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AVANCERET ENERGILAGRING 2023  .~“i.

Konferencier: AVANCERET '>
Anders Christian Solberg Jensen, Teknologisk Institut ENERGILAGRING -

09.30: Velkomst v/David Tveit, Teknologisk Institut

09.40: (Avanceret) Energilagring - hvorfor, hvor meget, hvordan? v/Gunnar Rohde, Teknologisk Institut

10.10: Hojtemperaturvarmepumper - forste skridt mod demonstration v/Wiebke Brix Markussen, Teknologisk Institut
10.40: Pause

10.55: Heliac Rockstore - 300 °C heat storage v/Jakob Jensen, Heliac

11.25: AC/DC - backupsystemet til offshore vindmeller, der skal kunne alt v/Henrik Dalsager, KK Wind Solutions A/S
11.55: Frokost

12.40: Rundvisning i laboratorier - fa et kig indenfor i disse tre udvalgte laboratorier:

- Laboratoriet hos Danfysik, hvor man udvikler, designer og fremstiller komponenter til partikelacceleratorer, der kraever store stremstyrker og masser
af elektricitet. Her, hvordan det handteres og fa en snak om potentialet for bade elektrisk og termisk lagring.
- Beton-laboratoriet (divisionen for Byggeri og Anlaeg), hvor du introduceres til de forskellige laboratoriefaciliteter og far et indblik i aktuelle aktiviteter.
- Laboratoriet hos Nanoproduktion og Mikroanalyse (divisionen for Materialer), hvor du kan hgre naermere om batterimaterialer, og hvordan de kan genbruges.

14.10: Thermal analysis of packed-bed thermal energy storage systems v/Rohit Kothari, DTU

14.40: Elektrisk kinetisk energilagring - nye materialer, mere energi v/Martin Speiermann, WattsUp Power A/S

15.10: Case: Energilagring i fremtidens byggeri v/Peder Fynholm og Esben Vendelbo Foged, Teknologisk Institut

15.40: Kaffepause

16.00: Energilagring og forsyningssikkerhed i elnettet v/Frank Elefsen og Gunnar Rohde, Teknologisk Institut

16.30: Thermal energy storage for process heating v/Kurt Engelbrecht, Viegand Maagge

17.00: Opsamling v/Anders Christian Solberg Jensen, Teknologisk Institut TNESK”%IJ-?GISK



Seminar om Avanceret Energilagring

13. december 2012 kl. 12.00 — 16.30

Teknologisk Institut, Kongsvang alle 29, Aarhus, Konferencesalen.
Der startes med en sandwich og matchmaking

Det danske energisystem er unikt pa grund af den store andel af vedvarende energi (VE) og en bredt
distribueret elproduktion. Men med den langsigtede politiske malsaetning om 100 % VE i energisystemet,
hvor fossile energikilder kun vil blive anvendt i spidsbelastningssituationer og i nadstilfeelde, bliver andelen
af fluktuerende elproduktion meget udtalt.

Lesningen pa denne udfordring er avancerede lagringsteknologier i forbindelse med intelligente
distributionssystemer.

| dette seminar vil mange af de energilagringsl@sninger der er mulige i dag, samt nye lgsninger der er
undervejs blive introduceret og belyst.

Program:
12.00-12.20 Sandwich og mulighed for matchmaking
12.20-12.30 Velkomst og introduktion, v/ teknologichef Frank Elefsen, Teknologisk Institut

12.30—12.50 Behov for regulering i fremtidens elsystem, v/ Anders Bavnhgj Hansen, energinet.dk
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For your convenience,
this store will

REMAIN OPEN

during load shedding.

Enjoy your shoppmgl
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Samarbejde om fremtidens behov

°

Dagsorden for mgde i interessentforum for PtX onsdag den
18. januar 2023

Ferste mgde i interessentforum for PtX afholdes onsdag den 18. januar kl 12-16 i
Energistyrelsen, Carsten Niebuhrs Gade 43, 1577 Kgbenhavn V.

Ved mgdets start vil der blive serveret sandwich.
Dagsorden for mgdet:

1. Velkomst v. vicedirektar Stig Uffe Pedersen
s Power-to-X dagsordenen
* Formalet med interessentforum
e Rammer for de kommende mader.

2. Status for implementering af PtX-aftalen v. kontorchef Sidsel Horsholt

e Status pa PtX-Taskforcen, herunder PtX-sekretariatet og
myndighedsarbejdsgruppen

o PtX udbud

Direkte linjer

Differentierede forbrugstariffer og lokal kollektiv tarifering

Aben der-ordningen for VE-anleeg pa havet

Etablering af en dansk brintinfrastruktur

Forste fokuspunkter | PtX-sekretariatet

® Energistyrelsen

Kontor/afdeling
PtX-sekretariatet
Center for Forsyning

Dato
12-01-2023

Jnr. 2022 - 22754

/MCHSG

MissionGreenFuels

Innomission I1

Green Fuels in Transport and Industry (Power-to-X, ete.)
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Thevision for the MissionGreenFuels partnéfship is to contribute substantially to the

Danish;, European and global elimate goals, specifically 20% reduction by 2030 and net

zero by 2050, and to support Danish researeh, innovation, growth, jobs and export

Project Budget Pro

®

200 M DKK

potentialwithin thefield ofgreen fuel.

ect Partners

&

60

Project S

0-0-
000
000

June 2022

/

Project Duration

60 Months
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Konferencier: AVANCERET '>
Anders Christian Solberg Jensen, Teknologisk Institut ENERGILAGRING -

09.30: Velkomst v/David Tveit, Teknologisk Institut

09.40: (Avanceret) Energilagring - hvorfor, hvor meget, hvordan? v/Gunnar Rohde, Teknologisk Institut

10.10: Hojtemperaturvarmepumper - forste skridt mod demonstration v/Wiebke Brix Markussen, Teknologisk Institut
10.40: Pause

10.55: Heliac Rockstore - 300 °C heat storage v/Jakob Jensen, Heliac

11.25: AC/DC - backupsystemet til offshore vindmeller, der skal kunne alt v/Henrik Dalsager, KK Wind Solutions A/S
11.55: Frokost

12.40: Rundvisning i laboratorier - fa et kig indenfor i disse tre udvalgte laboratorier:

- Laboratoriet hos Danfysik, hvor man udvikler, designer og fremstiller komponenter til partikelacceleratorer, der kraever store stremstyrker og masser
af elektricitet. Her, hvordan det handteres og fa en snak om potentialet for bade elektrisk og termisk lagring.
- Beton-laboratoriet (divisionen for Byggeri og Anlaeg), hvor du introduceres til de forskellige laboratoriefaciliteter og far et indblik i aktuelle aktiviteter.
- Laboratoriet hos Nanoproduktion og Mikroanalyse (divisionen for Materialer), hvor du kan hgre naermere om batterimaterialer, og hvordan de kan genbruges.

14.10: Thermal analysis of packed-bed thermal energy storage systems v/Rohit Kothari, DTU

14.40: Elektrisk kinetisk energilagring - nye materialer, mere energi v/Martin Speiermann, WattsUp Power A/S

15.10: Case: Energilagring i fremtidens byggeri v/Peder Fynholm og Esben Vendelbo Foged, Teknologisk Institut

15.40: Kaffepause

16.00: Energilagring og forsyningssikkerhed i elnettet v/Frank Elefsen og Gunnar Rohde, Teknologisk Institut

16.30: Thermal energy storage for process heating v/Kurt Engelbrecht, Viegand Maagge

17.00: Opsamling v/Anders Christian Solberg Jensen, Teknologisk Institut TNESK”%IJ-?GISK
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GELENCTIE for Energy Storage

Forskningsstyrelsen
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Agenda

What makes energy storage advanced?
Why energy storage shall be advanced?

How (much) to advance energy storage?
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And it is still the same technologies

A Annual electricity demand Household Village City of Regensburg Metropolis Berlin
of households (2 Persons) (100 Inhabitants) (150,000 Inh.) (3.5 million Inh.)
(1.45 MWh/a per person) 29 MWh/a 145 MWh/a 217 GWh/a 5.1 TWh/a
1 Power-to-Gas
year - (PtG, PtH, PtM)
Heat storage
1 month - 9 ;
1
1
< 1 week - I :
o ' District-heating Aquers
a sensitive i storage (Methane)
X o
9 1 day &t Caverns
=6 (Methane, Hydrogen)
— oy Sodium-
(e} Batteries Redox Flow sulfur Pumped-hydro storage
S 1h Lead- Lt Compressed-air storage systems
“3 . 2 wverr
© Capacitors S
>
(&) I'
[
Tmin - \ _
( mechanical
| electrochemical
E‘ electromagnetic
1s -
ducting magnetic-

01s storage

Data clouds indicate areas of existing storage facilities in Germany
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1kWh 1 MWh

Storage capacity

1GWh

s
T T T T T T T T >

1TWh

© Sterner, 2019

A variety of energy storage technologies
available

All energy and power capacities are well
represented

Energy storage technologies complement
and supplement each other

Only ecological and economically efficient
system integration missing
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Classical pumped hydro power plant o T S e
Independent pumps and turbines - B
Pumps not adjustable (on/off)

Daily Operation Pattern

Power in Megawatt

— Pumps
— Turbines

12
Daytime
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Advanced pumped hydro power plant _— i etime £

Pumps and turbines fully coupled

Pumps fully adjustable (2-of 4)

