific partners AIT and
SINTEF highlightng  VRPH Rl WKH
achievements

The presentations are attached in section 5.3
The recorded online seminar is available|here]

Besides, Veronika Wilk (AIT) UHIJXODUO\ SUHVHQWHG WKH SURNHIRIgMIp SURJIU
RQ 2&RPPHUFLDO -ahdled £aXddSWichael Bantle (SINTEF) zindividual talks with heat
SXPS PDQXIDFWXUHY DQG SODQW HQIJLQHHUV WR GLVFXVV WKH XS

In total, 288 stakeholders participated in the online seminars set-up especially for heat pump
manufacturers & plant engineers in 04/2021. The following figure shows the professional background
of the participants. As evident, the events were also well received in the research community®.

5 *Qther includes participants who identified t KHPVHOYHVHPSORHE G’
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4.1.4 Final conference

This online conference showcased the results from
DryFiciency from lab to reality. The conference was
opened with an input from IEA show-casing the
importance of IHPs as future heating technology,
DryF partners AIT, SINTEF and EPCON presented
the work conducted, challenges encountered in
development and operation of the novel heat pump
solutions, the main results and impact achieved as
well future steps required to fully commercialise the
systems.

In total, 245 stakeholders from +200 companies/organisations based in 32 countries participated in
the projects online conference, which set up as a hybrid event. The following figures shows their
professional background.

>
(0]
=
D

The recorded conference is available The presentations are attached in section 5.3
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4.2 DryF training program on IHPs

4.2.1 Main goals

x To prepare for and facilitate rapid and widespread uptake of IHP technologies post project
with focus on closed loop DryF™ HPs.

X To increase awareness, competence and know-how of various target groups thereby
overcoming non-technical obstacles such as lack of knowledge on technologies available
and their technical limits, know-how on successful demo installations, etc.

x To secure high quality planning, engineering, integration, and maintenance work required for
further promoting the use of IHPs especially at elevated temperature levels.

4.2.2 Target group

The training program developed in the DryFiciency project addresses all relevant professionals along
the value chain. However, the main target group comprises:

x Energy managers employed at potential industrial end-users, but also freelancers.
X Plant engineers/planners and constructors as well as heat pump manufacturers.
X Process engineers.

Besides, the following groups are addressed:

x Staff of energy agencies, personnel of public funding agencies, energy service contractors,
or energy consultants dealing with energy and environmental topics.

x Students at the technical universities such as e.g., Vienna University of Technology, Institute
for Energy Systems and Thermodynamics.

4.2.3 Training program

The training program developed by AIT consists of three modules, which are briefly described in
terms of target group, requirements, duration, content, learning objectives, skills acquired, and
methods to be used in the following.

4.2.3.1 Module 1: Introduction to IHPs

Target group This introductory module primarily targets all (future) professionals dealing
with industrial energy efficiency and environmental topics, who wish to gain
an overview of the potential and benefits of industrial heat pumps (IHPs) with
a focus on high temperature heat pumps (HTHPS).

This includes non-technicians such as staff of energy agencies and public
funding agencies, energy service contractors, and consultants, but also
future technical professionals (students) and all technicians addressed by the
other two modules.

Requirements None

Duration 2 hours

Content X Current industrial energy demand and energy sources used.

x Industrial energy and environmental targets.

x Application potential of IHPs and especially HT-HPs (sectors,
processes, barriers/obstacles)

D6.9 13/248



Learning objectives

Skills acquired

Methods used

Certificate

Training material

Best practices examples of IHPs and ongoing research activities on HT-
HPs focusing on DryFiciency.
Costs and benefits of IHPs and HT-HPs.

X X X X

Know relevant energy and environmental targets.

Know potential applications for IHPs, especially HT-HPs and their
boundary conditions.

Know ongoing research activities & fields

Know best practice and demo examples of IHPs and HT-HPs.

Know environmental impact of IHPs and HT-HPs.

Know CAPEX and OPEX of IHPs.

No special technical skills but a good overview of IHPs, the technologies
available, their potential and applications focusing especially on HT-HPs.

X X X X

Web-based training in German and English
Lecture in classroom (on demand)

Videos of DryFiciency demo sites

Factory tour to the Agrana use case (on demand)

Certificate of Participation

The training material developed is attached in section 5.2 in both English and
German.

4.2.3.2 Module 2: Components and Specifications of IHPs

Target group

Requirements

Duration

Content

Learning obje ctives

Skills acquired

D6.9

This module targets professionals dealing with planning, designing or
operating industrial energy efficiency and heat recovery technologies, who
wish to extend their knowledge and skills to IHPs and especially HT-HPs and
their use in industrial processes focusing on drying and dehydration.

This includes process engineers, energy managers and industrial plant
planners/constructors.

X
X
X

Knowledge in thermal energy technologies
Knowledge in relevant industrial processes
Knowledge on refrigeration technologies and working principles

4 hours

Industries & processes suitable for IHPs

Components for IHPs with focus on HTHPs

Refrigerants and refrigeration oils to be used in high temperature heat
recovery applications.

Properties of IHPs

Planning of integration and dimensioning of IHPs with focus on high
temperatures and drying / dehydration processes.

Best practice examples and demo plants

X X X X

Know requirements for components, lubricants and working fluids used
in IHPs at elevated temperature levels.

Know requirements for the application of IHPs, esp. HTHPs.

Know processes suitable for HTHPs.

Know relevant regulatory requirements and standards.

Be acquainted with planning principles for IHP.

7R EH DEOH WR FDOFXODWH WKH HIILFLHQF
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Methods used

Certificate

Training material

To be able to calculate the required power and temperatures of IPHs
with respect to the properties of the industrial processes concerned.

X X X X

Web-based training in German and English
Lecture in classroom (on demand)

Videos of DryFiciency demo sites

Factory tour to the Agrana use case (on demand)

Certificate of Participation

Is not publicly available.

4.2.3.3 Module 3: Installation, Commissioning, Operation and Maintenance of IHPs

Target group

Requirements

Duration

Content

Learning objectives

Skills acquired

Methods used

Certificate

Training material

D6.9

This module targets professionals dealing with integration, commissioning
and maintenance of industrial energy efficiency and heat recovery
technologies, who wish to extend their knowledge and skills to IHPs and
especially HT-HPs.

This includes especially process engineers, energy managers, heat pump
integrators.

X
X
X

Knowledge in thermal energy technologies
Knowledge in relevant industrial processes
Knowledge on refrigeration technologies and working principles

2 hours + %2 day each for factory tour to demo-sites

X X X X X

Personnel requirements (legal issues, required skills)
Safety and security requirements

Specifics of installing, commissioning and operating IHPs
Typical failures of IHPs

Specifics of maintaining IHPs

x

Know legal issues in regard to integration, commissioning and
maintenance of IHPs with focus on HTHPs.

Know relevant safety and security regulations.

Know required maintenance intervals and indications for
malfunctioning of IHPs.

To be able to integrate IHPs analogously to conventional heating units
with respect to their specific properties.

To be able to commission IHPs or to support the commissioning by the
plant constructor.

To be able to perform respectively coordinate maintenance works of
heat pumps on-site.

X X X X

Web-based training in German and English
Lecture in classroom (on demand)

Videos of DryFiciency demo sites

Factory tour to the Agrana use case (on demand)

Yes. Certificate of Participation.

Is not publicly available.

15/248




In total, 140 stakeholders from +40 companies/organisations participated in the first training
sessions. Each of the modules was offered twice. Module 1 on 15.7. and 05.08.; Module 2 on 22.07.
and 12.08. and Module 3 on 29.07. and 19.08.2021. They were planned to be hold in a classroom
setting to allow for more personal interactions but were finally conducted via MS Teams due to
COVID-19. The following chart shows the professional background of the participants. Nearly 50%
of the trainees participated in all three Modules; about one third did two, and only one fifth took part
in one training Module only

In future, the trainings will be offered by AIT in both formats, with classroom lectures to be conducted
on demand. The trainings will be offered in both German and English, depending on the demand.

In a next step, the training material (PowerPoint slides) developed will be updated with the input
received by the participants of the first training sessions and will then be integrated into AlTs certified
training program for intermediaries, which will be continuously further developed by integrating the
results and lessons learned from other IHP demo-projects as e.g., the H2020 [BAMBOO] project,
where a HTHP is to be demonstrated in a steel plant, or the nationally funded NEFI project|l_e£|
where innovative integration measures based on HP systems for low-pressure steam supply are
being developed and demonstrated two industrial processes.

The future training sessions will also include exams and zbesides a certificate of participation +
corresponding DryF certificates for process engineers, energy managers and industrial plant
planners/constructors. DryF shall be established as quality label for both, efficient HTHPs and
qualified installation and operation.

The training schedule for 2022 is to be found|here[soon.
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5 MATERIALS FOR CAPACITY BUILDING

In the following, the tools and materials developed for capacity building are compiled.

5.1 YouTube Videos

The video on the project results is available The video on the demo plant for brick drying is
here available[here

The video on the Demo plant for sludge drying  The video on the demo plant for starch drying
is available|here is available|here

The video on lessons learned in the open loop The video on the major challenges in
HP development is available|here commercialising the open loop HP is available
here
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The video showing the view of client of the open The video on future R&D required on the open
loop HP is available|here loop HP is available|here
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5.2 DryF Training program *=Module 1

In the following, the training materials for Module 1 is provided in both English and German.
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Module 1
High Temperature Heat AT
Pumps for Industrial Use Dr. Michael

Lauermann

Grant Agreement No 723576 - Energy Efficiency
Innovation Action H2020-EE-2016-2017

[TWwW.arv-r.eq

Agenda

Energy & environmental targets for industry

Market for high temperature heat pumps

Barriers & Opportunities

Applications and their potential

State of the art high temperature heat pumps

Ongoing research activities with focus on DryFiciency project
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Introduction AIT

Grant Agreement No 723576 +Energy Efficiency

BMK $XVWULDuV OD
1 400 8 Centers RT%

employees
Applied Research
System
Infrastructure Systems Competence
Federation of
- Austrian Industries
SUbSIdlary (through VFFI)

Next Generation
Enterprises

Solutions
LKR, NES, SL, Profactor 51% 1 6 7

M EUR total revenue

Tomorrow Today

Grant Agreement No 723576 +Energy Efficiency

as of YE 2018
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AIT Austrian Institute of Technology

OWNERSHIP
STRUCTURE

49.54 %

FEDERATION OF
AUSTRIAN INDUSTRIES
(through VFFI)

167 m Eur

TOTAL REVENUES 90,4 mEUR
as of YE 2019 49,8 m EUR
22,8 m EUR

4,0 m EUR

50.46 %

REPUBLIC OF AUSTRIA
Federal Ministry for Climate Action, Environment,
Energy, Mobility, Innovation and Technology

1.400

EMPLOYEES

Contract research revenues (incl. grants)
BMK funding

Other operating income,

incl. Nuclear Engineering Seibersdorf
Profactor (51% of 7,9 m EUR)

