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Curre n t  Sta tus  of CO2 Em iss ion  in  Ja pa n

[Technology Roadmap for “Transition Finance” in Iron and Steel Sector; Ministry of Economy, Trade and Industry]
(Source) Japan’s National Greenhouse Gas Emissions in Fiscal Year 2019 (Final Figures), National Institute for 
Environmental Studies, Comprehensive Energy Statistics; the Ministry of Economy, Trade and Industry

<Amount of CO2 emission> *Unit: 1 million tons of CO2

Japan emits 1.1 billion tons of CO2 annually.

Reducing the amount of CO2 emission is an urgent issue in Japanese iron and steel industry.
In particular, it is important and impactful to reduce CO2 emissions from the blast furnace process.
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Why b la s t  fu rna ce ?

“Long-term vision for climate change mitigation: A challenge towards zero carbon steel” (JISF Long-term Vision), Nov. 2018.
https://www.jisf.or.jp/en/activity/climate/documents/JISFLong-termvisionforclimatechangemitigation.pdf

Pig iron production is expected to remain at roughly current levels at the end of the century.
→ The way to utilize the blast furnace process is also investigating for utilization of existing facilities and price competitiveness.

(The Japan Iron and Steel Federation)
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JFE Ste e l’s  Tra ns it ion  to Low-ca rbon  Proce sse s

Innovation Period
2024 2030 2050Develop ultra-innovative 

technologies for carbon 
neutrality

Use EAFs
Expand use of DRI

Establish & implement ultra-
innovative technologies

Adopt optimal processes        
based on external conditions

18% less 
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30% or more 
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Carbon 
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2
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Small-scale 
tests
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demonstration tests

Develop large-scale furnaces

● LNG injection
● HBI
● Oxygen blast 
furnaces

EAF iron 
source

Double-slag
refining process

DRP 
technology

Upgrade Sendai 
EAF

Large, high-efficiency 
EAF (possibly in 
Kurashiki District)

Carbon-free hydrogen CCSCarbon-free electricity

Use of 
scrap

EAF

Expand use of scrap

Sustainable market based on 
actual environmental value

Carbon 
recycling 

blast 
furnace

Direct 
reduction

External 
conditions

• Carbon-free 
electricity

• Carbon-free 
hydrogen

• CCUS

Green steel

Roll out based on hydrogen supply volume

High-grade 
HBI

Use in 
existing 
blast 
furnaces

Burnerless
technology

● Low-grade ore
● Carbon recycling 

technology Direct-reduced iron made with      
blast furnace-grade ore (Fe<65%)

Transition Period

×α

×β

×γ

Transition to carbon-free hydrogen

Transition to carbon-free electricity

Store CO2 in 
slag/concrete

To achieve carbon neutrality, deployment of the most optimized configuration of green steelmaking processes is investigated.

Toda y’s  
top ic
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Conce pt  of Ca rbon-re cycling Bla s t  Furna ce

CO₂

Methane（ CH4 （

Blast furnace process Methanation

CO₂ from blast furnaces is converted into carbon-neutral reductant (methane) 
by using hydrogen, thereby replacing coal-derived reductant

Reuse of carbon
(Maximize benefits of carbon)

Carbon-recycling
Blast Furnace

Green hydrogen

The aim of the carbon-recycling blast furnace is to achieve carbon neutrality by repeatedly reusing carbon. This is achieved 
by converting the CO2 generated in the blast furnace process to methane by methanation using green hydrogen.
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Conce pt  of Ca rbon-re cycling Bla s t  Furna ce

Sintered ore
(Fe2O3) Coke (C)

Air, O2

Blast 
furnace

Carbon
recycling

B gas

CO2

H2

H2O
Synthetic CH4
(CN-CH4)

Burner
Methanation

O2

（ A conceptual diagram of carbon-recycling BF（

（ The methane(CH4) is synthesized from CO2 in B 
gas and green H2 and injected into BF. Carbon is 
recycled.

（ The aim is to decrease the amount of CO2
emission by using Carbon Neutral(CN)-CH4
instead of H2, which does not generate heat in 
front of the tuyere.

Tapping 
(hot metal, slag) - H2 → H2

- CH4 + (1/2)O2 → CO + 2H2

Does not generate heat

Generates heat

Carbon is recycled by using the methane synthesized from CO2 in exhaust gas from blast furnace (B gas) and green H2.
The aim is to enhance CO2 reduction by converting H2 to CN-CH4. It is due to reacts with oxygen in front of tuyere. 

(Oxygen containing gas)
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Cha ra cte ris t ics  of Ca rbon-re cycling Bla s t  Furna ce

Co n ve n t io n a l b la s t fu r n a ce Ca r b o n - r e cyclin g  b la s t  fu r n a ce
Production scale 4 million tons per unit per year 4 million tons per unit per year (similar to normal blast furnace)

Reductant Coke and pulverized coal Coke and recycled methane

Raw materials Low-grade raw materials possible Low-grade raw materials possible

CO₂ emissions Two tons of CO₂ per ton of pig iron Targeting zero (blast furnace reductions and CCUS methods)

Byproduct Gas 
for heating & 

power generation

Hot Air

Sintered Ore Coke

Methanation
equipment

Methane CH4
(CN reductant)Oxygen

O₂

Hydrogen
H₂

Effective 
Utilization

Blast
Furnace

Molten 
iron

Carbon 
Recycling

Molten 
iron

Sintered Ore Coke

Blast
Furnace

Combining carbon-recycling blast furnaces with carbon dioxide capture, utilization and storage (CCUS) will enable steel works 
to recycle CO₂ , thereby leading to net zero-carbon emissions. Carbon recycling blast furnaces can produce same scale iron 
and use same grade raw materials and produce same high-grade steels as conventional blast furnaces. 
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Eva lua t ion  m e thod by s im ula t ion  m ode l (Ris t d ia gra m )
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The potential amount of CO2 emissions reduction in a blast furnace process using the carbon recycling technology was studied 
with a Rist diagram (Heat and mass balance simulation model of the blast furnace). 