Solar Power (Yellow) and Pumped Storage (Blue)
Germany and Luxembourg in January 2020.
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Reliability of solar and wind power recommends energy storage

Reliability
(% of demand met)

94%

© Tong, 2021

@ ; AVANCERET
= adannelses- 09 ENERGILAGRING DANISH
orskningsstyrelsen KONFERENCE TECHNOLOGICAL

INSTITUTE



Solar and wind power in Europe is clearly inhomogeneous

Average Wind Speed 2007 - 2017 Average Solar Radiation 2007 - 2017
Bt ™) g2

200
10
160
8
1120
N6
80
4
) 40
/s W/m?2
© DWD, 2017 © DWD, 2017
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Hours per year

ENTSO-E Data Average 2015 - 2018
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Advanced energy storage is a complex puzzle

Grid Services

Sector
Coupling

Volatility of
Primary Energies

Flexibility
of System
Integration

Politics and
Society

Ressources and
Environment

Installed Energy Storage
Renewable Capacity
Energies

Forecast Error

Demand Side
Management
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Many different development scenarios are possible

Scenario 1 Scenario 2 Scenario 3

Absolute Share of Renewable Energies

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
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The specific demand for energy storage can be estimated

90
82.9
80
70
c
£ 60
2
‘G 50
S 41.3
3 40 ' 37.9 39.5
()
oo
= - 22.1
20.3
18.6 - 14.1
10 —
7.8 14.9
0 8.6 8.2 4.9 141 8.2
Scenario 1 Scenario 2 Scenario 3 Scenario 1 Scenario 2 Scenario 3
PAVE]0; 2050
Electric Storage Thermal Storage  m Chemical Storage
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Conclusion

What makes energy storage advanced?

Advanced energy storage acts as an exergy prosumer in smart grids

Advanced energy storage reduced the environmental impact of renewable energies

Why energy storage shall be advanced?

Smart grids with high share of renewable energies require temporal flexibility

Reliability of solar and wind power alone is not sufficient

How (much) to advance energy storage?

Exergetic efficiency of renewable primary energies shall be maximised

40 TWh advanced energy storage is a fair share for Denmark (2.5 PWh worldwide)
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Backup - If you want to see the numbers

Lithium Batteries

+ Capacity: kWh - MWh
+ Efficiency: 80 - 95 %
» Cost: 250 - 500 €/kWh

Pumped Hydro
« Capacity: MWh - GWh

« Efficiency: 75 -85 %
« Cost: 70 - 350 €/kWh

Compressed/Liquified Air
+ Capacity: GWh - TWh

« Efficiency: 40 - 70 %

+ Cost: 50 - 150 €/kWh

Thermal Storage

+ Capacity: MWh - GWh
+ Efficiency: 30 - 60 %

« Cost*: 2/10 - 50 €/kWh

Power-to-Gas/Liquid

« Capacity: GWh - TWh
- Efficiency: 25 - 45 %
« Cost: 5 -25 €/kWh

Flywheels

« Capacity: kWh - MWh
« Efficiency: 85-95 %
« Cost: 150 - 250 €/kWh

Supercapacitors
» Capacity: Wh - MWh

- Efficiency: 85 - 95 %
+ Cost: <50.000 €/kWh

Worldwide Energy Storage Capacity

* Excl. pumped hydro: 34 GWh
* Incl. pumped hydro: 2.2 TWh
* Needed: 1 PWh

Gravitational Storage
+ Capacity: MWh

+ Efficiency: 85 -90 %
« Cost: 150 - 250 €/kWh

Carbon-Equivalent Footprint

» Energy Storage: 104 - 407 kg/MWh

+ Coal: 740 - 910 k/MWh

* Natural Gas: 410 - 650 kg/MWh
» Solar Power: 6 - 180 kg/MWh

* Wind Power: 8 - 56 kg/MWh

Energy Densities

« Gasoline: 13 kWh/kg

« Natural Gas: 11 kWh/kg

« Coal: 8 kWh/kg

« Lithium Battery: 0.2 kWh/kg

« Pumped Hydro: 0.003 kWh/kg (@ 1 km)
* Nuclear Fission: 25 GWh/kg

* Nuclear Fusion: 3.4 TWh/kg

« Matter/Antimatter: 25 TWh/kg

* Cost from 2 €/kWh as pure thermal storage and from
10 €/kWh when utilised as electric energy storage.

- E
oy \
Uddannelses- og

Forskningsstyrelsen

AVANCERET
ENERGILAGRING [2 DANISH

TECHNOLOGICAL
INSTITUTE




HAJTEMPERATURVARMEPUMPER
- FORSTE SKRIDT MOD DEMONSTRATION

WIEBKE BRIX MARKUSSEN
TEKNOLOGISK INSTITUT
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HOJTEMPERATURVARMEPUMPER
- FORSTE SKRIDT MOD
DEMONSTRATION

AVANCERET ENERGILAGRING

9. MARTS 2023, TAASTRUP

WIEBKE BRIEX MARKUSSEN
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AGENDA

Potentialer for hgj-temperaturvarmepumper
Varmepumper og termisk energilagring
lgangveerende demonstrationsprojekter ved Tl

IEA HPT Annex 58 on High Temperature Heat Pumps
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INTERNATIONAL ENERGY AGENCY - IEA

’_Net Zefb

"Around 500 MW of heat pumps need to be

installed every month over the next 30 years”

, TEKNOLOGISK
IEA (2021), Net Zero by 2050, IEA, Paris https://www.iea.org/reports/net-zero-by-2050, License: CC BY 4.0 INSTITUT



STORE VARMEPUMPER | FJERNVARMEN | DK

[ Antal idriftsatte | Kapacitet
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Figur: https://varmepumpedata.dk/plants/
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POTENTIAL FOR HTHPS - EU28

Total energy demand - 2950 TWh/a

Process heating demand - 1952 TWh/a
Others - RES

Process
cooling
(3 %)

Space
cooling
(1 %)

Non-thermal

(19 %)

Process heating
(66 %)

Space
heating
(11 %)

Figure based on Heat Roadmap Europe

> 500°C
(52 %)

200°C - 500°C
(11 %)

<100°C

(11 %)

Temperature

RES

Mix <

N-RES ¢

Biomass
(11 %)
Electricity

Distric heating

Others - fossil
(13 %)

Coal
(20 %)
Oil
(8 %)

Gas
(36 %)

Fuel source

(0.4 %)

(3 %)
(8 %)

CO, emissions
from Non-RES:

552 Mt/a
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https://heatroadmap.eu/heating-and-cooling-energy-demand-profiles/

DECARBONIZING INDUSTRY

trengthening Industrial
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https://www.teknologisk.dk/white-paper-strengthening-industrial-heat-pump-innovation-decarbonizing-industrial-heat/43124

APPLICATION POTENTIALS

Possible CO, emission
REDUCTIONS of

HIGH POTENTIAL

146 Mt/a

Industry Sectors

-
& Food & Beverage Potential to cover

u 37%
Pulp and Paper Transitioning of the process heat

industry to the USE RE-USE of in industry
ﬂ of RENEWABLE
Chemical electricity

,l
.‘\I

industrial waste heat,
‘.’ leading to INCREASED
(] process EFFICIENCY
Machinery 6 ‘
— Heatpumps for * ﬁ REDUCING final
DECARBONIZATION of energy consumptign by
Non Metallic Minerals the LOW TEMPERATURE

heat supply in industry 487 TWhIa

https://www.teknologisk.dk/white-paper-strengthening-industrial-heat-pump-innovation-decarbonizing-industrial-heat/43124
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VARMEPUMPER INDUSTRIEN
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VARMEPUMPER | ET FLEKSIBELT ELMARKED

Varmeaftager

DKK/MWh
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Varmekilde

Nord-pool day ahead prices: www.nordpoolgroup.com
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TERMISK LAGRING OG VARMEPUMPER

Termisk lager
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POTENTIAL FOR HTHPS - EU28

Total energy demand - 2950 TWh/a

Non-thermal
(19 %)

Process
cooling
(3 %)

S
paf:e Space
cooling heating
(1 %) (11 %)

Figure based on Heat Roadmap Europe

Process heating
(66 %)

Process heating demand - 1952 TWh/a

> 500°C
(52 %)

200°C - 500°C
(11 %)

< 100°C
(11 %)

Temperature

Biomass
(11 %)
Electricity

Distric heating

Others - fossil
(13 %)

Coal
(20 %)
Oil
(8 %)

Gas
(36 %)

Fuel source

Others - RES

(0.4 %)

(3 %)
(8 %)

CO, emissions
from Non-RES:

552 Mt/a
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https://heatroadmap.eu/heating-and-cooling-energy-demand-profiles/

ET UDPLUK AF AKTUELLE PROJEKTER...
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@SuPrHeat

Motivation Objective

Focus on electrification of industry To facilitate the electrification of industrial

. - process heat supply at up to 200 °C
Increasing competitiveness of HTHPs

To develop and demonstrate a technology

Large heat demand between 100 °C and 200 °C portfolio with three prototypes (3 x 500 kW)

Scope Project facts

Technologies: Steam compression, 09/2020 - 08/2024
Hydrocarbons, CO2. .