Grant Agreement No 723576 +Energy Efficiency

AIT Austrian Institute of Technology GmbH

AIT Austrian Institute of Technology

Nuclear

Seibersdorf @ Engineering
Labor GmbH [ Seibersdorf
GmbH

Energy

Mobility Systems

Health & Digital Safety & JVision, Automation
Bioresources Security

& Control

Low -Emission Technology Innovation Systems
Transport Experience & Policy

Grant Agreement No 723576 +Energy Efficien@l




Focus of the centers

Health & Digital Safety & Vision, Automation &
Energy A .
Bioresources Security Control

+ Electric Energy Systems + Biomedical Systems F Security & Communication F Assistive & Autonomous
+ Integrated Energy Systems + Bioresources Technologies Systems
+ Photovoltaic Systems # Digital Health Information F Sensing & Vision Solutions F Complex Dynamical
+ Digital Resilient Cities Systems + Data Science & Atrtificial Systems
+ Sustainable Thermal + Molecular Diagnostics Intelligence F High-Performance Vision

Energy Systems $ Cooperative Digital Systems

Technologies

Mobility Low -Emission Technology Innovation Systems &
Systems Transport Experience Policy
+ Dynamic Transportation $ Electric Drive $ Experience Contexts and + Digital Innovation
Systems Technologies Tools 1 Foresight & Institutional
1 Transportation F Light Metals Technologies F Experience Business Change
Infrastructure Ranshofen Transformations $ Policies for Change

Technologies

Grant Agreement No 723576 +Energy Efficiency

Climate & Energy

Trends & Targets

Grant Agreement No 723576 +Energy Efficiency
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Climate & Energy

Facts

S%XVLQHVYV DV XVXDO ZLOO OHDG

about 4° & XQWLO WKH (WUNDPGC) -

Sectoral GHG emissions in EU -28 by IPCC sector (2018)

Industry in EU-27 accounts for:
f 25% on final energy

consumption.
f 15% of GHG emissions

originating from fossil fuel

consumption for energy

generation.

Sources : IPCC (2020) Annual European Union greenhouse gas inventory 1990 +2018 and inventory report 2020,
EEA DS eea e tropa e DD CAT oS e o e AN -UNION- (T e NOUSe-UaS-TNVENToNY-20 U= aD-TASTha Alidment No 723576 +Energy Efficiency

Climate & Energy
Development of EU GHG emissions by sector (1990-2018)

Source: EEA, Trends and drivers of EU Grant Agreement No 723576 +Energy Efficiency
greenhouse gas emissions, EEA Report, No. 03/2020
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Climate & Energy
Energy-related GHG emissions by sector (1990-2017)

Source: EEA, Trends and drivers of EU greenhouse gas emissions, EEA Report, No. 03/2020

Grant Agreement No 723576 +Energy Efficiency

Climate & Energy
Development of EU-27 final energy consumption by fuel (2000-2018)

Source: Eurostat, Statistics Explained, [IIH

Grant Agreement No 723576 +Energy Efficiency
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Climate & Energy
Development of EU final energy consumption by industry sectors (2000-2016)

Since 2007, 10 out
of 13 industrial
sectors

experienced a
decrease in final
energy consumption

Source : Eurostat Energy Balance May 2018,
http://ec.europa.eu/eurostat/documents/38154/4956218/ENERGY-BALANCES-May-2018-edition.zip/310265d9-6adf-45aa-ba41-2dce8e5f78eb

Grant Agreement No 723576 +Energy Efficiency

Climate & Energy
Targets

f Cutin GHG emissions (comp. to 1990 levels) by 40%

f Atleast 32% share of renewable energy consumption (upward revisions
clause for 2023)

f Improvement in energy efficiency at EU level of at least 32.5%

f Support completion of internal energy market by achieving existing
electricity interconnection target of 10% by 2020 (view to reaching 15% by
2030)

Source: IPCC (2018) http://www.ipcc.ch/report/sr15/

Grant Agreement No 723576 +Energy Efficiency
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Climate & Energy

GHG emission targets, trends & projections

Source: EEA, Total greenhouse gas emission trends and projections in Europe,
https://www.eea.europa.eu/data-and-maps/indicators/greenhouse-gas-emission-trends-7/assessment

Grant Agreement No 723576 +Energy Efficiency

Climate & Energy

Potential contribution of Industrial Heat Pumps to EU targets

Potential
contribution of
the DryFiciency
project

Assumptions: 50% of all drying processes in EU are equipped with DryF HP (average COP: 3; heat
source: 70, Heat sink: 140, replacement of natural gas burners with thermal eff. of 95%

Source : DryFiciency
Grant Agreement No 723576 +Energy Efficiency




Market for High Temperature Heat Pumps

Grant Agreement No 723576 +Energy Efficiency

Market potential

Grant Agreement No 723576 +Energy Efficiency
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Economic Feasibility of HTHPs

Advantageous conditions for IHPs include:
F High ratio of gas to electricity price
F High CO, prices (depending on carbon intensity of electricity)

Boundary conditions for the calculation of the economic market potential
In 2020 In 2025
Baseline 6 Future ~

CAPEX Reference technology (gas boiler) Ya N: 100 100
CAPEX Integration of reference
Ya N: 100 100

technology
CAPEX Heat pump Ya N: 500 375"
CAPEX Integration heat pump Ya N: 500 375"
CO,-price Yo W 25 80
ch . )

ar?ges in energy prices ) 0% +20%
(Basis: Eurostat, 2019S1)
Max. payback time a (Jahre) 5 5
Full load hours h/a 5256 5256
+ 25% reduction by public subsidies Grant Agreement No 723576 +Energy Efficiency

1 and cost reductions of the HP-technology (economies of scale).

25

Market potential for HTHPs in Europe

Sales in Units (conservative estimations based on waste heat fraction used)

Upper limit
8481 Units

Lower limit
130 Units

Source: AIT own calculations based on research work of G. Kosmadakis

Grant Agreement No 723576 +Energy Efficiency
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Market potential for HTHPs in Europe

Sales in EUR (conservative estimations)

Upper limit
OLR

Lower limit
OLR Y

Source: AIT own calculations based on research work of G. Kosmadakis

Grant Agreement No 723576 +Energy Efficiency

Market potential for HTHPs in Europe

Industrial sectors

Source: AIT own calculations based on research work of G. Kosmadakis

Grant Agreement No 723576 +Energy Efficiency
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Market potential for HTHPs in Europe
Top 10 EU-27 countries

Source: AIT own calculations based on research work of G. Kosmadakis

Grant Agreement No 723576 +Energy Efficiency

Industrial Heat Pumps
Market barriers

f Low level of awareness of technical
possibilities and economically feasible
applications among users, consultants,
investors, plant designers, producers,
and installers.

f Lack of knowledge on processes and
integration of technology => cost-
intensive tailor-made design.

f Missing data on heat consumption in
companies => expensive and time-
consuming measurements required.

Sources : Laue et al., (2014), IEA Annex 35: Application of Industrial Heat

Pumps. Final Report, Part 2, p. 2, Arpagaus, C. et al. 2018: High temperature

heat pumps: Market overview, state of the art, research status, refrigerants

and applications. Energy 152, p. 985-1010 Grant Agreement No 723576 +Energy Efficiency
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Industrial Heat Pumps
Market barriers

f Long payback periods of >3 yrs.

f Competing heating technologies
generating high temperature using
fossil fuels at low energy prices
(electricity to gas-price ratio).

f Lack of pilot & demonstration plants
of HTHPs results in lack of trust on
feasibility & performance; reliability of
process is more important than energy
savings.

f Lack of training and events supporting
the spread of knowledge on HTHPs

Sources : Laue et al., (2014), IEA Annex 35: Application of Industrial Heat
Pumps. Final Report, Part 2, p. 2, Arpagaus, C. et al. 2018: High temperature
heat pumps: Market overview, state of the art, research status, refrigerants
and applications. Energy 152, p. 985-1010, T. Nowak, (2018), Feedback from
Meeting with Industry Associations

Grant Agreement No 723576 +Energy Efficiency

Industrial Heat Pumps

SWOT Analysis
P f Maturing technology & widening f Relatively high CAPEX §
g4 range of available products f Relatively complex process )
g f Documented references available integration @
i fLarge energy efficiency gain and §
GHG emission reduction o
f No local pollutant emissions
4l fLarge technical potential
E=l  f Enforcement of climate change f High electricity prices and =
2 mitigation politics low fossil fuel prices g
=] fIncreasing ETS carbon prices f Short payback periods expected @
I5§ f Supportive regulations and subsidies  fLack of knowledge among
f Decarbonizing electricity mix planners and energy managers
Sources: :ROI 6 3UHVHQWDWLRQ RQ AODUNHW IRU +LJK 7THPSHUDWXU +HDW 3XPS $SSOL

Grant Agreement No 723576 +Energy Efficiency
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High Temperature Heat Pumps (HTHPS)

State-of-the Art

Grant Agreement No 723576 +Energy Efficiency

High Temperature Heat Pumps
Definition & Classification

No uniform definition. According IEA HPT Annex 56 High Temperature

Heat Pumps are capable of supplying heat of 100 ° C and above.

35

14
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Industrial Heat Pumps
Commercially available systems

f Compression heat pumps are

the most common type.

f 19 HP manufactures known
commercially offering HTHPs

f Heat output up to max. 165 ° C
(Kobelco = cascading system,

available only in Japan);

f Heat output up to 120° C SoA

in Europe

f Heating capacity up to 20 MWth
f Low GWP refrigerants partially

in use.

f 1 and 2-stage closed loop
cycles are the most common
heat pump designs.

Industrial Heat Pumps
Efficiency

f Carnot efficiencies of
available IHPs range
between 35% and 60%.

f Carnot efficiency increases
with heating capacity and
peaks at the designed
temperature lift.

Max. heat supply temperature in

Screw Piston Turbo

Heating capacity

Sources : Wolf, S. (2017): Integration von Warmepumpen in industrielle
Produktionssysteme. Dissertation, Universitét Stuttgart, Arpagaus, C. et al. 2018: High
temperature heat pumps: Market overview, state of the art, research status, refrigerants
and applications. Energy 152, p. 985-1010 , AIT research

Grant Agreement No 723576 +Energy Efficiency

Non standard applications require customizable heat pumps to reach

maximum efficiency.

