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SUSTAINABILITY

Energiron – effectively decreasing CO2
 

emissions in steelmaking
Energiron direct reduction technology complies with the world’s strictest environmental 
regulations, producing signifi cantly less CO2 than alternative processes. It also allows the products 
generated during the reducing reactions of iron ores to be used as by-products.

Reducing CO2 emissions is one of the main goals of the 
modern economy and it is particularly critical in the 

most energy-intensive industrial areas, such as iron and 
steelmaking. Many industries are taking action to comply 
with current CO2 regulations and making plans for their 
next steps on a fi ve to 20-year outlook. The steel industry 
is one of the largest industrial sources of CO2, accounting 
for approximately 7-9% of world emissions, thus it has 
a signifi cant environmental impact in terms of global 
warming from greenhouse gases (GHG). 

Energiron direct reduction technology is the most effective 
way to reduce the CO2 emissions in iron and steelmaking 
in compliance with the world’s strictest environmental 
rules, and is ready for further improvements in line with 
the COP21 long-term vision for a prosperous, modern and 
climate-neutral economy by 2050. 

If steel is produced by EAFs fed by direct reduced iron 
produced by the Energiron direct reduction process, up to 
90% fewer CO2 emissions are produced compared to a 
typical integrated steel plant. This is achieved partly thanks 
to the possibility to intensively use hydrogen as reductant 
instead of carbon monoxide, and partly due to the selective 
capture of the CO2 produced by reduction of iron ores. This 
CO2 can then be commercialised as a valuable by-product for 
several industries, ensuring a prosperous circular economy. 

Danieli provides customised solutions for progressive 
reduction of CO2 emissions up to this limit, maintaining 
the same steel quality and planning a sustainable capital 
investment strategy. 

TRANSITION FROM BF-BOF ROUTE TO 
DR-EAF ROUTE
In DR plants, iron ore is converted to metallic iron in 
solid form without melting (see Figure 1) by means of 
gaseous reducing agents. The reduction of CO2 emissions 
compared with the traditional BF-BOF route is due to the 
use of natural gas (NG) or hydrogen (H2) instead of coke. 
The, DRI produced can be used as a partial substitute for 
input materials for both BFs and BOFs and, because primary 
reduction has already taken place in the DRP, less coke is 
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r Fig 1 DRI pellets

required in the BF to reduce the remaining burden, and this 
fi nally results in lower overall CO2 emissions. The DRI also 
can be used as partial or exclusive input material in EAFs: 
by adding pure iron units, higher quality steel grades can be 
produced and CO2 emissions can be further reduced. 

Currently, the EAF route (with ever increasing quantities 
of DRI replacing scrap) provides approximately 30% of the 
steel produced worldwide, and its share is continuously 
increasing thanks to the higher operating fl exibility, lower 
investment cost and environmental compliance.

ENERGIRON ZR: MINIMUM ENERGY AND 
MINIMUM EMISSIONS
Energiron is a strategic alliance between Danieli and Tenova 
HYL for the development and implementation of the most 
effi cient and fl exible technology in the current mix of DRI 
production methods, aiming to provide customers with the 
lowest CapEx and OpEx in any environment. This alliance 
started in 2006 and has achieved excellent results at 
several benchmark installations, such as at Emirates Steel 
DRI plants No.1 and 2 (UAE), Suez Steel (Egypt), Nucor 
Steel Louisiana (USA), and Ezz Steel (Egypt).

Of all the DR technologies, the Energiron process is the 
one that makes it possible to minimise CO2 emissions. The 
Energiron zero Reformer (ZR) is based on the unique feature 
of carrying out the natural gas reforming stage within the 
reactor without requiring an external reformer, using the 
DRI itself as a reforming catalyst (see Figure 2). In this way, 
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Finally, hot or cold DRI is discharged by automated 
mechanisms, consisting of pressurised bins and special 
valves. Figure 5 shows an Energiron tower with reduction 
reactor, external cooler and HYTEMP towers which feed the 
EAF.

CIRCULAR ECONOMY RELATED TO 
ENERGIRON PLANTS
The transition from traditional integrated mills to a modern, 
environmentally sustainable Energiron plant can generate 
a circular economy in which several industrial activities 
are organised so one plant’s waste becomes another’s 
resources. In fact, the premium quality and internal energy 
of Energiron DRI gives electric steelmakers the possibility to 
optimise steel production costs, increasing competitiveness 
and providing opportunities for new business: 
`  DRI can be used in addition to steel scrap to dilute 

the impurities from the scrap which, in some cases, can 
represent a limitation in the quality of EAF steel.

