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STAY UPDATED!

SIGN UP FOR THE NEWSLETTER

Subscribe to the Advanced Energy Storage newsletter and the Refrigeration and Heat Pump Technology newsletter - and get the latest
updates on cutting-edge technologies, conferences, training courses, industry trends, and more!

Advanced Energy Storage Conference newsletter:

Refrigeration and Heat Pump Technology newsletter:
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Keynote: The role of energy storage

technologies in the energy system - today and

in the future

PETER SORKNAS,
AALBORG UNIVERSITY

Keynote: Challenges and prospects of
integration of energy storage to the
distribution grid

JACOB RIBERGAARD VINTHER,
CERIUS-RADIUS

Advancing the green transition in Port of
Hirtshals through energy flexibility and
storage: Insights from the EFFORT Project

METTE DAM JENSEN,
GREENPORT NORTH

The most isolated island in Northern Europe,
Anholt. We want partial self-sufficiency in
electricity

SOREN D@BSSING,

RF-ANHOLT APS

Use cases and benefits of high-temperature
thermal energy storage

MARTIN SCHICHTEL,
KRAFTBLOCK

Decarbonizing Industrial Processes through
Electrification and High-Temperature Heat
Pumps

JOSE JOAQUIN AGUILERA,

DANISH TECHNOLOGICAL INSTITUTE

Energy management for a flexible
market

PHILIP HOLGERSSON,
AIRE ENERGY

Energy storage and the power grid -
too much is not good enough

GUNNAR ROHDE,
DANISH TECHNOLOGICAL INSTITUTE
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Use cases and benefits of high-
temperature thermal energy

storage
Martin Schichtel, KraftBlock
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Advanced Energy

BLOCWK DTI, Copenhagen

Unveiling Kraftblock's groundbreaking high-temperature energy storage solutions, enabling a sustainable transition towards a decarbonized future.




sioox Heatin a global context

Industry Heat [PWh]

Heat in perspective

60 - Over 50% of the globally
consumed energy is heat
App. 25% CO, worldwide?

In  industries process
40 - heat makes up to three
quarters of the energy

demand
20 The future holds growing
2020 2025 2030 2035 2040 2045 2050 heat demand in

industries

1) Petawatt-hour (PWh) is equivalent to 10° Megawatt-hours (MWh)
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Technology
development

Developing a
sustainable and high-
efficient storage
material for high-
temperatures.

Full-scale
pilot stationary

Installing the first
proof of concept with
4.2 MWh capacity at
a German ceramic
manufacturer.

;"

Full-scale
prototype mobile

Proving the first mobile
appliaction with a CHP
operator in Germany to
replace gas with waste
heat.

20 MWh
under execution

Commercial project in
Steel industry to
improve efficiency in
a sinter plant. Fast
payback time.

150 MWh
under execution

Replacing natural gas
completely at a PepsiCo
food factory. Using
renewable electricity as
source.
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siocx  Our Platform-Approach

Generating Power

CSP

KRAFT
BLOCHK

Power-to-Heat ) | » i
| | Storage District Heating

stationary & mobile

up to 1.300°C \

Waste Heat
Process Heat



siocw Ihe basis: our unique and sustainable storage material

Oy Upcycled up to 85% (slags) Sustainable energy storage
@14.'9 material without rare earths

Tested for 15,000 cycles
- and 1,500°C

Different shapes, simple production
Low carbon footprint & circularity Patented System Many formulations possible
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sioow  Standard-Products based on the Analysis of 90 use cases
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Capacity:  up to 12MWh Capacity:  up to 150MWh Capacity:  up to 300MWh
Charge: up to 10MW Charge: up to 50MW Charge: up to 150MW
Discharge: upto 5MW Discharge: upto 25MW Discharge: upto 50MW

Footprint:  20ft. containers Footprint:  multiple 40ft. Footprint: individual



KRAFT
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Design / Hardware

Operations

We engineered flexibility in design and operations

Dimension | Technology Competition Kraftblock

Max. Temperature 1,500°C 1,300°C (Standard)

Flexibility (design) No

Combination WHR + NZH

Adding Modules

Uptime + Availability Limited High







KRAFT

stocw Waste Heat Recycling System

Waste heat from 300°C upwards

Flue gas can mostly be used directly Advantages

Stored heat is utilized in the

* Less primary energy needed
same or a different process.