Sources : Wolf, S. (2017): Integration von W ini

pumps: Market overview, state of the art, research status, refrigerants and applications. Energy 152, p. 985-101

Universitét Stuttgart; Arpagaus, C. et al. 2018: High temperature heat
0

Grant Agreement No 723576 +Energy Efficiency
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High temperature heat pumps

Ongoing research activities

Grant Agreement No 723576 +Energy Efficiency

HTHP Research & Innovation
Main research groups

Intensive research activities on compression heat pump technology

in various countries

Research institutes

) AIT Austrian Institute of Technology GmbH
Austria . .
Graz University of Technology
DTI Danish Technological Institute
Denmark . . .
DTU Technical University of Denmark
France EDF

CRIEPI Central Research Institute of Electric Power Industry

NTNU Norwegian University of Science and Technology,
AL SINTEF Energy Research

Switzerland NTB University of Applied Sciences of Technology Buchs
University Politecnia de Valencia
The Netherlal TNO (formerly ECN)

Grant Agreement No 723576 +Energy Efficiency

Source: AIT Research
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HTHP Research & Innovation
Main research topics

COMPONENT LEVEL

Novel / adapted compressor technologies

f Novel lubricants working well with new HFO or
natural refrigerants

f Improved material properties of components e.g.
VHDOLQJV KHDW H[FKDQJHUV «

More cost-efficient components

SYSTEM LEVEL

f Various heat pump configurations (cascade systems
ZLWK GLITHUHQW ZRUNLQJ IOXLGYV ZLWK ZLWKR

f Large scale demo & pilot installations

Source: Rotrex A/S

Source: SINTEF

Grant Agreement No 723576 +Energy Efficiency

HTHP Research & Innovation
Demo & pilot installations known

Source: AIT Research

Grant Agreement No 723576 +Energy Efficiency
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CAPEX of IHPs

Grant Agreement No 723576 +Energy Efficiency

Distribution of specific investment costs (SEC)

Grant Agreement No 723576 +Energy Efficiency
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SEC for different working principles

Source: Navigant, Verkenning uitbreiding SDE+ met industriéle opties, 2019; M. Marsidi, Factsheet Industrial High
Temperature Heat Pumps, 2018, https://energy.nl/wp-content/uploads/2019/06/Industrial-high-temperature-heat-pump-
2.pdf, accessed 2 December 2020.

Grant Agreement No 723576 +Energy Efficiency

Operating expenses (OPEX) of IHPs

OPEX = energy costs + general operating costs*

*incl. costs for maintenance, servicing & monitoring HP operation

Grant Agreement No 723576 +Energy Efficiency
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Profitability of IHPs

Simple pay back method

%#H2' KPP KPEHRAOP?PKORP O

2%l #RAN=CAQIANP=0ODBHKS

Discounted pay back method

&2$2 H<357 ey DW—I'JSEN

“¢PRUVAIPIAOYO

Grant Agreement No 723576 +Energy Efficiency

DryFiciency tWaste Heat Recovery
in Industrial Drying Processes

Research & Innovation Action

Duration: 09/2016 +08/2021

WXGIJHW ¥ OLR
EU-FRQWULEXWLRQ Y OLR

Grant Agreement No 723576 +Energy Efficienc: y
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Challenge

1210 25 %

of final energy consumption in
industry is used for drying &
dehydration processes.

Processes are currently primarily fossil -
fired and generate large volumes of low
grade waste heat that is not or only
minimally utilized.

Industrial drylng offers large potential for improved energy
efficiency, reduction of fossil carbon emissions, and increased
competitiveness by introducing advanced energy efficiency technologies.

Grant Agreement No 723576 +Energy Efficiency

Motivation

Grant Agreement No 723576 +Energy Efficiency
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Motivation

Grant Agreement No 723576 +Energy Efficiency

Research Approach

heat pump systems demonstration sites
f closed loop heat pump f Wienerberger (Austria)
f open loop heat pump f Agrana (Austria)

f Scanship (Norway)

Grant Agreement No 723576 +Energy Efficiency

22



1/1

Key Goals

Grant Agreement No 723576 +Energy Efficiency

DryFiciency Consortium

Closed Loop Heat Pumps Open Loop Heat Pump
2 RTOs
3 compressor

manufacturers (2 SME)

1 refrigerant manufacturer
1 lubricant manufacturer

1 plant engineer/
system expert (1 SME )

3 end-users

2 experts on dissemination & exploitation (1 SME)

23
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Technical Objectives

f Develop viable solutions for upgrading idle waste heat streams to
process heat streams at higher temperatures up to 160 ¢

f Key elements of the solution are three advanced high temperature
vapour compression heat pumps

» two closed loop heat pumps for air drying processes
» one open loop heat pump for steam driven drying processes

Grant Agreement No 723576 +Energy Efficiency

Innovations: Closed loop Heat Pumps

Grant Agreement No 723576 +Energy Efficiency
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modified semi -hermetic screw
compressor EDVHG RQ %LW]HU Vupu
proven HS series

for suction gas temp. up to
100° C and discharge temp.
upto160° C

two -shaft rotary displacement
design with high efficiency
profile geometry

swept volume of 300 m3/h at 60
Hz operation frequency
Optimized for parallel operation
with up to 6 compressors

Innovation: Modified Screw Compressor

Grant Agreement No 723576 +Energy Efficiency

f novel piston compressor by

Viking Heat Engines (taken over
by Heaten A/S) and AVL based
on a proven, heavy-duty design
engineered to operate at very
high internal temp. and
pressures (up to 215 ° C).

Innovation: Novel Piston Compressor

One Compressor has a Swept I Piston compressorfrom Viking Heat Engines/Heate||

N

volume of 55 m3/h at 60 Hz.

Grant Agreement No 723576 +Energy Efficiency
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Innovation: Novel Lubricant

f unique synthetic lubricant  for high-
temperature heat applications

f designed for high temp. (up to
160° C) and max. pressure of 18 bar

f chemically stable when operated with
OpteonMZ (HFO-1336mzz-Z) from
Chemours

f was enhanced with additives to prevent
degradation of both, lubricant and
refrigerant

Grant Agreement No 723576 +Energy Efficiency

Innovations: Open loop Heat Pump

Grant Agreement No 723576 +Energy Efficiency
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Innovation: Steam Turbo Compressor

f Novel steam turbo compressor
developed by ROTREX A/S and
SINTEF based on a proven traction
drive concept from the automotive
industry

f Oil-free
f Rotational speed up to 80.000 rpm for
an impeller size of 15 cm

Grant Agreement No 723576 +Energy Efficiency

Innovation: MVR Drier Technology

f Adapted MVR drier designed for
large temperature difference (60K
instead of 20K) with improved
properties

f Larger capacity

f Improved motor

f Improved design for easier
maintenance

f Improved drier paddles for
increased heat transfer

Grant Agreement No 723576 +Energy Efficiency
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Industrial sectors targeted by DryFiciency

Grant Agreement No 723576 +Energy Efficiency

Industrial applications suitable for DryFiciency Heat Pumps

Grant Agreement No 723576 +Energy Efficiency
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Drying applications in DryFiciency

Closed Heat Pump Systems Open Heat Pump System
STARCH DRYING BRICK DRYING SLUDGE DRYING
AGRANA Starke GmbH Wienerberger AG Scanship A/S / Lindum A/S
Pischelsdorf Uttendorf Drammen
(Austria) (Austria) (Norway)

Grant Agreement No 723576 +Energy Efficiency

Starch Drying @Agrana Starke GmbH
FACTS

f Compression heat pump
with Bitzer screw

compressors

f Heat source: Waste heat
(water) at 70° C

f Heat supply: hot air at 110
to 160° C

IMPACTS (Plan)

f Savings on CO2
emissions:
approx. 500t/a

f Savings on end energy:
2.200 MWh/a

Grant Agreement No 723576 +Energy Efficiency
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Brick Drying @Wienerberger AG

FACTS

f Compression heat pump
with piston compressors
from Viking Heat Engines
A/S resp. Heaten A/S

Heat source: Waste heat
(water) at 70° C

Heat supply: hot air at
110 to 160° C

IMPACTS (Plan)

f Savings on CO2
emissions: approx.
2.900t/a

f Savings on end energy:
10.500 MWh/a

Grant Agreement No 723576 +Energy Efficiency

Sludge Drying @Scanship A/S

MVR system with turbo

compressors from Rotrex A/S
Heat supply: superheated
steamupto155° C

IMPACTS (Plan)

Savings on CO2
emissions: approx. 450t/a
Savings on end energy:
1500 MWh/a

Grant Agreement No 723576 +Energy Efficiency

30



Project contacts

Coordination: Contact:
Dr. Veronika Wilk Email us:
Feronkawik@art-ac.aj pryficiency@ait.ac.aj
Training: Visit yww.dryficiency.eq

and sign up to our Newsletter
Dr. Michael Lauermann to stay updated.

[MichaelTauermann@ait.ac.aj

Follow us on LinkedIn and

Center for Energy Twitter :
Sustainable Thermal Energy Systems

AIT Austrian Institute of Technology GmbH
Giefinggasse 2, 1210 Vienna, Austria

T +43 50550 - 6494

M +43 664 88390018

pttp:7www.alt.ac.aj

Grant Agreement No 723576 +Energy Efficiency

Back-up slides

Grant Agreement No 723576 +Energy Efficiency
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Waste heat potential: Non-ferrous metal (2015)

Source: Papapetrou (2018), Industrial waste heat: Estimation of the
techncially available resource in the EU per industrial sector, temperature
level and country Grant Agreement No 723576 +Energy Efficiency

Waste heat potential: Chemical industry (2015)

Source: Papapetrou (2018), Industrial waste heat: Estimation of the
techncially available resource in the EU per industrial sector, temperature
level and country Grant Agreement No 723576 +Energy Efficiency
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Waste heat potential: Pulp & Paper industry (2015)

Source: Papapetrou (2018), Industrial waste heat: Estimation of the
techncially available resource in the EU per industrial sector, temperature
level and country Grant Agreement No 723576 +Energy Efficiency

Waste heat potential: Food industry (2015)

Source: Papapetrou (2018), Industrial waste heat: Estimation of the
techncially available resource in the EU per industrial sector, temperature
level and country Grant Agreement No 723576 +Energy Efficiency
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Modul 1
Hochtemperatur- AIT
warmepumpen flr Dr. Michael

industrielle Anwendungen Lauermann

Grant Agreement No 723576 - Energy Efficiency
Innovation Action H2020-EE-2016-2017

[WWary-r.eq

Agenda

Energie- und Umweltziele fiir die Industrie

Markt fiir Hochtemperatur-Warmepumpen

Hemmnisse und Chancen

Anwendungen und ihr Potenzial

Stand der Technik bei Hochtemperatur-Warmepumpen

Laufende Forschungsaktivitaten mit Schwerpunkt auf dem DryFiciency-
Projekt

~ —h R —h —h —n

Grant Agreement No 723576 +Energy Efficiency
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Einleitung AIT

Grant Agreement No 723576 +Energy Efficiency

BMK $XVWULDuV OD
1 400 8 Centers RT%

employees
Applied Research
System
Infrastructure Systems Competence
Federation of
- Austrian Industries
SUbSIdlary (through VFFI)

Next Generation
Enterprises

Solutions
LKR, NES, SL, Profactor 51% 1 6 7

M EUR total revenue

Tomorrow Today

Grant Agreement No 723576 +Energy Efficiency

as of YE 2018
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AIT Austrian Institute of Technology

OWNERSHIP
STRUCTURE

49.54 %

FEDERATION OF
AUSTRIAN INDUSTRIES
(through VFFI)

