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Why

Steel industry is in search of
alternate raw material?



Dimensions of Direction

Triple environmental crises :
* Climate change Al Gore effect

* Biodiversity loss

Pollution

Unlike previous extinction events
caused by natural phenomena, the
sixth mass extinction is predicted to be
driven by human activity, primarily
(though not limited to) the
unsustainable use of land, water and
energy use, and climate change.

Do we need nature ? Wrong question

Does nature need humans ?



Global Steel Production and decarbonization need

STEEL PRODUCTION BY COUNTRY IN 2022
IN MILLIONS OF TONNES

Only three nations in the top 15

‘ produoers India, Iran, and

~ Indonesia, increased their.

L ) yearlysteel production
P ln 202

America's steel production
peaked in 1973 at 137 million

Brazil

34 Mt

tonnes, and has since
declined by 40% as
of 2022.

30.6 Mt

@ Tiirkiye
y
@ 35.1 Mt

O While China's 2022 steel production was

54% of the global total, this year was the first
Russia time the country's steel production declined
11.5Mt for two years in a row.

In the late 1970s and B, b
1980s, the USSR was the N
world's top steel producer. ) :
Modern-day Russia, however,

is only the fifth-largest producer today.

tonnes of steel

a1l

Ferrous metallurgy based
industries emits around 23%
of the total global industrial
emission (IEA, 2022).

Industrial CO2 emission is
from Iron & Steel Sector

By 2050 almost one-fifth of the
steel produced globally is
expected to come from India,
compared to around 5% today.

Sector Accounts for 19% of final energy use and quarter of direct CO, emissions from industry



Steel Industry and CO, emission

Global CO, emission by sector CO, emission in BF-BOF ROUTE

Lime/Dolo
Mills & Calcination
Miscellaneous /
9%

Waste

3% Coke Oven

1%
/ 9%

Fuel
combus
8%

Fugitive
6%

Buildings
18%

Blast Furnace
47%

Source: IEA







Projections - Steel Demand and increase in GHG Emissions

GO0 - 1000
Metal goods
Industrial eqguipment 8arf
Cither infrastructure E o0 1 +31
E Railway and metros 8
E mm Roads and bridges £ 500 -
£ Trucks and Buses g Basaline
a 4 Wheelers = BAT
.E 2 & 3 Wheelers 2 40
b E
Other buildings Al
Commercial 200 -
s Residential
——Tatal Finished Steel Demand
—Total Crude Steel Demand 0 T T T T 1
2000 2010 2020 2030 2040 2060

2020 2030 2040 2050

Thae Economic TIMES Industry

English Eclition S Aanguest, 200, 053 BfA 15T E- O per

Carbon emissions by India's steel sector to triple
by 2050



for Steel Industry



Biomass
Feedstock

Non-woody/grass Diversity
species

"

Shrub species

Aquatic weed species



Biochar Production Techniques

Thermochemical Processes for Biochar Production

|

Hydrothermal

l

Liquefaction

|

Torrefaction

200-300°C 1

Yield: 70-90 P

W% arbonization
180-300°C
Yield: 50-60
wt%

280-370°C

Yield: 10-15
wt%

Pyrolysis Gasification
| >800°C
‘ Yield: 10 wt%
Slow Fast Flash
300-600°C 500-1000°C | g0p-1200°C
YIEId.' 27-40 Yield: 40 wit% Yield: 20 wt%
wt%
Vacuum Microwave

450-600°C 450-825°C

Yield: 80-90  VYield: 30-50
wt%

wt%




Non-Torrefied —. — =5 o Torrefied

Biomass Pellets | _asasws. || Biomass Pellets
A' o At = -
1r ; : :5!




Rationale for Biochar/ Biofuel Integration

Reduction of Renewable
Carbon Source
Carbon carbon neutral
Replacement . . :
Emission material
Reduction in Compatible
. Waste .
environmental e as with Hydrogen
Utilization

huisance economy



Lignin Content - An essential ingredient of Biotuel / Biochar

40 Torrefaction Pyrolysis Gasification
z > < >< 5 80
= Finani =i mm Coconut husk
&
High Lignin =3 B Pine wood 70
30 |- = | == B Sawdust
160
§, 25 |- = — B Spent coffee
§ Medium Lignin 150
= 20 |- = =i @ Bagasse
Q
= 140
215 |
| = ==Corn straw
30
10 | = m Water grass
Low Lignin
5 FE = | Bl Microalgae )
0 ' : : : : : : ' Yield of biochar

100 200 300 400 500 600 700 800 900 (%)

Temperature("C)

Effect of Lignin Content on Biochar Yields



Possibility of Biochar application in coke making

Blend preparation
(milling/crushing,

blending)
Coking coals \ %

Coke oven battery Bio-coke

Biomass

* Bio-coke can be produced on

the basis of coal with the
addition of substances of
biomass origin.

