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Challenge - Industry

Share of energy use for industries
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Half of this demand occurs for thermal
energy for temperature <400 °C.

Eurostat, Disaggregated final energy consumption in industry - quantities by NACE Rev. 2 activity [NRG_D_INDQ_N__custom_7786906]
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Sun, Wengiang, et al. "Material and energy flows of the iron and steel industry: Status quo, challenges and perspectives." Applied Energy 268 (2020): 114946.

Emission Source Emission intensity (tCO2/t steel) | Alternative

Lime 0.04 | Cement paste

Carbon Electrolyte 0.007 | New materials

Coal 0.043 | Biogas, Hydrogen

Gas 0.01 —0.09 | Biogas, Hydrogen, Induction heating
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Clean steel opportunities
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Map of EU steel
production sites
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Priorities for Green Steel

2. CO2-neutral
iron-ore
reduction for

3. Melting of pre-
reduced and
reduced ore, scrap
and iron rich low
value residues

1. Gas injection
technology for
clean steel

ducti clean steel
production

production

CALOR-E Thermal Batteries



Thermal storage

1. Sensible
Heat
Storage

Thermal
Energy
Storage

2. Latent 3. Therm-
Heat ohemical

Storage Heat
Storage

Storage duration use

Hours

Days

case

Sensible Heat

Graphite

Ceramics, silica, and sand

Molten Salts

Concrete

Rocks

Steel

Underground water

Water

Latent Heat

Microencapsulated metals

Inorganic salts and eutectic
mixtures

Sodium

Other liquid metals

Molten aluminium alloy

Paraffin waxes, fatty acids

Salt hydrates

Salt-water mixtures

Ice

Liquid air

Thermochemical Heat

Chemical Reaction Storage

Absorption

https://ease-storage.eu/publication/thermal-energy-storage/
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Thermal storage opportunities for steel

Application Examples

Carbon Direct
Avoidance
(CDA)

Heat-to-Heat = Waste Heat recycling

Improve energy
and resource
efficiency

Heat-to Power Waste heat Recovery

Power-to-Heat Decarbonization of industrial process

Cost reduction Power-to-Heat- Decarbonization of industrial energy
to-Power and heat

oo CALOR-E Thermal Batteries




Waste heat outputs

Operation Heat Type Temperature (°C)
Sinter flue gas 350-370
Sintering Stack exhaust 300-400
Sinter 700-800
Flue gas 250-270 .
Coking Coke 1000-1150 )
Coke oven gas 650-1000 2
Blast furnace slag 1450-1550 8
iron making Blast stove exhaust 200-300 f_éi
Blast furnace gas 200-500 5
Cooling water from blast furnace 35-50 =
. . Basic oxygen furnace slag 1400-1800 L
Steelmaking-Basic Oxygen Furnace Linz-Donawitz gas 1600-1800 %
Steelmaking- Electric Arc Furnace Exhaust gases with recovery 200-210 4
Casting Steel latent heat 1200-1250 6
Steel 1250-1650
Hot rolling Hot rolled steel 800-1000
Reheat exhaust 700-750
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Innovative Steel Applications for low CO2 emissions



Challenge Industry

Industrial heat demand by Heat requirements by temperature
temperature range range in different industry sectors
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(2019a), World Energy Outlook 20189. A Landscape Review of the Global Renewable Heating and Cooling Market



Challenge — Electrical grid

EU — Average non-household Monthly un-licenced and off-demand
electricity prices renewable power generation (Turkey)
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e Emissions ¢ Increased renewables increase grid stability problems <_EI
* Energy security (fossil fuel availability) ¢ Overloading of existing transmission lines O
e Variable and increasing prices ¢ Demand and supply mismatch
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How to solve both problems?

Intraday storage

*Low cost / of demand renewables
*Renewable energy on site

Calor—e * Charge when its cheap

atile, Durable, Sn

l
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* Heat when you need
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CALOR-E Thermal Batteries



A solution for an unaddressed problem

Rock/Sand
NIGHT System size

ENERGY
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Calor-e; durable and fully recyclable

Low-Medium Industrial Heat

Technology

* Storing heat in Steel (0.6 — 1 MWe / unit) Sectors:

*  Fast response and charge (50-500 kW) * Food and beverages
*  Variable discharge (10-1000 kW) izzran:lct?Jlre

* Transfer with conventional heat transfer fluids . Textile

Merits * Paper

*  Made from conventional materials ¢ Metals

* Does not lose capacity with discharge Operations:

* Pasteurizing (60 — 80 °C)
* Drying (70 — 200 °C)
* Tempering (150 — 200 °C)

*  Fully recyclable
*  Modular and scalable

*  98% electricity to heat efficiency - Boiling / Steam (100 — 250 °C)

I

* Distillation (140 — 150 °C)
* Bleaching (130 — 150 °C)
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Off-demand / low-cost
renewable power High temperatures up to +400 °C

Ca or—e

Office Heating




Calor-e Units

Heat Exchanger

e Upto 400 °C Storage ¢ +700 °C storage temperature ¢ Charged by both electricity
temperature e Up to 400 °C discharge and excess heat
temperature
n
Q2
S
g
Single Unit use - - ©
g Calor-e Calor-e g
Versatile, Durable, Smart Versatile, Durable, Smart f—
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Heat Charger embedded thermal
Exchanger Storage Units

Multi Unit usc> m

Heat  Charging Thermal Storage
Exchanger Unit Units

Heat Charger embedded thermal
Exchanger Storage Units




Medium temperature low demand case: Calor-e +
Grid integration

0
(@) Calor-e

& U 160 — 180 °C
35S il (@) Calor-e

(@) Calor-e

Electrostatic Powder Coating Oven burner to heat up the system to 160 — 180 °C
® 3 operations daily, 260 days work annually

® Natural gas burner is replaced by 3 x 1IMWh(e) Calor-e unit

® Prevents up to 638 tons CO, emissions /year

0
Q
I3
©
m
©
=
)
=
l_
H
x
O
_|
<
@)




Medium Temperature Case: Calor-e + Heat recovery

! I
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Medium Temperature Case: Calor-e + CSP (Direct Stea

Steam Turbine

&2 24/7 constant high >

temperature steam HHE :

& +200 °C ) :

CSP i .
6 Linear > E Electricity

collectors aujuunjan :

Up to 400 °C

Heat
exchanger

2.5 CALOR-E Thermal Batteries

Possible replacement of a .
. Electricity .
natural gas co-generation plant G aaNEE AN SN EAEEEEEEERANESANSEEEEEEEEEEEESEEEEEEEEE sl




System Impact

Calor-e thermal batteries
Use cycle per day 2

e Fast response capacity for multiple Annual use 260 days
charge/discharge through the day

e Low parasitic loads

Replaced heat source(s) Coal and natural gas
e Low energy loss
e lifetime of 25 years

] . One 1 MWe unit reduced N |
e low environmental footprint = 100 83 Gy

0 . .
* 100% recyclable with conventional S —————————— 1000
methods reduced emissions — 83 ‘.EO'

Each 1 MWe unit = 39,500 g@ G

e +3.500 tons CO, emission reduction
in average in its lifetime

Unit life time 25 years
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Thank you

UNDA Engineering Inc.
EMIN SELAHATTIN UMDU
esu@undaengineering.com
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