167 m Eur

TOTAL REVENUES 90,4 mEUR
as of YE 2019 49,8 m EUR
22,8 m EUR

4,0 m EUR

50.46 %

REPUBLIC OF AUSTRIA
Federal Ministry for Climate Action, Environment,
Energy, Mobility, Innovation and Technology

1.400

EMPLOYEES

Contract research revenues (incl. grants)
BMK funding

Other operating income,

incl. Nuclear Engineering Seibersdorf
Profactor (51% of 7,9 m EUR)

Grant Agreement No 723576 +Energy Efficiency

AIT Austrian Institute of Technology GmbH

AIT Austrian Institute of Technology

Nuclear

Seibersdorf @ Engineering
Labor GmbH [ Seibersdorf
GmbH

Energy

Mobility Systems

Health & Digital Safety & JVision, Automation
Bioresourcen Security

& Control

Low -Emission Technology Innovation Systems
Transport Experience & Policy

Grant Agreement No 723576 +Energy Efficien@l




Focus of the centers

Health & Digital Safety & Vision, Automation &
Energy " .
Bioresourcen Security Control

+ Electric Energy Systems + Biomedical Systems F Security & Communication F Assistive & Autonomous
+ Integrated Energy Systems + Bioresourcen Technologies Systems
+ Photovoltaic Systems # Digital Health Information F Sensing & Vision Solutions F Complex Dynamical
+ Digital Resilient Cities Systems + Data Science & Atrtificial Systems
+ Sustainable Thermal + Molecular Diagnostics Intelligence F High-Performance Vision

Energy Systems $ Cooperative Digital Systems

Technologies

Mobility Low -Emission Technology Innovation Systems &
Systems Transport Experience Policy
+ Dynamic Transportation $ Electric Drive $ Experience Contexts and + Digital Innovation
Systems Technologies Tools 1 Foresight & Institutional
1 Transportation F Light Metals Technologies F Experience Business Change
Infrastructure Ranshofen Transformations $ Policies for Change

Technologies

Grant Agreement No 723576 +Energy Efficiency

Klima und Energie
Trends & Ziele

Grant Agreement No 723576 +Energy Efficiency

1/1



1/1

Klima & Energy
Fakten

"Business as usual wird bis zum Jahr 2100 zu einer

globalen Erwarmung von etwa 4 ° C fuhren" (UN IPCC)

Sektorale THG -Emissionen in den EU -28 nach IPCC -Sektor (2018)

Auf die Industrie in der EU-27
entfallen:
f 25 % auf den

Endenergieverbrauch.
f 15% der THG-Emissionen

stammen aus dem Verbrauch

fossiler Brennstoffe fur die

Energieerzeugung.

Quellen : IPCC (2020) Annual European Union greenhouse gas inventory 1990 +2018 and inventory report 2020,
EEA DS eea etropa e DAt oS e o e AN -UNION- (T e NOUSe-UaS-TNVENTorY-20 U= aD-TASTha Al ment No 723576 +Energy Efficiency

Klima & Energie
Entwicklung der Treibhausgasemissionen der EU nach Sektoren (1990-2018)

Quelle: EEA, Trends and drivers of EU Grant Agreement No 723576 +Energy Efficiency
greenhouse gas emissions, EEA Report, No. 03/2020
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Klima & Energie
Energiebedingte THG-Emissionen nach Sektoren (1990-2017)

Quelle: EEA, Trends and drivers of EU greenhouse gas emissions, EEA Report, No. 03/2020

Grant Agreement No 723576 +Energy Efficiency

Klima & Energie
Entwicklung des Endenergieverbrauchs der EU-27 nach Brennstoffen (2000-2018)

Quelle: Eurostat, Statistics Explained, IR

Grant Agreement No 723576 +Energy Efficiency




Klima & Energie
Entwicklung des Endenergieverbrauchs der EU nach Industriesektoren (2000-2016)

Seit 2007
verzeichneten 10 von
13 Industriesektoren
einen Ruckgang des
Endenergieverbrauchs

Quelle: Eurostat Energy Balance May 2018,
http://ec.europa.eu/eurostat/documents/38154/4956218/ENERGY-BALANCES-May-2018-edition.zip/310265d9-6adf-45aa-ba41-2dce8e5f78eb

Grant Agreement No 723576 +Energy Efficiency

Klima & Energie
Ziele

f Senkung der THG-Emissionen (im Verhéltnis zu 1990) um 40%

f Mindestens 32% Anteil am Verbrauch erneuerbarer Energien
(Aufwartsrevisionsklausel fur 2023)

f Verbesserung der Energieeffizienz auf EU-Ebene um mindestens 32,5 %

f Unterstiitzung der Vollendung des Energiebinnenmarkts durch Erreichen
des bestehenden Stromverbundziels von 10 % bis 2020 (Bis 2030 sollen es
15 % sein)

Grant Agreement No 723576 +Energy Efficiency

Quelle: IPCC (2018) http://www.ipcc.ch/report/sr15/
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Klima und Energie
THG-Emissionsziele, Trends & Prognosen

Quelle: EEA, Total greenhouse gas emission trends and projections in Europe,
https://www.eea.europa.eu/data-and-maps/indicators/greenhouse-gas-emission-trends-7/assessment

Grant Agreement No 723576 +Energy Efficiency

Klima und Energie
Potenzieller Beitrag industrieller Warmepumpen zu den EU-Zielen

Potenzieller
Beitrag des
DryFiciency -
Projekts

Annahmen: 50% aller Trocknungsprozesse in der EU sind mit DryF WP ausgestattet (durchschnittlicher
COP: 3; Warmequelle: 70, Warmesenke: 140, Ersatz von Erdgasbrennern mit thermischer Eff. von 95%
Quelle: DryFiciency

Grant Agreement No 723576 +Energy Efficiency
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Markt fir Hochtemperatur-Warmepumpen

Grant Agreement No 723576 +Energy Efficiency

Marktpotenzial

Grant Agreement No 723576 +Energy Efficiency
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Wirtschaftlichkeit von HT-WP

Vorteilhafte Bedingungen fur IWP sind:
f Hohes Verhaltnis von Gas- zu Strompreis
¥ Hohe CO2-Preise (abhangig von der Kohlenstoffintensitat des Stroms)

Randbedingungen fir die Berechnung des wirtschaftlichen Marktpotenzials

In 2020
Baseline *

In 2025
Buture *

6
CAPEX Referenztechnologie (Gaskessel )

CAPEX Integration von
Referenztechnologie

CAPEX Warmepumpe

CAPEX Integration Warmepumpe
CO,-Preis

Veranderungen der Energiepreise
(Basis: Eurostat, 2019S1)

Max. payback time a (Jahre) 5 5
Volllaststunden h/a 5256 5256

Srant No-723576—+Emergy Efficrenc

1 and cost reductions of the WP-technology (economies of scale).

25

Marktpotenzial fir Hochtemperatur-Warmepumpen in Europa
Umsatz in Einheiten (konservative Schatzungen auf Basis der verw. Abwarmeanteil)

Obere Grenze
8481 Stlick
Untere Grenze
130 Stiick

Quelle: AIT own calculations based on research work of G. Kosmadakis

Grant Agreement No 723576 +Energy Efficiency
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Marktpotenzial fir Hochtemperatur-Warmepumpen in Europa
Umsatz in EUR (konservative Schatzungen)

Obere Grenze
OLR

Untere Grenze
OLR Y

Quelle: AIT own calculations based on research work of G. Kosmadakis

Grant Agreement No 723576 +Energy Efficiency

Marktpotenzial fir Hochtemperatur-Warmepumpen in Europa
Industriesektoren

Quelle: AIT own calculations based on research work of G. Kosmadakis

Grant Agreement No 723576 +Energy Efficiency
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Marktpotenzial fir Hochtemperatur-Warmepumpen in Europa
Top 10 EU-27 Lander

Quelle: AIT own calculations based on research work of G. Kosmadakis

Grant Agreement No 723576 +Energy Efficiency

Industrie-Warmepumpen
Marktbarrieren

f Geringes Bewusstsein flr technische
Mdglichkeiten und wirtschaftlich
umsetzbare Anwendungen bei
Anwendern, Beratern, Investoren,
Anlagenplanern, Produzenten und
Installateuren.

f Mangelndes Prozesswissen und
Technologieintegration =>
kostenintensives mafigeschneidertes
Design.

f Fehlende Daten zum
Warmeverbrauch in Unternehmen =
> teure und zeitaufwandige Messungen
erforderlich.

Quellen: Laue et al., (2014), IEA Annex 35: Application of Industrie-

Warmepumpen. Final Report, Part 2, p. 2, Arpagaus, C. et al. 2018:

Hochtemperatur-Warmepumpen: Market overview, state of the art, research

status, refrigerants and applications. Energy 152, p. 985-1010 Grant Agreement No 723576 +Energy Efficiency

1/1
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Industrie-Warmepumpen
Marktbarrieren

f Lange Amortisationszeiten von > 3 Jahren.

f Konkurrierende Heiztechnologien , die hohe
Temperaturen mit fossilen Brennstoffen zu
niedrigen Energiepreisen erzeugen (Strom-Gas-
Preis-Verhaltnis).

f Das Fehlen von Pilot - und
Demonstrationsanlagen von HT-WP fuhrt zu
mangelndem Vertrauen in Machbarkeit und
Leistung; Prozesssicherheit ist wichtiger als
Energieeinsparung.

f Mangel an Schulungen und Veranstaltungen
zur Wissensvermittlung tber HT-WP

Quellen: Laue et al., (2014), IEA Annex 35: Application of Industrie-
Warmepumpen. Final Report, Part 2, p. 2, Arpagaus, C. et al. 2018:
Hochtemperatur-Warmepumpen: Market overview, state of the art, research
status, refrigerants and applications. Energy 152, p. 985-1010, T. Nowak,
(2018), Feedback from Meeting with Industry Associations

Industrie-Warmepumpen

SWOT Analyse
f Reifende Technologie & Erweiterung f Relativ hoher CAPEX o
fl  der Palette der verfiigbaren Produkte | fRelativ komplexe Prozessintegration =8
j{s f Dokumentierte Referenzen verfugbar &
il f GroRer Energieeffizienzgewinn und 3
Reduzierung der -
Treibhausgasemissionen
f GroRRes technisches Potenzial \ =
f Durchsetzung der Klimaschutzpolitik Hohe Strompreise und niedrige Preise fie}
qC) fStelgenEie ETS-KohIeInstoffprelse fossile Brennstoffe :ar
% f gﬂﬁifﬁféﬁgge Regelungen und f Kurze Amortisationszeiten erwartet 2
6 f Dekarbonisierung des Strommixes fManggIndes Wissen bei Planern und ®
Energiemanagern =
Quellen: :ROI 6 3UIVHQWDWLRQ AODUNHW IRU +LJK 7THPSHUDWXU +HDW 3XPS $SSOLFDW

Grant Agreement No 723576 +Energy Efficiency

Grant Agreement No 723576 +Energy Efficiency
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Hochtemperatur-Warmepumpen (HT-WP)

State-of-the Art

Grant Agreement No 723576 +Energy Efficiency

Hochtemperatur-Warmepumpen
Definition & Klassifizierung

Keine einheitliche Definition. GemaR IEA HPT Annex 56 sind

Hochtemperatur -Warmepumpen in der Lage, Warme von 100 ° C und
mehr zu liefern.

