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From liquid steel to rolling: concepts 
and applications for higher efficiency 
and zero waste
Green technologies are those that reduce emissions, waste by-products and resource consumption; 
increased process efficiency directly results in decreasing energy consumption and resource 
utilisation. Danieli has a long record of environmental achievements and process developments; 
concepts and examples are described.

DEFINING SUSTAINABILITY FOR METAL  
PRODUCTION
In metals production ‘green’ technologies are those 
that reduce emissions, waste by-products and resource 
consumption. Resources represent costs and so reducing 
the intake of raw materials and energy provides economic 
advantages to metals producers, but it also has benefits 
in terms of emissions reduction: greenhouse gases (CO2), 
liquid (dirty water), and solid emissions (slag/dust). 

There are also maintenance advantages, as reducing 
resource consumption will limit intervention, and extending 
the lifetime of old equipment reduces the requirement for 
new resources. 

Personnel training and risk-analysis will limit failures or 
accidents, which represent costs both in terms of materials 
and of human beings.

Plant start-ups and shut-downs are studied in order to 
minimise consumption and equipment wear, to abate costs 
and to cut emissions and resource waste because often 
these are a consequence of very un-optimised paths. 

DEVELOPING ‘GREEN’ PRODUCTION  
PROCESSES
From conceptual modelling to the prototype, the design 
of new equipment increasingly relies on computational 
modelling. Computer fluid dynamics (CFD) is used to 
explore new configurations, design of experiments (DoE) 
reduces the number of experiments required, statistical 
tools transform sparse data into information, and predictive 
models convert observations into know-how. 

Environmental constraints can be implemented in these 
models like any other process parameters. For example, the 
Acou-Stack process was optimised by means of detailed 
CFD modelling.

Increased process efficiency directly supports decreasing 
energy and resources. Machine-learning tools using 
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databases of failures, procedures or maintenance have 
proven to be a valid aid to increasing performance in complex 
processes. The most notable new examples of Danieli 
green technologies that have resulted in new steelmaking 
technologies are the Energiron process (jointly developed by 
Tenova and Danieli), for reduction of iron ore using natural 
gas or hydrogen, to minimise carbon emissions, and the 
MI.DA. concept for Endless Casting and Rolling, with low 
CapEx and OpEx, to serve regional markets.

The unique capacity of Danieli to provide the whole 
process stream, from iron ore to finished product, is 
the key to achieve the maximum energy efficiency with 
minimum GHG emissions: the whole transformation is 
done with CO2 emissions per t of finished steel of around 
800kg/t with the unique possibility to capture from 300 
to 320kgCO2/t steel in the Energiron CO2 absorber. This 
pure CO2 can then be used for several purposes (as raw 
material for chemicals, synthetic fuel, for food industry, for 
enhanced oil well production etc.) So, the CO2 is no more 
a problem, but rather a business opportunity.

RESOURCES FOR GREEN RESEARCH
Model predictive control, machine learning, and  the 
internet of things (IoT) are some ways to transfer research 
teams’ experience into customer operators, with adequate 
training to make maximum use of it. More often, research 
projects are followed by skilled employees in cooperation 
with the most specialised universities, as in the development 
of low NOx burners, or water-oil emulsion lubricants for 
aluminium cold rolling. 

BEST AVAILABLE TECHNOLOGIES
Danieli always applies the best available techniques (BAT) 
to its designs and is currently introducing technologies 
that are well established for other industrial sectors; 
finding synergies that have demonstrated to be justified 



SUSTAINABILITY

a

M
IL

LE
N

N
IU

M
 S

TE
EL

 2
02

0

21

Reducing energy demand, particularly carbon-based 
energy, and using renewable energy sources, also help 
reduce CO2 emissions, in fulfi lment of the more and more 
stringent international agreements on GHG emissions, 
with related fees.

CAN GREEN TECHNOLOGIES IMPROVE 
PRODUCT QUALITY?
The exemplary cases of matching sustainability, economics, 
and signifi cant quality improvement are MI.DA. and QSP-
DUE casting and rolling processes. 

With these advanced technologies, rolling processes 
then become stable and continuous, allowing extremely 
good quality products and outstanding productivity and 
plant effi ciency. 

