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The materials issues associated with carbon capture, transport and storage were addresses at a recent seminar held in UK which
concluded that CO2 is far from a benign material, particularly if impurities are present, but important issues of corrosion and
accelerated crack propagation in pipelines need to be addressed.

ble scenarios in onshore and offshore: 
– Depleted oil & gas fields;
– Saline formations; and when used for
– Enhanced Oil Recovery (EOR).

CCS is applicable to the Power, Steel,
Chemicals, Cement, Oil Refining and Oil &
Gas Production sectors and is the only low-car-
bon solution for iron & steel, coal and cement
sectors. Longer term solutions are decarbonis-
ing electricity and the Hydrogen Economy.

Global anthropogenic CO2 emissions from
industry and power generation currently pro-
duces around 30Gt CO2 a year (Fig 1). At the
present rate of growth this would reach 62Gt by
2050 whereas the target to restrict global warm-
ing to 2ºC by this date is to reduce the current
level to 16Gt by 2050 (Fig 2). There are only 18
CCS projects at the planning stage or in opera-
tion (4) to 2015, mainly in OECD countries
(72%). To meet the goal of reducing emissions
by half by 2050 it will require 100 projects by
2020 requiring an additional $42bn of invest-
ment, half in OECD countries and half in
developing nations. This figure would need to
rise to 3400 by 2050, of which the majority
(65%) need to be in non-OECD countries (Fig
3). The total investment will need to grow to
US$2000bn by 2050 of which two-thirds will
need to be from non-OECD countries (Fig 4).

Presently there are just four CCS projects
under way:
– Sleipner (Statoil Norway N Sea): 1Mt/y CO2

stored since 1996;
– Snøhvit (Statoil Norway N Sea): 700kt/y 

CO2 stored since 2008;
– In Salah (BP Algeria): 1Mt/y CO2 stored 

since 2004; and 
– Weyburn-Midale (Canada): 3Mt/y CO2

stored per year since 2000.
The first three return CO2 separated from

natural gas, only the Canadian project uses
industrial generated gas for EOR.

Achieving IEA recommendations requires a
significant scaling up in global ambitions. 

All components for CCS have been proven
separately in other industries but there is a need
to integrate at scale.

Challenges to materials arise from:
– High temperature combustion (oxyfuel);

Opportunities in Carbon Capture & Storage

– Gas turbines (hydrogen);
– Pipelines;
– Ships; and 
– Injection wells and downhole technology. 

Dr Kumar Patchigolla of the Energy
Technology Centre at Cranfield University
looked at the implication on materials of low
carbon fossil fuel power generation using bio-
mass co-firing, as well as on aspects of CO2
capture technologies and CO2 transport.

Biomass materials include energy crops such
as coppiced willow and miscanthus (a tropical/
sub-tropical grass); waste biomass such as straw,
wood waste and forestry residues and world
traded biomass eg palm nut/olive/almond
residues, pelletised wood, cereal co-product
(CCP). The challenges for materials posed by
these fuels are fuel variability – CV, moisture,
etc; contaminants – S, Cl, trace metals, etc and
fouling & corrosion of superheaters. Co-firing
with fossil fuels reduces these risks.

Already, co-firing is used in most UK coal
fired generating plants but corrosion of super-
heater tubes has proved a problem. Research
was on-going to reduce the problem and sur-
face coatings have been one successful
approach.

On post combustion capture, chemical sol-
vents which are weakly basic such as
Monoethanolamine (MEA) are commonly used
in scrubbers using technology originally devel-
oped to remove CO2 from natural gas. The
amine solution operates in a closed circuit
being regenerated by heating to strip the CO2
from it for collection. Strong bases such as sodi-
um hydroxide could not readily be stripped in
this way. However this method is energy inten-
sive, fitting such a scrubber to a super critical
coal fired power station, for example, reduces
its efficiency by 9% from 47% to 38%.

Scrubbing with MEA is also less suitable for
oxidising flue gases which degrade the solvent
which has to be periodically bled off and dis-
posed of. Also SOx and NO2 which are also
removed need to be below 10ppm and 20ppm
respectively. Improved more efficient solvents
are being sought as well as improved inhibitors
to prevent degradation of MEA and more ener-
gy efficient stripping.

ORGANISED by the Special Metals Forum of
UK’s National Metals Technology Centre
(Namtec) a one day seminar was held at the
Harrogate International Centre in UK to
review the implications for material selection of
the storage and transport of CO2 at pressure.
Ten papers were presented covering power gen-
eration, CO2 capture, infrastructure to trans-
port CO2 and geological storage.

65 delegates attended the event on 25 May,
which also included a small exhibition.

Jeff Chapman CEO of the Carbon Capture
& Storage Association (www.ccsassociation.org)
provided an overview of the current state of cli-
mate change negotiations providing arguments
for the inclusion of CCS as part of the solution.
He pointed out that CCS Association was
formed in 2006 to promote geological storage
of CO2 to the UK government and EU author-
ities, but was not a technical forum or climate
campaigning group. It has 82 member compa-
nies including power generators, oil companies,
technology suppliers, mining companies and
material suppliers, including Corus.

The concentration of CO2 in the atmosphere
presently averages 386ppm and is rising at
2ppm a year. The proposed upper limit to avoid
not more than a 2ºC rise in the average global
temperature was estimated at 450ppm, a figure
which would be reached in 2042 at the current
rate of growth.