Additional emissions avoided

KKKKK
LO

Cost savings

* No new energy source needed



Steel-Industy

KRAFT
BLOCWK

Storing waste heat

Sinter cooler (waste heat source)




stocw lata Steel

UL

TATA STEEL

About the project

= Collecting waste heat from the
sinter plant

commissioning: 2024 (Autumn)

= Operation: Sintering

Capacity: 20 MWh

= Application: NDA

Very fast payback

= 20,000t of CO, per year
2% energy efficiency boost reduced

Location: Jamshedpur, India




sioox  Net-Zero-Heat System
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/] 5locw High-temperature storages for low-grade heat?

Storage temperature

1300°C

1300°C

Integral is
useful energy

\ Storage
temperature
500°C £00°C
300°C

More useful energy, higher efficiency, better ROI




KRAFT

siocx 1ES and Electricity have lowest costs

Clean steam from electricity and TES can be cheaper than  Capex: Opex:
= : : Heating CO, emissions
conventional gas boilers and other low-carbon solutions equipment’ i Fucl
[7] Other costs®
Levelized cost of heat (steam)’ M Storage .
USD/MWh, 2022 Steam production
Decarbonize ... adding ... replacing fuel source ... electrifying in combination with storage*

by ... ccs

» Study with various technologies
and providers

* Levelized cost of heat (steam)

zas baoiler

= Electricity with TES best high-
temperature solution

= Even better OPEX via
privat wire

Gas boiler Gas boiler Hydrogen Biomass  Electric boiler Heat pump ‘ Electric boiler /Heat pump5
with CCS boiler boiler with Li-ion with Li-ion with TES with TES
battery battery

Source: LDES Council 2023. Systemiq 2024

-

. Ranges reflect representative fuel prices. Gas (USD 6-12mmBTU), electricity (USD 25-50/MWh}, biomass (USD 200-350/t). In the hydrogen boiler case,
hydrogen production costs amount to USD 2_1-3.2/kg of hydrogen.

. Boiler, heat pump, and charging equipment.

Electrolyzer, CCS.

. Assumes on-site renewables.

. High-temperature industrial heat pump. Maximum achievable steam temperature is ~160°C.



KRAFT

stocr Battery Storage vs. TES

> IMW Charging capacity t’u, IMW
S IMW Discharging capacity - IMW
.8 35MWh Usefull energy 35MWh
"&; App. €24m Costs <€10m
(2]
50x50m Footprint 12x10m
App. 350tons Weight App. 750tons
4,000-6,000 Cycles >15,000
Energy-density
/ Max. Temperature 4,2MWh/m?
0,2MWh/m? Av. Temperature 1,8MWh/m?
/ Min. Temperature /

Original Project: RWE Eernshaven, 35MW/41MWh
€24m



KRAFT

siocx  Optimizing a TES reduces marginal steam costs

' Simulating the potential set up in our optimization tool Prosumer proved that a storage is economically
Q%QE%J‘ advantageous over a conventional e-boiler regarding the TCO' over 15 year (even without subsidies).
: Considering additional revenues from the participation in flexibility markets could potentiall
Pressumer J Y
further reduce marginal costs.

Marginal cost of steam in 2035 [€/MWh]

. (?_9,@ €107 Average green

| €Mwhn electricity price as
| delivered in 20352
57% of :
high-
pressure
steam is
supplied by
the storage

E-bailer Gas boiler Optimal Storage Storage Storage Storage
storage | 8760h 6000h 4000h 2000h
and gas

combined I

8760h
—.
CNGIC
| @ ENGIE Impact 1) TCO: Total-Cost-of-Ownership / “Gesamtbetriebskosten™ over 15 years. 2) Assumptions: 80% reduced grid fees due to atypical grid usage. GO price of 15€/MWh Impact



crocw Net-Zero Heat System

Renewable Power

/

_— N

Power-to-heat
up to 1,200°C

Flexibility due
to storage

BLock

Application in any form and
temperature

Advantages

Prevent curtailment
Relieve grid
Use low power prices

Replace fossil fuels



KRAFT

stock  PepsiCo Project

@ PEPSICO

* Broek op Langedijk, NL
= 1 million bags of chips everyday
* For eight European countries

= Almost every emission in Scope
1 is burning gas for frying 24/7
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scocw Net-Zero Heat System — Ready for TODAY
Calcination

v v v v v

Fluid Heating

Heat treating

\WISEIVED
melting
St
ea“?‘ v H v I v/ H \/\
generation

Heat-Transfer-Media: thermal oil, steam, hot air
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KRAFT

siocx  Repurposing fossil-fired power assets

Advantages

= Using cheap surplus energy
instead of curtailing it

= Stabilizing the grid

= Existing infrastructure can have a
second life

Industries

= Energy supplier

*  Power plant operators

* Industries with a lot of
intense waste heat



oo Studies for power plants

Feasibility Study for Torrens B About the project Further Studies

CCGT power plant Verbund (Austria)
Use of surplus PV from grid = Waste heat recovery and reuse

in CCGT
One 200MW block

= lgony (Germany)