Budget: 61.3 mio. DKK
Integration and demonstration in dairy,

slaughterhouse, brewery and others 16 Partners

http://suprheat.dk/

. PARTNERS
EUDP . Q) T | & Pace GEA el YR

The Energy Technology e® 4
Development and

Maagee
ish¢ Ak SOFT & TEKNIK JRRCARAHIIY ..o o Dottt
Demonstration Programme Danish Crown UNIBREW colour the world of tomorrow

AR R R

=
—
—

i
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http://suprheat.dk/

:

* SuPrHeat

PROJECT OUTLINE

N\
VV\
Q/\

Concept
development

Technology
development

Process
integration

12

Demonstration

e

TEKNOLOGISK
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HTHP Demo-Plants

(3 x 500 kW)

State of the
art =90 °C

210 °C
200 °C
190 °C
180 °C
170 °C
160 °C
150 °C
140 °C
130 °C
120 °C
110 °C
100 °C
90 °C
80 °C
70 °C
60 °C
50 °C

DEVELOPMENT TARGETS

Demonstration 1:

Demonstration 2:

Demonstration 3:

Steam Hydrocarbons co,
compression (incl. mixtures) (incl. mixtures)
A : 1 : ) o | 1
v~
co,
Water Water (incl.
(Spindle- (Two-stage mixtures)
compressor) turbo-
\ \_compressor) -
""""" SCClRlic==00b Pentane
- 4/\\— 4/ Butane N )
/ N _/

“am

@SuPrHeat

\N\/\

Application
potential

Technical
solutions

Targeted
operating range

TEKNOLOGISK

INSTITUT



Heat pumps as the reference low carbon technology

for industrial heat supply <160°C by 2030

SPIRIT ...

Paper and pulp

Chemical Demonstration s < y
Other sectors require , - 4
Heat pump demonstration E}Ef‘% ‘
of indilstrial process by 56 Mt/a
heat <160°C ,

& & @

In multiple industry sectors Process heat <1‘;BD°C
with multiple heat pump technologies in industry by sector

1_ |

Total process heat
MOdUIar deS|gn conce pts Reducing final energy consumpion by: in industry ! _ O

&

-7.9% _ Ll |
1 50 TWh/a — Contributing to the

Increasing application potential electrification of the 4 c
and lowering capital expenses heat supply in industry | #
Business models and Performance optimization Creating awareness of

contractual agreements @ Qy industrial heat pumps

”TIIE | ;‘25 ! Disseminating

= < y Q /NN . and communicating
Reducing barriers Reducing energy use project results

’ and operational costs b

for market uptake

TEKNOLOGISK
INSTITUT

Reducing 640 MT CO, and 1687 TWh of Final Energy Consumption in Europe by 2050




SPIRIT - PARTNER GROUP @ SPIRIT

Coordinator: Simon Spoelstra

m inno_vation
for life RTO & Knowledge

Replication Case

End-User - Paper & Pulp Heat Pump Manufacturers / 'Il?égll-::ll-cl)LOGICAL [ TVP SO LAR J
INSTITUTE ’
(=) Smurfit Kappa ] /s I
[ pp P’ ’NG Non-Technical Barriers & Market Analysis
End-User - Food Technologies eu rac
I DLR research
™ engineering for K Dissemination & Communication
GoA || T by ) .
\“ University /
= =ehpa
Simulation specialist S apean
heat pump association
STELLA POLARIS MAYEKALWA 'llk LK ENERGY EUROHEAT
/ K / N & POWER )

TEKNOLOGISK
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JEA HPT ANNEX 58 ABOUT HTHP @

* Heat pump technologies with supply temperatures
above 100 °C

Technologies Concepts

.

« Participants: Denmark (Operating Agent), Austria,
PPN P (Op g Agent)

Belgium, Canada, China, France, Japan, Germany,
Netherlands, Norway, South Korea, Switzerland, US

« 01/2021 - 12/2023

 https://heatpumpingtechnologies.org/annex58/
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https://heatpumpingtechnologies.org/annex58/

SUPPLIER TECHNOLOGY REVIEW

aww heatpumpingtech!
High-
Temperature
Heat Pumps

58

Technology descriptions from 28 suppliers

h-temperature heat pump

Screw compressor hig

Key information includes:

Rank®
i

« Performance da
e 1: Rank® HTHP and compressor =
‘ = an be use!
stems C
C I t ra n e it ifferent standar
| since we have dlffel s
the heat load.
technology ' e =
summary of ized company in the desug:( ey qu‘ﬁéznm '
: s ifferes ; =
te p e ra t u re S Rank® is a wcrldw\?;:z:;( gl fo[]:;‘g = apph(at‘iniizsses([hemka\’ (
|... ~ facture of S g e .
(] M aX- and mf;‘: and applications. N(Z;Nm”d“ions e devslm: ‘:r g
i i i (trems i
3:&”.& o T peuxmps (HTHP) that can pro e
. o Our HTHP prof =
. high-tempera e
r kl : fI : d regnewable heat up to 160 e =
° O s are based on a singl e s prmwpure ot
e o e i d %D\' on the temperatl could re:
o le with an internal heaf e L e o o e
i cle witl
cade Cy« d ‘
: el erature lfts. -
S | lopme
ng larger temps B e o
[ ] C O p re covering jcally driven, is based on Z ::me o (omm:r;anomgy
or is electric y e g
er e is based on in: z
. o hir lications.
technology Wi s o
investment cost cosamers ol e . i e
(] e C I ve, avoiding 8 o S :
. direct drive, senc o oo -
l I I il i COUplIHS ensures Ugh!n lecm—‘o.ogy’.. s “ansfe
= rmal oi
e Z‘Sjbi“(y ey ;t:fcoming from water
. ; e 5 ir
L e ool Spe [:Wi used as intermediary i
° TR Lubrication used for (J: ;n (POE oil) of a ?::ca e e
e Himal Wﬂﬁfe with organic workmkge gg;ng nd
atit X
- ' it mml:gh temperatures while
to work at
« Expected lifetime
[ ]

Size & footprint

optimum properties.

jon Pro.
llaboration
IEA Technology Cohnolcg'les HPT

Heat Pumping Tec

)

Figure 2: Rank® modular solution

Our machines operate thr

ough an automatic. efficient
Uman intervention, Real-time
data transmission Via the internet allows predictive
Mmaintenance by server data analysis, online
{PC. mobile Pphone, tablet,

of working Parameters,

managing system without hy

supervision
ete). and remote configuration

Table 1: Performance for the sin,
HTHP prototype (
Prototype, not fu

2le-stage cycle with ux
€xperimentally din Lab,

lly optimized fo,

measured in lap,
¥ specific purpose)

Project example

. heatpumpingtechnologies org/annexsas

HTHPS present in the installations of each client can
upgrade the heat at useful levels with 5 high COP (2.6 10 5.9)
adapting the temperature glide of the heat sink,

HTHPs, which focal renewable €nergy sources can power
and promote decarbonizarmn i industries connected tg
orks, independently of the di:
ing the need for fossil fuel boi,

temperature, avoidi)

Istribution
ers.

FACTSs aBouT THE TECHNOLOGY

Heat Supply capacity: 120 kw 1o 2000 kw
Temperature range:
120 °C and outlet 100
inlet 60 °C to 100

useful heat inlet 80 °c to
°Cto 160 °C/ heat Source
°Cand outlet 40 °c 1080 °C

: adaptable to the application
mzz(Z), R1B3zd(E)

Compressor tachnology: Scraw

Working fiui
R245fa, R1334

Specific investmen
hout integratio

varies between tej

applications

TRL level:

t cost for installed System

: 200-400 € per kW, but it
Mperature levels and

TRL7- Pprototype demonstration
Expected lifetime:;
of hiring Service to
the highest energy

20 years (with the Possibility
extend lifetime and ensure
performance}

Size: weight 5.5t0 8 tons.

/ surface requried 5.2
013 m?/ height 2.2 10 2

5m

Contact information

Rank ORC, s.I.

B2 info@rank-orc.com / sales@rank-orc.com
A perfect application for oyr HTHP systems s district N
heating networks (DHN).

‘@ IEA Technolog
Heat Pumping

All information were
third-pary validation, The j
indicative basis anc ma
depending on applicat;

+34964 69 63 59

Provided by the supplier withogt
nfomation was Provided as an
Y be different in final instailations
on Specific parameters,

¥ Collaboration Programme on
Technologies (HPTTCP)

ipti ided by the
formation in the technology descrlptlonlyégiigrr]owd y
In ?\rnology suppliers without 3rd party va :ax58/task1/
Tﬁ?:ct:DS'//heatDumDingtechnologles.org/ann

=
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https://heatpumpingtechnologies.org/annex58/task1/

SUPPLIER OVERVIEW @

GEA &= 5 enertime MOEnen (% enerin
? ®
OEercon ecop oan)

MAN Energy Solutions
o iy
| PILLER Weel & Sandvig [F= Fuiji Electric

QPINCH B ac ENERGY AND PROCESS INNOVATION
lowers ompressors
Fﬂ clean energy ahead KoBElco MYE5AN
SPI ING TURBODEN Ycom
Technologies

Ranke & SIEMENS O

EMERSON CNEreY toCircle

Ohmia Industry O

fabrikk

el :qKkala SRM

SPH Sustainable Process Heat

FENAGY — (yHEATEN -

. THERYBLE SR weousTRIES aLvondo

B

TEKNOLOGISK
INSTITUT



300 17—
2757

2501

[ N N
~ (@) N
(9)] (@) Ul

Tmax, supply [OC]

=
ul
o

125+
100 1

75 +—

SUPPLY TEMPERATURE VS.