Five ways of reducing emissions have been
identified, all of which need to be implement-
ed, he said. These are:
– Greater energy efficiency;
– Power generation from renewables;
– Nuclear power;
– Forestry to absorb CO2; and
– CO2 Capture and storage.

CCS is essential to tackling climate change,
according to the Paris based International
Energy Agency (IEA) World Energy Outlook
report of 2008.

The IEA has concluded that it is not possible
to halve CO2 emissions by 2050 without the
use of CCS. Attempting to address emissions
without CCS raises costs by over 70%
(US$1.28 trillion in 2050).

For geological storage, there are three possi-

Fig 1 World anthropogenic greenhouse-gas emissions by source
Source World Energy Outlook © OECD/IEA, 2008

Fig 2 Scenarios for growth of industrial and power generated CO2
emissions to 2050  Source IEA Technology Roadmap CCS 2009
www.iea.org/publications/free_new_Desc.asp?PU BS_ID=2145

Waste

Industry

Deforestation

Decay

Energy

Agriculture

G
ig

at
o

n
n

es
 o

f 
C

O
2

eq
u

iv
al

en
t

40

0

Carbon
Dioxide

Methane Nitrous
oxide

F-gases*

5

10

15

20

25

30

35

* F-gases include HFCs, PFCs and SF6 from several factors, mainly industry.
Note: Industry CO2 includes non-energy uses of fossil fuels, gas flaring and process emissions. Energy
methane includes coal mines, gas leakages and fugitive emissions. Nitrous oxide from indsutry and waste
amounts to 0.12 Gf CO, eq

C
O

2
em

is
si

o
n

s 
(G

tC
o

2/
yr

)

Baseline emissions 62GT
CCS industry and transformation 9%

CCS power generation 10%

Nuclear 6%

Renewables 21%

Power generation efficiency
& fuel switching 7%

End-use fuel switching 11%

End-use electricity efficiency 12%

End-use fuel efficiency 24%

BLUE Map emissions 14GT



26 – October 2010 – Steel Times International

Environment

life in some technology variants remain prob-
lems;

– H2-enriched syngas leads to gas turbine com-
bustion issues, so current IGCC gas turbines
are significantly downrated;

– System reliability will need to meet power 
plant standards with cost penalties for CO2 
release;

– CO2 generated should be very pure so lower-
ing risk of downstream transport problems.
In UK, extensive research is ongoing into

gasifier syngas cooler materials and remedial
measures identified. Also the impact of H2-
enriched syngas on gas turbine materials is
being studied in depth.

Oxy-fuel combustion is a third option which
offers a lower volume of flue gas to treat and a
higher concentration of CO2 (>80%).

Material issues depend on the purity of oxy-
gen, the location of the flue gas recycle take-off
point which may be before or after any flue gas
cleaning. After particle removal and flue gas
desulphurisation material problems are less
acute. Further gas clean-up is required before
recycling to recover remaining combustion gases.

Advantages are that combustors could be
fairly conventional using compact boilers with
lower quantities of flue gas recycled. The for-
mation of NOx is also greatly reduced.

Disadvantages are the need to recycle large
quantities of flue gas (except for fluid bed com-
bustion) and the additional cost of oxygen pro-
duction which may be reduced by the use of
oxygen separation membranes with lower ener-
gy consumptions. Oxy-fuel is at the pilot plant
scale at present. Also, for natural gas fired sys-
tems, new gas turbines designs are needed.

Materials Challenges are that for coal sys-
tems, boiler corrosion could be a problem.
System reliability will need to meet power plant
standards as there will be cost penalties for
CO2 release, and the CO2 generated is highly
contaminated leading to a risk of downstream
transport problems.

Transport of CO2
In USA, 3500km of pipelines transporting
45Mt/y of naturally occurring CO2 are in oper-
ation for enhanced oil field extraction (EOR).
Thus the technology is technically proven
(although different steel grades to those used
for natural gas transport on land are required).
The IEA in their Technology Roadmap for 2009
predict that US$15bn needs to be invested by
2020 in pipelines for CO2 transport, half of
which will be in North America and Europe.

Ships, barges and road tankers offer alterna-
tives to pipelines. Small volumes of CO2 are
already carried by ships but this is likely only to

be used for long distance transport.
Materials challenges need to address impure

CO2 streams which could lead to handling and
materials problems. Deposition (of hydrates)
and corrosion of compressor parts and
pipelines can result. Pitting corrosion and stress
corrosion cracking can lead to fracture and a
major CO2 release.

Shipping options present different challenges
to pipelines transporting the CO2 in the liquid
phase.

The issue of transport by pipeline was
addressed in greater detail by Dr Julia Race, of
the School of Marine Science and Technology,
Newcastle University. Dr Race said there was a
misconception that CO2 was relatively benign.
While the steel grades used for the existing sub-
sea infrastructure of natural gas pipelines could
safely be used to transport CO2 to depleted off-
shore fields this is not the case for land
pipelines as the presence of CO2 accelerates
the speed of crack propagation to the point
where the steel suffers brittle fracture and cata-
strophic failure of the pipe. Crack arrestors at
regular intervals are one approach to arresting
failure but the UK HSE were unlikely to permit
this method since a release of CO2 would have
occurred which could result in asphyxiation.
Thus the Charpy impact value required for pipe
to convey CO2 could be as high as 150J at 0ºC.

Corrosion is also a problem resulting from
impurities present in flue gas captured CO2,
particularly in pre-combustion capture.
Impurities also increase the solubility of CO2 in
water increasing its acidity. In addition, impuri-
ties modify the CO2 phase diagram away from
the gas-liquid-solid triple point (-55ºC at 5 bar)
which can result in two phase flow in the pipe.
Finally, impurities can also affect the decom-
pression characteristics necessary to drive the
gas into the geological storage structure. 