35

14



Industrie-Warmepumpen
Handelsibliche Systeme

f Kompressionswarmepumpen sind Serew Piston - Turbo

der haufigste Typ.

f 19 WP Hersteller, die kommerziell
HT-WP anbieten

f Versorgung bis max. 165° C
(Kobelco = Kaskadensystem, nur in
Japan verfugbar);

f Heizleistung bis 120° C SoA in
Europa

f Heizleistung bis 20 MWth

f Kaltemittel mit niedrigem GWP
teilweise im Einsatz. Heating capacity

f 1- und 2-stufige Closed-Loop- e e oS o 2
Zyklen sind die gebrauchlichsten T, and applcatone, Enetty 150, 9551010 AT ressen
Warmepumpenkonstruktionen.

°

Max. heat supply temperature in

Grant Agreement No 723576 +Energy Efficiency

Industrie-Warmepumpen
Efficienz

f Die Carnot-Wirkungsgrade
der verfugbaren IWP liegen
zwischen 35% und 60%.

f Der Carnot-Wirkungsgrad
steigt mit der Heizleistung
und erreicht Spitzen bei der
vorgesehenen
Temperaturerhéhung.

Anwendungen, die keine Standardanwendung darstellen, erfordern

adaptive Warmepumpen, um maximale Effizienz zu erreichen.

Quellen: Wolf, S. (2017): Integration von W in Di on, Universitét Stuttgart; Arpagaus, C. et al. 2018: Hochtemperatur-
Warmepumpen: Market overview, state of the art, research status, refrigerants and applications. Energy 152, p. 985-1010

Grant Agreement No 723576 +Energy Efficiency
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Hochtemperatur-Warmepumpen

Laufende Forschungsaktivitaten

Grant Agreement No 723576 +Energy Efficiency

HT-WP Forschung & Innovation

Forschungsschwerpunkte

Intensive Forschungsaktivitaten zur
Kompressionswarmepumpentechnologie in verschiedenen Landern

Forschungsinstitute
Land
) AIT Austrian Institute of Technology GmbH
Austria . . .
Technische Universitat Graz
” DTI Danish Technological Institute
mar
a DTU Technical University of Denmark

CRIEPI Central Research Institute of Electric Power Industry

NTNU Norwegian University of Science and Technology,
Norwegen
SINTEF Energy Research
NTB Technische Hochschule Buchs
Schweiz

University Politecnia de Valencia
Niederlande TNO (formerly ECN)

Quelle: AIT Research

1/1
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HT-WP Forschung & Innovation
Forschungsschwerpunkte

KOMPONENTENEBENE

f Neuartige / angepasste Kompressortechnologien

f Neuartige Schmierstoffe, die gut mit neuen HFO-
oder naturlichen Kéltemitteln arbeiten

f Verbesserte Materialeigenschaften von Bauteilen
wie z.B. Dichtungen, Warmetauscher,..

f Kostengiinstigere Komponenten

SYSTEMEBENE

f Verschiedene Warmepumpenkonfigurationen
(Kaskadensysteme mit unterschiedlichen
Arbeitsflissigkeiten, mit/ohne Ladeluftkihler, ...)

f GroRRe Demo- und Pilotinstallationen

Quelle: Rotrex A/S

Quelle: SINTEF

Grant Agreement No 723576 +Energy Efficiency

HT-WP Forschung & Innovation
Bekannte bDemo- & Pilotinstallationen

Quelle: AIT Research

Grant Agreement No 723576 +Energy Efficiency
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CAPEX von IWP

Grant Agreement No 723576 +Energy Efficiency

Verteilung der spezifischen Investitionskosten (SEC)

Grant Agreement No 723576 +Energy Efficiency
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SEC verschiedener Arbeitsmitttel

Quelle: Navigant, Verkenning uitbreiding SDE+ met industriéle opties, 2019; M. Marsidi, Factsheet Industrial
Hochtemperatur-Warmepumpen, 2018, https://energy.nl/wp-content/uploads/2019/06/Industrial-high-temperature-heat-
pump-2.pdf, accessed 2 December 2020.

Grant Agreement No 723576 +Energy Efficiency

Operating expenses (OPEX) of IWP

OPEX = Energiekosten + allgemeine
Betriebskosten *

*inkl. Kosten fir Wartung, Instandhaltung & Uberwachung WP -Betrieb

Grant Agreement No 723576 +Energy Efficiency
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Rentabilitat von IWP

Einfache Amortisationsrechnung

%#2'>VAO=IPEIJRAOPEPEKJOGKOP

2%2L &QN?DO?DJHEHP PNHEINEMMR=ODBHKS

Berechnung der abgezinsten Amortisationszeit

&2%$2 H(lsq e W5 E N

"»i0YxOl®OBRUDPYPUIYUOP

Grant Agreement No 723576 +Energy Efficiency

DryFiciency +Abwarmertckgewinnung in
industriellen Trocknungsprozessen

Research & Innovation Action
Projektlaufzeit: 09/2016 +08/2021
WXGIJHW ¥ OLR
EU-Beitrag Y4 OLR

Grant Agreement No 723576 +Energy Efficiency
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Herausforderung

12 bis 25 %

des industriellen Endenergieverbrauchs
wird fiir Trocknungsprozesse
verwendet.

Diese erden aktuell iiberwiegend fossil
befeuert und erzeugen gro3e Mengen an
minderwertiger Abwarme , die nicht oder
nur minimal genutzt wird.

Industrielle Trocknung bietet ein groRes Potenzial fir eine
verbesserte Energieeffizienz, die Reduktion von CO2-Emissionen und

eine erhdhte Wetthewerbsfahigkeit durch die Einflihrung fortschrittlicher
Energieeffizienztechnologien.

Grant Agreement No 723576 +Energy Efficiency

Motivation

Grant Agreement No 723576 +Energy Efficiency
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Motivation

Grant Agreement No 723576 +Energy Efficiency

Forschungsansatz
Waéarmepumpensysteme Demonstrationsstandorte
f Warmepumpe mit geschlossenem f Wienerberger (Austria)
Kaltekreis f Agrana (Austria)
f Open-Loop-Warmepumpe f Scanship (Norwegen)

Grant Agreement No 723576 +Energy Efficiency
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Wichtigste Ziele

Grant Agreement No 723576 +Energy Efficiency

DryFiciency Konsortium

Warmepumpen mit Warmepumpen mit offenem
geschlossenem Kaltekreis Kaltekreis

2 RTOs
3 Hersteller von Kompressoren
(2 KMU)

1 Kaltemittelhersteller
1 Schmierstoffhersteller

1 Anlagenbauer/
Systemexperte (1 KMU)

3 Technologieanwender

2 experts on dissemination & exploitation (1 SME)

23



1/1

Technische Ziele

f Entwicklung praktikabler Losungen zur Aufwertung von Abwarmestrémen zur
Verarbeitung von Warmestromen bei h6heren Temperaturen bis zu 160° C

f Schlusselelemente der Losungen sind drei fortschrittliche Hochtemperatur-
Dampfkompressionswarmepumpen

f zwei geschlossene Warmepumpen fir Lufttrocknungsprozesse
f eine Open-Loop-Warmepumpe fur dampfbetriebene Trocknungsprozesse

Grant Agreement No 723576 +Energy Efficiency

Innovationen: Warmepumpen mit geschlossenem Kaltekreis

Grant Agreement No 723576 +Energy Efficiency
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Innovation: Modifizierter Schraubenkompressor

f

modifizierter halbhermetischer
Schraubenkompressor auf Basis
der bewéahrten HS-Serie von Bitzer
fir Sauggastemperaturen bis

100° C und Heil3gastempera-turen
bis 160° C
Zweiwellen-Rotationsverdichter-
bauweise mit hocheffizienter
Geometrie

300 m3/h- Fordervolumen bei 60 Hz
Betriebsfrequenz

Optimiert fur parallelen Betrieb mit
bis zu 6 Kompressoren

Grant Agreement No 723576 +Energy Efficiency

Innovation: Neuartiger Kolbenkompressor

f

neuartiger Kolbenkompressor von
Viking Heat Engines (ibernommen
von Heaten A/S) und AVL auf Basis
eines bewahrten, robusten Designs

entwickelt fir den Betrieb bei sehr
hohen Innentemperaturen und
Driicken (bis zu 215 ° C).

Ein Kompressor hat ein

Verdrangungsvolumen von 55 m3/h
bei 60 Hz.

I Piston compressorfom Viking Heat Engines/Heatell

N

Grant Agreement No 723576 +Energy Efficiency
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Innovation: Neuartiger Schmierstoff

f einzigartiger synthetischer
Schmierstoff fur Hochtemperatur-
Warmeanwendungen

f ausgelegt fur hohe Temperaturen (bis
160° C) und max. Druck von 18 bar

f chemisch stabil bei Betrieb mit
OpteonMZ (HFO-1336mzz-Z) von
Chemours

f wurde mit Additiven angereichert, um
den Abbau von Schmier- und
Kaltemittel zu verhindern

Grant Agreement No 723576 +Energy Efficiency

Innovation: Warmepumpe mit offenem Kaltekreis

Grant Agreement No 723576 +Energy Efficiency
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Innovation: Dampf-Turbo-Kompressor

f Neuartiger Dampfturbokompressor
entwickelt von ROTREX A/S und
SINTEF auf Basis eines bewéhrten
Traktionsantriebskonzepts aus der
Automobilindustrie

f Olfrei

f Drehzahl bis 80.000 U/min bei einer
LaufradgrofRe von 15 cm

Grant Agreement No 723576 +Energy Efficiency

Innovation: MVR Trockner Technologie

f Angepasster MVR-Trockner fur
grofRe Temperaturunterschiede
(60K statt 20K) mit verbesserten
Eigenschaften

f GrolRere Kapazitat

f Verbesserter Motor

f Verbessertes Design fir
einfachere Wartung

f Verbesserte Trocknerpaddel fur
erhdhte Warmeubertragung

Grant Agreement No 723576 +Energy Efficiency
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Industriesektoren, auf die DryFiciency abzielt

Grant Agreement No 723576 +Energy Efficiency

Anwendungsfalle fur DryFiciency Warmepumpen

Grant Agreement No 723576 +Energy Efficiency
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Trocknungsanwendungen in DryFiciency

Warmepumpensysteme mit Warmepumpensysteme
geschlossenem Kaltekreis mit offenem Kaltekreis

STARKETROCKNUNG ZIEGELTROCKNUNG SCHLAMMTROCKNUNG

AGRANA Starke GmbH Wienerberger AG Scanship A/S / Lindum A/S
Pischelsdorf Uttendorf Drammen
(Austria) (Austria) (Norway)

