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Agenda

» Background

Challenges of biochar in Europe

* Roles of carbonaceous material in the EAF
» Lessons learned from OSMET 3.0 project
* Looking ahead — RFCS BioReSteel project




Background

Electric arc furnace (EAF)
12 kg carbon/t-steel [1]
=44 kg CO,/t-steel

Coal/coke

Steel production

Estimated CO,

by EAF emissions from the use
worldwide of fossil coal/coke in the
(Mtly) [2:34] EAF world wide
Mt/y)*
363 (Mtly)
38
411
18
104 .
Europe {_ 59 26 4.6 } Europe
2022 2050 2022 2050

*Calculated based on the amount of steel produced in EAF and 0.044 kg-CO,/t-steel.



Challenge

EAF:12 kg carbon/t-steel [t

Biochar demand Biomass production
in EAF in Europe in Europe in 2022 Cha”enges:
(Mty)* (Mtly) | |
 High price of charcoal
~€ 270/t 16! : :
« Stricter requirements for
26 [5] forest biomass
Anthracite
~€ 260/t [7]
~€ 600/t
1.2
N
2022 2050 Wood  Charcoal
pellets

*Calculated based on the amount of steel produced in EAF and 12 kg-carbon demand per ton steel.



Opportunity

* High moisture

 High impurities: alkalis, S, P
EAF:12 kg carbon/t-steel [t g P

Biochar demand Biomass production Low-grade biomass in Europe
in EAF in Europe in Europe in 2022 (Mtly)
Mt/y)* Mt/
(Mtly) (Mtly) 390
~€ 270/t 16l 290
26 [°]
Anthracite ~20 Mt/yr
~€ 260/t 17 = 7 wt% total
biomass
~€ 600/t
90
1.2
0.7 0.6 151 14
4“ [ ]
2022 2050 Wood Charcoal Straw Forest OFMSW Agro-
pellets residues residues

*Calculated based on the amount of steel produced in EAF and 12 kg-carbon demand per ton steel.



Opportunity

Low-grade
biomass

Hydrothermal
carbonization
(HTC)
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180-250 °C
~20 bar

Hydrchar

Mass yield ~50 wt%
Carbon content 50-60 wt%
Heating value 20-24 MJ/kg
Easy to pelletize

Current production in
Europe ~ 12 kt/yr

Pyrolyzed
hydrochar



Roles of carbon in the EAF

Coal/coke

* Fuel
« Carburizing agent
* Reducing agent

« Self-reduction
« Slag foamig



Scope of work...

Hydrochar

N

Previous work
OSMET 3.0 (Sweden)
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» Carburization of liquid steel
 Reduction (Self-reduction)

On-going work
BioReSteel (RFCS, Europe)

BioRe
‘s Steel

 Reduction (self-reduction,
slag foaming)



Scope of work...

Hydrochar

N

Previous work
OSMET 3.0 (Sweden)

Carburization of liquid steel
Reduction (Self-reduction)

EAF
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Properties of carbon materials

Properties Hydrochar Pyrolyzed Charcoal Anthracite
(fruit peel, hydrochar (Ch) (A)
rice husk) (fruit peel,

rice husk)

Volatile matter (wt%) 56-67 0 11-16 2-8

Fixed carbon (wt%) 23-27 56-84 79-81 81-94

Heating value* (MJ/kg) 20-24 18-30 31 31-32

*Lower heating value
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Properties of carbon materials

Properties Hydrochar Pyrolyzed Charcoal Anthracite
(fruit peel, hydrochar (Ch) (A)
rice husk) (fruit peel,

rice husk)

Ash (wt%) 4-21 16-44 5-7 5-11

Alkalis (wt%) 0.4-0.7 1.2-1.5 0.6-2.0 0.1-0.3

S (Wt%o) 0.07-0.15 0.20-0.23 0.03-0.07 0.18-0.59

P (wt%) 0.16-0.25 0.26-0.37 0.07-0.20 0.01-0.03
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‘Carburization