For carbon steels exposed to water containing
dissolved CO2 corrosion rates as high as 10mm
a year have been observed. Accelerated corro-
sion in the presence of CO and H2S is not well
understood. To avoid corrosion, the CO2 needs
to be cleaned and dried to below 60% relative
humidity, but this is costly, although practiced in
the USA. The use of 13%Cr or duplex high alloy
steels prevents corrosion but this is prohibitively
expensive. Inhibitor films can be used on C-
steel pipes but there is little data on this and the
presence of H2S could rupture the film.�

Contact

National Metals Technology Centre Ltd, Swinden House, Moorgate

Road, Rotherham, S60 3AR, UK.

Tel +44 (0)1709 724990, Fax +44 (0)1709 724999

web www.namtec.co.uk

The material implications for capture are that
the system reliability will need to meet power
plant standards as there would be cost penalties
for CO2 releases should the capture plant be
down. Also the absorber and regenerator envi-
ronments are outside most existing experience,
so unexpected problems could arise. In addition,
the CO2 recovered should be reasonably pure so
lowering risk of corrosion during downstream
transport. Pilot-scale facilities have been built in
UK and are being operated by UK industry but
further long term research was needed although
there was already a good knowledge of handling
corrosion in energy systems.

Pre-combustion capture was an alternative
approach involving gasification of coal to pro-
duce a H2 enriched gas (syngas) from which
CO2 had been removed. The syngas is pro-
duced by reacting steam and oxygen with coal
at elevated temperature and an integrated gasi-
fication combined cycle power plant (IGCC)
for power generation. In such a plant a gas tur-
bine-generator burns the syngas while heat
from the gasification and the exhaust heat from
the gas turbine are used to create steam for
additional power generation in a steam turbine.
Such a plant emits 20% less CO2 than a con-
ventional coal fired power plant and its efficien-
cy is 42% with efficiencies as high as 60%
expected in the near future using high efficien-
cy turbines and some additional process
improvements. The CO2 can be captured from
an IGCC plant much more easily that from a
conventional coal fired plant at an additional
cost increase of 25-30% for capture and seques-
tration, (without transportation charges).

Few such plants are currently in operation.
The turbine entry temperature is lower than for
a natural gas fired turbine and the syngas has a
lower calorific value than NG requiring a
greater mass flow of gas through the turbine. 

The advantages of such pre-combustion cap-
ture were that it produces a smaller volume of
gas for treatment; the gas has a higher CO2
concentration (15-40%) than for post combus-
tion capture and there is less need for selective
gas separation techniques so requiring less
energy to operate. The system also operates at a
higher pressure (15-40 bar) which saves energy
on pressurisation for subsequent transport,
equipment is more compact and capital costs
are lower. 

Disadvantages are the need for complex fuel
processing; partial oxidation; a shift to the con-
version of fuel gas to H2 and CO2 and a lack of
suitable high efficiency gas turbines to use syngas.

Material challenges for pre-combustion cap-
ture are:
– Corrosion of syngas coolers and refractory 

Fig 4 Total CCS investment 2010-50 by region
(US$bn) Source IEA Technology Roadmap: Carbon

Capture and Storage © OECD/IEA, 2009

Fig 3 CCS projects required to 2050 to reduce emissions to half of
1990 levels 
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At installation, dedusting systems for EAFs are optimised for one particular mode of operation but with a growing need for fur-
nace flexibility to react to market demands, changes in charge materials and more stringent legislation many now operate in a

non-optimal way. BSE can advise and implement revamped or new dedusting systems to improve their efficiency and reduce capi-
tal and running costs. By V Knoth* & T Doninger**

BSE’s objective is to define the design of an
emission control system for the off-gas on a
modern, state-of-the-art basis with an eye
towards future technologies to meet increasing-
ly stringent legislated limits.

Design of system
The design and layout of a dedusting system
depends on several technical factors and pre-
conditions. These include such considerations
as operating parameters, productivity, input
materials, existing layouts and equipment,
dimensions and many more. In addition, there
are non-technical factors which affect the
design of a dedusting system, for example offi-
cial emission limits and other regulations set up
by authorities such as maximum allowable
workplace concentrations. 

Compliance with these demands is important
in many ways. With regard to technical aspects,
it helps to optimise the design of the systems to
achieve the maximum and most efficient
results. On the non-technical side it needs to
meet increasing scrutiny from the public and

Optimisation of EAF dedusting systems

local authorities who demand increasingly high-
er standards of clean air and no odours. Fig 1
provides a schematic of the dependency matrix.

In the following example the consequences
of introducing hot metal (HM) from a blast fur-
nace into the charge mix are considered.

Both the increased oxygen input needed for
refining when molten pig iron is charged and
the additional post combustion of the CO pro-
duced lead to a higher off-gas temperature at
and after the EAF. This results in the gas inside
the EAF and the post combustion chamber
having an increased volume. Also, the gas leav-
ing the EAF and post combustion chamber has
a higher temperature than without HM charg-
ing, resulting in an increase in all temperature
parameters (lower level, peak, average etc). 

Even more so, to retain the exhaust efficien-
cy from the EAF at the same level as before ie
a constant level of fuming at the EAF openings,
the extraction rate must be increased, which
additionally results in a higher off-gas flow rate
as a result of the increased volume due to gas
expansion at the higher temperatures. 