There is a decrease in fluidity,
dilatation etc with more
favorable results obtained for
the addition of carbonized
biomass and for additives with
a higher apparent density.



L1

Possibility of Bio-Char application in Sintering

Primary Water
Secondary water

@w Materlau
Batch scale
‘) Sinter Setup Flue-gas suction
Mixing Drum
Temperature
Console
Feeder ]
. Ignition . . 000
Chimney Chamber | Sintering Starts  Sintering Strand direction Sm}ermg Ends
-  — ;
Schematic of a Batch L
Sinter Strand Scale Sinter Setup
1T 1T 1 -
Gas flow .
Windbox
Spiked Single Roll
ESP Crusher
-l ——— [ v— ‘_ Sinter Cooling Unit
ﬂ Gas flow BF Sinter (-4045 mm)

Electrostatic Precipitator
(Dust collection)

It has been reported that bio-char can

Return Fines (-5 mm)

Screening Section

replace coke breeze upto 10% in iron ore sintering
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Possible Biochar application in Blast Furnace

Energy Offset

System boundary

Coke Top gas
Sinter
Pellets

Lump ore

A 4

Bio-PCI/PCI

NG
02 enrichment

\ 4

S

Blast furnace system

1 1o hot metal

Slag

« CO, reduction in BF accounts
from 0.28 to 0.59 to CO.,/t HM
(18.0-40.2%), when Bio-PCl is
used instead of fossil coal and

natural gas

 Findings lead to conclude that
Bio-PCl may significantly reduce

the CO, emissions in ironmaking.



Bamboo Flakes

Dry Biomass

Products from Biomass that may find use

Gasification

Blending

Pyrolysis

Synthesis gas

CO +H,

(syngas)

I

Char

Raw Biomass

Syn-gas

Sintering, Injectant in
Blast Furnace

Coke making

Coke making

Sintering, Pulverised
Coal Injection

Reheating purpose in
Mills / Laddle

Fe,03+coke
+CaCO,
—» Waste gases

Cup and cone

Lining of
hard fire
bricks

......




Comparative properties of coal & coke with biochar

Properties

Coal

Coke

Biochar from

Rubber wood | Wood pellets | Corn straw Lignin | Walnut shell

Moisture content, % 6 1.34 0.83 1.94 4.7 0.5 5.7
Volatile matter, % 41.5 10.3 9.08 11.06 13 41 35.7
Fixed carbon, % 39.6 88 87.49 83.04 72.9 58 56.6
Ash, % 12.9 0.4 2.6 3.96 14.1 0.5 1.8
Carbon, % 80.7 87 87.17 87.32 91.53 75.3 56.57
H, % 5.8 3.5 1.23 1.43 1.54 5.14 5.2
N, % 1.2 1.1 0.4 0.33 0.7 0.97 1.5
0, % 8.7 0.5 11.2 10.9 6.16 18 36.6
S, % 3.6 7.9

Calorific value, (M]/Kkg) 20.6 27.2 30.38 31.07 27.6 30.18 25.54
Surface area, (m?/g) 4.13 4.4 112.6 247.03 25 5.89
Bulk density, (g/cm3) 1.72 2.01 4.95 5.3 1.4 1.36 1.32




Work carried out to replace coke and coal with biomass: Global status

SI. No.

Use in Blast
Furnace

Replace
cokein large
blast furnace

Biofuel
blending in
coke making

Replace
PClin large
blast furnace

Use in coke-
making process

Usein Iron Ore
Sintering

Usein
Ferroalloys

Use in DRI -
Tunnel Kiln

Organization

General conclusion

BlueScope, CSIRO 01 Reduced coke rate

and OneSteel
CSIRO

Canmet Energy

RWTH and CENIM
LASID and RWTH

Oulu, Finland

Nippon Steel &
Sumitomo Metal
Corp

CSIR-NML

CSIR-NML

U Decreased strength
U Increased reactivity

U Higher combustion
efficiency or burn out

U Combusts readily with
better flame stability

U Decreased strength
U Increased reactivity

U product yield more than
80 %

U Reduced coke rate

O Quality product

X/
£ %4

*0

7/
A X4

X/
£ %4

Recommendation

Replace 50-100 wt% nut coke
Max 20% replacement of lump
coke

5-10 wt% blend with charcoal
Blend coarse charcoal (>10mm)