`  The outstanding energy effi ciency of Energiron 
plants (lowest natural gas consumption 2.35Gcal/t) 
is possible thanks to the proprietary auto-reforming 
technology and to the use of energy recuperation 
systems. Energiron ZR can produce DRI with a carbon 
content in a range of 1.5-5 % giving the steelmaker the 
possibility to use the most economic mix of chemical 
and electrical energy input to the EAF.

`  Further effi ciencies can be achieved thanks to the 
proprietary Hytemp® system, a safe and reliable solution 
to convey the DRI to the EAF at high temperature. This 
unmatched effi ciency provides the lowest OpEx and a 
responsible use of the natural resources.

`  Energiron ZR plants can use any reducing agent 
locally available. Any eventual excess of reformed 
gas, coke oven gas, hydrogen, naphtha that is purged 
or incompletely used by existing plants can be used 
as a reducing agent. In this way, OpEx can be further 
reduced and plant managers have the possibility to 
adjust feedstocks according to market trends.

`  A variety of iron ore grades can be used, including BF 
pellets. This allows using the resources locally available 
at the most competitive price. Moreover, the high 
operating pressure of Energiron plants allows the use of 
fi ner iron ores, recovering part of those valuable natural 
resources that other technologies would discard.

`  Thanks to the selective capture of CO2, Energiron is 
the technology best fi tted to provide Carbon Capture 
and Use (CCU) and Carbon Capture and Storage 
(CCS) solutions applied to the steelmaking industry. 
Among the other possible applications, CO2 generated 
by Energiron plants is captured and used to produce 
beverages, conglomerates, dry ice and used in 
Enhanced Oil Recovery (EOR) applications.

process effi ciency is maximised and most of the energy 
supplied to the process is in the product, with minimal 
energy losses to the environment. When compared to other 
DR processes, for which the overall effi ciency is below 
70%, Energiron ZR operates above 78%, and natural gas 
consumption is as low as 2.35 Gcal/t (see Figure 3).

In the next process stage oxygen is removed from the 
iron ore by reduction reactions with hydrogen and carbon 
monoxide. The exhaust reducing gas (top gas) leaves the 
reactor at about 400-450°C and is subsequently treated in 
order to be recirculated at the maximum extent possible. 
To allow this, the H2O and CO2 generated by the reduction 
reactions must be removed. 

The Energiron process includes a unique feature, 
namely a CO2 removal unit that allows the selective 
removal of the CO2 produced by the reduction of iron 
ores. Its high operating pressure (8-10 barg) allows for 
effi cient absorption of the CO2 contained in the process 
gas stream, with no need for additional expense for 
unnecessary equipment and/or for further compression 
of the process gas, as may be needed with other DR 
technologies (see Figure 4). 

r Fig 3 Operating data illustrated through 3Q process control suite

r Fig 2 Energiron Zero Reformer (ZR) with dual 
reactor for hot or cold discharge
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CO2 EMISSIONS IN ENERGIRON PLANTS 
In general, the carbon footprint of a DR-EAF plant is about 
50% of that of an integrated plant. Figure 6 shows a 
comparison with a number of process routes. 

Energiron plants typically work with a H2/CO ratio 
of between 3 and 5, as use of H2 is thermodynamically 
more effi cient, about fi ve times that of CO. Energiron ZR, 
however, has the possibility to selectively capture the CO2 
generated by the reduction of iron ore and this leads to a 
reduction in emissions by a further 60%. 

A further step in CO2 emission reduction can be achieved 
by increasing the proportion of hydrogen in the reducer 
gases. Trials using up to ~90% H2 have been successfully 
conducted. Figure 7 shows a comparison of CO2 emissions 
with different reductants and DRI carbon contents: the 
greater the %H2 and the lower the carbon, the lower are 
the CO2 emissions.

CONCLUSIONS
Energiron DR technology, due to its inherent characteristics, 
is the most effective way to minimise the CO2 emissions in 
steelmaking. It complies with the strictest environmental 
regulations worldwide and allows the re-utilisation of 
some effl uents and emissions as valuable by-products, 
boosting the development of circular economies. Danieli 
supports its customers by providing sustainable and 
tailor-made solutions for the reduction of CO2 emissions, 
from feasibility studies to the execution of Engineering, 
Procurement and Construction (EPC) projects. Optimised 
solutions based on Energiron plants that may be either 
stand-alone, integrated with electric minimills or with 
blast furnaces, are developed to optimise the OpEx with no 
compromises on steel quality, within a sustainable capital 
investment strategy. MS

Dario Pauluzzi is Senior Manager, Sales at  Danieli 
Centro Metallics, Buttrio, Italy.

CONTACT: d.pauluzzi@danieli.it

r Fig 5 Energiron tower with reduction reactor, 
external cooler and HYTEMP towers

r Fig 7 Energiron CO2 related to operating parameters

r Fig 6 CO2 emissions from various steelmaking routes

r Fig 4 Energiron ZR CO2 capture plant