<Evaluation method and assumption>
・Evaluate blast furnace operation considering operational constraints
(Theoretical Flame Temperature(TFT), furnace Top Gas Temperature(TGT))
・Calculate blast temperature assuming mixing of hot air and room 
temperature oxygen
・Calculate CO2 emissions from carbon consumption 
(slope is reducing agent ratio(RAR) = carbon consumption)
・Carbon of carbon neutral(CN) methane gas and Carbon for preheating gas 
injection(SGI) is not counted (Because both carbon circulate in the system)

∝RAR
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Ca lcu la t ion  condit ions
The optimum operating mode was investigated in consideration of the operable range. (TGT, TFT)
The injection amount of CN-CH4 and the O2 concentration in blast are changed. Operational change is predicted.

13

Air, O2

Blast 
furnace

CN-methane (CH4)

O2

（ Operation constraints on BF（ （ Input condition（

Item Range Note
Injection amount of 
CN-methane

0 ~ 200kg/t Excluded from calc. 
of CO2 emissions

O2 concentration in 
blast

25 ~ 100% The details are on the 
next page.

Blast temp. 1200 ~ 25℃ According to the O2
conc. in blast

Preheating gas

TGT; Top gas 
temp.(>100℃)

*Optional
TFT; Temp. in 
front of tuyere
(2000~2300℃)

（ Output（
（Coke ratio
（Amount of CO2 emission
（TFT , TGT …

For discharging dust 

For stable descent of
burden materials or
adjustment to appropriate
HM temperature.
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Ca lcu la t ion  re su lts  (The ore t ica l Fla m e  Te m pe ra tu re : TFT)

CN methane (kg/t-THM)
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Calculate operation condition to satisfy the heat and mass balance by changing CN methane rate and O2 concentration in blast.
TFT decreases due to increase in CN methane injection rate and TFT increases due to increase in O2 concentration in blast.
The upper and lower limits of TFT were set at 2300˚C and 2000˚C, respectively, based on actual operation results.
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Ca lcu la t ion  re su lts  (Top Ga s  Te m pe ra tu re  :  TGT)

CN methane (kg/t-THM)
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TGT increases due to increase in CN methane injection rate because gas volume through blast furnace increases, and TGT 
decreases due to increase in O2 concentration because gas volume through blast furnace decreases.  
It is necessary to maintain TGT by using SGI below 100℃. → By using SGI, lower limit of TGT can be avoided.

Operable range

Operable range
if preheating gas is injected 
through the shaft part
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Ca lcu la t ion  re su lts  (CO2 e m iss ion  re duct ion  ra t io)

CN methane (kg/t-THM)
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Carbon consumption reduction ratio increases due to increase in methane injection rate.
High O2 concentration and SGI are required to increase carbon consumption reduction ratio (for maintaining TFT and TGT).
Maximum CO2 reduction ratio was obtained under conditions of O2 100% and increase in methane up to the TFT lower limit.

Maximun carbon consumption reduction 
≒CO2 emission reduction
(more than 30%)
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Cha nge  in  ca rbon  consum ption  ba la nce
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Combustion reaction 
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Direct reduction 
FeO + C =Fe + CO
→large endothermic reaction

In the carbon recycling blast furnace, carbon consumption by direct reduction decreases greatly.
The amount of the combustion reaction in front of the tuyeres is high, but a part of the carbon of the combustion reaction is
the CN methane carbon, so the amount of the coke consumption in front of the tuyeres is approximately same.

Combustion (coke, PC) 
C + O2 = 2CO

Carburization 
C = C

Combustion (CN methane) 
CH4 + (1/2)O2 = CO + 2H2
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Cha nge  in  he a t  ba la nce

Conventional BF Carbon recycling BF
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In the carbon recycling blast furnace, the amount of heat necessary for reduction reaction is small due to the small amount 
of direct reduction (large endothermic reaction). Therefore, the heat demand is reduced (approximately 1 000 MJ/t-HM).
Sensible heat by hot blast is reduced, but increase in heat supply by combustion reaction of coke is supressed because a part 
of the heat is supplied by combustion reaction in front of the tuyeres of CN methane.
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Conclus ions

Re duct ion  of CO2 e m iss ions  by the  ca rbon  re cycling b la s t  fu rna ce  wa s  s tud ie d  us ing the  
Ris t d ia gra m  a pproa ch ,  a nd  the  following knowle dge  wa s  ob ta ine d .

(1 )  Use  of ca rbon  ne u tra l (CN) m e tha ne  re duce s  the  CO2 e m iss ion  of the  b la s t  fu rna ce  
by the  de cre a se  in  the  a m ount  of d ire ct  re duct ion  a nd  supply of he a t  by re a ct ion  with  
oxyge n  in  fron t  of the  tuye re s .

(2 )  It  is  poss ib le  to re duce  CO2 e m iss ions  m ore  tha n  30%  a t  a  m a xim um  by us ing CN 
m e tha ne  in  the  b la s t  fu rna ce .

(3 )  In  m a xim izing CN m e tha ne  in je ct ion ,  oxyge n  b lowing a nd  pre he a t ing ga s  in je ct ion  
from  the  uppe r sha ft  le ve l a re  e ffe ct ive .



Any reproduction, modification, translation, distribution, transmission, uploading of 
the contents of the document, in whole or in part, is strictly prohibited.
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Thank you for your kind attention
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