Operation for 8 hours

= Repurposing gas-fired or coal-

New Steam generators fired boiler for power

generation and district heating
—> Technically feasible, = Storage heating plants for
investment decision pending district heating

*
‘ Australian Government R E N
“ Australian Renewable A A

Energy Agency
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stock Contact

Contact

Martin Schichtel
martin@kraftblock.com
+49 6897 936 161

The content of this document is subject to
copyright. Changes, shortenings, extensions and
additions require the prior written consent of
Kraftblock GmbH. Each duplication is permitted
only for personal use and only under the condition
that this copyright note remains with the
duplication on the document itself. Any publication
or translation requires the prior written consent of
Kraftblock GmbH. Commercial use also requires the
prior written consent of Kraftblock GmbH.

General Contact

Kraftblock GmbH
Industriestralle 2
66280 Sulzbach/Saar

welcome@kraftblock.com

Phone: +49 6897 936 161
Fax: +49 6897 936 162
www.kraftblock.com
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Decarbonizing Industrial Processes
through Electrification and High-

Temperature Heat Pumps

José Joaquin Aguilera,
Danish Technological Institute



Advanced Energy Storage 2024
Decarbonizing industrial

processes through electrification
and high-temperature heat pumps

José Joaquin Aguilera, Consultant
Frederik Dupond Holdt, Consultant
Danish Technological Institute




Decarbonization of Industries

Holistic consultancy approach supporting « Component development

process industries in their decarbonization « System design and optimization
Process Analysis & Target definition Testing function and performance
Conceptualization & Technology
Overview

Roadmap development Technol
Support during implemen- ?ﬁ::rﬁ Collaboration partners
tation . Thertt « Technology suppliers (system
. Biogas manufacturers, OEMs, ...)
Decarbonization Technology lEJlr;'cttSi * Process equipment
strategies development . Watdl manufacturers

e End-users from various industries
(Food & beverage, Pulp & paper,

Scope

- EnEps chemicals, minerals, utilities,
- GHGS : i

Validation of technologies in Test and . Water industry symbioses, ...)

full scale demonstration - Econo

Industrial heat pump lab
On-site demonstration at end-users

Danish Technological Institute



SCIENCE

3ASED  Decarbonization is gaining traction

TARGETS

DRIVING AMBITIOUS CORPORATE CLIMATE ACTION

Total number of companies by industry with approved targets as of 2023

. Companies with validated targets 2015-2022 . Companies with validated targets in 2023

1359

Services

Manufacturing

337

Food, beverage & agriculture

Infrastructure 376

Materials 320

Retail

posere! [N v

Biotech, health care & pharma - 130

Transportation services

Hospitality . 72

Power generation . 56

254

142

0 500 1000 1600

Cumulative number of companies

0627

with science-
based targets

9557

companies taking action

3590

net-zero
commitments

https://sciencebasedtargets.org/ [accessed: 27.11.2024]

Source: https://sciencebasedtargets.org/resources/files/SBTiMonitoringReport2022.pdf Danish Technological Institute
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INDUSTRIAL PROCESS HEAT DEMAND - EU28

Total energy demand - 2950 TWh/a

Process
cooling
(3 %)

Space
cooling
(1 %)

Non-thermal
(19 %)

Space
heating
(11 %)

Figure based on Heat Roadmap Europe

Process heating
(66 %)

Process heating demand - 1952 TWh/a

> 500°C
(52 %)

200°C - 500°C
%)

< 100°C

(11 %)

Temperature

RES

Mix <

Non-RES <
COz:

552 Mt/a

Biomass
(11 %)
Electricity

Distric heating

Others - fossil
(13 %)

Coal
(20 %)
Qil
(8 %)

Gas
(36 %)

Fuel source

Others - RES
(0.4 %)

(3 %)
(8 %)

-

\_

Heat Pumps:

Share of process heat: 37 %
CO, emission reduction: 146 Mt/a

~

J

A

Danish Technological Institute
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https://heatroadmap.eu/heating-and-cooling-energy-demand-profiles/