Percentage of B Solid
total carbon Liquid
(%) Gas

A Ch LPH*

*Lemon peel hydrochar

Experimental setup for slow pyrolysis

Thermocouple —, g

N, —» Cooling bath

—_— —_—
Sample |, Condensed

(~30 g) ‘ g v v liquid

Heating l

element I
= -+
O [nt
l Gas Micro-GC
Gas bag flow
meter
T (°C) 4
* Mass balance
1hr )
1200 |----- + Solid
« Liquid
« Gas
50 °C/min « Carbon balance
» Time
(min)
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Percentage of
total carbon
(%)

A

*Lemon peel hydrochar

‘Carburization

B solid

Liquid
Gas

L PH*

Experimental setup for slow pyrolysis

Thermocouple —, g
N2 —>

Sample
(~309)

Heating
element

CO, CO,, CH,,

C,H,..

r{iv)

1200

L

Cooling bath

- = >

Condensed
) v v/ liquid

BON ™

Gas Micro-GC

Gas bag flow

1 hr

50 °C/min

meter

« Mass balance
« Solid
« Liquid
+ Gas

« Carbon balance

Time
(min)

A J
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Carburization |tz yecY oy
_ _ Weight of carbon dissolved
Percentage of Bl Solid T Weight of carbon added 100
total carbon Liquid
(%) Gas
3
[ 4 ---------------------------------------------------
Ch
| PH A Lab (N,,10 kg)
e rrer e A..
A
~100% FC dissolved!
Ch LPH 0 20 40 60 80 100

Fixed carbon (wt%)
*Lemon peel hydrochar
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Carbu rl Za.tl O n Carburization yield, CY (%)

_ Weight of carbon dissolved

| - - 100
Percentage of Bl Solid Weight of carbon added
total carbon Liquid
(%) Gas
3 100 r
................. S KOO PRRRURRRPRRRRY
29 s0 |
A I—ai:) (NZ’]-O kg)
................... A.. Pilot-EAF (air,10 t)
Top-charge
50-70 % of FC dissolved!
A LPH 0 20 40 60 80 100

Fixed carbon (wt%)
*Lemon peel hydrochar

15



g AAOSMETQ
S\ m ﬂm =

—

Carbu rl Za.tl O n Carburization yield, CY (%)

_ Weight of carbon dissolved

P
(ﬁd HA >

. - - 100
Percentage of Bl Solid Weight of carbon added
total carbon Liquid
(%) Gas
3 100 r
................. S E U OO TR
29 s0 | ‘
A I—aF (NZ’]-O kg)
................... A.. Pilot-EAF (air,10 t)
l Top-charge
A
B Pilot-EAF (air,10 1)
Injection
- 30-40 % of FC dissolved!
A LPH 0 20 40 60 80 100

Fixed carbon (wt%)
*Lemon peel hydrochar
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" Lessons learned....

Carburization:
» Depends on fixed carbon content of material!
 Fixed carbon yield depends on addition method:
Lab (~100%) > Top-charge, EAF (50-70%) > Injection, EAF (30-40%)
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' : Briquette:
I I * Hematite (Fe,O,)

 Hydrochar (lemon peel, rice husk)
20-30g + Binder

* Molar ratio - Cg,:Oreox) = 0.4-1.0

l'CfiX + lFeOX — CO + FeO(X_l)
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‘Self-reduction

< > Briquette:
. I * Hematite (Fe,0;)
 Hydrochar (lemon peel, rice husk)

20-30g + Binder
* Molar ratio - Cg,:Oreox) = 0.4-1.0

1.CfiX + 1FeOX —> CO + FEO(X_]_)
Thermogravimetric analyzer (TGA)

N2—b

Weight /

balance
T (°C) 4
Sample 1100 1hr
Heating -
element —. 730
» Time
Thermocouple (min)

ge— Gas out
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< > Briquette:
I I * Hematite (Fe,O,)

 Hydrochar (lemon peel, rice husk)
20-30g + Binder

* Molar ratio - Cg,:Oreox) = 0.4-1.0

P
(ﬁd HA >

1.CfiX + 1FeOX —> CO + FeO(X_l)
Thermogravimetric analyzer (TGA)

N2—b

Weight /

balance
T (°C) 4
Sample 1100 1hr
Heating -
element —, 730

Thermocouple

ge— Gas out

Sample weight change (g/30 g-Fe203)