100 % replacement possible in
large blast furnaces
Coal-charcoal blend is also
possible,

lower coke reactivity due to
interaction

2-10 % blend biochar with coal to
make bio-coke

40 % and 60 % to have the good
guality sinter product

20- 25% replacement of nut coke

100% replacement of coke or coal
by bio-char

CO2 reduction potential

0.08-0.16 tCO,/tHM (50-100 %
replacement of 45 kg nut
coke/tHM)

0.02-0.11 tCO2/tHM
(2-10% coal blend, with coke
used at 300-350 kg/tHM)

0.41-0.51 tCO2/tHM (100%
replacement of PCI at 150-
200kg

coal/tHM)

0.02-0.11 ton CO2/
ton crude steel

510 15 % net CO, emission

Reduced CO, emission

Significant reduction in CO,
emission



Other possible application of biochar in the steel industry

Waste
Remediation

Biochar

Economic
Benefits

/

%+ Stabilizing contaminants and reducing their environmental impact.

00

% Absorbs heavy metals and other pollutants.

¢ Enhances water retention, drainage, and fertility.

Slag
jraliclization % Making it valuable soil amendment for agricultural or landscaping purposes.
Soil ¢ For land reclamation around steel plants, the overall soil quality can be enhanced.
Improvement . . . . . : .
** Improves water retention, nutrient retention, and microbial activity.
Carbon +» High carbon content in soil, making it a potential tool for carbon sequestration.

Sequestration : : o : :
+» Adding biochar to land rehabilitation projects can enhance soil carbon storage.

¢ Biochar production is integrated into the steel plant's waste management strategy.

¢ Production and selling of biochar can be an additional source of revenue.



Biomass will have a role even in future CDA route....
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Biomass will have a role even in future CDA route...

Carbon

CCS
Carbon use/ /

Existing technology

Biomass-based D Lo
syngas ecarbonising
Electric arc

Syngas furnace

\ 4
New technology

reduced

H; prereductionfl Electrolysis

Natural gas /

o
Hydrogen Electrolysis H,



Sintering with Agro-waste biomass ....

Productivity 77.00 -
1.14 - Yield
1.12 - 75.00 -
1.10 1 . 73.00 -
= 1.08 - <
< 1.06 - £ 71.00 -
= 1.04 - ~ 69.00 -
1.02 - 67.00 -
0.98 m T T T 1 65'00 -
coke100 bio0  coke90 biol0 coke80 bio20 coke70 bio30 cokel00 bio0 coke90 biol0 coke80 bio20 coke70 bio30
75.00 - DTI . .
Sinter size (-5 mm)
£ 73.00 - 32.00 -
£
() 30.00 -
‘.‘,?' 71.00 -
.._? - 28-00 N
€ 69.00 - c
g S 26.00 -
a | a
67.00 24.00 -
65.00 T T T 1 22-00 7
coke100 bio0 coke90 biol0 coke80 bio20 coke70 bio30 20.00 -

coke100 bio0 coke90 bio10 coke80 bio20 coke70 bio30

RDCIS Efforts






Study of effect of Various Parameters on Biochar Production and
optimization is required to be carried out

( Type of
— e — e —
- : biomass
Particle size ‘\ e @ ) Reaction time

Type of
Susceptor

—

Heating
rate
Residence
time

@ - Q (R resters
trea‘ment
[ Biomass —

l

Blochar

Mass of
feedstock »

Particle

size '

@ Particle size \
Type of Fyary
Temperatur:
pyrolysis




Research Gap exists, uniform design of experiments
required for ...

A Testing for strength and reducibility.
Assessment of material chemistry.
Simulation of actual process conditions

Assessment of process chemistry

U O 0O O

Comparative Assessment for emissions.



Standard ( 1SO)
Approach to
Standardisation Standardization

Publication
@ e
w
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Issues to Address

Cost

Collection/ Aggregation / ansportatin
mechanism for handling Raw Biomass

Storage of raw biomass to ensure availability
round the year. J
C h d I I en ge S Low Bulk Density and energy Density
L :
Sustainable Availability
Change adoption




Issues to address before wide-scale implementation

--
--

+ Standardization

29



Multi-dimensional action required

Addressing issues related to sourcing of biomass, required for producing biochar, in
association with agriculture & forestry sector

Collaborative studies to develop optimal process flowsheet for biochar production
Tailored biochar design for Steel Industry

Optimization of Biochar utilization as partial substitute of coke in sinter plant

Development of technical understanding and application study in other areas of Steel
Plant

Exploration of other applications in the context of steel industry beyond conventional
raw material replacement



Accelerators

Database development

Testing labs and

Monitoring certification bodies

Stakeholder Integration
platofrm for mission mode Financing and clearances
action




Thank You All
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STEEL AUTHORITY OF INDIA LIMITED
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