HoouoOHE émoomOO

Capacitysypply, average [MW]

Spilling

Enerin

Piller

Olvondo
Turboden
ToCircle
Kobelco (SGH-165)
Kobelco (MSRC)
SRM

SPH

Heaten

Rank

Weel & Sandvig
Enertime
Siemens Energy
ecop

CAPACITY

°¢

éon

éomeoéon

Ohmia Industry

Epcon

MAN Energy Solutions
Mayekawa Europe (FC comp.)
Mitsubishi

GEA Refrigeration Netherlands
Fuji Electric

Emerson

Mayekawa (EcoSirocco)
Kobelco (SGH-120)
Mayekawa Europe (HS comp.)
Fenagy

Hybrid Energy

Johnson Controls

Skala Fabrikk

Mayekawa (EcoCircuit)

« Higher maximum supply temperatures
for higher capacities

TEKNOLOGISK
INSTITUT
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SUMMARY OF HTHP SUPPLIER REVIEW @

Task 1 report will elaborate on HTHP supplier review and give national HTHP market perspectives.
To be published on Annex 58 homepage.

Summary of Annex 58 HTHP technology review:

TRL level 4-9
200 €/kW - 1500 €/kW
0.03 MW - 70 MW

Max. supply 100 °C - 280 °C
temperature

Availability Geographical dependent,
e.g. between Europe and
Japan

Size of HTHP review 28 suppliers, 33 different
technologies, and 83
performance use cases

Max. supply temp. [°C]

200
Spec. inv. cost [€/kW]

3 examples of dependencies for
HTHP technologies

TEKNOLOGISK
INSTITUT


https://heatpumpingtechnologies.org/annex58/task1/

High-Temperature
Heat Pump Symposium

SYMPOSIUM ON HTHPS

HTHP Symposium (hthp-symposium.org)

Copenhagen 29.-30.3.2022

Focus on:;
» Potential and demand

» Successful case studies

Langelinie Pavillonen,

* Available technologies Copenhagen 2022

National Museeum,

« Developments and trends
Copenhagen 2017

Good feedback and growing interest
Presentations available as booklet;

SINTEF

TECHNOLOGICAL
INSTITUTE

TEKNOLOGISK
INSTITUT


http://hthp-symposium.org/

TAK FOR JERES
OPMARKSOMHED

WIEBKE BRIX MARKUSSEN, WBM@TEKNOLOGISK.DK
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HELIAC ROCKSTORE
- 300 °C HEAT STORAGE

JAKOB JENSEN
HELIAC

TAASTRUP - 9. MARTS 2023




Heliac + RockStore

Concentrated Solar Thermal + 300°C Heat Storage

heliac

Bright and simple. Now and for the future.



Agenda

Om Heliac
Hvorfor varme?
Hvorfor lager?
RockStore

Case

Et bump pa vejen
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Det globale energimix

VARME

51% l

TRANSPORT

100°C - 200°C
1000 TWh

200°C - 600°C
500 TWh

>600°C
800 TWh

EU Industrial Heat Consumption by Temperature Range




Case
- uden lager

Solfelt: 1.6 MW
Lager: 0 MWh




Case
- med lager

Solfelt: 5 MW
Lager: 50 MWh




Business case
for kunden:*

20 timers lager i Spanien

Dag/nat + weekend

*NB: Alene ment som illustrerende poteniel case med staerkt afrundede tal, der i den virkelige verden afhanger af komponentpriser,
solindstraling, renter, levetidsberegning, co2-skat, gaspriser, leverede & returnerede temperaturer samt kundens produktionsprofil.

Solvarme (MWh/ar)
Naturgas (€/MWh)**
CO,-besparelse (ton/ar)
Solfraktion (%)
Solvarme (€/MWh)

Uden lager
3.000
75
750
25
35

Med lager
9.000
75
2.250
75
40%**

Energibesparelse (€/ar):

120.000

315.000

*** Ved 300 cykler/ar + prisen pa det energiinput, der lagres.

* Inklusiv CO,-skat, distribution & transmission, 90% kedeleffektivitet, lokal skat.Pris 8. marts 2023.

heliac




RockStore

Patenteret Igsning:
Lagring af energi i sten
op til 300°c

heliac







Co-funded by:

n

L cuor

Energitaknologisk udvikiing 0g Gemonstration

)
- .

V)

SunCharge

(2019-2021)

15 m3

1 MWh (120°C - 300°C)

36 kW opladning

1 MW afladning (dampproduktion)

120°C -300°C

heliac



RockStore

(2022-2024)

+ 7-100+m3

e 0.5-10+ MWh

* 3 MW opladning

* 3 MW afladning (el + fjernvarme)
 80°C-275°C

Co-funded by: m

Energitaknologisk udvikling og demonstration




Fuldskala

(2025 - )

* 3,000+ m3

* 300+ MWh

* 30 MW opladning
* 10 MW afladning

» 80°C-300°C

heliac




Systemdesign

Varmekilder Lager Aftager

5 -1

El
(Dampturbine)
op til 150 kW,

LA

Fjernvarme




1000

—four tanks
—one tank ||

900

800 -

700

600 -

Flere lagertanke =

500 -

hojere °C ud

400 -

Energy output(MWh)

300 -

TES 200 -
T out (°C)

1 100

0 : ' .
TES TES TES TES 100 150 200 250 300
e 1 2 3 4 Tout (°C) Temperature out (°C)







MWh
produced
40.000,00

35.000,00
30.000,00
25.000,00

20.000,00

Energy lost through cooling: 4-10%
=€400,000-1,200,000/year

Besparelser AN

00
18082016 26-11-2016 06-03-2017 14062017 2209-2017 31-12-2017 10-04-2018 19-07-2018 27-102018 (04-02-2019  15-05-2019 23-08-2019  01-12-2019  10-03-2020

* Naturgas: 1,420 MWh/year

* CO,:22.1% - 289 tonnes

L
runded by: B
* Spildvarme: 24% Y mw!..m,mm

In partnership with:

NORFORS oS sadl

AALBORGCS? PN ROCKWOOL /el & Sandvig

- Changing Energy
Baseret pa data fra 2020-2021
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Energistyrelsens fremskrivninger
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Produktion = Forbrug + 20%

El-produktion (PJ)
500
450
400
350
300
250
200
150
100

50

0

400

m Sol

m Landvind
| Hawind
m Affald

1 Biomasse

W Biogas

W Ledningsgas

]|

El-forbrug (PJ)

m Data Centre

m Fjernvarme

m PtX

® Transport

® Husholdninger
m | andbrug

m Industri




=
=

400

300

200

100

0
13:27:50 1

Thermal

0:43 13:33:36

er TES - HTF (kw)

13:36:29 13:39:22 13:42:14

Time (hh.mm.ss)

Thermal Energy (kwh)

13:45:07

Tin (°C)

250

200

150

100

50

0

13:48:00

Tout (°C)

Temperature (°C)



Jakob Jensen

Chief Commercial

+45 22 48 08 02
ji@heliac.dk

www.heliac.dk

heliac

Bright and simple. Now and for the fu


mailto:jj@heliac.dk
http://www.heliac.dk/

AC/0C - BACKUPSYSTEMET TIL OFFSHORE
VINDMOLLER, DER SKAL KUNNE ALT

HENRIK DALSAGER
KK WIND SOLUTIONS A/S

TAASTRUP - 9. MARTS 2023




Wind
Solutions’

d
NN\

AC/DC

backupsystemet til offshore vindmeller der skal kunne alt

We innovate to integrate”

Henrik Dalsager Christensen Lead Software Engineer, Energy Storage Systems



Wind

Henrik Dalsager KKSolutions@

Lead Software Engineer, Energy Storage Systems

« Civ. Ing. / M.Sc. AIS. (Autnomous Intelligent Systems) @ AAU, 2010.
(sadan noget med hvordan man styrer ting og sager, gerne fra software)

- B.Sc EE @AAU 2008
(svagstrgmsingenigr)

« mobile roboticsica.5ar

- Har lavet varmepumper i ca. 4 ar

« KK energilagring siden 2019.
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Sustainability at heart

Wind

KK Wind Solutions at a glance & 4

SUSTAINABLE
DEVELOPMENT

A leading global electro-mechanical system supplier

Full scope partner
Development - Manufacturing - Service

Competitive global footprint

A strong product offering and integrated system supply
Advanced . Integrated
Control Systems System Supply

|' et
Monitoring and Power Backup
Prognostics Solutions

We innovate

<

to integrate®
/)

Trusted partner to leading OEM’s & Utilities

Vestas GE Renewable Energy Drsted @-om

735
M= feany
eitwiﬂ@m'lw Cinorpex (%accwna LGS Y2 UNISON' (_3 ENVISION  Moridian.  omom ecss svemc

NEXTera X
#CS &Paﬂern VATTENFALLG-‘;. @ Hydratechindustries

ENERGY 2%
. Wnd Porer

SIEMENS Gamesa

RENEWABLE ENERGY

G Hvosune CICI

Strong long-term ownership

s

+35,000

More than 35,000 wind turbines
are equipped with our solutions.

+65%

of the global offshore capacity
is equipped with our solutions.