One additional effect to be considered is that
hot metal part of the charge is charged at a
higher temperature compared to other compo-
nents of the charge eg scrap or DRI. This means
that the input charge temperature is higher,
thus starting the heat from a higher average
temperature. This results in a rapid increase in
temperature as the process proceeds. The cool-
ing capacity of the dedusting system is, in most
cases, limited. This means that the peak tem-
perature during the melting/refining cycle is
increased, which has a fundamental impact on
the overall system all the way to the stack, and
influences all parts of the dedusting system. In
all, there is more off-gas to be evacuated and
this is at a higher temperature when hot metal
is part of the charge.

The impact on productivity does not really
depend on which measure is taken to increase
it, the consequences are the same. The differ-
ence is just how severe and in which way the
modifications influence the dedusting system.
Here we will look again more closely at the
impact on temperature and flow rate of the
dedusting system.

MOST EAF dedusting systems installed world-
wide were designed with the sole intention of
complying with local environmental regulations
and sized for the required production capacity.
This usually works as long as these variables are
unchanged. But reality shows that – particular-
ly since the recent financial crisis – steel pro-
ducers are perpetually forced to adapt their
steelmaking process to meet the requirements
of the market and properly react to its fluctua-
tions, for example, by flexible use of input ma-
terials. Many dedusting systems presently
installed cannot efficiently meet this challenge. 

Badische Stahl-Engineering (BSE) optimises
dedusting systems to meet the new process
requirements and thus increase the overall pro-
ductivity and cost efficiency – along with ensur-
ing strict compliance with all environmental
standards and local legislation.

BSE, in conjunction with its subsidiary
Bender Corporation, is a world-renowned con-
sulting and engineering specialist advising on
the efficient layout of EAF melt shops, as well
as the optimisation of EAF melting practices
and associated emission control systems.
Production records achieved at the EAFs of its
steelmaking group member, Badische
Stahlwerke GmbH (BSW), are in the top effi-
ciency benchmarks for EAF steelmakers world-
wide, and, to a large extent, are a result of
BSE’s expertise in these fields. 

In the course of the past few years the envi-
ronmental regulations in Germany have
become increasingly stringent. To achieve lead-
ership in this field, BSW started to improve its
off-gas and water treatment system some years
ago. Today the BSW melt shop building has a
totally closed roof with no dust emissions
through any openings. Bag house clean gas dust
emission are below 1mg/Nm3. The concentra-
tion of dust in the air at the furnace mezzanine
floor is far below the threshold legislated. This
guarantees good working conditions for the
melt shop operators.

*Senior Project Manager Environment – Badische Stahl-Engineering GmbH, Kehl, Germany. **Manager Environmental Protection – Badische Stahlwerke GmbH, Kehl, Germany

Fig 1 Dependency matrix

Fig 3 Layout of a
typical dedusting
system

Fig 2 Changing legislated emission levels in Germany for Dioxins
and Furans
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at a ‘standard’ dedusting system as in Fig 3. 
The sources for off-gas in this case are the

EAF (4th hole and melt shop evacuation
through canopy hood) and the ladle furnace
(LF, assuming that the secondary emissions of
the LF are captured in the EAF canopy hood as
well).

The EAF direct evacuation control system
(DEC) comprises a down coming duct (DCD)
leading into the drop out box (DOB)/post com-
bustion chamber, followed by a section of
water-cooled duct (WCD) leading the off-gas
to the cooler (trombone cooler, forced draft
cooler, evaporation cooler, etc). In cases where
the WCD is extremely long and/or the overall
flow rate at the bag house is very large, no cool-
er is required after the WCD. Beyond the cool-
er there is a piece of single wall duct (SWD,
steel plate duct) guiding the gases to the region
where the cooled EAF primary flue-gas is
mixed with the secondary off-gas. A damper in
the SWD allows flow control of the 4th hole
extraction.

The EAF secondary emission control system
(SEC) starts with a canopy hood which dis-
charges into a SWD, leading the exhausted off-
gas to the mixing area with the primary off-gas
from the 4th hole. A damper in the SWD allows
flow control of the canopy extraction.

For the ladle furnace there is usually a short
piece of WCD followed by a SWD. A booster
fan is installed to deliver the LF off-gas into the
main duct of the SEC.

The off-gas flow rate required for proper
EAF evacuation depends on many parameters.
The main preconditions and dependencies are:
– EAF size (diameter, tap weight, type);
– EAF geometry (gaps, doors, ports, etc);
– Input materials (scrap, HMI, HM, DRI, etc);
– Charge mix;
– Energy input rate (electrical, carbon, oxy-

gen);
– Dedusting system control system (damper, 

VSD, both);
– Secondary emission control evacuation rate;
– Others.

Based on these factors the required flow rate
for proper EAF gas extraction is determined.
The dimensions of elbows and ducts is then a
function of the off-gas flow rate and the tem-
perature levels during the different furnace
operation steps (melting, refining, charging,
tapping, waiting, maintenance).

The heat content of the off-gas as a function
of flow rate and temperature defines the

required water-cooled ducting (dimension,
cooling water demand) and those of the cooler
(if any) and SWD dimensions.

In the example illustrated in Fig 4 the func-
tionality of an evaporation cooler (BSE High
Temperature Quenching System, HTQ) is
investigated and proved. The main focus of
requirement is the complete evaporation of the
injected water inside the chamber as well as the
creation of a uniform temperature pattern in
the gas flow leaving the chamber. The first is
important to avoid liquid water leaving the
chamber, resulting in dust deposits on walls and
in ducts. The second is to check on hot gas
streams leaving the chamber to prevent them
reaching, in extreme cases, the bag house and
causing damage to bags, valves and fans.