The following provides an overview of several energy-
saving and recovery processes, zero waste and safety 
concepts developed by Danieli over recent decades.

IRONMAKING 
Emerging standards for CO2 emissions BF gas has 
a low calorifi c value (CV) and is used in low temperature 
processes, especially if enriched with BOF gas which has a 
higher CV. Thus, BF/BOF off-gases are used to supply power 
plants (25%), coking plants (15%), plate mills (20%) and 
to other plants and fl ares. One way to reduce CO2 emissions 
is to utilise an increased amount of scrap or HBI/DRI in the 
BOF charge mix, followed by some change in operation. 

Techniques for carbon capture and storage or usage (CCS 
or CCU) are under continuous study and some are applied 
already, such as recirculating the decarbonated top gas to 
the BF lower shaft to increase the amount of CO2 in the 
off-gas and to ease its separation (capture.) 

for economic and sustainability reasons. For example, 
a dry scrubbing process borrowed from the aluminium 
industry is effective for BF gas cleaning, reducing electricity 
consumption by 10-15kWh/tls (see Figure 1). 

In another example, the Dan Eco system applies the 
most advanced technologies and automation in the fi eld 
of chemical engineering for fume cleaning and recovery 
in aluminium rolling mills. Higher performance means 
increased productivity and quality, while decreasing 
costs (energy, resources, failures, scrap). Using Q3-DEMS 
software for data recording and process monitoring, the 
energy effi ciency can be steadily increased, according to 
the ISO50001:2011 standard, in which several variables 
are correlated and aggregation functions are used.

GREEN PROJECT GOALS
In projects that involve new design, layout and logistics 
are studied to help make the workplace effi cient, clean 
and productive. In plant revamp projects there are more 
physical constraints, which require a customised study 
to include the most advanced and effi cient solutions 
in the existing layouts, without modifying upstream or 
downstream processes.

Maintenance is focused on maximum reuse or refurbishment 
of old equipment, which is not only economic, but also in 
agreement with the principles of circular economy. 

Technological packages are always tailored to the actual 
needs of the customer, to allow full grid integration inside 
and outside the production site, to match with local 
constraints (resources, standards, regulations, etc.) Process 
control and monitoring are fundamental to achieve all the 
targets identifi ed.

IMPROVING OPEX
Circular economics are revolutionising the old and 
unsustainable model of ‘make-use-dispose’, typical of the 
traditional linear economy. The end-of-chain materials, 
instead of becoming waste, now undergo suitable 
treatment to re-enter the production cycle, partially 
substituting the use of conventional raw materials. 

Limited resources, like water, lime or selected mineral 
oils, can make several passages through the process before 
exhausting their potential, thus reducing signifi cantly the 
make-ups required. 

Energy consumption can be minimised with highly 
optimised processes, and waste gas and heat fl uxes can 
be upgraded with the most modern technologies, like 
clean heat recovery (CHR) or BOF gas utilisation. Where 
possible, processes based on fossil fuels should be replaced 
by renewable electricity-based processes, as in the case 
of ironmaking with the introduction of hydrogen in the 
DRI-EAF route, or in the reheating furnace with the new 
Q-Heat induction heaters. 

r Fig 1 Fume energy recovery with CHR system
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Robotics and automation supporting productivity  
Design of a modern cast house is driven by layout and 
logistical optimisation, dust and fumes reduction, and 
the use of robots in labour-intensive and repetitive tasks. 
Process effi ciency is enhanced by eliminating human error 
and implementing the best operational practices, and the 
workplace is cleaner and safer, with lower maintenance 
requirements. 

Maintenance and productivity Maintenance 
represents a cost and a loss in productivity. Minimisation 
is desirable but only on a smart basis. While external 
parts of the equipment are constantly under inspection, 
condition assessment of internals requires dedicated and 
sophisticated simulations of wear patterns. Risk mitigation 
and projected remaining lifetime concepts produce an 
adjustment of maintenance scheduling. Failures are greatly 
reduced, stoppages for maintenance are delayed, and 
new layouts are designed to improve maintenance while 
reducing time and cost. An example is shown in Figure 2 
where the Q-One system was designed to ensure simple 
removal of the inverter and converter units.