+1500

Employees

+40

Years of experience
in electrical systems for
wind turbines

A-P-MOLLER



Wind

AC / DC — et par sekunder om teknik 4

Power Converter Topologier

Sinusoidal Waveform | Wi | Rectified Qutput

Supply Ie 'D ' Waveform
A A

A A Diode
VAVA SR s

Teknologi der er ldre end mig..

% >

Step up/down Ensretter —
1

Out
Transformer
I"I'-*ufL Voltage FULL WAVE RECTIFICATION
Wreak
'_2. FULL WAVE RECTIFIER
i ;o ZERO Time (t),
— W — = sekun- o -
V. | = spole = Ve
: -, b= i‘:"e ! INPUT -
mag- —r—13 . OUTPUT  Output Votage
netisk - jern- o T
flux _ kerne
ZERO —

4 backupsystemet til offshore vindmgller der skal kunne alt



Wind

AC / DC — et par sekunder om teknik 4

Power Converter Topologier

Teknologi der er zldre end mig Teknologi der er ca. lige sa gammel som mig..

Inductor
o
D
Step up/down Ensretter — Ensretterpwmm‘x' :f

% >

Out
Transformer
Vref
Yolts 3
Voltage - Appiod 4
across C1 dvac/dt when =T, Hect'“?d witsge ‘A e b e .._.....l__..___..
a.c. mains 0 o
Voot : : : o 4 :
pa nductor -
E - cusrent IL .‘E— . ' ' lo
' : : : ‘
IiCpeak o v t t =1
— — . ] ‘
. 1] ‘
m v — W'-vo p
gl |
Time 0 ! t
m l RN | fo, Mo 4 = -
=T | | | Capacitor current ™ e e ] -/T'-" .
| ol e l | careat. lin D
0 ’ t
| T > —
[ | ik T totf R Continuous mode

5 backupsystemet til offshore vindmeller der skal kunne alt



Wind

AC / DC / AC — et par sekunder om teknik ¢ G

Power Converter Topologier

]
Klassisk AC / DC / AC struktur ! Votage

+Ue
m "D Lin : g - So

I Time
Convertef  Inverter s
Out Current
o |
L R e

LN . :

! . ;

AR : 1 .= .
i i o= .. sekun-
: | t 4t primaer- B oor

& 7
. Vi = ipole 10" spole "2
i > ; 1 Ny
: 4 3 Y
3 mag- —0
O netisk jern-
******************************************************************************** flux kerne

6 backupsystemet til offshore vindmgller der skal kunne alt



Wind
Solutions’

BESS KK

Battery Energy Storage Systems

Klassisk BESS * Opladning, sker ved at indkoble converteren, og
| styre switch PWM, sa stremmen ikke overstiger
E] batteriernes tolerance, og sa i gvrigt efter en
Converter: Inverter

effekt reference.
e Afladning sker ved at indkoble inverteren , og
styre switch PWM, sa stremmen ikke overstiger
batteriernes tolerance, og sa i gvrigt efter en
[ - ] effekt reference.

Battery Management System

Batteri Bank  DC Linket er brudt, da man gerne vil styre hvor
strommen Igber hen, eller kommer fra.

e Batteribanken er typisk pa >560V dc, da det
svarer til passivt ensrettet 400V ac..

7 backupsystemet til offshore vindmeller der skal kunne alt



MultiCon Concept



MultiCon : Multilevel Power Converter 4 G

Lad os for et gjeblik taeenke pa et batteri som en motor..

(o)



Wind

Multicon : Multilevel Power Converter L e
MultiCon fortolket som Battery Energy Storage System

.~ Battery string p P

.//'/‘ | Smart Battery - . f----="= " : -NN | b\ \
- [ Ny —
* Op/Afladning styres Igbende, mange é‘qnge [ i S — i
Igbet af en sinus, ved at aendre pa hvilken ™ | — |
spaending vi producerer. '\_\ : [ BMS == :
* Det er software der definerer om vi styrer . | |
efter effekt, strem, spaending.. SO |

10



Wind

Multicon : Multilevel Power Converter L e
MultiCon fortolket som Battery Energy Storage System

.~ Battery string p P

.//'/‘ | Smart Battery - . f----="= " : -NN | b\ \

| R Y
I [ Wy —
* Op/Afladning styres Igbende, mange é‘qnge [ i S — i
Igbet af en sinus, ved at aendre pa hvilken ™ | — |
spaending vi producerer. '\_\ : [ BMS == :
* Det er software der definerer om vi styrer . | |
efter effekt, strem, spaending.. SO |
* Eller evt. fasedrej N |

11



Wind

Multicon : Multilevel Power Converter L e

Multicon fortolket som UPS, eller frekvensomformer.

(DCor AC)

In/Out

e 2 Strings er nok, hvis vi vil
have en uafbrydelig forsyning.

* Den ene forsyner, mens den
anden lader.

* Man kan lade fra et
spandingsniveau / frekvens

 Man kan aflade pa et
spandingsniveau / frekvens.

e Synkronisering, nar man
bytter, sker inden indkobling.

12
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OEM2 - APBS Type 1 (DC/DC UPS) 4

”Idle power” backup system, lader fra ca 560 — 50Vdc, afleverer pa ~400Vdc

" Level 3

14



Wind

APBS Type 1 (First Sold System) KK s

MVOW ”Idle power” backup system (VVUPS)

String Cabinets

KK Smart Batteries

15



Solutions’

Wind

vVv
NN

OEM2 APBS Type 2

Vi snakker nu om 400V dc, ved 600A, kontinuert.

e e e AN o2 -

i

==
.-
-

B

Fuldstaendigt modulaert.

16



Wind
Solutions’

/\

OEM1 - Erstat blybatterier, for leengere levetid. K

Idle Power Backup System 125kVA

pal

_____________________________________________________________________________

' Eksisterende KK UPS (external converter)

~S

______________________________________________________________________________

Her bruger vi kun BMS delen til batterlmomtorerlng
Sa vi har sparet H-Broerne vzk.

17



OEM3 AC Emergency Backup Power

Op/afladning fra 3 faset. Support for blackstart, dog med gapped backup.

18

Small UPS @ < 10min.




Wind
Solutions’

/\
/\

LFP Charger

Storage facillity device for maintenance charging batteries

e 4 batterier (using 1:2 transformer)
- eller 8 batterier, ingen transformer

e 1phase @ 2kW

e Jegharenmedidag..

19



Prototyper, eller, koncepter der maske aldrig
bliver produkter, men som vi laerer noget af...



Prototyper KK

Charging from solar (PV) inverter, delivering power via UPS, ensuring grid compliance

owe\'ed Y

YRS

O

> (
\ Oversigt over forbrug og spotpriseriDenmarkd. 21.

september 2020

1600

Derfor var elprisen SA hgj

1400
1200

1000
800

DKK/MWh

600

400

500 200

0 0

123 456 7 8 91011121314151617 18 19 2021 22 23 24

Timer

B Forbrug DK1  messm Forbrug DK2  esmmmm Spotpriser



Wind

Prototyper KK

Husstands installation.

22



Prototyper

Wind

V V Solutions’
NN\

Peak shaving output tester ligenu pa onshore turbine

23

t charge
4

7776 N v e VT R

™

N R T Sellable Power, no BESS

discharge
(Guaranteed output)

v




Wind

Prototyper KK

Offline e.v. ladestation, solceller — 20fods container, type2 ladere.

!
|
|

~

24



Wind

V V Solutions’
NN\

Jeg svarer gerne pa
sporgsmal, eller vi kan
“sparke daek”, hvis | gerne
vil se teknologien | praksis.

-

25



Wind
Solutions’

Thank you for your attention

We innovate to integrate®
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WATTSUP POWER A/S
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FLYWHEEL TECHNOLOGY W
WHAT IS A FLYWHEEL?
WattsUp Power

= A flywheel is a rotating mechanical device, which is used Leonardo da Vinci (1452-1519)

to store rotational or in technical terms kinetic energy.
Flywheels have a significant moment of inertia and thus
resist changes in rotational speed. The amount of energy
stored in a flywheel is proportional to the square of its
rotational speed. Energy is transferred to a flywheel by
applying torque to it, thereby increasing its rotational
speed, and consequently its stored energy. Conversely, a
flywheel releases stored energy by applying torque to a
mechanical load, thereby decreasing its rotational speed.

= On the right the flywheel technology development from Technology anno 2015 it ¥y

. _ Cylindrical
the renaissance to today.