Similar detailed investigations with engineer-
ing and computational fluid dynamics (CFD)
analysis deliver the required flow rate for prop-
er gas removal from the LF. Flow rate and tem-
perature as well as pressure drop calculations
define duct diameters, cooling water flow rates
and the dimensions and specifications of the
booster fan.

The off-gas flow rate required for good
removal of secondary emissions from the EAF
depends on some of the same parameters as for
primary gas evacuation but additional factors
depend on the building and ducting dimensions
and other parameters. The main preconditions
and dependencies are:
– EAF size (diam, tap weight, type);
– Input materials (scrap, HMI, HM, DRI, etc);
– Charge mix;
– Building clearance (H);
– Building size & geometry;
– Minimum updraft velocity (vmin);
– Updraft expansion angle (α);
– Canopy hood size/volume (h.w.l)/shape;
– DEC evacuation rate;
– Limits & regulations;
– Others.

These parameters define the required flow
rate from the canopy hood. The combination of
flow rate and temperature defines the parame-
ters of the system such as duct diameters, pres-
sure drop etc. 

As the flow rate from the melt shop building
accounts for approximately 80% of the total
flow rate of the dedusting system at the main
fans it is very important to be sure about calcu-
lations and assumptions.

Current calculation models are not as accu-
rate or as rapid as physical fluid modelling,

Temperature & Flow Rate
The tap-to-tap time will be shorter which has
two consequences. One is that the overall off-
gas system has less time to cool down between
two peak heat load cycles, resulting in an
increase of the average (eg higher filter inlet
temperature) and the lowest (roof exhaust and
EAF direct exhaust) temperatures.

The second consequence is related to the
melt shop building as such. Since there is a
faster sequence of heats, the melt shop struc-
ture and atmosphere have less time to recover,
thus resulting in a higher temperature in its
vicinity. This influences the inside conditions of
the melt shop, such as dust dispersion, eleva-
tion of dust layers in relation to the crane run-
way and the temperature on the EAF working
platform. Since the target should be to keep the
conditions inside the melt shop following an
increase in production at the same level as
before, the effects call for an increase of the
over-all melt shop gas evacuation rate. As the
total flow rate at the bag house is more than
80% related to the melt shop building evacua-
tion it is obvious that this has a fundamental
impact on the dedusting system.

Legislation on emission levels is becoming
increasingly important worldwide. Authorities
now look more closely at industrial companies
than in former times. This is driven by the
increasing awareness and sensitivity of politics
and the public in terms of environmental pollu-
tion, such as dust emissions from stacks and
buildings, noise, smell, organic matter and
many more constraints. International trading
can also influence the focus, for example if
overseas customers make their purchase
depending on environmental standards apply-
ing at their location (green production policy).

Fig 2 shows the development of the emission
limit for Dioxins (PCDD – Poly Chlorined
Dibenzo Dioxins) and Furans (PCDF – Poly
Chlorined Dibenzo Furans) using the example
of BSW in Germany. The limit has been
reduced by 80% in three steps within only seven
years. Every two years a new limit was applied,
putting heavy pressure on the steel plant to
catch up with these requirements and to stay
within the limits so as to keep authorities and
the general public happy and the steel plant out
of the headlines.

Verification of design
In order to describe how the design (size, set up,
components, operational figures, etc) of a
dedusting system is determined we need to look

Fig 4 Functionality of BSE High Temperature Quenching system
(HTQ) for evaporation cooling

Fig 5 Physical scale model of meltshop for Fluid Dynamic Modelling
(FDM) to simulate operating conditions
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main and booster fans). ‘Cost’ here means the
total operational cost, which are mainly the cost
for electrical energy to operate the main fans,
supply compressed air, maintenance and wear
parts, etc. 

Fig 6 provides some examples from cus-
tomers of BSE and shows improvements and
key figures achieved. Results include both
newly installed and revamped equipment.

Dedusting revamp
The BSE approach for a revamp of a dedusting
system follows a step-by-step analysis.
Nevertheless, it must be taken into account
that in a dedusting system all parts are connect-
ed in the true sense of the meaning, therefore it
is necessary to take a holistic approach. 

Focusing on single parts of a system will not
take into consideration the dependencies, inter-
actions and influences between the different
parts.

The BSE strategy consists of three steps. The
first step is an on-site investigation during
which the following topics are focussed on:
– Measurements & inspection of equipment 

(internal, external);
– Observation of operation;
– Collection of data, drawings & specifications.

The next very important step is obtaining
customer involvement because any modifi-
cations must be made with managers and oper-
ators involved. They usually know the systems’
behaviour and specialities best. The following
topics are tackled during this second phase:
– Production targets & ‘View into the future’;
– Discussion with operating personnel (prob-

lems, wishes, expectations);
– Check on preconditions (eg legal require-

ments & regulations).
Having performed the first two steps the

project jumps into the third phase, the concep-
tual engineering. In this phase all the necessary
information is gathered and converted into a
concept using the following aspects:
– Feasibility & re-use of existing components;
– Optimisation & up-grade;
– Visualisation & control (measurements & 

HMI)
In conclusion, as can be seen, it makes sense

to care for the dedusting system. Both, the
investment cost as well as the operational costs
have considerable potential for improvements
and savings. BSE can act in many ways to help
steel plants make the most of their systems. 