Gas cleaning for dust removal  With reagent injection 
and a pressurised bag fi lter, BF dry scrubbing produces 
an effective abatement of emissions. There is no water 
consumption and the process has improved power 
plant effi ciency. BOF gas scrubbers, including a pre-
humidifi cation step and performing the scrubbing in a 
variable-section, annular scrubber increases the gas-liquid 
contact and the abatement effi ciency, while decreasing 
the pressure drop. 

DRI
Environmentally friendly production Ultra-low NOx 
burners will keep process NOx emissions below 25-30ppm. 
Where limits are more stringent, a selective catalytic 
reactor (SCR) can bring emissions below 10ppm. The 

r Fig 3 ECS Endless scrap charging system

r Fig 2 Example of Q-ONE system

r Fig 3 ECS Endless scrap charging system
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agency requirements. Dioxin emission reduction is also 
possible with the use of dedicated equipment such as 
the quenching tower or special dioxin abatement systems 
(when lower limits are required). For the control of other 
pollutants, like CO, NOx and SOx, it is preferable to act 
directly ‘at the source’, by properly running the EAF and by 
choosing good quality raw materials.

Noise control   Noise reduction can be obtained by acting 
directly at the main source (EAF), with the installation of 
a dog house or with the sound-proofi ng of part of the 
building (elephant house). To reduce the noise dispersion 
in the surrounding areas it is necessary to control the 
emissions from the stacks and the new Acou-Stack solution 
may replace the traditional silencer installations.

Scrap selection  Optimising scrap selection reduces waste 
material because separating inert components (mainly 
glass) reduces lime additions, decreasing the volume of 
slag. Separating organic materials, like plastic and rubber, 
cuts gaseous emissions and limits the need for adsorbents 
to capture dioxins, thus containing the amount of dust 
generated. Also, scrap selection optimises EAF operations 
so that melting models can manage power-on time. 

ENDLESS CASTING ROLLING / ECR
OpEx and ecological advantages with ECR  
Traditional hot rolling will reheat billets from room 
temperature by means of fossil fuels, and consuming 
around 1.2GJ/t. Up to 1% product is lost as scale, and 
production is not continuous. With ECR – including 
MI.DA. for long products and QSP-DUE for fl at products – 
the reheating furnace is eliminated along with its energy 
consumption and related emissions. Furthermore, there 

carbon footprint of a DR-EAF plant is about 50% of that 
of an integrated mill, however, among the available DR 
technologies, the Energiron ZR is by far the most energy 
effi cient. This alone is a way to limit the CO2 emissions, 
moreover its built-in CO2 absorbtion system has the 
possibility to selectively capture the CO2 generated by the 
reduction of iron ores leading to a further 60% emission 
reduction 60%, ready for storage or reuse, according 
to available CCS and CCU technologies. If hydrogen is 
added to the process in partial substitution of natural 
gas, CO2 emissions can be signifi cantly reduced.

DRI-EAF and CO2 emissions  The Energiron ZR is highly 
optimised, achieving 78% process effi ciency. Further 
improvement in the DRI-EAF production route is possible 
by charging the hot DRI to the EAF. Through pneumatic 
transportation with non-oxidising gas, the hot DRI reaches 
the EAF charging bins at 600°C, thus saving energy and 
tap-to-tap time. 

The carbon content of DRI is balanced to optimise the 
EAF melting process.

EAF STEELMAKING
ECS Zero Bucket The ECS horizontal continuous charging 
scrap preheater reduces melting energy and tap-to-tap time 
while keeping CO, dioxins, NOx and VOC under control. 
By keeping the furnace roof closed, the fume treatment 
plant is simpler and more effi cient, and GHG emissions 
are reduced by 7% compared to bucket charging. The ECS 
endless scrap charging system saves 20kWh/tls compared 
to bucket charging (see Figure 3). Danieli Automation 
tools like Q-Melt Automatic EAF adaptive process control 
and Q-SYM automatic scrap yard management platform 
comply with the Industry 4.0 approach. Charging and 
melting are controlled automatically and continuously, for 
consistent steel quality at minimal cost. 