~~ rotor

Hub
Vacuum — -

= For online info please visit - enclosure
http://www.youtube.com/watch?v=mz 7UF4KQpk

— Shaft

Magnetic /
bearings _ Motor/

Generator

WATTSUP POWER A/S - CUTTING-EDGE ENERGY STORAGE - CONFIDENTIAL 2


http://www.youtube.com/watch?v=mz_7UF4KQpk

WHERE IS THE TECHNOLOGY TODAY

WattsUp Power is passing this point at 150kWh

MATURITY OF ENERGY STORAGE TECHNOLOGIES

WattsUp Power

’ Electricity storage
@ Thermal storage

Underground thermal energy storage

Lithium-basad batteries

Pit storage

Flow batteries
Flywheel (high speed) Lithium-based battenies
Super-capacitor Molten salt
& Flyweel (Jow speed)
Super-conducting magnetic
g energy storage Ice storage
=
< =
g
; Adiabatic CAES
- Sodium-sulphur (NaS) batter-
& ies
&
g
=2
g
=
g en Compressed ar energy stor-
8 Hyeo age (CAES)
Synthetic natural gas

Residential hot water heaters
with storage

Thermochemical

Research and development

Source - Published on December 17,

Demoenstration and deployment

Pumped storage
hydropower

Commercialisation

Source: Schiumberger Business Consulting Energy Institute, Paris

2019 in What We’re Reading - https://www.pathto100.0rg/a-new-twist-in-the-storage-story-as-battery-technology-improvements-are-evolving-much-faster-than-expected/

WATTSUP POWER A/S - CUTTING-EDGE ENERGY STORAGE - CONFIDENTIAL



A COMPARISON OF POWER AND ENERGY DENSITY W

THE WUP FLYWHEEL IS A SUPERIOR TECHNOLOGY AND WILL BE A MARKET LEADER WITHIN
DISTRIBUTED POWER GENERATION APPLICATIONS WattsUp Power

Decreasing Storage Volume
125.000 @

Todays Theoretical Max for a Carbon Nanotube Flywheel — -

100.000 <«— Supercapacitor

i <«— WUP Flywheel

. Classic Flywheel
+— iy

Li-ion— oLl
1.000
| | —
SMES NiCd — T

10.000

Power Density (W/I)

100 Flow Batteries Fuel cell
<+— Lead-acid
10
1
;: 1 10 100 1.000 10.000
Increasing Storage Volume Energy DenSity (Wh/l_) (Source: IRENA (2017), Electricity Storage and Renewables)

WATTSUP POWER A/S - CUTTING-EDGE ENERGY STORAGE - CONFIDENTIAL



WHAT IS A FLYWHEEL? W

HOW DOES IT WORK
WattsUp Power

= A flywheel is a mechanical energy storage which
storages energy in a rotating mass. Energy stored called
kinetic energy and is proportional with speed.

= NASA technology from the international space station
2009. WattsUp Power was very inspired. Enabled by new
materials.

= 4 patent global families. Bearings, Cooling, Motor and
Energy Storage System.

= Composite winding methods. Using a new type of
Carbon Technology.

WATTSUP POWER A/S - CUTTING-EDGE ENERGY STORAGE - CONFIDENTIAL Page 5



WATTSUP POWER’S FLYWHEEL W

WHY ARE WE DIFFERENT
WattsUp Power

OUR ENERGY STORAGE PRODUCT OUTPERFORMS BOTH EXISTING BATTERY TECHNOLOGIES AND COMPETING
FLYWHEEL TECHNOLOGIES!

= Exceptional low losses in patented magnetic
array and motor/generator technology

= New carbon materials increasing energy
storage and lower cost - >10x

= Kinetic Energy Generation - Proven
Technology

= Long Performance Life — Durability

= Non-Hazardous or technology metals, scars
materials

WATTSUP POWER A/S - CUTTING-EDGE ENERGY STORAGE - CONFIDENTIAL 6



ROTOR

IMPROVEMENTS ON THE ROTOR TO REACH 37.500 RPM
OVERVIEW OF IMPROVEMENTS

No

NOoO U BSs WNR

Detail

PMB

PMB holder holes

Alu pipe

More FRP cylinders
Carbon

Balancing ring

Shape of the inner rotor

Deneb002

Placement close to rim of the Rotor

Holes in the PMB holder

Used to keep parts in place inside GFRP cylinder winding
The Rotor outer made of only one GFRP cylinder

The design material limited to GFRP for outer Rotor
Placement close to rim of the Rotor

Stair inner shape of Rotor

Noupb~wN -

Deneb003/ Electra 001

Placed away from the Rim of the Rotor
Holes removed from PMB holder

Improvement Effect
Decrease of stresses in the ends of The Rotor
Decrease of stresses in the PMB holder

No Alu pipe parts shrink fitted into FRP instead Stresses in Alu pipe removed assembly simplified

At least+ 2 FRP cylinders to be shrink fitted
allowed to use both GRFP and CFRP
Moved to the mid of the Rotor

Straight inner shape Rotor

Decrease strain and stress in inner parts of the Rotor

Possible to optimize the strength properties for max kWh out put

Decrease of stress
Decrease of stress

FRP Fiber reinforced plastic

GFRP Glass fiber reinforced plastic
CFRP Carbon fiber reinforced plastic
Rating 1: low improvements

New ROTOR design and production
method developed and approved
and by 3. party to run 50.000 RPM
and reach 500kWh

Design max. 75.000 RPM / 1M Wh

WattsUp Power

Rating
4

ua w s b W W

5: max high improvements

WATTSUP POWER A/S - CONFIDENTIAL

Page 2




WattsUp Power

WATTSUP POWER A/S - CUTTING-EDGE ENERGY STORAGE - CONFIDENTIAL 8



DESIGN SAFETY FACTOR (DSF) W

NEW MATERIAL

Ordered before Christmas 2021. WattsUp Power

S T1100 v Y 100%

$$S T800S v v 50%

S 7910 v v 40%\
T700S v v 25% \
TODAY ADVANTEX 100% v v 0% \

WUP Recommendation 1 NOW

=  TORAY - Brand

. +10 % Cost increase 'on Rotor.
= 250 kWh possible

= 3 Layer FW

TODAY ADVANTEX
25.000 RPM

Weight: 750 kg // 165 Ib
Height: 125 cm // 50 inch

WUP Recommendation — 500kWh
. TORAY - Brand

. 20% cost increase!

(Total 300.000 USD)

= 500 kWh possible

. 5 Layer FW

=  Test Q42022

. Max. 75.000 RPM 1MWh

100 kWh 150 kWh 250 kWh

WATTSUP POWER A/S - CUTTING-EDGE ENERGY STORAGE 9



CODE NAME

NEED ror
SPEED

WattsUp Power

27.500 RPM

Electra 001
10.000 RPM 37.500 RPM
\(0:;‘
Deneb 002 Deneb 003
TODAY PILOT - APRIL 2022

Max speed
27.500

Version 01

PRODUCTION - JULY 2022

37.500 RPM

Electra 002

PILOT - OCTOBER 2022

Max speed Electra

37.500

Version 01
Electra

PRODUCTION - JANUARY 2023

WATTSUP POWER A/S - CUTTING-EDGE ENERGY STORAGE - CONFIDENTIAL
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WATTSUP POWER FLYWHEEL OUTPERFORMS COMPETITORS W
GLOBAL ENERGY STORAGE TECHNOLOGIES
WattsUp Power

Technology Transfer speed Volume stored  Charging time Life-time Price

WATTSUP POWER .
FLYWHEELS

SATTERIES. ® O
SUPER CAPACITORS ‘ ‘
FLYWHEELS ‘ .

® 00
OANGR _
© @ O

WATTSUP POWER A/S - CUTTING-EDGE ENERGY STORAGE - CONFIDENTIAL 11



COMPARISON TO OTHER FLYWHEEL PROVIDERS

GLOBAL FLYWHEEL TECHNOLOGIES

Power Capacity - kWh

WattsUp Power

A WUP’S STRENGTHS
Emergency Power Energy Stc?r age WU: E;:te','de" Uses * Permanent Patents designs
< 10 min. > 10 min. Feck shaving 1LY = Power x10 Vs. Energy
Main competitors for community | I ™ )
and commercial energy storage : | = Stability for Increased Speed
-I- I I = Standard Integration Capability
————————————————————————— |m—======n
Space : | :I
Cranes I Bea%n temporal © energiestros (-) I W I:
| PWER high-performance eneray storage Heli | WEttsUp Powar |
_ -= elix Power I W - 100KWh L
| _ 1 ) STORNETIC #™ KineticTraction L i
1 @m ETIX ] === 1 1 o W Systems e e - - - |
8 | v 1 N Industrial Power
A (& ! Rig ). ADAPTIVE !
'§ e o = = _|| “MN 1 Kg Technologies AmEIE R @ Balancing Power 1 Energy Storage
~ b—_ - e em em e e e 1
= : |
S 1 ! b= - e 4 Consumer Power
| [, : : | wu: E:teqded Us;(es Energy Storage
: PIPI;I-SEQB " : I Peak Shaving 300kW
I _ I - o-TTTT L 1!
| POWERTHRU ! . XT I W p !
| Clean Flyahee Frergy Starage 1 | ENERGY | 1 I
___________ i | . | WattsUp Power 1
I energiestros !
Residential : Q, fl_ w-3sokwhr_ 1 _!
Datacenter I V E LK E S s :
UPS 1 Energy Storage & Power Conversion |
I

»
»

Duration in minutes

WATTSUP POWER A/S - CUTTING-EDGE ENERGY STORAGE - CONFIDENTIAL
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EFFICIENCY COMPARISON BETWEEN MARKET AVAILABLE ESS W
UTILITY SCALE ESS
WattsUp Power

10 MWH WIND FARM EFFECTIVE ENERGY STORED WITH 10 MWH GENERATED
9.8 MWh 9.6 MWh 3.6 MWh <3 MWh <3 MWh

—_—
Combustion
in fuel-cell
Combustion

Combustion
in fuel-cell

in fuel-cell

Flywheel Batteries Hydrogen @ Methanol Ammonia

Battery and Flywheel Energy Storage Solutions
Are more than +50% more efficient that hydrogen,
methanol or Ammonia solutions

m Stored energy  Fuel cell combustion = Fuel synthesis B Conversion loss
Source paper publication 2021: www.transportenvironment.org