Grant Agreement No 723576 +Energy Efficiency

Starketrocknung @Agrana Starke GmbH
FACTS

Kompressionswarmepumpe
mit Bitze-
Schraubenkompressoren

Warmequelle : Abwarme
(Wasser) bei 70° C
Warmeversorgung : HeiBluft
bei 110 bis 160° C

IMPACTS (Plan)

f Einsparung von CO2 -
Emissionen: ca. 500t/a

f Einsparung von Endenergie
2.200 MWh/a

f

Grant Agreement No 723576 +Energy Efficiency
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Ziegeltrocknung @Wienerberger AG
FACTS

f Kompressionswarmepumpe
mit Kolbenkompressoren von
Viking Heat Engines A/S bzw.
Heaten A/S

f Warmequelle : Abwarme
(Wasser) bei 70° C

f Warmeversorgung : Hei3luft
bei 110 bis 160° C

IMPACTS (Plan)

f Einsparung von CO2 -
Emissionen: ca. 2.900t/a
Endenergieeinsparung
10.500 MWh/a

Grant Agreement No 723576 +Energy Efficiency

Schlammtrocknung @Scanship A/S

FACTS

f MVR-System mit
Turbokompressoren von
Rotrex A/S

f Warmeversorgung :
HeiRdampf bis 155 ° C

IMPACTS (Plan)

f Einsparung von CO2-
Emissionen: ca. 450t/a

f Endenergieeinsparung:
1500 MWh/a

Grant Agreement No 723576 +Energy Efficiency
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Projekt-Kontakte

Koordination : Kontakt:

Dr. Veronika Wilk Schreiben Sie uns:
veronika.wilk@ait.ac.at Aryficiency@ait.ac.at_]

Training : Besuchen Sie www.dryficIENCY.€U_]
Dr. Michael Lauermann und melden Sie sich fiir unseren
michael.lauermann@ait.ac.at Newsletter an, um auf dem

Laufenden zu bleiben.
Center for Energy
Sustainable Thermal Energy Systems
AIT Austrian Institute of Technology GmbH Folgen Sie uns auf LinkedIn
Giefinggasse 2, 1210 Vienna, Austria und Twitter :
T +43 50550 - 6494
M +43 664 88390018
pEp:wWww.ait.ac.aj

Grant Agreement No 723576 +Energy Efficiency

Back-up Folien

Grant Agreement No 723576 +Energy Efficiency

31



Abwarmepotenzial: NE-Metalle (2015)

Quelle: Papapetrou (2018), Industrial waste heat: Estimation of the techncially
available resource: in the EU per industrial sector, temperature level and
country Grant Agreement No 723576 +Energy Efficiency

Abwarmepotenzial: Chemische Industrie (2015)

Quelle: Papapetrou (2018), Industrial waste heat: Estimation of the techncially
available resource: in the EU per industrial sector, temperature level and
country Grant Agreement No 723576 +Energy Efficiency
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Abwarmepotenzial: Zellstoff- & Papierindustrie (2015)

Quelle: Papapetrou (2018), Industrial waste heat: Estimation of the techncially
available resource: in the EU per industrial sector, temperature level and
country Grant Agreement No 723576 +Energy Efficiency

Abwarmepotenzial: Lebensmittelindustrie (2015)

Quelle: Papapetrou (2018), Industrial waste heat: Estimation of the techncially
available resource: in the EU per industrial sector, temperature level and
country Grant Agreement No 723576 +Energy Efficiency
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5.3 Presentations from online seminars and final conference

Industrial heat pumps for a greener European industry: Februdfy 2821

t 8 Z 3 e}ou3llve (JE PE}% [+ PE",202E }A ECW D & Z ib
High temperature heat pumps in energy intensindustries: core components: Aprif'72021

High temperature heat pumps in energy intensive industries: demonstration plants: Afr2@41

Final conference: Jund'62021

D6.9



Online seminars for industrial end  -users, policy makers, energy managers &
consultants

D69






BACKGROUND ON INDUSTRIAL HEAT
ENERGY USE IN THE NETHERLANDS

Heat
Pumps

DEVELOPMENT PORTFOLIO TNO

Process temp > 200°C

Supply

Process temp < 200°C

Reuse



COMPRESSION HEAT PUMP DEVELOPMENT @ TNO

LowCapEx FUSE
Synthetic medium Butane/pentane
Screw compressor Centrifugal compressor
\ 120°C 150°C
~_ 2 MW 2mw
Ve Y
1 CRUISE
E Cost reduction - Standardization, synthetic medium
- J/
(" CATCH-IT N STEPS ENCORE P
R SPOT
Butane Pentane New media -
. . . Steam Compression
Piston compressor Piston compressor Multiple Compressor 180°C
120°C 150°C 180°C 100 kW
N\ 200 kW 200 kW 100 kW

Temperature (°C)

COMPRESSION HEAT PUMPS
LOW CAPEX PROJECT

TECHNICAL

) Steam production @120°C at 2MW scale

) Synthetic working fluid - HFO

) Two compressors
) Parallel construction of the high pressure side
) Shared evaporator

) Potential for further lowering capex

) Step towards industrial demonstrations

FOLLOW-UP

) Demonstration in Paper mille (Smurfit Kappa)

—
J



COMPRESSION HEAT PUMPS
FUSE PROJECT

TECHNICAL

) Steam production @150°C at 2MW scale
) Natural working fluid - Pentane
) Using waste heat 60°C-90°C
) Aim for investment cost < 200 €/kWth (excluding integration)

CHALLENGE

) Finding a suitable compressor

FOLLOW-UP

) Demonstration at DOW chemical

CARNOT LAB
TECHNOLOGY DEVELOPMENT

) New lab facilities in the Netherlands; Petten

) Contains general infrastructure for testing small scale to
large scale heating equipment; 1 kW to 2 MW

HP testing 200 kW, 10 bar steam
Full scale HP 2 MW, 10 bar steam)

Use of flammable working media

1 MW Electrical connection
Humid air (100°C)
Hot air loop (1000°C)

General heating and cooling



WHAT IS NEEDED FOR FURTHER INNOVATION?
WHITE PAPER

Webinar
29th of October
At 15:00

https://www.tno.nl
/120

-3

------

industry/

http://publications.tno.nl/publication/34636827/LyEUaZ/TNO-2020-heatpump.pdf




Using heat pumps to re-purpose
industrial process waste energy
Case study

Erik Van Oossanen, Applied Portfolio Leader - Trane Europe

30 September 2020

Heating solutions in Europe, sourcing from nature

Ambient
temperature
-25°C
v" Water sourced:
Sourcing from Geothermal / lake water
high heating temperatures
Up to 85°C
- 0,
1e°c v Cascade:

Sourcing from ambient air
high heating temperatures
Up to 85°C

v Air sourced:

Sourcing from ambient air

Medium heating temperatures
5°C Up to 55°C

©2020 Trane. All Rights Reserved. 2



HEAT Recovery, sourcing from waste

/ 80kW Cooling and 100kW heating'

100kW

I:> Disconnected

heating and
cooling

l 80kW

20kwW

%, Conventional approach /'

« = 100480 _
TER" = Jo0e00 = 15

A Real Life example

e s,
- N,
/ \,

{80KW Cooling and 100kW heating‘

“0” KW

80kW

100kW o
Efficient
cooling

I:> disconnected

100kW from heating

\.  “Free Cooling” approach

«_ 100480 _
TER* = 190450 = 1.8

*TER: Total Efficiency Ratio

e .,
’ N
\

'SOkW Cooling and 100kW heating‘

100kW

Connected
Cooling

and
Heating

20kW

80kwW

“\ Heat Recovery approach

100480 -
20 9

TER* =

600% efficiency gain by connecting heating and cooling!

Water-to-water Heat Pumps with Heat Recovery - Industrial application

Animal health products factory — France

« Aglobal company focusing on R&D and manufacturing

of animal health products

* Annual turnover of almost 1 billion dollars

« Several production sites spread across 10 countries

« Committed to optimizing the resources they use with
continuous monitoring of energy consumption, water
and materials used in their manufacturing processes.

©2020 Trane. All Rights Reserved.

3



The Challenge and current status

Combining heating and
cooling processes by

* One of their keys objectives is to reduce energy re-purposing waste
(smaller carbon footprint) and gas heat from cooling plant
consumption (lower emissions)

« Traditionally, replacing old equipment with a more
efficient equivalent unit was considered as the

best option.
« The company partnered with Trane to identify Replacing a chiler
innovative solutions, starting with a production efficient chiller

site located in the south of France

« Proposed solution: connecting the cooling and Legacy chillers
heating processes to recover the heat from the
chiller plant and reuse it for heating in their
production process.

© 2020 Trane. All Rights Reserved. 5

Solution - Original design

Disconnection

© 2020 Trane. All Rights Reserved. 6

System efficiency gain



Demand profiles

Cooling requirements:
» Water Temperatures: 6/11°C
* Loads:
« Manufacturing process
« Storage (Finished good + raw material)
< Air conditioning for labs and office

Heating requirements:
» Water Temperature : 80/60°C
» Loads:

« Manufacturing process
« Space heating

Solution - new design
Connection

©2020 Trane. All Rights Reserved.

Existing heating plant
kept as a back-up

©2020 Trane. All Rights Reserved.



Results — Estimated savings

Utility Plant Average
Energy Efficiency Ratio
increased from 1.18 to 2.15

Annual Gas Consumption
decreased by ~ 80%

©2020 Trane. All rights reserved.

Avoidance of
225 Tons of CO, per year

* Electricity: 0,053 kgCO2/kWh
Gas: 0,2 kgCO2/KWh

© 2020 Trane. All Rights Reserved. 9



“Some” Heat Pump Applications
in Food and Beverage

Decarbonize heating processes and reduce operating
costs with heat pump technology

AUTHOR: ROBERT UNSWORTH

EHPA WEBINAR, SEPT. 2020

r engineering for
'&;’\ a better world
[ -y J

Heat pumps — understanding our thermal needs!

Product Intake Defeathering Chilling
Poultry
Product Intake Pasteurisation Chilling
Dairy

Bever:
EET

Product Intake Blanching Freezing

Vegetables

G=A



. . . e 7r‘ Enaghlenecrir”v%cirm
Basic refrigeration chilling system (g:._l’\ better world

2600 kW
Compressor 524 kW

4.97 a 6°C

+32°C
2600+524 kW
FG Gas
If we replace
the evaporative condenser with a
plate heat exchanger, and use the
warm water, what does this
system become?
Condenser
-
Expansion valve Chiller

i 2\ i
Enthalpy Diagram GET’\ g

Lots of Heat, now at the right temperature for a little more power...