Contact

BSE Badische Stahl-Engineering GmbH 

Robert-Koch-Straße 13, 77694 Kehl 

Tel +49-7851-877-0, Fax +49-7851-877-133 

e-mail info@bse-kehl.de  web www.bse-kehl.de

which has been developed to a high state of
accuracy. The model allows a real-time solution
of the effects of very non-steady state phenom-
ena in conjunction with the building geometry.

Therefore, BSE uses the unique Fluid
Dynamic Model (FDM) Technique (Fig 5) to
verify and optimise the design of the canopy
hood, partition walls, section walls and other
important geometric structures influencing the
melt shop and exhaust equipment design. 

The FDM allows the simulation of all operat-
ing conditions such as charging, tapping and
O2-blowing. From this basis, it is possible to
optimise the geometry of the canopy hood and
any building modifications such as separating
walls.

The model is a Plexiglas replica of the real
equipment, most likely at 1:75 or 1:100 scale.
The process emissions are buoyancy driven.
The applicable model scaling calculations will
determine the process heat release to the envi-
ronment and, with the present exhaust rate, the
required physical mass flow, heat flow and time
scale of the model.

All this allows easy determination of the rele-
vant hardware conditions at the lowest possible
cost plus the definition of the required off-gas
flow rates.

All flow rates, temperature and pressure drop
data are combined and define the size of the fil-
ter bag house required and the specification of
the main fans. Furthermore the local conditions
and regulations (eg emission limits) are taken
into consideration.

Customer benefit
The installation of a dedusting system is a cost
intensive task. Investment cost for a dedusting
system can exceed €10M, depending on the
scope of supply. Considering that the dedusting
system is not producing a single tonne of steel,
the investment cost must be kept as low as pos-
sible. Further, the operation of a dedusting sys-
tem requires a significant amount of energy
which accounts for the main part of its operat-
ing costs. Power requirements can typically
total 20-30kWh/t. Optimising operating cost,
whether for a new system in an existing steel
plant or a green field project or for an existing
system in a revamping project can have a funda-
mental impact on the overall commercial per-
formance of a steel plant.

Two important key figures to estimate the
efficiency of a dedusting system and judge the
operation costs are the specific cost [Cost/Am³]
– where ‘Am³’ is the total flow rate at the stack
in actual cubic meters – and the specific flow
rate [(Am³/(hkW)] – where Am³/hkW is the
actual cubic metres flow per hour per kW con-
sumed by the dedusting system (mainly the

Fig 6 Customer
examples of operat-
ing costs and effi-
ciency of dedusting

Sodium and, mainly, potassium cyanides are
formed in the blast region of the blast furnace
by reaction with coke and nitrogen in the air
blast and are carried up into the shaft where
they condense on the cooler burden. As the
burden containing the condensed cyanides
descends the alkali cyanides are oxidised to
alkali metal carbonates and these undergo fur-
ther conversion to cyanides by reaction with
nitrogen in the blast. These are again driven up
the stack, followed by condensation and a
repeat of the cycle. This process leads to the
cycling and build-up of alkali metals in the BF. 

Since the alkalis affect coke strength, it is
advisable to limit the input of alkali metals to
prevent coke degradation in the furnace. The
simple alkali metal cyanides can also react with
zinc to form complex cyanides [eg,
K2Zn(CN)4)], which can adhere to the furnace
wall and form scabs leading to scaffolding and
furnace slips. In extreme cases the zinc cyanides
may penetrate the refractory lining and the shell
of the furnace where it can prove a hazard to
anyone working on the furnace shell.

Ideally, therefore, the input of alkali metals
and zinc should be limited to prevent, or at
least minimise, furnace instability owing to the
build-up of cyanide scabs on the furnace wall.

Under normal operating conditions, only
small amounts of cyanides are carried over in
the top gas and subsequently transferred to the
gas washing water. However, when the BF is
blown down (eg, when being taken out of serv-
ice or for gunning of the wall) the scabs that
have built up on the furnace wall over the oper-
ating life of the furnace are volatilised and driv-
en out of the top of the furnace and collected in
the gas washing water. Since simple cyanides
are only fixed in water at pH >11, hydrogen
cyanide may be lost from aqueous solution,
thus giving rise to the possibility of occupation-
al exposures to hydrogen cyanide. 

In the UK, BF blow downs are carried out
with care to prevent any serious incidents, but
there was a fatality at a Belgian furnace in the
1990s owing to a gassing incident with HCN.

The other problem related to BF blow down
is that cyanide collected in the gas washing
water may be released to atmosphere by air
stripping in the cooling towers giving rise to
potentially elevated concentrations of HCN in
ambient air outside the plant. 

Be aware of 
cyanide in the BF

Care needs to be taken at blow-down to
prevent cyanide emissions
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The Gulf States Steel mill in Gadsden, Alabama, closed in 1999 leaving a legacy of a 5Mt slag dump which had accumulated over
40 years, demolition rubble, oils and asbestos. In an innovative Private/Public partnership the estimated $15M clean up costs are
expected to be recovered by the scrap value from demolition and metal recovered from the slag.

In January 2007, the EPA conducted a Site
Assessment at the site when several items were
observed including bulging drums, leaking
above-ground storage tanks (ASTs) containing
listed hazardous wastes, and oil spills. As a mat-
ter of urgency a Removal Site Evaluation (RSE)
was conducted. Assessment of the site contin-
ued, including waste stream sampling of drums
and ASTs, and surface soils in the coke plant
area. In February, based on analytical results
from waste stream samples and field observa-
tions; including unsecured drums, leaking
ASTs, and evidence of trespassing, it was con-
cluded that the site posed an immediate hazard
to human health and the environment. Eight
different tasks that warranted time critical
removal were identified. 

