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BE ECONOMICALLY PROFITABLE?

Roland V Müller  - eco-e AG

Vorführender
Präsentationsnotizen
Today, a lot of people are talking about ‘green steel’ and ‘green production’, but what do they mean by that? In secondary steel making for instance, do they mean replacing the traditional burner with hydrogen burners or do they really talk about changing the production processes and procedures? 

I remember back in November 2019 – almost nobody was talking about hydrogen, and then, some months later the world was in the hydrogen hype. 
Suddenly hydrogen was in everybody’s mouth. Every politician, who wanted to be modern and up-to-date was talking about hydrogen - all industries were suddenly seeing their future in hydrogen. 

Well, whether it makes sense or it’s a nonsense, whether it would reduce the general temperature increase or not – we have to welcome hydrogen in our energy management.






AGENDA

• Eco-e AG – energy saving and the environment

• One step back – what do we know about the present systems?

• Our proposal - ECOSHAFT

• Pollutants or reactions inherent to the scrap

• Foaming slag – carbon or substitutes

• Lance and burner application

• Off-gas – energy carrier or waste

• Environmentally friendly incinerator 

• Benefit - the economical effect

Vorführender
Präsentationsnotizen
First, I would like to briefly present the company. 
Then, let us have a look back to the first trials to save energy by preheating or better warming the scrap.
Then, I would like to present the solution of eco-e. Here let’s have a closer look at the facts.
Then, shortly about pollutants or reactions of material inherent to the scrap – from paint to concrete, from oil to ice. 
Then, lets’ have a look at the furnace activity – foaming slag – the production of the foam and its viscosity and then, the lance and burner application. 
After that, we shall talk about the off-gas; shall we continue to consider the off-gas as waste or do we finally treat it as an energy carrier? Can we build a environmentally friendly incinerator or shall we remain with the chimney type heat exchanger with the environmental threat?
Finally let’s have a look at the benefits, thus the answer to the question: can protecting the environment be economically profitable?



FOR THE SAKE OF THE ENVIRONMENT - IN THE SERVICE OF THE CUSTOMER

Vorführender
Präsentationsnotizen
Eco-e was founded in 2016 with the aim to promote environmentally friendly and economically reasonable solutions for the steel industry.
Have a look at our home page whenever you find time for that. You will find-out all about us and you also may get some good articles about the ECOSHAFT in the compartment ‘download’



ONE STEP BACK

Shaft and shaft-type systems

Basket preheaters

Conveyor systems

What do these systems have in common? 

Environmental problems! 

Vorführender
Präsentationsnotizen
As announced we shall have a brief look at the existing situation regarding scrap preheating. 
I suppose we all agree, that the only way to reduce the production cost is to reduce the waste, as nearly 50% of the energy needed to melt down 1 ton of steel accrues as waste – energy which is lost in the air. 
The present preheating or warming solutions are from basket heating to real skyscraper – huge installations which need huge buildings. And what do these installations have in common? They all are heating-up the scrap in a container similar to a chimney, where the off-gas rushes in high speed through the scrap pile, burns-off the pollutants and reacts finally somewhere in the ducts into the stable CO2 enriched with toxic compounds. 
To render the toxic compounds harmless they are cracked in a reheater and chilled in a quenching tower in order to not reformat. Ecologically ok, but is that really all we can get?



Shaft furnace (equivalent to Quantum, 
SHARK, COSS, EcoARC, etc.)
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Vorführender
Präsentationsnotizen
Here we see the energetic balance of a typical shaft furnace. On the left side, the apparent balance of the process, not mentioning the toxicity of the off-gas. To get rid of the toxic compounds the subsequent process step has to be applied. This additional procedure costs a lot on money – but this is of course not mentioned by the shaft-people. 