2020
2030
2050

2020
2030
2050
2020

2030
2050

MARKET FOR HIGH-TEMPERATURE HEAT PUMPS
IN THE INDUSTRY

1200 -
I Food Sector
Low/medium-temperature heat demand by technology Technolo -Papef.sec‘“
. Fossil ffgl heater = Ll -geh:nm'ca'ss“st“
M Biomass heater T o ey
H : M Electric heater » 800 I
. : M Hydrogen heater § =
High-temperature heat demand by technology {  mHeat pump o3
! E Other heat sources - & 600
208
: Sub-sectors . :g' 400 -
Heat demand by sub-sector B Mining and construction £
: : M Food and tobacco 3
: _ Machinery 200 -
. — m Textile and leather
D = Transport equipment 5 1 ,
’ ¢ W Wood and wood products 0 20 40 60 80 100 120 140 160 180 200
25% 50% 75% 100% Te (°C)

Process Heat Temperature

Share of technologies for process heating accoring to temperature level Process heating under 200 °C for selected processes in EU28 [An estimation of the

[“Net Zero by 2050 - A Roadmap for the Global Energy Sector”, International ) , ; .
_ . European industrial heat pump market potential, Marina et. al (2021)
Energy Agency, 05/2021, https://www.iea.org/reports/net-zero-by-2050 S L ! S . .
gy Agency . https:// lications.tno.nl/ lication/34637767/MueE3v/marina-2021-estimation.pdf]

IEA expects natural gas for process heating up to 250 °C will be phased out and be replaced by
primarily heating pumps and electric boilers.

Large potential for heat pumps, especially within the food, paper, chemical, and refinery sector.


https://publications.tno.nl/publication/34637767/MueE3v/marina-2021-estimation.pdf
https://www.iea.org/reports/net-zero-by-2050

PROCESS HEATING WITH HEAT PUMPS

Heat pump driven

Process heat
100 %

0%-33%

CO, emissions

Heat pump

6—) @ (COP _ Process heat _ 4 0)
Electric power

Eléctric
power
25 %

Waste heat
25 %

W

Process

Waste heat recovery
75 %

Figure from "White Paper - Strengthening Industrial Heat Pump Innovation - Decarbonizing Industrial Heat”

https://www.teknologisk.dk/white-paper-strengthening-industrial-hea

arbonizing-industrial-heat/4 Danish Technological Institute
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https://www.teknologisk.dk/white-paper-strengthening-industrial-heat-pump-innovation-decarbonizing-industrial-heat/43124

140.0

120.0

100.0

80.0

60.0

40.0

Effective fuel cost, €/MWh

20.0

0.0
2025

= Total gas price €/ MWh

Development of fuel prices

1.8
1.6
1.4
1.2

0.8
0.6

Electricity to gas price ratio

0.4
0.2

2027 2030 2035

Total Electricity price €/ MWh =—=Ratio electricity/gas

Data from the Danish Energy Agency -
climate status and outlook 2023

Transportation cost for electricity varies
depending on contracts and area’s -
average assumed

Taxes for electricity are limited to EU-
minimum

Danish Technological Institute



Expected Levelized Cost of Heat in 2030 -
Denmark

Comparison of different technologies, 2030

Investment prices based on the Danish Energy Agency's Technology Catalogs

Fuel prices based on the Danish Energy Agency's Climate Projections

Fixed Lorenz efficiency, n, = 0.5 for all heat pumps

Electricity: 70 €/MWh, 8000 h of heating demand
250 -

200 -

=
w1
o

135

LCOH [€/MWh]
=
o
o

50 1

Electricity: 70 €/MWh, 4000 h of heating demand
2501

200+

=
(S
o

135

LCOH [€/MWh]
=
o
o

50 1

W

DANISH
TECHNOLOGICAL
INSTITUTE



Development Perspectives for HTHPs towards 2030

Heating | Tempe-

capacity| rature

| N R
. Prototypes @ . Demonstrators *,Commercial | A I |y A
°C. ;s :
<120°C . available Q #available h roll-out ‘II preferred @

technology

200 kW 120 °C . " Established as (g
to 10 i} Prototypes Pemor:nstratorsh ‘n}CommercnaI /i I “ preferred \-l

MW 160 °C available available roll-out |H techhology @

. Established as guwa*
Protot @ = Demonstrators i+ C |
> 1607¢ woilable .\ /o avai Eﬂ ) Cratoue [l - prefered % '

available available roll-out
technology @

Technology tra.nsfeL 6 Demonstrators “ Established as \-'
<120 °C & commercial _,O * available h preferred @
project sales *  technology
>10 MW
. Technology transfer. S “., Established as \-'
> 120 °C . & commercial Q 3y (S h +  preferred @

=¥ .  available

project sales technology

Danish Technological Institute 9



Development of Decarbonization Strategies

: - *<0
Mapping of existing b e
processes o-H Development of concept
solutions
Analysis of technology a .