35

30

25

20

15

10
Devolatilization

Weight loss of sample -TGA

Reduction by
fixed carbon

Reduction by
volatiles

HEM+LPH+
N binder

=4 | LPH+binder

200 400 600 800

Temperature (°C)

1000 1200

20



& o 2
(‘@Aosms'rﬁ >
o O

100
<)
=
D
Q
LS.
8 60
O
-
O 40
dd
O
35
D 20
nd
0

" Self-reduction

Ciix/O(re0x=0.-61

1 ]
86,
|
75
v
A A
16
12 7,
A
0.2 0.4 0.6 0.8 1 1.2

Molar Cg,/O reox

Reduction up to 1100 °C
= Volatile + Fixed carbon

Reduction up to 730 °C
= Volatile (~50 wt% utilized)
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" Lessons learned....

Carburization:
» Depends on fixed carbon content of material!
 Fixed carbon yield depends on addition method:
Lab (~100%) > Top-charge, EAF (50-70%) > Injection, EAF (30-40%)

Self-reduction:
« Utilizes both volatile matter and fixed carbon!
» Volatiles reduced hematite by max. 35% up to wustite (~50 wt%
volatile utilized!)
» Volatiles reduce the amount of fixed carbon required for reduction-
Ciix Oreoxy = 1.0 — 0.6

22



a8 s
(ﬁd HA >

¢ OSMET®
34

2 ¢
‘@ Gl

~ Coming back....

Carbon .
content Bl Solid (Cy)
(kg-C/kg) Liquid To replace 1 kg of
. Gas Anthracite....
3 6
_/3 —3

-  Contributes to heating, slag foaming!

...requires ~ 1.7 kg hydrochar

-  30-70 wt% contributes to carburization

A Ch |_p|_|; ...requires ~ 2.4 kg hydrochar

*Lemon peel hydrochar
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Scope of work...

Hydrochar

N

Previous work
OSMET 3.0 (Sweden)
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« Carburization of liquid steel
 Reduction (Self-reduction)

On-going work
BioReSteel (RFCS, Europe)

BioRe
‘s Steel

 Reduction (self-reduction,

slag foaming)
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Self-reduction + slag foaming

< > Briquette: '
: Slag foaming setu
. I * Mill scale (Fe;O,, FeO) d d R
« Hydrochar (green waste) | N
~20 g « Binder 2
* Molar ratio - Cy,:Ogeoy = 0.1-0.3 Alumina rod T=1650 °C
Devolatilization of Carbothermic
hydrochar, binder reduction Heating
5 ° o ’ element
45 | TGA
© |+ 20-1150°C :
o 4T 10°C/min EAF sl MgQ
2 35, N o St"’:g crucible
2 ! .
S 3 rlquette Graphite
% o5 | crucible
2 27 Slag height:
L 15 ¢ : :
o
£ 1t
©
D o5
O 1 1 1 1
0 200 400 600 800 1000 1200

Temperature (°C)




Summary
Hydrochar.... EAF

Coal/coke

Fuel
Carburizing agent
Reducing agent

N

Can be produced from wide range of low-grade biomass
High volatile, low fixed carbon

Inefficient carburizer...(30-70% FC utilized)

Great reducing agent! (Volatile + FC)

Low S, relatively low ash, high P -> extracted (BioReSteel)
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Contacts

This research was funded by Vinnova under OSMETS3.0 project (2020-04140) and RFCS under
the BioReSteel project (N° 101112383).

yrial symp;
\‘\A“S Os/g
<

R >

G -
| 0

( (sl

~
©

S

o

22
550\

BioRe
Steel

L\

wr

o
n
x4
m
-
@

0\°ba| COI/abo

_

51505 2013\

LS

it

7n "6‘0
"ova ypy prod

Yu-Chiao Lu
Postdoc researcher
KTH Royal Institute of
Technology

Department of Material
Science and Engineering
Brinellvagen 23

SE-114 28 Stockholm,
Sweden

yclu@kth.se

www.kth.se

Dr. Andrey V. Karasev
Researcher/Docent

KTH Royal Institute of
Technology

Department of Material Science
and Engineering

Brinellvagen 23

SE-114 28 Stockholm, Sweden
karasev@kth.se

www.kth.se

Dr. Chuan Wang

Senior researcher

Group manager, Resource
Efficiency and Environment,
Department of Metallurgy,
Swerim AB