Burn-off of pollutants during 
loading (scrap fire):
Open EAF (no control, short time)
Shaft EAF (high draft, limited time)
Conveyor EAF (constant feed, 
constant emission)

Uncontrolled post-combustion
because of fast off-gas flow:
Untight EAF (high volume)
Shaft EAF (constant section)
Conveyor EAF (constant section)

Damage of material due to high 
energy impact:
Open EAF (housing, canopy)
Shaft EAF (top and duct)
Conveyor EAF (housing, basket)

Vorführender
Präsentationsnotizen
Let’s show the unsolved issues: the uncontrolled burn-off of the pollutants; at the EAF this lasts only a short time, it’s a overwhelming phenomenon, accompanied by a big dust fall, toxic compounds around the furnace, and heat; at the shaft EAF this fire and energy loss is produced in the shaft itself and lasts for a limited time. The heat energy is leaving the shaft with the off-gas together with the toxic compounds; at the conveyor EAF there is a constant burn-off and a constant production of the toxic compounds. 

the uncontrolled post-combustion (uncontrolled, because of the variing off-gas speed and the corresponding off-gas temperature); an untight EAF, whether traditional or shaft EAF produced a rather high off-gas volume which results in a high off-gas speed. The shaft section as well as the conveyor section is  more or less stable which doesn’t help to reduce the off-gas speed.

and the heat impact causes damage to the housing and to the construction elements whether it is at the traditional, the shaft or the conveyor furnace. Even on baskets (basket heating) we have found some damages caused by the excessive heat impact. 



OUR SOLUTION: ECOSHAFT
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Vorführender
Präsentationsnotizen
This is how an effective and environmentally friendly scrap preheating looks like and at the right side how we have realised it.



Preheating 
container tilting

Top view ECOSHAFT 
by-pass container 

and preheating 
container

Top view furnace 
and ECOSHAFT

Preheating 
container 

Vorführender
Präsentationsnotizen
The warming happens at the by-pass container.
In the warming phase, the off-gas passes first through the by-pass duct into the by-pass container. Then the off-gas passes from the by-pass container to the top of the preheating container where it passes a flame barrier which reheats the off-gas  to a level of approx. 1000°C. 
Preheating happens in horizontal position. 
Unloading the preheating container into the furnace is similar to a lorry unloading its charge. 
The preheated scrap arrives with an average temperature of about 800°C (front and top may be hotter) at the furnace. 
The scrap starts to slip at about 36°. 
The hot heel helps to melt the preheated scrap. 
Additional shaft burners support the melting process (at the right down). 



Scrap charge in the preheating container

Compression factor 14% (by-pass container 81m3 to preheating container 70m3). 

This scrap shown on the picture was not warmed. 

Vorführender
Präsentationsnotizen
Here, the scrap after pushing it from the by-pass container to the preheating container without raising the main diaphragm. The cheapest scrap (gypsy scrap) can be used, provided it’s compacted and cut to cube packages of approx. 700mm side length. Ideal density is about 0.55 to 0.6 t/m3. 
An ideal combination with the Lidex shear-compactor of COPEX assures a constant scrap density, recipe, and ideal melting conditions. 



BURN-OFF OF REACTIONS (POLLUTANTS) 

Vorführender
Präsentationsnotizen
This temperature profile shows the activity at the furnace (black ovals = injection of coarse carbon, orange oval = injection of fine carbon (dust) to produce the foaming slag (oxygen lances)) and the temperatures at the exit of the preheating container (4 curves).
Further the temperatures at the exit of the by-pass container. 
Then there is an information which shows the position of the registers (valves) to direct the off-gas flow. 
Below the chart, at the bottom one can see the location of the measuring points and the 4 modii of operation.
Because of the gap between the exit gate and the scrap pile (not a normal situation), the temperature at the exit of the preheating container (fast rise and fast descend of the temperature) is quite nervous. Under normal conditions the temperature development would be more moderate, like the temperature after the by-pass container (green and blue curve). 
The exit temperature development at the by-pass container remains at a high level once the pollutants are burned-off. 



BURN-OFF OF 
REACTIONS 
(POLLUTANTS) II

Observations:
- Temperature drop at the furnace 

and preheating container (1)
- At the same time a temperature 

rise at the by-pass container (2)
- No activity whatsoever at the 

furnace 

Conclusion:
- burn-off of the pollutants or 

reactions inherent to the scrap

1

2

Vorführender
Präsentationsnotizen
The cut-out is taken from the graph on the previous slide. 
Now, an important discovery: the temperature rise in the order of 1.5 °C/sec, while there is no energy import at the furnace!
The temperature of the off-gas in the preheating container is lowering, while the temperature at the exit at the by-pass container is rising, that means that there is an exothermal reaction in the by-pass container.
The main temperature rise is in the order of 1.5°C/sec with off-gas dampers in emergency position (cut out: FD open (black lines), V0 open (red line), V1 open (green line) and V2 open(violet line)). That means that only half of the arising energy is passing through the scrap at the by-pass container. This means further, that under regular conditions a temperature rise in the order of 2-3°C/sec can be assumed.




