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in the Metals Industry




I ; \ Heat — The Elephant in the Room

Solar’s the
future!

lve launched my
=\ third DAC startup!

I'm saving the
planet with EVs.
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Heat in perspective

= QOver 50% of the globally
consumed energy Is heat

= |nindustries process heat
makes up o three quarters
of the energy demand

= 40% of global emissions are
due to burning fossils for
heat processes
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I ; \ Key Insights to Global Energy Consumption

World Energy demand per sector
[PWh, % of ToTaI]
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1) Petawatt-hour (PWh) is equivalent to 10° Megawatt-hours (MWh)
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2) https://ourworldindata.org/emissions-by-sector# energy-electricity-heat-and-transport-73-2

Heat in perspective

= Machinery, Lights and
Transport Is a question of
electricity

= Buildings and Industry
predominantly need heat
(60%-90%)

= Until 2050: Main growth in
energy consumption is heat
In industries
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[l Process Heat in Industries

Exhibit 4

Industrial energy consumption is concentrated in high-temperature applications

Global industrial final energy consumption by sector!
Exajoules, 2019

20
Cooling
12
High-temperature 11
heat (>500°C)
9
7
— 6 6
| 5 4

. |

Iron and Non-  Chemicals Refining Manu-  Food and Pulp, Non-  Agriculture/  Other?
steel metallic and petro- facturing tobacco  paper, ferrous | forestry
minerals® chemicals and wood,  metals

1. Excludes ~20 EJ of industral final energy consumption due to insufficient reporting.
2. Includes hot water and space heating.

3. Includes ceramics, glass, and cement.

4. Includes energy industry own use.

Source: McKinsey Global Energy Perspective

Heat in perspective
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Metals industry almost
exclusively needs
temperatures above 500°C

Medium-temperature knows
no superefficient solution

How are fossil fuels
replaced?



I; \ Solutions for the Heat Transition

¥y Em 6B

Renewable electricity Bio energy Hydrogen
= Conversion without losses = Usable in existing = High temperatures
= Use Is safe infrastructure = (an be produced renewable
= Generation is cheap = Generation uncomplicated = Long-duration storage
and decentraliced
Costs
Avalilability
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IZ \ Electricication’s problem

GW Generation, trade and price of electricity in Germany on May 29, 2023 EUR/MWh
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Electrification

= We have a lot of cheap surplus

power that is unused

= We lack grid stability due to

volatile sources and expansion
s slow

= Prices of electricity are high

when bought continously

= (rid fees are a part of high

prices

Christian Kissling
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I ; \ Costs of Thermal Energy Storages

Clean steam from electricity and TES can be cheaper than  Capex: Opex:
conventional gas boilers and other low-carbon solutions Heating = CO, emissions
equipment Fuel
Other costs®
Levelized cost of heat (steam)! M Storage
USD/MWh, 2022
Decarbonize ... adding ... replacing fuel source ... electrifying in combination with storage®
by ... CCs
65-100 70-100
45-70
40-65 45-65
I 25-35
Gas boiler.  Gas boiler Hydrogen Biomass | Electric boiler Heat pumps
with CCS boiler boiler with Li-ion with Li-ion
battery battery

1. Ranges reflect representative fuel prices. Gas (USD 6-12/mmBTU), 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 eguipment.
. Electrolyzer, CC5.
Assumes on-site renewables.
. High-temperature industrial heat pump. Maximum achievable steam temperature is ~160°C.

th bt f

Source: LDES Council 2023, Systemiq 2024
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Steam production

Levelized cost of heat (steam)
Electricity with heat storage
cheapest option for steam above
160°C

Hydrogen most expensive

CO.-prices are included






I; \ Overview of Applications

District heating

Storage
stationary & mobile

.y

KRAFT
BLOCWK

Generating power

Waste heat

Process heat
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Power to Heat

. )
Alr “ (P1H)
_ Steam Turbine
_UID_| ‘ Heat transfer media for storage:
Air, Flue gas
Power or ORCTurbine
- -t or Stirling engine
_._._._.:-.-_-; _____________________________ @% yﬁ_ ........................... -
l’>’ direct ‘F >
7 i :
= I Waste Air | Heat for sink:
heat ' Water (OH)

alsoas S / -

@_ — mobilem't@ Process Steam / Thermal Oil
ndirect Air (no HX required)
l @ ------ ' also Cold is possible

CHARGING UNIT STORAGEUNIT DISCHARGINGUNIT

Note:
Main equipment shown in principle only, not
in correct process sequence (e.g., fan position)
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I; \ Kraftblock's Storage

Highly economic and multifunctional
@ high-temperature energy storage

From 350°C up to0 1,300°C (2400°F)

Capacity of up to 1.2 MWh/m?3

Modular, scalable storage to GWhs High durability of 40+ years

Storing hours and weeks Up to 85% recycled materials

Patented Systems

Christian Kissling High-Temperature Storages in the Metals Industry 11



I ; \ The Storage Cycle

Hot air i1s blown through the
— storage. The storage material
absorbs the heat.

Charging

Energy Is stored between an
“— hour and up to two weeks with
minimal losses.

Storing

Cold air takes the heat and leads
It through the system to adapt

temperature and heat fransfer

media for the required process.