WATTSUP POWER A/S - CUTTING-EDGE ENERGY STORAGE - CONFIDENTIAL 13



ONE PRODUCT — MANY SOLUTIONS
SBR - \\ o

b ﬂ4 %
STABILIZATION s { ]
d_..i.g‘::u. . 'El“ ] | |
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FOCUS AREAS — PROPOSED STRUCTURE AND PARTNERS

SOLUTIONS — MARKETS - REGIONS

-} (%)

Areas

= Short-haul vessels
= SOV’s

= Drilling

= Cruises

= Power Barge

Partner
= Spinning Energy — EU
= Edison Chouest — US

O

SPINNINGENERGY

Areas

= Peak-power

* Energy Management
= Ancillary Services

Partner
= TBD -Siemens / Alstom

SIEMENS
ALSTOM

Areas

andel

Cars
Ferries
Busses
Airplanes

Partner
Andel — EU
Edison Chouest — US

Areas

= Peak-power

* Energy Management
= Ancillary Service

= Load leveling

= Frequency Regulation
= Spinning Reserve

Partner
= Andel — Scandinavia EU
= Edison Chouest — US

andel

[%2) (%)

Areas

Peak-power

Energy Management
Integration of local supply
Ancillary Service

Partner

DANIELI Group— EU
TBD—-US

&) B DANIELI

WattsUp Power

Other areas of interest
= Mining

= Defense

= Space

= Deep Sea Mining

= Urban//Micro Grid

WUP - Risk Strategy
3- Key components + license
. Rotor
Motor
. Bearing

JV Sales — Split (Concept)
= 50% WUP

. 20% Partners

] 20% Capital Investor

Ll 10% Employee

WattsUp Power is developing

different business models,
where local JV models is a
possibility.

WATTSUP POWER A/S - CUTTING-EDGE ENERGY STORAGE - CONFIDENTIAL
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MARITIME — CASES W
HYBRID —DIESEL / ELECTRIC, ALL ELECTRIC, WIND FARM SERVICE OPERATION VESSEL (SOV)

WattsUp Power

DENMARK AND NORDIC UNITED STATES

EVERS=URCE
& MOLSLINJEN )A\ e 1
OrSted Wind equinor
TORGHATTEN WUP’s first SOV. Worlds first 100% Electric SOV

= 28 Par 250kWh flywheels, 9 hours electrical operation

WATTSUP POWER A/S - CUTTING-EDGE ENERGY STORAGE - CONFIDENTIAL 16



MICROGRID // SUPER CHARGING - CASE

THERE IS ONLY A 400KW TRANSFORMER ON THE OR@ ISLAND TODAY EXAMPLE OF CHARGING PROJECT

WattsUp will operate the system 24 months
from Q1 2023. With an Ancillary Service
Platform develop for the purpose.

WattsUp Power

OSHREEERGE )

min.

Existing Radius Transformer \F’iitngigti’gfgilrﬁn
10 kV 400KVA, 576A (630 KVA,907A) Z I h" IS
No.: 2429 Org @st
Ancillary Service
=/
#1 Supplier A
Mmmw Mmmw <
DN DHne o}
= T am
Mmmw Mmmw N/ g
ahnn  Shnw Suoolier B g
upplier WattsUp Power A/S 3
#2 Energy Storage —— M foom
i
T
=
Supplier C Customer B
#3 #1 — Grid connection Customer A

#2 — Solar
#3 — Wind
#4 — Industrial Load

kW Storage

Charging Company

WATTSUP POWER A/S - CUTTING-EDGE ENERGY STORAGE - CONFIDENTIAL
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HEAVY INDUSTRY

ZERO EMISSION // CAPACITY REDUCTION - CASE

WattsUp Power
Mmmmu Mmmmu P
AN DB
MMNS  Dmiw
MOWW  MHHIBW P Power prowded by
the Energy Storage
threshold
#1 t \
level
P shaved” power profile fﬁwerdprowded by
“ ; e gri
; % “shedding” power profile #3
____________ grid power
- -7 =~ ~_,  tmummmas |Oad
#2 t e - - N > ~
2 o load AN
' ® , P \
Ex. Unibrew / \
II \\
. | |
1
Stored Energy ! !
P ‘\ ,I
\ /
' #1 s/
W » t.
. AN Production load/need 9’
Energy Storage #2 /\ /\ \\\ e .
WATTSUP POWER A/S - CUTTING-EDGE ENERGY STORAGE - CONFIDENTIAL
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PRODUCTION CAPACITY TODAY — WE NEED TO EXPAND
WattsUp Power

PRODUCTION CAPACITY TODAY — 100 UNITS

Headquarter —USA-Done B DELIVERED/ORDERED 2022 2023 2024
Sales & Marketing - Q1 - 2023
Houston, Texas 4 20 180
Research & Development
Production — Q2 - 2023 4 28
Mandeville, Louisiana
2 58 48
Headquarter — EUROPE - Done == 24 48
Sales & Marketing
Research & Development - Done 4 144 1032
Production - Done
Copenhagen, Denmark 2
Production - EUROPE = SUM 12 250 1336

Production — Q4 2022
Egersund, Norway

Units value approx. 1,2 M DKK/unit. Pipeline development is dependent on capacity.
Our goal is to have 16-weeks delivery time from January 2023.

WATTSUP POWER A/S - CUTTING-EDGE ENERGY STORAGE - CONFIDENTIAL 19



HQ, R&D, SALES AND PRODUCTION

EXPAND TO GERMANY, SOUTHERN EUROPE AND ANZ

Headquarter - EUROPE
= Sales & Marketing

= Production
Copenhagen, Denmark

= Research & Development

Headquarter - USA

= Sales & Marketing
Houston, Texas

= Production
Mandeville, Louisiana

Production - EUROPE
= Production

Egersund, Norway

WattsUp Power

Growth Focus Areas

Region Office - GERMANY
Sales and Production

Region Office — SOUTHERN
EUROPE (IT, ES, FR, PT) ITALY

Sales and Production

WATTSUP POWER A/S - CUTTING-EDGE ENERGY STORAGE - CONFIDENTIAL
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BUSINESS, SOCIETY AND ENVIRONMENTAL WITH GROWTH EQUITY

EXPECTED BY 2026

‘ //J' NET SALES REVENUE aﬁ

YEARLY RESULT

B

DIRECT JOBS CREATED

WATTSUP POWER A/S - CUTTING-EDGE ENERGY STORAGE - CONFIDENTIAL

W

WattsUp Power

ENVIROMENTAL IMPACT

&

A TOTAL REDUCTION BY 2026

(TON PER ANNO)

(TON PER ANNO)

21



“WattsUp Power is
confident in our
strategic plan and the
long-term prospects for
the energy storage
market. We believe this
investment will position
us to further deliver on
our growth initiatives,
our environmental
commitment, and our
employees, customers,
suppliers, partners and
shareholders.”

.
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THERMAL ENERGY STORAGE FOR
PROCESS HEATING

KURT ENGELBRECHT
VIEGAND MAAGQE

TAASTRUP - 9. MARTS 2023




VILLUM FONDEN & )

Thermal Energy Storage for Process Heating

Energy Rocks

Cost- effective thermal energy storage for industrial heat at scale

cens-nve ENERGINET

I rockwooL

Energiteknok Kiing og demonstration

24 January 2023 “Energy Rocks” — GreenLab Research Community Day

Kurt Engelbrecht, Kai Knobloch, Yousif Muhammad

Department of Energy Conversion and Storage, Technical University of Denmark
Viegand Maagge

-
'.-' - ‘ - ]

initial focus (TES > 600°C)

1



mzu CP Kelco- Motivation for -gand Maagoe
= electrification— External :

* Electricity prices are expected to be relatively £ o ;< e

constant B
* Natural gas prices are increasing ,

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

* Priceratio is decreasing

e Grid CO, factor for “fossil fuel” are constant

* Grid CO, factor for electricity from the grid is b =
decreasing
* Carbon quota price are expected to increase i [T

(free quotas are phased out)

Mass specific CO2 quota price

* Taxes and subsidy schemes are expected to /”//
reflect the national carbon strategy.

DKK/ton
B
ol
‘O
Q
o

24 January 2023 “Energy Rocks” — GreenLab Research Community Day



=
—
—

CP Kelco - Motivation for electrification - Internal

i

* Support capacity expansion
* Renew of process equipment
* Increasing flexibility

* Removing constraints

* Increase efficiency on process equipment => less
waste heat

* Redesign production lines

* Introducing new equipment that support
product quality

24 January 2023 “Energy Rocks” — GreenLab Research Community Day



| Intro @ O O Design O O O Optimization O O O Simulation O O O Conclusion O

=
—
—

Initial focus: Power-to-Heat-to-Power *

i

* classified as Carnot Battery

IEA Task 36

(¢ <
(< ¢

CONVERSION STORAGE CONVERSION

Resistive heating Thermal Storage Water-steam cycle

More about Carnot Batteries? More about the rock bed itself?

