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CONTROL AND AUTOMATION

a

Process–based Level 2 systems for 
stable, lower cost blast furnace  
operations
In order to organise and create good and actionable information from the tsunami of data 
that, today, is flowing into blast furnace control rooms, Level 2 automation systems are being 
developed and constantly improved within the industry. Danieli Corus believes the need for them 
will continue to grow, led by operational cost pressures and the rapid developments being made 
in the fields of smart technologies, user-friendly data analysis software tools and condition-based 
maintenance methods. Danieli Corus’s own Level 2 system is designed in such a way that client-
specific requirements can be implemented easily to suit the needs of each client, and with close 
collaboration between operational, software and automation specialists.

In past decades the amount of data becoming available 
to blast furnace operators has grown tremendously due 

to falling costs and increased capabilities of measuring 
devices. However, even though more information should, 
in principle, lead to a better understanding and better 
decisions, volumes of data that are too large will do nothing 
more than confuse the operator and technologists and 
will add very little to improve furnace operation. It is also 
likely that the future will be even more challenging when 
taking into account all the developments in the expanding 
field of smart instruments, Industry 4.0 concepts and 
condition-based maintenance strategies. These concepts 
are illustrated in Figure 1. At the same time the pressure 
has increased on ironmakers to lower production costs 
even further to remain competitive. This trend coincides, 
at many locations, with a decrease in raw material quality 
available to operators. It is these worldwide developments 
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q Fig 1 Data  
and automation  
potential over time

that have brought the field of advanced automation 
methods to the attention of iron and steel producers as a 
powerful tool to meet the challenges of our times. 

CREATING ORDER FROM CHAOS
In order to organise and create actionable information 
from the tsunami of data that is flowing into the BF control 
room, so-called Level 2 automation systems are being 
developed and constantly improved within the industry. 
Such a Level 2 system, also referred to as Supervisory 
Control System, is an automation layer positioned ‘above’ 
the actual Process Control Systems (the Level 1 system) 
and is illustrated in Figure 2. 

Within a Level 2 system, several functionalities can be 
found, but what they have in common is that they are 
aimed at collecting data from the Level 1 system (and 
possibly other sources as well), processing it (eg, running 
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model calculations) and evaluating the data in order 
to create information that is useful to operators and 
technologists. This information is then presented to the 
user in a way best suited to the specific information or user 
need, for example, long-term trends for taphole condition 
parameters or actual data on the direct reduction taking 
place in the lower furnace. Automatic report generation 
showing hourly, daily, monthly averaged or cumulative 
figures can also be part of the Level 2 functionalities.

Often the BF Level 2 system has an interaction with the 
Level 2 systems of other plants, for example with the sinter 
plant or the steel plant. These type of interactions can 
be intense and continuous, or just limited to the regular 
sharing of specially prepared reports for management or 
planners of the processes taking place up and downstream 
of the furnace itself.

A special branch of Level 2 systems are the so-called 
advisory systems which deal with the creation of actual 
advice to the operator based on process data analysis. This 
advice can, for instance, be dealing with the detection of 

r Fig 3 Focal points for supervisory control systems

r Fig 2 Overview of automation levels

prolonged periods of slow or 
rapid burden descent indicating 
a potential hanging or a racing 
furnace, or advice to adjust 
undesired changes in the thermal 
state of the furnace (see Figure 
3). In the latter situation it will 
automatically provide quantitative 
advice for changes in the set 
points of fuel injection and the 
required simultaneous moisture 
adjustments. In principle such a 
system could be used to formalise 
the standard operating procedures 
within a company’s computer 
system. The aim is not to replace 
the operator, but to help and 
support him/her with detecting 
potential problems faster and at 
the same time providing the tools 
to counter the detected upsets.

Incorporating the use of 
advisory systems into operator 
daily routines will, ultimately, lead 
to a more stable operation of the 
furnace as it will ‘standardise’ the 
moment and type of control actions 
taken by the operator in any given 
circumstance. Therefore, it is of 
great importance to define and 
implement the rules within such 
a system in close collaboration 
between the operational staff and 

the supplier of the Level 2 systems.
This is one of the key focal points of Danieli Corus at the 

start of any automation project. Basically the rules will be 
programmed in such a way that they are modifiable by 
the client at any stage, eg, trigger levels and generated 
advice can be altered based on new insights or changing 
operating conditions. This flexibility and collaboration 
with the client  ensures that operators understand 
what the advisory system is telling them and so that 
they become familiar with the advice being provided. 
If operators have a better understanding of the advice 
given, they are normally also more willing to follow it. 
This ultimately leads to a more stable and optimised 
furnace operation. 

MODULAR AND CUSTOMISED SOLUTIONS
Although the basics of ironmaking are the same all over 
the globe there is and always will be a need for certain 
special solutions for each specific company. These variations 
may be caused by geography (eg, affecting raw material 
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properties), different product quality requirements, or 
there may be historical preferences for specific operational 
procedures. The Danieli Corus Level 2 system is designed in 
such a way that client-specific requirements or adjustments 
can be implemented easily to suit the needs and expectations 
of each client. This is done in close collaboration between 
the operational and/or technological staff working at 
the plant and experienced experts from Danieli Corus. 
These collaborations are extremely fruitful to both parties 
because the sharing of knowledge will improve the quality, 
trustworthiness and usefulness of the final product.