Discharching
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I ; \ The Storage Material

Invention on nanoscale

= Sustainable and wasted
products

= |mportant characteristics: heat
capacity, heat conducticity

= Mix of slags, additives and an
anorganic binder

= Binder builds bridges between
particles to distribute heat

Christian Kissling High-Temperature Storages in the Metals Industry 13



ium Industr
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I ; \ Decarbonizing the Bayer process

Large Quantities of Pracess heat in Bayer Pracess ReplaCi ng fossil fuels
(Scheme)

= Steam generation from
renewables + storage is low
cost, low risk decarbonization

= For Aluminium oxide
production (digesting,
evaporating, product washing)

= (alcination is a possible
application using hot air from

Steam Gas the storage

150°C - 250°C 800°C -1,100°C
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I ; \ Rise of Recycled Aluminium

100 Al e W . L NAT 200 I
2 Aluminium production MT 2 Compelling cases
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https://industriemagazin.at/rankings-2/die-groessten-aluminiumhersteller-der-welt/
https://www.springerprofessional.de/metalle/recycling/so-will-die-aluminiumindustrie-klimaneutral-werden/23572122
https://international-aluminium.org/resource/iai-material-flow-model-2021-update/

I ; \ Secondary Aluminium and Casting

ml‘i

Christian Kissling
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High-Temperature Storages in the Metals Industry

Use cases

Furnaces for smelting (low risk
since medium-temperature)

Waste heat can be reused to
preheat ovens

Scrap heating
Hot Bending

Batch processes are even mare
ideal for storages

17



I; \ Waste Heat in Aluminium

Primary

Electrolysis waste heat (Hall-
Heroult)
= To generate power (ORC)
= Tore-use internally or
externally

31 GWh/a waste heat from
electrolysis for district heating:
Trimet and Igony

Calcination furnace off gas with
heat exchanger (dep. on dust
iIntensity)

Christian Kissling

Secondary and Casting

= Many examples of using offgas for district heating, power generation
= Storages can be implemented to make the most of waste heat from

batch processes

Abwarmestrom Medium Temperaturniveau
Abgase von Ofentypen mit Kaltluftbrenner Abgas 900 - 1100 °C
Abgase von Ofentypen mit Rekuperator-Brenner Abgas 400 - 600 °C
Abgase von Ofentypen mit Regenerator-Brenner Abgas 180 - 300 °C
Abluft Ober Absaugung Luft 40 - 80 °C
GieBprozesse Gussstucke 50-300°C

High-Temperature Storages in the Metals Industry
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https://www.zfk.de/unternehmen/nachrichten/trimet-und-iqony-schliessen-fernwaerme-kooperation#:%7E:text=Die%20Abw%C3%A4rme%20einer%20Aluminiumh%C3%BCtte%20wird,zwei%20Jahren%20soll%20es%20losgehen.&text=Viel%20Energie%3A%20In%20der%20Aluminiumh%C3%BCtte,bis%20zu%20900%20Grad%20hei%C3%9F.

[ ] Thermal Storages in Steel Industry.




I ; \ Supporting Steel plant decarbonisation

L.
e il§ l
B
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I ; \ Retrofitting Sinter Plant

Christian Kissling

High-Temperature Storages in the Metals Industry

Sinter plant

20MWh capacity,
Tmax: 500°C

Utilisation in nodulizing drum

Increasing throughput of
sinter plant

20,000t of CO./a avoided

Other project: flare gas

21



I ; \ More Use Cases in the Steel industry

Diversity in Cases

Zinc baths (600°C)

Metal processing
(Tempering, etc.)

Pre-heating H,

External waste heat
utilization

Christian Kissling High-Temperature Storages in the Metals Industry




[ ] Thermal St gééT;topper Refining
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Flux & Concentrate (1% moisture)

~ - Pre-heated oxygen (100°C - 450°()

Uptake

Reaction shaft

Slag
Matte

Matte

Use Cases

Drying Furnace feed, which
comes from Froth flotafion

= Pre-Heating air / oxygen

= Supply heat to Slag
Cleaning Furnace

= Pre-Heating rotary anode
furnace

Christian Kissling High-Temperature Storages in the Metals Industry
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Innovation in Metals
Industry

Thermal Energy Storages
can be high-temperature

Waste Heat and
Renewables can be linked
with production through
storage

Access to cheap energy AND
secure supply

Christian Kissling High-Temperature Storages in the Metals Industry







I ; \ Waste Heat Projects

QL1

European
Innovation
Council

= Ceramic industry = Steel industry = Using burned flare gases
= (ollecting over the week = (Collecting from sinter plant = 100 GWh/a for reuse
= Preheating the batch process = Reusing it in sinfer mixing = 9,300t of CO./a reduced

= 330t of CO,/a reduced
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I ; \ \/olt Project — PepsiCo and Eneco

¥ PEPSICO
Jﬁneco

v

= Green power from Eneco is converted to 800°C heat = 25MW boailer is replaced’

. . m 3
= Kraftblock system realizes conversion, storage and heat transfer to 4.5m m? natural gas saved

thermal oll
| = 8,500t of CO, avoided In first

= |ncluded is the worldwide largest commercial high-temperature step (2 out of 5 modules)

storage (70 MWh respecteviely ~150MWh) . 98% of emissions are avaided

= Existing infrastructure is used, only gas-fired boiler is replaced when project is finished

Christian Kissling High-Temperature Storages in the Metals Industry 28



Contact

= Christian Kissling
= kissling@kraftblock.com
= +49 6897 936 1616

General Contact

= Kraftblock GmbH
= |ndustriestralle 2
66280 Sulzbach/Saar
= welcome@kraftblock.com

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

Phone:; +49 6897 936 161
Fax: +49 6897 936 162
www.kraftblock.com

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.
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