Applied Energ;

Contents lists available at ScienceDirect ArpLIED
TrERMAL
ENGINEERING

Carnot battery

From Wikipedia, the free encyclopedia

Contents lists available at ScienceDirect

A Carnot battery Is a type of energy storage system that stores. App]led Therl.nal El'lgll'leerlng
electricity in thermal energy storage. During the charging process.
electricity Is converted into heat and kept In heat storage. During the

discharging process, the stored heat is converted back into electricity.
2 Asimplified scheme of a typical
Carmot battery systom

Applied Energy

journal homepage: www.elsevier.com/locate/apenergy

journal homepage: www.elsevier.com/locate/ate

Moreover, “Marguerre" patented the concept of this technology since

100 yearsl®! but the development of this concept has only recently been ,.)

revitalized for increasing the shares of energy delivered by renewable sources. On the other hand, “Andre Research Paper n

Thess" Invented the term of Camot Battery in 2018 before the first International Workshop on Carnot 3 2 = ek o J

Pt A partially underground rock bed thermal energy storage with a novel air Deraditi ¢ el | o
: egradation of a rock be ermal energy storage system L

The name "Camot battery" comes from Camot's theorem, which describes the maximum efficiency of converting flow configuration

heat into mechanical energy. The word "battery” indicates that the purpose of this technology is to store ) . ) ) L. Kai Knobloch ", Thomas Ulrich b Christian Bahl , Kurt Engelbrecht

electricity. The discharge efficiency of Carnot batteries s limited by the Carnot efficiency. Kai Knobloch*", Yousif Muhammad *, Marta Soler Costa ™', Fabrizio Mayta Moscoso “*, 4 ) 4 3

The German Aerospace Center (DLR) and University of Stutigart have been working on the concept of Carmot Christian Bahl*, Ole Alm ", Kurt Engelbrecht* * Department of Energy Conversion and Storoge, Techvical University of Denmark, Anker Engelundsvej 301, 2800 Lyngby, Denmark

batteries that store electricity In high-temperature heat storage since 2014.11in 2018, the name "Carnot # Department of Energy Conversion and Storage, Technical University of Denmark, Anker Engelundsvef 301, 2800 Lyngby, Denmark Jor oot A 0 Hocoh Guldtegs Gole 2 A,

Dattery” was used In Hannover Messe, ¥ one of the world's largest trade fairs, by DLR (5 However, the concept VSEASNVE, Howedgaden 36, 4520 Svinbgs, Denmark

of Carnot batteries covers the technologies that have been developed for years, ] such as pumped thermal < Polytechnic University of Milano, Piazza Leonardo da Vinci, 20133 Milano, laty

energy storage®I% and liquid air energy storage

24 January 2023 “Energy Rocks” — GreenLab Research Community Day




| Intro @ @ O Design O O O Optimization O O O Simulation O O O Conclusion O

HE

New focus: Power-to-Heat- ...

() () s

CONVERSION STORAGE
Resistive heating Thermal Storage
Green 2 VILLUM FONDEN

“Energy Rocks”

Design and size a cost- effective thermal
energy storage for industrial heat at scale.

24 January 2023 “Energy Rocks” — GreenLab Research Community Day



Thermochemical energy storage for seasonal heat
storage

HE

« Energy is stored by boiling ammonia
out of SrCl, salt in the storage

« This can be done on windy days
by running the heat pump

« When heat is needed, ammonia is
pumped back into the module to
release heat

» Chemical storage allows for seasonal
heat storage

. Work is funded by ELFORSK with 0 Heat Pump o Heat Battery ° Hot Water ° Building radiator
industrial partner Sensible Energy

24 January 2023 “Energy Rocks” — GreenLab Research Community Day
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i

System design

Volume: Dependengvariaﬂé’% (1) (
T S

[ | | J

~., -0.04

|
&

24 January 2023 “Energy Rocks” — GreenLab Research Community Day



_ Intro @ @ @ Design O O O Optimization O O O Simulation O O O Conclusion O

g M et h 9) d O I O g y 4\ MATLAB‘E" When does the storage operate? How

do we need to size the heater power and
total storage capacity?

Simulated time

1 [ [ Which storage
' ‘ | j WW M temperature, material and
wioyens | ' size should we choose?
\Ml |
COMSOL
MULTIPHYSICS®
up to weeks 4

stationary

[
»

Order of steps

Which storage . :
design is cost- @ Basic process design (CAD)

effective, scalable (@ storage operation (Optimization)
and easy to @ Storage physics (CFD)
integrate?

24 January 2023 “Energy Rocks” — GreenLab Research Community Day
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DTU
= Rock Bed 1.0 and 2.0 at DTU Energy

[6] [1,2] N

Heaters

600 Middle pipe
500

400

e Concrete

sk Rockwool

Brick insulation

100 .
Steel container

Rocks (Swedish diabase)

Temperature and air flow streamline after 6 h charge with Re = 12 and NTU = 56.

« two different rock sizes (8-11 mm and 16-22 mm)

* piping and heaters mounted on top of the storage

« middle pipe for flow reversal
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$= Thermal energy storage (TES) pilot plants built at DTU Energy

V= 1.5md

P., =30 kW,

T, =600°C

Cy =450 kWhy, (AT = 600 °C)
Ner < 68.5 % (with one layer)

Vpp =3.2m3

P, = 45 kKW,

T, <675°C

Cy = 1000 kWhy, (AT = 600 °C)
Net <80.7 %
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DTU

= Temperature profile comparison (animation)
Figure 3 Reconstructed temperature during 0 hours rer 0 hours

a) 600 °C/200 m?/h charge,
b) followed by a 200 m3/h discharge.
c) 200 °C/200 m3/h charge,
d) followed by a 200 m3/h discharge.
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Integration @ GreenlLab - charge
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DTU
= Integration @ GreenlLab - discharge
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Multiple TES

(D) Fan

@ Heater
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Integration @ GreenlLab - modifications

—1\40 MW
e
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Economic storage optimization tool

Start
40 MWy,
Heat Electricity Tayifs
Demand Price
. Year
Sizin o
9 Optimization
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Total costs

24 January 2023 “Energy Rocks” — GreenLab Research Community Day



L Intro @ @ @ Design @ @ @ Optimization @ O O Simulation O O O Conclusion O

DTU

i

Pheater = 60 ... 240 MW ; C,; ., = 750 ... 6000 MWh

Theoretical analysis

OPEX

(for plausibility check)
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DTU
= Theoretical analysis Prers =40 MW Preg = 0 - 240 MW ;G = 750 - 6000 MWH
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Practical analysis

Using data from GreenLab.

Consumption > Production Consumption < Production

There is no energy left for Unwasted and/or TES. There is energy left for Unwasted and/or TES.

24 January 2023 “Energy Rocks” — GreenLab Research Community Day



L Intro @ @ @ Design @ @ @ Optimization @ @ O Simulation O O O Conclusion O

=
—]
—

= Order of priorities
[ Production from
solar and wind
12 MW for P2X < 0.36 MW park

. (approx. 53 MW, consumption
= and 30 MW,)
2
)
=
o
o
Q@
I
E left for Unwasted and/or
< thermal storage
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DTU
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CFD: Storage temperature

For a rock bed storage with 1 GWh total capacity.

high thermal losses

Storage temperature [ °C] Volume [m3] —
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fpas:
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Comparison of two materials for an example charge process.

CFD: Storage material

oseqelq ysipsams

=il

ii
H,

,_‘w\n?.

i/}

,%
i

alnaube

Magnetite has 73% higher density
but costs twice as much and is

ferromagnetic (spontaneous
magnetization).

>
©
(a]
>
=
c
=
=
=
o
(&}
-
©

rgy Rocks” — GreenLab Resear

“Enel




L Intro @ @ @ Design @ @ @ Optimization @ @ @ Simulation @ @ @ Conclusion O

=
=
—

G . .
= CFD: Particle size
Comparison of temperature distributions after 24h of charge for different particle sizes
50mm
Particle Energy Outlet
diameter Stored losses
[mm] [%] [%]
8 77.52 19.80
10 77.63 19.68
15 75.72 21.26
50 69.14 27.75

400°C

0°C

worse stratification but lower pressure drop
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MLEEP (Machine learning til Energi- og
Procesoptimering)

* Viegand Maagge har efteraret 2022 startet R&D-projektet MLEEP stgttet af ELFORSK, hvor machine

learning-algoritmer skal demonstrere nye effektiviseringspotentialer i industrielle processer og

forsyningsanlzeg

* Projektet udfgres med flere case-virksomheder:
» Arla Foods
» Viking Malt

« Saint Gobain Gyproc

Sgc gas cooler outlet ctrl T

» Avista Green

* Ringsted Forsyning

0 5 10 15 20 25 30 35 40
T AMB
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DTU |
= Conclusions VILLUM FONDEN

Design and sizing of a thermal storage based on rocks for process heat supply of UnWasted at GLS 1 GWh, 60 MW, 400°C, 4266 m?3
Swedish diabase @8-10mm

The electrical air heater is a major system cost and may kill the economy of some projects

For the GLS application a 25 h storage gave an economic optimum when the heater is treated as a sunken cost

Thermal energy storage gives increased flexibility and reduced operating costs S 0

— Amounts will depend on fluctuations in electricity prices and hourly power consumption vt 5 O
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Thanks a lot to: Green .= VILLUM FONDEN

Kurt Engelbrecht
kuen@dtu.dk

Kai Knobloch
kalkn@dtu.dk

Yousif Muhammad
youmu@dtu.dk
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