The Danieli Corus BF Level 2 system comprises multiple 
modules which can be installed relatively independently of 
each other. The functionality of the modules can be divided 
into three different groups: Monitoring Modules, Simulation 
Modules and Advisory Modules (see Figure 4). The different 
modules make it possible to configure the optimal Level 2 
system by selecting only those functionalities which are of 
interest to a specific furnace and the specific time or for a 
specific goal. Addition of extra modules is of course possible 
at any point in the future.

INSTRUMENTATION AND LEVEL 2 
AUTOMATION
Each Level 2 automation system depends on the availability 
and reliability of the instrumentation that is installed at 
and around the blast furnace. Although the amount and 
type of installed measurement devices can vary between 
furnaces it is the philosophy of Danieli Corus to always 
make a complete Level 2 system for every operating 
furnace. It is therefore installed at greenfield plants with 
a modern and wide spectrum of process instruments as 
well as part of brownfield upgradade projects with few 
or less sophisticated measurement systems in place. In 
both situations close collaboration between Danieli Corus 
and the client will ensure the optimal utilisation of the 

available data in the supervisory control system. 
Because Danieli Corus is involved in many fields of BF 

ironmaking it is able to guide and assist its clients on the 
best ways to use and/or expand their Level 2 capabilities 
from different perspectives (eg, including the optimisation 
of the hot blast system). Extensive knowledge on process 
phenomena, in combination with instrumentation 
engineering, detailed expertise on refractory design and 
the functioning of critical equipment (eg, top charging 
units), is all used in the design and commissioning of a 
new Level 2 system. This is also reflected in the training 
sessions to the operators and technologists on site when a 
new system is being commissioned. 

SERVICE AND MAINTENANCE 
There is even more added value available to the user 
via a service and maintenance contract. Such a contract 
includes, for example, regular site visits by automation and 
process specialists for intermediate training and advice 
to the users, maintenance of the system, updates for 
the software when new developments have been made, 
and the possibility to (co-)develop new functionalities to 
existing or even complete new modules. Such a service will 
be tailored to suit the actual needs of a specific client. 

IMPROVING HARDWARE WITH RELATED 
LEVEL 2 MODULES
As mentioned above, the Danieli Corus Level 2 is a set of 
separate (collaborating) modules. Some of these modules 
are designed in such a way to fully support and augment 
other products. Examples are the Heat Flux monitoring 
system which is added in reline projects where the cooling 
system has been renewed, or the Burden Distribution 
Module supporting the use of a newly installed Danieli 
Corus Top Charging Unit. Another example is the Hearth 
Monitoring Module to monitor the condition of the 

r Fig 4 BF Level 2 modules
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process support. This means the client can ask the 
Danieli Corus operational experts for advice during 
certain operational situations which can then be studied 
directly from the secure network at our head office. Of 
course, such remote process assistance does not always 
fully replace the much more direct and intensive support 
that can be delivered by the Danieli Corus blast furnace 
technologist, but it will be helpful in the planning and 
preparation of such an assistance project. It also enables 
much quicker process assessments in time-critical events 
(eg, threat of a chill).

OUTLOOK 
It is the strong belief of Danieli Corus that the need for more 
and better Level 2 automation systems will grow worldwide 
in the coming years. This is caused by the ever increasing 
pressure on cost effectiveness of the hot metal production 
chain, even as raw material qualities are becoming less 
and less ideal. In addition there are rapid developments in 
the field of smart technologies and increasing availability 
of user-friendly data analysis software tools towards 
smarter maintenance methods like the condition-based 
maintenance philosophy. All these developments require 
a close collaboration between operational experts (process 
and mechanical) and software and automation specialists. 
This is exactly the partnership and team approach with the 
client that Danieli Corus is looking for, and with which it has 
proven itself many times in the past. MS

Bart de Graaff is with Danieli Corus BV, Ijmuiden,  
The Netherlands

CONTACT: comms.office@danieli-corus.com

hearth refractory. In these types of projects the benefit of 
designing the hardware, selection and positioning of the 
instrumentation as well as the programming of the related 
Level 2 modules leads to a final product that enables the 
operators to make optimal use of their new, repaired or 
upgraded installations.

REMOTE MONITORING AND SERVICES
With the ever-increasing availability of secure and 
reliable internet connections there are new possibilities 
when it comes to remote monitoring of blast furnaces. 
In recent years Danieli Corus has tested and successfully 
commissioned Level 2 systems which are remotely 
connected to a special and highly secure network in the 
Danieli Corus main office in The Netherlands (see Figure 
5). Although such a connection is optional for the Level 2 
package, its benefits are enormous.

First of all, via the internet connection, the Level 2 
application can be checked and serviced at all times 
(24/7) without the need for time-consuming and often 
costly travelling of engineers to make adjustments to the 
software on site. This allows for easier assistance, eg, a 
client can call or email his questions or observations and 
a Danieli Corus engineer can connect directly to the Level 
2 system to solve any (software) issue or to provide other 
help to the users. Also, because the different modules 
are subject to regular upgrades (there are continuous 
development programmes within the company to further 
develop the Level 2 capabilities), the remote connection 
enables the installation of small upgrades at low cost. 

Besides the clear benefits of remotely checking, 
updating and providing help on the Level 2 system itself, 
such an internet connection also allows for extended 

r Fig 5 Example of a Danieli Corus Level 2 system
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