Heat/Energy Out

Heat/Energy in ~ Powerin




Heating / cooling in traditional poultry plant G=A ek
— 2 million birds per week

Heating COSt (7 day/week)

1,518 KW x 20 hr x 365 d/year
= 11 million kWh/year energy (fuel) used

Refrigeration Cost ¢ ayuee

(495 + 24 + 82 kW) x 18 hr x 339 d/year
= 3.95 million kWh energy (electricity) used

Total

MFO 314 kg/MWh

NG 227 kg/MWh Energy = 14.95 million kWh/year
EL 300 kg/MWh CO, Emissions = 4,160 tonnes/year
Heating / cooling using Heat Pump C%\emzmggg

— 2 million birds per week

Heating Cost ¢ e

(1,350 kW/11.25) x 20 hr x 365 d/year
= 0.8 million kWh/year electricity used

Refrigeration Cost ¢ ayue

(495 + 24 + 29 kW) x 20 hr x 365 d/year
= 4.0 million kWh electricity used

Total

Energy = 4.8 million kWh/year
CO, Emissions = 1,440 tonnes/year

Annual Savings:

10.15 million kWh energy

MFO 314 kg/MWh
NG 227 kg/MWh
EL 300 kg/MWh

2,720 tonnes CO.



' ' M2\ e
Realized Moy Park poultry factory savings (g“_l’\ better world

"

i ing i iti i 2\ “rhees
Heating/Cooling in traditional dairy plant GET’\

9.5 million Itr/wk Fresh Milk

Heating Cost

72,000 kWh/wk Natural Gas (7 day/week) x 52
= 3.74 million kWh/year energy (fuel) used

Refrigeration Cost
14,280 kWh/wk (7 day/week) x 52
= 0.74 million kWh energy (electricity) used

Water used

407 m3/wk (7 day/wk) x 52
= 21k m3/year

Total

Energy = 4.48 million kWh/year
CO, Emissions = 970 tonnes/year




' ing i ' ' T2\ ores
Heating/Cooling in dairy plant with Heat Pump @.._7’\

9.5 million Itr/wk Fresh Milk

Heating Cost

6,440 kWh/wk (7 day/week) x 52

= 0.33 million kWh/year energy (electricity) used
Refrigeration Cost

14,280 kWh/wk (7 day/week) x 52
= 0.74 million kWh energy (electricity) used

Water used
242 md3/wk (7 day/wk) x 52

= 12.5k m3/year

Total

Energy = 1.07 million kWh/year
CO, Emissions = 321 tonnes/year

Annual Savings:
3.41 million kWh energy
649 tonnes CO,

Carbon-neutral smoothie manufacturing site G:_‘T’\”ﬂ"e?féi"%ﬁé

The innocent way

400 million bottles per year
Zero carbon emission production

Unique GEA process and
utility configuration

2.5 MW Heat pump @ 90°C

5 MW heat pump @ 65°C




Comparison of OPEX and CO, for heating via
Ammonia heat pumps vs Steam boiler

16

= A
N A

Coefficient of performance for heating (COP,,
o N £ [«2) [e) o

gea.com

13.1 72% OPEX reduction
CO, reduction 93%

10.2 65% OPEX reduction

CO, reduction 91%

6.0 40% OPEX reduction

CO, reduction 84%

3.7

= engineering for
g‘\ a better world
[ =y J

Practical temperature
level for reduced cost

+90 to +95 °C

...But that covers a lot of
applications! (depending on
local spark gap)

i 3% OPEX reduction
i CO, reduction 76%

55 65 80 100 130
—— Coefficient of performance for heating (COP,))

Gas SG =3.6

Hot Water/Steam
Temperature (°C)

Note: Figures based on Gas = 2p/kWh, Electricity = 9p/kWh, Boiler efficiency = 80%, Spark Gap = 3.6

r engineering for
Q\ a better world
L A




EHPA
Heat pumps:
No-way or Norway?

Michael Bantle
Senior Researcher

Technology for a better

SINTEF Energy Research

SINTEF

Michael Bantle (PhD)

POSITION Senior Research Scientist
KEY QUALIFICATIONS Heat Pumps, High Temperature Heat pumps,
Natural Refrigerant , Thermal process
engineering, Drying Technology, Food
Technology, Food properties and quality,
CONTACT Michael.Bantle@sintef.no; +47 41014024
since 2012 SINTEF Energy Research, Department Thermal Energy
2011 -2012 Post-Doc at NTNU, Energy efficiency in drying processes
2007 - 2011 PhD at NTNU, Study of high intensity, airborne ultrasound in atmospheric freeze drying.
2002 - 2007 University of applied science, Konstanz Germany, Process and Environmental

engineering, Diploma thesis: Dimensioning of drying and conditioning unit for soybeans.

Technology for a better society



suall Heat pump sales per 1000 inhabitants (2017)

* High market acceptance of heat
pumps in Scandinavia

* Several Start-Up companies for
HTHP

* Heat pumps "standard" solution for
building heating (and cooling)

Heat pump sales 2017 per 1000 inhabitants
(Figure 4-9 from EHPA's European Heat Pump
Markets and Statistics Report 2018)

Technology for a better society

sl Energy price ratio

- Price difference per kWh electricity
vs. fossil fuel

* De-carbonized future requires
increased used of (renewable)
electricity

* Electricity is in many European
countries more expensive than
fossil fuel

Technology for a better society



wukdl Industrial Heat Pump Examples (Dairy)

* Combined heating and
cooling

* Tested on TRL 6

* Integrated on TRL8 in dairy
production (5 GWh / year)

* Need for thermal storage
to match time-depending
heat sink and source
demand

Technology for a better society

il Industrial Heat Pump Examples (Dairy)

Technology for a better society



wukdl Industrial Heat Pump Examples (Dairy)

* NO = 2050 scenario
* EU = 2020 scenario

* |HPS = Fully integrated het pump with thermal
storage

* EB+ DH = Electric boiler and District Heating
* NGB = Natural Gas Burner

https://www.sciencedirect.com/science/article/pii/S1359431121001861

Technology for a better society

muill Industrial High Temperature Heat Pumps

* 1.5-5MW heat pump

* Supply of process heat 150 °C -
180°C

R718 (water) as refrigerant

+ Two-phase compressor
technology (patent ToCircle Industries)

Technology for a better society
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We are on the edge of an

ELEGTRIFICATION ERA
s INDUSTRY prepared?

Dr Silvia Madeddu
23.02.2021

PIK — Potsdam Institute for Climate Impact Research

madeddu@pik-potsdam.de
https://twitter.com/MadedduSilvia

The ongoing RENEWABLES TRANSITION shows
that ELEGTRICITY is easier and faster to
decarbonise than non-electric fuels




REMIND, EU level, 1.5 °C scenario - Carbon Intensity of energy carries

Electricity Non-electric fuels

Reference

(current policies)
Climate policy
Balance

H2-focus
Synfuel-focus
Electrification-focus

Source: Preliminary data from IAM REMIND (Luderer et al, Accelerated

based on cheap renewabl

reaching Paris Climate targets, under revision)

° o . . Global level, below 2°C scenario, with limited
REMIND, EU level, 1.5 °C scenario - Carbon Intensity of energy carries bioenergy (100 EJy) & CCS (4 GICO2ly).
Electricity Non-electric fuels

Reference

(current policies)
Climate policy
Balance

H2-focus
Synfuel-focus
Electrification-focus

Source: Preliminary data from 1AM REMIND (Luderer et al, Accelerated

based on cheap renewabl reaching Paris Climate targets, under revision)



CARBON-INTENSIVE
INDUSTRY will JEOPARDISE THE EU GREEN DEAL

CARBON-INTENSIVE
INDUSTRY will JEOPARDISE THE EU GREEN DEAL

Industry is responsible for circa 30% of the
end-sectors CO2 emissions in Europe, when
process and indirect CO2 emissions from
electricity and central heat use were included.

I lifetime 20 — 40 years I 1
2021 2050




The RENEWABLES TRANSITION requires an
adequate TECHNOLOGICAL TRANSITION in INDUSTRY

The RENEWABLES TRANSITION requires an
adequate TECHNOLOGICAL TRANSITION in INDUSTRY

As of today, only 19% circa of the energy used in the European Mature and efficient technologies already exist that could be
industry is supplied by electricity (circa 25% at final energy level) readily implemented to electrify industry

via direct fon of heat supply (power-o-heat), Env. Res. Letters, 15, 2020, ttpsdoiorg/10.1088/1748-9326/abibd02




- 78% of the energy demand (excluding feedstocks) is electrifiable with
technologies that are already established.

- 99% electrification can be achieved with the addition of technologies currently
under development.

- Such a deep electrification could reduce the industry energy consumption by 20%

- Such a deep electrification reduces CO2 emissions already based on the carbon
intensity of today’s electricity (~300 gCO2 kWhel-1).

- With anincreasing decarbonisation of the power sector (12 gCO2 kWhel-1 in
2050), electrification could cut CO2 emissions by 78%, and almost entirely abate
the energy-related CO2 emissions, reducing the industry bottleneck to only
residual process emissions.

al, The CO2 the European industry via direct electfiation of et supply (power-c-heat), Env. Res. Letters, 15, 2020, hitps:/idoiorg/10.1088/1748-9326/abbd02



Electricity/gas price ratio in Europe

Industry investments in electrification, not only monetary but also for the acquisition of
technical expertise will stall until a clear scenario is presented where electricity is going to be

cost-competitive.
Economic incentives and appropriate policies are needed to support industry transformation:

o Reduction of electricity taxation and levies to create a level playing field across energy
carriers and a competitive electricity price.

o Carbon pricing system.

o Stop subsidies for fossil-based technologies



AI I AUSTRIAN INSTITUTE
OF TECHNOLOGY
TOMORROW TODAY

PROCESS DECARBONIZATION:
DRYFICIENCY AND BEYOND...

V. Wilk, F. Helminger, M. Lauermann, B. Windholz, A. Sporr,
A. Beck, G. Drexler-Schmid, T. Fleckl
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AI I TTTTTTTTTTTTTTTT
OF TECHNOLOGY

DRYFICIENCY: INDUSTRIAL DEMONSTRATION

* Upgrading idle waste heat streams to process heat streams up to 160°C
» Key elements of the solution are three advanced high temperature
vapour compression heat pumps
» two closed loop heat pumps for air drying processes
» one open loop heat pump for steam driven drying processes

The project has received funding from the European Union’s Horizon 2020 programme for energy efficiency and innovation action under grant agreement No. 723576.



DRYFICIENCY: INDUSTRIAL DEMONSTRATION

Challenges and research questions

* component design
* compressors
+ lubricant and refrigerant
» prototype design
 integration in industrial process
+ design of refrigerant cycle
* process control and monitoring
* commissioning and demonstration

22.02.2021

AI I AUSTRIAN INSTITUTE
OF TECHNOLOBY

TECHNO-ECONOMIC ASSESSMENT

Comparison of the heat pump to a natural gas burner

CO, emissions: 271 g/kWh

Gas price: 33 €/kWh

...with current CO, price: 39.5 €/kWh
...with increased CO, price: 46.6 €/kWh

CO, emissions: 258 g/kWh

Electricity price: 86 €/kWh
... with current CO, price: 86 €/kWh
... with increased CO, price: 92.7 €/kWh

22.02.2021 V. Wilk et al. High temperature heat pumps for industrial processes — application and potential; 4
ECEEE Industrial Summer Study Proceedings, 4-132-20, 2020, p.329-334.