Coke oven site
The coke and by-product plant produced met-
allurgical coke, and coke oven gas, coal tar,
ammonium sulphate, light oil, and naphthalene
through the distillation of coal with a high
volatile organic content in the absence of air.

Limited soil removal was conducted around
the old coke plant, mostly associated with the
removal of the structures. These soils, coke
plant residues, and sludges were buried onsite
in a waste water lagoon that was drained and
the bottom sludges had solidified. A clay cap
was placed over the closed lagoon. Soil cores
were taken with a geoprobe from around the
lagoon which found a clay layer alongside it.
The remaining locations of contaminated soils
were covered with a brick layer to prevent these
soils from being disturbed.

Iron & Steelmaking
The blast furnace and BOF had been demol-
ished prior to the EPA conducting any actions.

The demolition and site recovery of Gulf
States Steel integrated mill

Power house
A limited site evaluation was conducted in July
2008 on the Powerhouse building. The RSE
identified multiple leaking transformers con-
taining Polychlorinated Biphenyls (PCBs), leak-
ing ASTs, and unsecured drums which con-
tained hazardous substances, and exposed
asbestos insulation within the building. 

There was visible evidence of trespassers
stealing metal from the powerhouse and expos-
ing PCBs, hazardous substances, and asbestos
insulation to the environment.

The asbestos was collected and disposed of
offsite. Some soils which may have included
some asbestos fibres were buried onsite in the
closed out waste water lagoon.

Based on the results of the Powerhouse RSE
and leachate release from the slag piles a time
critical removal action was warranted. 

It began in September 2009 to address the
hazards associated with the Powerhouse and
slag piles. 

Demolition of the Powerhouse is now com-
plete. The remaining metal is being shipped off-
site for recycling. Additional site cleanup activi-
ties continue. Remaining wastes (PCB oils,
mercury, and laboratory packs) have been dis-
posed off. 

Air monitoring continues around the slag pile
areas. Data continues to confirm no impacts
offsite above action levels. 

Lagoons
A plan is to be developed to lower the pH lev-
els of lagoons 3 and 4. Current pH levels in
lagoons 3 and 4 are as high as 11.7. EPA
Environmental Response Team (ERT) person-
nel are finalising treability tests procedures to
assess which technologies will effectively reduce
the pH levels of these lagoons. 

GULF STATES STEEL, Inc began operations
at the site on February 1, 1986, although the
facility was previously operated and owned by
other entities since its construction in 1902. 

Gulf States Steel was a fully integrated steel
plant producing a diversified product line
including plate, hot and cold rolled sheet, and
galvanized sheet. Major process operations
occurred at the coke and by-product plant, the
blast furnace area, and at the basic oxygen
plant. 

On July 1, 1999, Gulf States Steel filed a vol-
untary petition for bankruptcy under Chapter
11. After a lengthy attempt to reorganise and
emerge from bankruptcy, on November 14,
2000, the Chapter 11 reorganisation bankrupt-
cy was converted to a Chapter 7 liquidation
bankruptcy. As part of that liquidation, the
United States was able to recoup approximate-
ly $2M which has been placed into a special
account to be used to conduct and/or finance
response actions at the site. The funds received
through the bankruptcy settlement have been
tentatively allocated to address the ecological
impacts emanating from the sediments in the
four waste water lagoons. 

There are four waste oil lagoons on the site
which are unlined surface impoundments that
were apparently used to reclaim waste oil from
wastewaters generated by steel finishing
processes. 

The site has become one of the US EPA’s
largest sustainable remediation projects in the
USA.

In 2007, the EPA declared the property an
emergency response site under the provisions
of the Comprehensive Environmental
Response, Compensation and Liability Act
(CERCLA). Concerns were voiced about the
risk of leachate contaminating waterways in
close proximity of the dump sites.

CMC Inc was appointed by the EPA as the
lead contractor for Gadsden the sustainable
remediation project. CMC Inc, based in
Nicholasville, Ky, is an environmental remedia-
tion company. CMC will take care of the
removal of oils and asbestos. CMC has subcon-
tracted the slag handling and metal recovery to
Harsco Metals. Harsco carried out material
analysis tests to assess the composition of the
slag dump.

Gulf States Steel was listed in the EPA’s
CERCLIS (Comprehensive Environmental
Response, Compensation, and Liability
Information System) database with a discovery
date of August 1, 1980. Gulf States Steel
entered the Resource Conservation & Recovery
Act (RCRA) programme as a treatment, stor-
age, and disposal facility (TSDF) on September
25, 1990. The site was listed as a large quantity
RCRA generator. On September 27, 1994 Gulf
States Steel had entered into a Consent Decree
with the US EPA. Due to sampling results of
sediments in the adjacent Black Creek the
Superfund Remedial Branch began consolida-
tion and clean-up activities at the site. 

Demolition of all structures is now complete at former Gulf States Steel 
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Harsco announced the signing of the multi-
year environmental services contract valued at
more than $50M in November 2009 with over-
all site manager, CMC, Inc. Harsco Metals is
installing and will operate an on-site metal
recovery and slag processing operation that will
process an estimated three million cubic yards
of slag. Harsco Metals will recover the slag’s
valuable metallic content and process the
remaining material so that it can be responsibly
recycled or placed in a landfill. Harsco’s opera-
tions began in January 2010 and the EPA
expect the work to take about three years.