The effect of the chimney keeps the off-
gas speed high. 
The section is ~ constant  high speed 4 
m/s. 
Post combustion happens in the duct. 
Off-gas cleaning happens in a separate 
vessel!!

The off-gas speed through the scrap is low.
The section widens strongly  low speed <1 
m/s.
Burning-off of the pollutants and post-
combustion in the scrap. 
Off-gas cleaning happens in the preheating 
container. 

Vorführender
Präsentationsnotizen
The comparison between the shaft furnace and ECOSHAFT shows the differences. 
At the left the traditional finger shaft with the shaft like a chimney. The off-gas has a high speed in the center and a low speed in the outer areas, the water-cooled shaft walls. The scrap is heated to melting temperature in the center while the outer areas remain rather cold. Once the scrap falls into the furnace the cold scrap tends to form bears, cold scrap formations in front of the burners.

At the right, the situation at the ECOSHAFT. The burner at the entrance of the by-pass container is in fact a pilot flame which serves as security and to avoid any CO cloud. There is no chimney effect in the by-pass container. The pollutants burn-off in the by-pass container as soon as the temperature has reached the flame point. At the same time, the post-combustion from CO to CO2 will happen in the scrap (continuous), this, thanks to the low speed in the by-pass container. The off-gas is then sucked towards the preheating container. Here, the off-gas charged with the produced compounds and hydrocarbons are incinerated. The post combustion and the incineration is controlled by Off-gas analyzers. 



FOAMING SLAG
To obtain a high efficiency of the 
electric energy, the arc must be 
covered by foam. 
Is it possible to find a substitute 
for carbon to produce the 
foaming slag?
It is more important to get the 
possibility to adjust and align the 
lance, in order to able to find 
and follow the constantly moving 
bath level.

eco-e has the answer.

Isn’t it a piece of luck to find the right 
position of the lance tip?

Vorführender
Präsentationsnotizen
Foaming is usually obtained by mixing carbon dust with oxygen which provokes a reaction at the steel-slag interface. 
The foam itself is a combination of slag filled with CO bubbles. The slag is being enriched by the FeO which is produced at the steel bath level. 
If the slag is too liquid (low viscosity) then the bubbles escape too fast from the foam and form the atmosphere in the furnace. 
Producing a high foam thickness requires therefore an agent which renders the foam thick and sticky. 
This can be obtained by adding granulated rubber tires or granulated plastic waste or both together. 
The advantage of the rubber granulate is, that therein is a high percentage of carbon included which would reduce to addition of carbon. 
Which also helps to reduce the FeO in the slag. 
But whatever the procedure is, it is important to find and follow the steel bath level with the jet tip. 
Deep intrusion of the jet into the bath produces to much FeO, to little intrusion produces CO2 and dust, an effect we don’t want.  



EFFICIENT LANCE 
AND BURNER 
APPLICATION
There are so many factors 
which have to coincide, that 
it’s important to have a 
flexible system to adjust, align, 
follow and manipulate the 
lance jet tip and to control 
the burners in order to get the 
max out of the application. 

Vorführender
Präsentationsnotizen
The homogenization and mixing of the bath are important for the quality of the produced steel. 
The speed of the melting depends on the preheating temperature and the burner activity; however, the burners are not needed when the scrap is melted away. 
The addition of carbon below the falling scrap may help to produce the foaming slag right from the beginning, the bubbling below the scrap may accelerate the melting. 
The orientation of the EBT lance might be correct for the melting phase, but is it correct for the refining? 
The orientation of the near slag door lance is perfect for keeping the slag door area clean, but it doesn’t help to liquefy the frozen slag when starting with a cold or warm furnace.
Can we obtain a bath rotation or is it turning the other way around? These and other are questions around the lance and burner orientation and inclination. 
Therefore, we opt for a better control of the furnace activity.



OFF-GAS – WASTE 
OR ENERGY?
Off-gas at the traditional EAF = 
waste

Off-gas at the shaft EAF = heating 
of the content (scrap) with the 
chimney effect = unevenly 
heating

Off-gas at the ECOSHAFT = transfer 
of the heat and the latent energy 
to the scrap.