SE-971 25 Luled, Sweden
chuan.wang@swerim.se
www.swerim.se/en/chuan-wang

Dr. Bjorn Glaser

Associate Professor/ Docent

Head of Unit of Processes

KTH Royal Institute of Technology
Department of Materials Science and
Engineering

Brinellvagen 23,

SE-100 44 Stockholm, Sweden
bjoerng@kth.se

www.kth.se

27


mailto:bvra@kth.se
http://www.kth.se/
mailto:bvra@kth.se
http://www.kth.se/
mailto:chuan.wang@swerim.se
mailto:bjoerng@kth.se

References

=

T. Echterhof: Metals, 11 (2021), 222.

The steel industry in 2050, SMS Group, https://www.sms-group.com/de-de/insights/all-
insights/the-steel-industry-in-2050 (accessed 2024-10-16)

European Steel in Figure 2023, EUROFER,
https://www.eurofer.eu/assets/publications/brochures-booklets-and-factsheets/european-
steel-in-figures-2023/FINAL_EUROFER_Steel-in-Figures_2023.pdf (accessed 2024-11-01)

A Steel Roadmap for a Low Carbon Europe 2050, EUROFER,
https://www.eurofer.eu/assets/publications/archive/archive-of-older-eurofer-
documents/2013-Roadmap.pdf (accessed 2024-11-01)

Global Bioenergy Statistics Report (2023, 10t edition), World Bioenergy Association,
https://www.worldbioenergy.org/uploads/231219%20GBS%20Report.pdf (accessed 2024-11-
01)

Current Wood Pellet Prices in Austria: Monthly Trends and Comparisons to other Fuels,
Propellets, https://www.propellets.at/en/wood-pellet-prices (accessed 2024-11-13)
Anthracite coal price index, BUSINESS AnalytlQ,
https://businessanalytig.com/procurementanalytics/index/anthracite-coal-price-index/
(accessed 2024-11-13)

28


https://www.sms-group.com/de-de/insights/all-insights/the-steel-industry-in-2050
https://www.sms-group.com/de-de/insights/all-insights/the-steel-industry-in-2050
https://www.eurofer.eu/assets/publications/brochures-booklets-and-factsheets/european-steel-in-figures-2023/FINAL_EUROFER_Steel-in-Figures_2023.pdf
https://www.eurofer.eu/assets/publications/brochures-booklets-and-factsheets/european-steel-in-figures-2023/FINAL_EUROFER_Steel-in-Figures_2023.pdf
https://www.eurofer.eu/assets/publications/archive/archive-of-older-eurofer-documents/2013-Roadmap.pdf
https://www.eurofer.eu/assets/publications/archive/archive-of-older-eurofer-documents/2013-Roadmap.pdf
https://www.worldbioenergy.org/uploads/231219%20GBS%20Report.pdf
https://www.propellets.at/en/wood-pellet-prices
https://businessanalytiq.com/procurementanalytics/index/anthracite-coal-price-index/

	Untitled Section
	Slide 1: Application of hydrochar for a sustainable electric arc furnace process
	Slide 2: Agenda
	Slide 3: Background
	Slide 4: Challenge
	Slide 5: Opportunity
	Slide 6: Opportunity
	Slide 7: Roles of carbon in the EAF
	Slide 8: Scope of work...
	Slide 9: Scope of work...
	Slide 10: Properties of carbon materials
	Slide 11: Properties of carbon materials
	Slide 12: Carburization
	Slide 13: Carburization
	Slide 14: Carburization
	Slide 15: Carburization
	Slide 16: Carburization
	Slide 17: Lessons learned....
	Slide 18: Self-reduction
	Slide 19: Self-reduction
	Slide 20: Self-reduction
	Slide 21: Self-reduction
	Slide 22: Lessons learned....
	Slide 23: Coming back....
	Slide 24: Scope of work...
	Slide 25: Self-reduction + slag foaming
	Slide 26: Summary
	Slide 27: Contacts
	Slide 28: References


