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For the above analysis, the following refe-
rence prices for raw materials and energy 
were considered for: pellets100$/t; natu-
ral gas 9.92 $/Gcal; electricity 0.045 $/
kWh; oxygen 0.06 $/Nm3, and C addition 
to EAF 0.14 $/kg.

Based on the benefits when using the 
high-C DRI, as compared to other DRI 
qualities/schemes, for a steel facility of 
1,2 million tpy, savings can be as high as 
10 million $/year.

The second scenario is to compare the 
DR-EAF route to the BF-BOF route for ma-
nufacturing of Hot Roll Coils (HRC).

The selected integrated steel work com-
prises a coke oven plant/sinter plant and 
blast furnace for generation of HM and 
a BOF steel plant with ladle furnace and 
thin slab caster or compact strip plant 
(CSP) for the production of hot rolled 
coals (HRC). Figure 4 shows the schema-
tic energy distribution of this facility.

The major gaseous fuel by-products, 
which are recovered in integrated steel 
works, are: blast furnace gases (BFG), 
coke oven gases (COG) and basic oxygen 
furnace gases (BOFG). Energy balances 
of integrated steel works show that most 
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of the gaseous energies are mainly used 
for power generation or even flared. As 
only a minor part of the electrical power, 
which could be generated from these ga-
ses, can be used in the steelworks for its 
own requirements, most of the electrical 
power has to be exported. As it can be no-
ted, the optimized utilization of primary 
fossil energy also has the effect of signi-
ficantly reducing the specific CO2 emis-
sions per tonne of HRC. For this optimi-
zed scheme, the specific CO2 emission in 
flue gases via the conventional BF/BOF 
route is about 1.6 tonnes of CO2/t HRC.

Table 4 
CO2 comparative cost analysis for liquid steel production through Energiron ZR plant vs. typical DRI

Comparative Cost Analysis

Scenario	 DR-EAF: ZR High Carbon DRI vs conventional DRI

Scheme	 typical Cold	 ZR Cold High-C	 typical Hot	 ZR Hot High-C 
	 DRI	 DRI	 DRI	 DRI

	 94% Mtz.; 2% C	 94% Mtz.; 3.7% C	 94% Mtz.; 1.5% C	 94% Mtz.; 3.7% C

Production cost estimate/t LS	 106.9%	 103.6%	 103.6%	 100%

Additional Operating cost for 1,2 m tpy LS				    Base: 225 $/t LS

million $US/y	 19.3	 9.9	 10.1	 0

Comparative EAF Productivity	 75.8%	 80.4%	 91.6%	 100%

Figure 4 
Energy distribution in integrated steelworks
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On the other hand, the DR-EAF route is 
presented in Figure 5. The Energiron ZR-
based DR plant was selected for high-C 
DRI production as 100% feed to the EAF.

Main observations are related to the fact 
that the while the integrated steel plant is 
a net exporter of electricity, the DR-EAF 
mill is importer. By using the ZR scheme, 
more than half of the gaseous CO2 is se-
lectively removed; this is a strong poten-
tial for alternate disposal of this CO2, re-
ducing significantly the GHG emissions.

Electricity generation has an impact on 
CO2 emissions, depending on the loca-
tion of the steel plant. Electricity genera-
tion is a composite of sourcing from na-
tural gas, coal, hydraulic, eolic, nuclear, 
biomass, and depending on the particu-
lar location, the CO2 emission is a reflec-
tion of the overall combination. There are 
countries like Venezuela where the power 
generation is based on 0,3 kg CO2/kWh 
and others like India, where it is of 0,9 kg 
CO2/kWh.

On the other hand, a steel plant based 
on DR-EAF using basically natural gas 
for DRI production is unlikely to be loca-
ted in countries characterized by coal as 
main energy source, as an integrated ste-
el plant is unlikely to be located in coun-
tries with significant natural gas resour-

Figure 5 
Energy distribution in DR-EAF mill route
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Table 5 
CO2 Emissions: DR-EAF vs. BF-BOF comparative analysis 

(Power: 0,3 & 0.9 kg CO2/kWh)

Comparative Analysis: CO2 Emmissions / tonne of HRC

Scenario 1	 DR-EAF route (location: Venezuela) 
	 vs. BF-BOF route (location: India)

Electricity source	 Power gen. 0,3 kg	 Power gen. 0,9 kg 
	 CO2/kWh	 CO2/kWh

Route	 DR ZR Plant-EAF	 BF-BOF

	 kg CO2/t HRC	 kg CO2/t HRC

Iron ore (production) + fluxes	 72	 129

CO2 in flue gases + removal system	 490	 1695

Subtotal	 562	 1824

Power requeriments	 196	 –312

Total	 758	 1511

If disposal of CO2 removal	 488	 1511 
(ZR scheme)

ces. However, there are countries which 
actually are using both energy sources 
for steel production.

Based on the above, the comparative 
analysis for CO2 emissions is made for 
the following scenarios:

1.	 A DR-EAF steel plant for electricity of 
0,3 kg CO2/kWh vs. a BF-BOF steel fa-
cility for electricity of 0,9 kg CO2/kWh.

2.	 Both, DR-EAF and BF-BOF steel plants 
located in a country of 0,74 kg CO2/
kWh for power generation.
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Table 6 
CO2 Emissions: DR-EAF vs. BF-BOF comparative analysis  

(Power: 0,74 kg CO2/kWh)

Comparative Analysis: CO2 Emmissions / tonne of HRC

Scenario 2	 DR-EAF route vs BF-BOF 
	 route (location: Argentina)

Electricity source	 Power gen. 0,75 kg	 Power gen. 0,74 kg 
	 CO2/kWh	 CO2/kWh

Route	 DR ZR Plant-EAF	 BF-BOF

	 kg CO2/t HRC	 kg CO2/t HRC

Iron ore (production) + fluxes	 111	 119

CO2 in flue gases + removal system	 490	 1695

Subtotal	 601	 1814

Power requeriments	 479	 –257

Total	 1080	 1557

If disposal of CO2 removal	 810	 1557 
(ZR scheme)

Results of both scenarios are presented 
in Tables 5 and 6, respectively.

As observed from the above comparative 
analysis, the following can be summari-
zed:

•	 By logic principle, the conversion of 
CH4 → CO + 2H2 for reduction of ores, 
drastically reduces CO2 emissions as 
compared to coal, for which case, all 
reductants are coming from C.

•	 Even though the credit from power 
export in the BF-BOF route, electricity 
sourcing has a significant impact on 
CO2 emissions as noted in Table 5, 

where two completely different scena-
rios are compared.

•	 On a location where both routes are 
viable, there is a decrease of about 
40% less CO2 emissions through the 
DR-EAF route.

•	 In any case, due to the implicit cha-
racteristic of the Energiron ZR-based 
scheme, by the selective elimination 
of CO2 to optimize reuse of reducing 
gases, there is an important potential 
for further CO2 emissions reduction of 
additional 30%.
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