Vorführender
Präsentationsnotizen
While the traditional furnace treats the off-gas as waste, and while the shaft furnace is taking the off-gas half heartly to heat or warm the scrap pile, we’re using the off-gas as energy and as carrier.
By means of dampers the off-gas is dynamically brought to the places where it’s power is best used. 
The off-gas leaves the ECOSHAFT without toxic compounds, without latent energy and almost without dust – ready to leave the last drop of energy in a ORC-system (optional).




ENVIRONMENTALLY 
FRIENDLY 
INCINERATOR

This scheme shows how the off-
gas flows from the burn-off of 
reactions in the by-pass 
container to the incineration at 
the preheating container. 

As a comparison remember the 
separate reheating chamber at 
the shaft furnace.

Understood?

Vorführender
Präsentationsnotizen
The off-gas coming from the furnace, passes through the by-pass container, heats-up the cold scrap, provokes the burn-off of pollutants, and reacts with O2 to CO2. 
Then it’s flowing to the  flame threshold at the entrance of the preheating container, is reheated to incinerate the cracked fractions of the compounds and flows finally through the preheating container. 
No waste energy, no external reheating.




Heat emission to the environment

The off-gas leaving the traditional furnace 
systems is such, that there is occasionally a 
need for cooling to protect the filter bags.

The off-gas leaving the shaft systems is 
additionally treated (heated-up and then 
chilled) to respect the air pollution control.

The off-gas leaving the ECOSHAFT® is such, 
that there is no additional cooling needed. 

Vorführender
Präsentationsnotizen
While the first three EAF type produce a environmental threat near and around the furnace, the shaft-type furnace treat the environmental threat in an additional vessel. Ecologically ok, but with another heat emission to the nature and with fossil CO2 production. 
The ECOSHAFT produces an almost stable off-gas temperature at the exit, treats the environmental issue similar as at the cement industry in the preheating container and the adjacent duct.



CONCLUSION  
ECOSHAFT® AND THE ENVIRONMENT

• No uncontrolled burn-off of pollutants and reactions

• No additional energy input for controlling PCDD/PCDF and other toxic compounds

• Enough time for the full reaction from CO to CO2 within the system

• Less dust waste 

• Less FeO in the slag – better yield

• Less emission of heat to the environment

• Less total energy input to produce 1 ton of steel

For the sake of the environment

Vorführender
Präsentationsnotizen
We have learned the way to handle the pollutants and reaction in the scrap.
We have understood that there is no need for an additional energy input to control the toxic compounds.
We also have seen that the full use of the bound energy is possible due to low off-gas speeds.
We have understood the flow dynamics of dust.
And we have recognized the importance of a controlled lance and burner handling to the yield.
Off-gas is energy – energy which helps to reduce the foot print of the EAF.



Benefit – the commercial effect
Better than any of the competitors, fits into existing buildings, uses the existing infrastructure.

Environmentally friendly and commercially sound. ECOSHAFT®

Vorführender
Präsentationsnotizen
Just to make it clear: between a traditional, well working EAF and the ECOSHAFT there is a difference of 13.9 Euro or about 15.6 US$ per metric ton liquid steel and between a UHP EAF and the ECOSHAFT there is still a difference of 7.7 Euro or  8.5 US$ / metric ton liquid steel. 

Comparison between shaft or shaft-like furnace like Quantum, EcoArc, Shark and others there is a difference of more than 20 Euro or 22 US$ per metric ton liquid steel. 
Send us the data of your furnace and we’ll calculate your case. You’ll be astonished. 
On top of that, don’t forget the ecological benefit and think about the connected installations like fan, filter house. Think also about the possibility to install an ORC turbine to use the last drops of energy remaining in the off-gas. This opens a vast economical benefit. What you see here is just the top of the iceberg. 



Thank you.

You can reach us: 
By mail: rvm@eco-eag.com

or info@eco-eag.com
or by phone:

+41 55 280 60 66
or by mobile

+41 79 262 88 44 

eco-e AG, Kantonsstrasse 155a, CH-8807 Freienbach
www.eco-eag.com

CLESID LORBER SAS, 53, rue Sibert, F-42400 Saint Chamond
www.clesid.com

Vorführender
Präsentationsnotizen
Thank you very much for your attention and patience. You may reach us as indicated.
We would love to make your furnace ready for the future and for your competitivity.

mailto:rvm@eco-eag.com
mailto:info@eco-eag.com
http://www.eco-eag.com/
http://www.clesid.com/
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