Q-One Q-One power management for conventional 
AC EAFs addresses problems caused by reactive power, 
fl icker and harmonics to the network. Based on control 
capabilities provided by power electronic semiconductors, 
Q-One reduces EAF overall electric power consumption 
with a shorter power-on time (~10%), and lower electrode 
consumption of ~15% (see Figure 4). It is a modular system 
that can be implemented on new or existing AC EAFs, 
meaning that the EAF no longer requires transformers or 
SVC fi lters to perform reliably, and its modularity allows 
easy expansion when more power is required.

Fume treatment Pulse-Jet bag fi lters are the best 
available technology to minimise the residual dust content 
both at the stack outlet and in working areas inside the 
meltshop, according to customers and environmental 

r Fig 4 Q-ONE power converters on an EAFr Fig 4 Q-ONE power converters on an EAF
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ROLLING
Induction heaters The QHEAT Induction Heating 
System is a sustainable alternative to gas-fueled reheating 
with the following benefi ts:
`  No GHG, NOx or particulate emissions
`  Limited scale formation 
`  Short start-up/shut-down time
`  High electrical effi ciency
`  Modularity that allows easy maintenance, optimal 

control and material temperature equalisation, 
resulting in increased product quality

Low NOx burners New-generation furnaces must 
respond to increasingly stringent emission limits. Design 
of high effi ciency burners requires thermo-fl ow-dynamics 
simulations with relevant combustion kinetics and fi nal 
testing of prototypes. Danieli Centro Combustion tested and 
refi ned ultra-low NOx burners (MAB and TFB) optimising 
fl ame pattern, fl exibility of fuel-gas feedstock, extremely low 
NOx emissions (particularly in the fl ameless confi guration) 
and, for indirect combustion, high radiant-tube effi ciency 
and temperature uniformity. Modern designs allow NOx 
reductions of up to 70% compared to conventional ‘fl ame 
mode’ burners. An example is shown in Figure 5.

Clean emulsion for rolling In aluminum cold rolling, 
water-oil emulsions may replace kerosene-based lubricants, 
with increased safety and lower CapEx and OpEx, related 
to safety equipment and to the absorption/distillation 
recovery system (-10%). Lower emissions also may be 
expected because there are no kerosene vapours to treat.

Zero fume extraction systems  An effective design of 
the absorption and distillation processes can reduce VOC 
abatement for aluminum cold rolling. The choice of the 
most technologically advanced packing structures in the 
absorption column ensures maximum contact between 
vapours and the absorbent, to pick up the majority of 
VOCs with very low leakage through the fume plant. 
The distillation column that regenerates the absorption 
solution while recovering the rolling oil is designed with a 
combination of temperature and pressure that minimises 
the degradation of the oil, which turns out to have a 
longer life. The internal recirculation in the distillation 
column acts as further protection for the oil, dampening 
the temperature peaks of the incoming solution. 

Low temperature rolling Improved structural steel 
properties have been obtained mainly by:
`  Restricting the carbon content
`  Improving the internal cleanness
`  Using micro-alloyed grades combined with in-line 

thermomechanical processing 

is no scale formation during reheating and no head/
tail crops, reducing waste and increasing overall plant 
effi ciency. ECR can reduce natural gas consumption by 
up to 32Nm3/tls.

ZERO WASTE
Zero-water discharge (ZLD) Industry must be 
committed to avoid wasting fresh water and so Danieli 
has set up a process wherein water treatment systems 
are able to recover blow-down water, with appropriate 
crystallisation processes to avoid any water discharge that 
may incur limits on salt content.