IMPACT ON PROCESS LEVEL

current CO, price = 24 €/t
increased CO, price = 50 €/t

22.02.2021 V. Wilk et al. High temperature heat pumps for industrial processes — application and potential; 5
ECEEE Industrial Summer Study Proceedings, 4-132-20, 2020, p.329-334.

AI I AUSTRIAN INSTITUTE
OF TECHNOLOBY

IMPACT ON EU LEVEL

o -
I—

+ assume that 50% of all drying processes are equipped with a heat pump
* replacement of natural gas burners

+ drying accounts for 10-25% of the total industrial energy use in most developed
countries: 321 — 803 TWh energy consumption

22.02.2021 6



IMPACT ON EU LEVEL

Wilk et al. (2019) Decarbonization of industrial processes with heat pumps, ICR Conference 2019, DOI: 10.18462/iir.icr.2019.832

PROCESS INTEGRATION

» electrification of processes for decarbonization
+ efficiency increase

» evaluation of sources and sinks

+ determination of actual energy demand

» interconnection of streams

Energy intensive industries producing considerable excess heat
From: Connolly et al. (2013). Heat Roadmap Europe 2: Second Pre-Study for the Eé127.

22.02.2021 Department of Development and Planning, Aalborg University.



HOW TO INTEGRATE A HEAT PUMP?

E-boiler
o =
district heat a
\

\
kN
refrigeration N
- N
\
i gas grid
cooling towers (bio)gas boiler

biogas

22.02.2021 9

steam for
production

high temperature
heat pump

AI I AUSTRIAN INSTITUTE
OF TECHNOLOBY

HOW TO DECARBONIZE INDUSTRIAL PROCESSES?

Optimization of industrial sites:
 interaction of multiple heat suppliers, storages and consumers
- different options for decarbonization: avoid lock-in effects

» design and operation optimization ?

Method development: =

« analysis of decarbonisation pathways

+ mathematical programming: complex and dynamic systems,
discontinuous processes

+ dynamic simulations: interaction of heat pump and process

22.02.2021 10



INDUSTRIAL HEAT PUMPS

Expectations of industrial end users

* high availability and reliability, short payback
periods

+ drivers: increase in efficiency and reduction of
CO2 emissions

« complex industrial processes require intelligent
solutions for waste heat recovery

Demonstration projects for new developments
+ establish trust in new technologies
+ relevant industrial environment

22.02.2021 1

AI I AUSTRIAN INSTITUTE
OF TECHNOLOGY

TOMORROW TODAY

THANK YOU!

Dr. Veronika Wilk
Sustainable Thermal Energy Systems
AIT Austrian Institute of Technology GmbH / / / / / /

Giefinggasse 2 | 1210 Vienna | Austria

veronika.wilk@ait.ac.at / / / I



TRIAL OPERATION

22.02.2021

RIAN INSTITUTE
-CHNOLOGY

C. Arpagaus et al., High temperature heat
pumps: Market overview, state of the art,
research status, refrigerants, and application
potentials, Energy (152), p.985-1010, 2018.
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June 2020

End:
November 2022

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement N° 892429



Why?

European Industry energy demand
25%

Only 16% comes from renewables
We need to !

Energy Cooperation as a Solution

Industrial sites & business parks play a key role

in the energy transition.

They have the potential to become hubs of

energy flows for the entire region around them.

N° 892429



Vision of R-ACES

R-ACES supports industrial sites &
business parks in becoming
ecoregions that their
by at least 10%.

R-ACES...

...creates ecoregions where multiple
stakeholders engage in energy cooperation by
(1) exchanging heat/cold streams, (2) investing
in renewable energy solutions, or (3) managing
energy streams with the use of the R-ACES
toolbox that is aimed at reducing CO2

emissions by at least 10%.

N° 892429



R-ACES Approach

N° 892429

Ecoregion

Multiple organisations cooperate in an ecoregion to establish
energy cooperation. Regions consist of an or
business park by energy cooperation
activities.

An ecoregion relies on an anchor organisation responsible for
managing the area. The proximity of stakeholders ensure the
interconnected energy flows.




Pilot Ecoregions

N° 892429

R-ACES Tools

... to support the entire process of
organising an ecoregion & the
collaboration inside of it.




3 Practical Tools

... are the structuring element of
the project. The tools are action
oriented & support ecoregions to
implement their energy

cooperation projects.

The self-assessment tool helps to
identify potential energy projects in a
region. It provides best practices &
check lists to users to help them to
kick-off the process.

The legal decision support tool to help
drawing up contracts that need to be
signed between participants.

The energy management

platform is the key to running, settling,
and optimising the energy exchanges
between companies.

N° 892429

How to become an
Ecoregion?

by sharing your commitment
to the R-ACES energy cooperation

principles




Share Your Commitment!

» www.r-aces.eu

» Go to “Ecoregions”

> Click on “Share your commitment”
» Fillin the form & submit

» Additional ecoregions shown in the map

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement N° 892429

R-ACES creates maximum impact

» Work on a better deal for Europe’s clean

energy future
> Energy cooperation reduces CO2-emissions

> Regional energy cooperation creates

maximum impact

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement N°® 892429



R-ACES Training

R-ACES creates an education
environment with links to available
to support
capacity building of stakeholders.

Other Materials

TRAINING MATERIALS SERIOUS BOARD GAME

N° 892429



Follow us on :

WWWw.r-aces.eu



#ReUseHeat #excessheat #wasteheat #districtheating #districtenergy #energyefficiency #H2020Energy #ResearchImpactEU

Waste heat solutions for Europe’s
green recovery

This project has received funding from the European
Union'’s Horizon 2020 research and innovation

programme under grant ageement No 767429 www.reuseheat.eu @ReUseHeat

#ReUseHeat #excessheat #wasteheat #districtheating #districtenergy #energyefficiency #H2020Energy #ResearchImpactEU

ReUseHeat project

Agenda
e ReUseHeat overview
e Urban waste heat potential

e Learnings to date

www.reuseheat.eu @ReUseHeat



#ReUseHeat #excessheat #wasteheat #districtheating #districtenergy #energyefficiency #H2020Energy #ResearchImpactEU

This Photo by Unknown Author is licensed under CC 8Y

www.reuseheat.eu @ReUseHeat

#ReUseHeat #excessheat #wasteheat #districtheating #districtenergy #energyefficiency #H2020Energy #ResearchImpactEU

The ReUseHeat -overview

Objective: Demonstrate first-of-their-kind, advanced,
modular and replicable systems enabling the recovery
w-andireuse of urban excess heat:



#ReUseHeat #excessheat #wasteheat #districtheating #districtenergy #energyefficiency #H2020Energy #ResearchImpactEU

ReUseHeat project- overview

Short facts

Partners from 9 countries

= Academia, Industry and Associations

H2020 (Innovation action- focusing on system innovations)
Estimated project cost €4,883,672
60 months

» 4 system innovations

www.reuseheat.eu @ReUseHeat

#ReUseHeat #excessheat #wasteheat #districtheating #districtenergy #energyefficiency #H2020Energy #ResearchImpactEU

ReUseHeat project- overview

Expected results Useful insight for future investors through:

« Urban waste heat potential identification EU28

+ Efficient technologies and solutions (4 demosites)

+ Suitable business models and contractual arrangements
« Estimation of investment risk and bankability and

impact of urban waste heat recovery investments

www.reuseheat.eu @ReUseHeat



#ReUseHeat #excessheat #wasteheat #districtheating #districtenergy #energyefficiency #H2020Energy #ResearchImpactEU

ReUseHeat project

This Photo by Unknown Author is licensed under CC BY-SA

www.reuseheat.eu @ReUseHeat

#ReUseHeat #excessheat #wasteheat #districtheating #districtenergy #energyefficiency #H2020Energy #ResearchImpactEU

ReUseHeat project- urban waste heat potential

Approximately 1.2 EJ (or 340 TWh) per year are possible
to recover from data centres, metro stations, service
sector buildings, and waste water treatment plants.

This corresponds to more than 10 percent of the EU’s
total energy demand for heat and hot water, which is
approximately 10.7 EJ (or 2,980 TWh)*

*ReUseHeat D1.4, Halmstad University, Urban Persson

www.reuseheat.eu @ReUseHeat



#ReUseHeat #excessheat #wasteheat #districtheating #districtenergy #energyefficiency #H2020Energy #ResearchImpactEU

www.reuseheat.eu @ReUseHeat
This Photo by Unknown Author is licensed under CC BY-SA-NC

#ReUseHeat #excessheat #wasteheat #districtheating #districtenergy #energyefficiency #H2020Energy #ResearchImpactEU

ReUseHeat project- Learnings to date: Contracts/ Business Model

e Existing incentives for RES and CHP

e Absence of legal framework for urban waste heat recovery

e Low technical maturity of building system solutions of HP and low temp source
e Long payback periods

e Absence of standardized contracts

e Diverging views on the value of waste heat

www.reuseheat.eu @ReUseHeat



#ReUseHeat #excessheat #wasteheat #districtheating #districtenergy #energyefficiency #H2020Energy #ResearchImpactEU

ReUseHeat project- Learnings to date
e Computer center heat recovery (Germany)

- Close customer dialogue needed for understanding each others’

processes

- Datacenters ramp up gradually (heat is provided with increasing

volumes over time)

- For future cases, it might be considered to offer cooling services to

data cente rather than to purchase the waste heat

www.reuseheat.eu @ReUseHeat

#ReUseHeat #excessheat #wasteheat #districtheating #districtenergy #energyefficiency #H2020Energy #ResearchImpactEU

ReUseHeat project- Learnings to date
e Metro system heat recovery (Germany)

- Itis difficult to match the heat source with heat demand

- There is strict safety regulation in the metro tunnel constraining the

installation that can be made (maintenance free)

- The access to the site is restricted to a limited number of hours

each night (when the trains standstill)

- The air in the tunnels is charged with metal dust which impacts the

heat pump design

www.reuseheat.eu @ReUseHeat



#ReUseHeat #excessheat #wasteheat #districtheating #districtenergy #energyefficiency #H2020Energy #ResearchImpactEU

ReUseHeat project- Learnings to date
e Hospital heat recovery (Spain)
- Long term energy service contract facilitates the operations
- The hospital has its own, local network over which it has control

- The hospital sector was challenged during the pandemic: making access
difficult

www.reuseheat.eu @ReUseHeat

#ReUseHeat #excessheat #wasteheat #districtheating #districtenergy #energyefficiency #H2020Energy #ResearchImpactEU

ReUseHeat project- Learnings to date
e End-user engagement through visualization of sea
and sewage water heat recovery (France)

- the data available from substations in a DHN are not suited for
visualization purposes (need to clean up data, install new

substations and other)

- the end-user demand is not yet in place: it is uncertain that

visualized energy performance data is in demand

- dashboard can be placed on any DHN

www.reuseheat.eu @ReUseHeat



















































































































































































































































































































