availability and perspectives Q \
Development of

decarbonization roadmap

De-risking of N = /’
decarbonization projects \ Implementation of

decarbonization roadmap

Danish Technological Institute



Complexity of HTHP costs

Fossil fuel-based
process heating

o1 [T

Cost for process Fuel
heating consumption

Low CAPEX risk

Heat pump-based
process heating

@

- Electricity Time of

consumption operation
= -
Cost for 7
process heating ®
[———>

Installed
capacity

Temperature

High CAPEX risk

Danish Technological Institute




Temperature demands & level of integration

Tem-
perature Boiler-based

heat |
250 °C cat supply

240°C A
230°C Heating Utility Heating Utility

220°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
40 °C
30 °C

Heat pump integration
with utility and process
optimization

+ Larger Heat + Larger Heat
exchangers exchangers

*  Optimized utility «  Optimized utility

«  Optimized process

Heating 4 parameters

Utility

Heat pump integration Heat pump integration
without modifications with utility optimization

Heating

COP =
1.3-1.5 COP =
1.5-2.1 COP =

1.9-2.6

g Cooling
Utility

Q‘\\
Cooling

\
% Utility

: ; M-

20°C Cooling Utility Cooling Utility

10 °C
0°C

Integration
>

Danish Technological Institute



Things to consider - Can | get a heat pump?

- Avoid technology lock-ins - Reduce pipework

- Temperatures Process . - Avoid complexity

- HTHP system layout . Integrat|on - Support during installation
- Capacity (peak loads) reliability - Start-up testing at site

- Heat sources? - (De)central installation?

- Back-up boiler
- Electrification
- Sufficient temperatures

Examples of technology lock-ins - Testing of HTHP
- Service intervals

- Process equipment designed
for high pressures

- Waste heat recovery from
combustion processes

- Waste heat supply for external
purpose

Danish Technological Institute



How to get a good business case?
CAPEX

10-15% 35-45% 40-50%

Reducing CAPEX

Engineering Integration System
Develop a long-term strategy. - Consider positioning to avoid Find the right system for the
Avoid cutting costs on too much pipework. purpose.
engineering. - Canwe avoid building a room Avoid system complexity.
Conduct thorough analyses of for the system? Correct capacity and
production and potential - Dowe need to prepare the temperatures.
HTHPs to find the best match. production infrastructure?

Danish Technological Institute



How to get a good business case?
OPEX

90-95%

5-10%

Electricity

Reducing OPEX

Maintenance Electricity
Maintenance can be reduced - As high COP as possible to
by proper design and reduce electricity consumption.
integration. - Consider using HTHP when
Service and maintenance will electricity prices are low.

always be necessary to - Other ways to reduce costs?
increase process reliability.

Danish Technological Institute
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Vardin Pelagic

Vardin Pelagic is a fish
treatment plant located in
the Faroe Islands, originally
built in 2012. The factory
burned down in 2017,
following which a new
factory was constructed in
2018. Now, a new area is
added to the existing layout
and high-temperature heat
pumps are investigated as a
part of this.

e ——

ew product
facilities

Remove
dependency on oil

Decrease OPEX
expenses

ion

Case - Vardin Pelagic

e S
—== Located onisolated

island

Reduce emissions
for better branding

Danish Technological Institute
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1000

800

60
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40
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20
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Case - Vardin Pelagic

Comparison of LCoH in Case 1-3

Heat Pump - Heat pump - Heat pump - Fuel boiler  El-boiler
Case 1 Case 2 Case 3
B CAPEX [DKK/MWh]  ® OPEX [DKK/MWh] Tax [DKK/MWh]

=

|\

= = Qil boiler 10 DKK/I
= HP, 400 DKK/MWh
= HP, 1.000 DKK/MWh

Lifetime investment - HP & oil boiler

-
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Time (years)

= = Qil boiler 7 DKK/I
HP, 500 DKK/MWh
= HP, 1.500 DKK/MWh

= = Qil boiler 5 DKK/I
= HP, 700 DKK/MWh
= HP, 2.000 DKK/MWh

Danish Technological Institute



Thank you for your attention!

Frederik Holdt José Joaquin Aguilera
Consultant Consultant
fdh@teknologisk.dk iipr@teknologisk.dk

+45 7220 1374 +45 7220 2903


mailto:fdh@teknologisk.dk
mailto:jjpr@teknologisk.dk

ADVANCED ENERGY STORAGE
CONFERENCE 2025

See you in 2025 for

Advanced Energy Storage 2025
4 December 2025 - Aarhus, Denmark
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