Zero-slag discharge (Ecogravel) Slag is a secondary raw 
material that contains steel scrap (4% by weight), and is an 
ideal aggregate (screened for different sized particles) to be 
used in road paving or concrete applications. The Danieli 
Ecogravel process has three environmental benefi ts: 
`  It avoids the use of natural rocks, and the energy for 

crushing and transportation 
`  It reduces landfi ll disposal
`  The high wearing resistance of the obtained asphalt 

makes roads more durable, reducing the frequency of 
repaving

Zero-ASR discharge (SYNCA) ASR (automotive 
shredder residue) has potential as a secondary raw 
material. It contains 5% inert materials, 10-15% of 
ferrous and non-ferrous materials (which are easy to 
separate), and two organic fractions, equal by weight, 
having a calorifi c value up to 35MJ/kg. All evidence 
indicates the material may be used as a partial carbon 
substitute (up to 30%) for melting steel.

r Fig 5 Flameless burner reheating r Fig 5 Flameless burner reheating 
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furnace and casting fl oors, as well as to tend zinc pots 
for galvanising lines, for deburring, tracking, and marking 
rolled products, and more where other repetitive tasks 
are required.

‘No man on the fl oor’ is a strategic target and Q3-
Pulpit technology is an example of current applications. 
360° video cameras support operators with remote 
inspection capabilities. A database of critical events that 
require operators’ attention, constantly enriched through 
machine learning techniques, can activate some specifi c 
camera automatically to bring the event to the attention 
of the operator. Today, pulpits are ergonomic and 
interactive, with predefi ned operations already available 
and promptly activated. An example of the 3Q concept 
pulpit from a Danieli H3 rod mill is shown in Figure 6.

Asset valorisation through personnel training  
Greater skill is required to run modern plants and personnel 
training, together with self-learning and predictive 
technologies, assist operators in their choices, minimizing 
production issues and health hazards.

Trained workers know how to operate and maintain a 
plant in optimal conditions. This leads to best performances 
and risk reduction. Environmental benefi ts come from 
minimising energy and resource needs, and from avoiding 
major failures. 

Danieli Training Center transfers to employees the 
knowledge needed to operate plants and to maintain 
equipment and address safety issues.  MS

Rolando Paolone is Danieli Chief Technology Offi cer at 
Danieli SpA, Buttrio, Italy.

CONTACT: sustainable-technologies@danieli.com

This last development makes it possible to refi ne the 
microstructure to produce stronger steels and to infl uence 
the time-temperature transformation of the steel to 
create a microstructure more suitable for heat treatment, 
thus reducing treatment time and therefore costs and 
footprint.

POWER AND AUTOMATION
Q3-OPT automatic scheduling This increases plant 
yield thus reducing energy demand. Upon defi nition of the 
objective functions and KPIs, the system quickly prompts 
and thoroughly reschedules the activities. The added value 
is the ability to manage complexity and to implement the 
most valuable know-how from experienced operators. An 
optimised plant, both in operation and in maintenance, 
minimises the energy demand and the expended resources, 
increasing product quality and reducing wastes.

Q3-DEMS monitoring  This is an energy and utility 
monitoring and utilisation tool for collecting the widest 
range of information and it provides a simple interface 
to reprocess data into KPIs, predefi ned or used defi ned. 
Everything is recorded and monitored in order to highlight 
irregular operations or time-changing performance. 
Q3-DEMS supports continuous improvement in energy 
effi ciency, according to ISO50001:2011. 

Smart power technology  Based on inverters, assisted 
by an Adaptive Auto Pilot, combined with an advanced 
fi rmware and a high-effi ciency induction motor, this 
technology eliminates the typical problems of a DC 
solution: low effi ciency, high maintenance cost for the 
DC motor, low overload capability, network disturbances 
(harmonics and low power factor), etc.

This technology delivers an innovative control strategy 
for energy savings, higher productivity, process fl exibility, 
and reduced impact on the MV/LV distribution network.

Data analysis prolonging equipment service 
life Modern sensors and a database of failure events 
changed the approach to maintenance from preventive 
to predictive. Scheduling algorithms are generated to 
plan maintenance, starting from analysis of current 
conditions and estimating remaining performance life. 
Stoppages can be reduced to a minimum and spare parts 
can be acquired only as needed, avoiding obsolescence 
and redundancy.

SAFETY
Robotics and zero men on the fl oor  Robotics are 
key where highly accurate and repetitive processes are 
required, as well as where there is risk to personnel 
safety. For example, robots are effectively used on the 

r Fig 6 3Q concept pulpitr Fig 6 3Q concept pulpit