According to the EPA, the sale of metals
recovered from the power plant and from pro-
cessing the slag will fund most or all of the site
remediation costs, estimated at $15.7M. In
addition, once the clean up of this brownfield
site is complete, it will open up approximately

100 acres of land for reuse. 
Comprehensive images following the demoli-

tion of the site can be found on the EPA web
site at:

http://www.epaosc.org/site/image_zoom.aspx
?site_id=3336&counter=48687  �

Contacts

Published with the permission of the Emergency Response and

Removal Branch, EPA Region 4, 61 Forsyth Street, Atlanta, Ga

30303 Tel 404-562-8642

CMC Inc Nicholasville KY for additional info (no web site), Tel 001

859 881 1463, 001 859 885 4955

Harsco Corporate Headquarters, 350 Poplar Church Road, Camp

Hill, PA 17011, USA.

Tel 001 717 763 7064 Fax 001 717 763 6424

e-mail info@harsco.com web www.harsco.com/metals/

Slag removal
The slag piles are the source of continued
release of characteristic hazardous waste. The
caustic leachate containing pH values greater
than 12.5 from the slag piles is directly dis-
charging into Black Creek, an adjacent wetland
area, and a residential neighbourhood, from
drainage ditches outside the site fence.
Sloughing of slag from the piles has been
observed on both the northern and southern
piles. The sloughing allows for the production
of more leachate due to the increase in surface
area of new unweathered slag. 

Slag screening and reclamation operations
are under way conducted by Harsco Metals in
an innovative Public/Private partnership which
could prove a model for other states in the
USA. Harsco Metals will process the entire
stockpile under the authority of the EPA.

Oils and hazardous liquids from leaking
tanks were recovered

The 5Mt slag heap is being removed, metal
recovered and slag treated for use as aggre-
gate or landfill

Leachant from the slag pile was polluting
nearby Black Creek with highly alkaline
seepage
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While the North American steel industry says it has been dedicated to reducing its greenhouse gas (GHG) emissions, it has
expressed concern about what certain proposed environmental regulations and proposed energy/climate change legislation would

have upon both their industry and upon the manufacturing sector in general. By Myra Pinkham

fact that the federal Environmental Protection
Agency can now regulate GHG emissions
under the Clean Air Act – would “be a disaster
for the US manufacturing sector, particularly
the US steel industry, as it would dramatically
increase costs over time with the ultimate effect
of transferring many steel operations and jobs
to countries with less stringent rules.” 

For that very reason Mario Longhi, president
and CEO of Gerdau Ameristeel, Tampa, Fla,
says that the United States should defer any
decision on carbon emission taxes until a world
programme exists to share the costs of carbon
limitations. 

“The carbon dioxide that goes into the
atmosphere has the same effect upon the glob-
al climate whether it comes from North
America, Asia or Europe, so to solve the prob-
lem of accumulation of GHGs in the atmos-
phere, you really need to reduce the overall
amount of GHG emissions,” he says. “We saw
in Copenhagen that a global agreement wasn’t
happening, at least in the near term.”

This is one reason why the United States gov-
ernment appears to be choosing to take a uni-
lateral approach to GHG emission reduction,
which is something that the US steel industry

opposes. “We aren’t supportive of any climate
change legislation that has currently been pro-
posed,” says Daniel R DiMicco, chairman, pres-
ident and CEO of Charlotte, NC,-based Nucor
Corp and chairman of the AISI, referring to
both the American Clean Energy and Security
Act sponsored by Representative Henry
Waxman (D-Calif) and Republican Edward
Markey (D-Mass.) that was passed in the US
House of Representatives last year and the
American Power Act sponsored by Sen John
Kerry (D-Mass.) and Joe Lieberman (I-Conn.)
that is currently being considered in the US
Senate. “We don’t believe that these legislative

N American steel to reduce GHG emission

proposals can be sufficiently altered to be
acceptable to the steel industry,” says Stuart. 

Dempsey agrees that the Kerry-Lieberman
bill would have to be ‘strengthened quite a bit’
to address the concerns of the steel industry. To
be acceptable to the industry, this bill, which,
like the Waxman-Markey bill, would create an
economy-wide Cap and Trade scheme, would
need to cover the costs related to the steel
industry’s direct emissions and the allowances
that the industry would need to buy for such
direct emissions, as well as to have provisions to
cover its indirect costs from the energy it pur-
chases from utilities, which are likely to raise
their prices due to the restrictions placed upon
them by this bill. 

“It does have some provisions for free
allowances so that energy intensive, trade
exposed industries, such as the steel industry,
don’t bear the brunt of those increased costs for
a certain time period, but just not enough from
our standpoint,” he says.

The steel industry is concerned that the legis-
lation will not give it credit for much of its past
successes in reducing GHG emissions or for
their recycling efforts.  

Another area where the steel industry believes
that the Kerry-Lieberman bill is inadequate is in
the need for a border adjustment mechanism or
border tariff, which the steel industry feels is
necessary to address competitiveness concerns.
This, Stuart says, would help avoid ‘leakage’ (a
move to offshore manufacturing) and would
“level the playing field with trading partners not
meeting the same GHG emissions require-
ments, ensure foreign nations experience the
same cost of compliance as US facilities” and
result in the preservation of US jobs. 

Dempsey says that while the Kerry-
Lieberman bill has a border adjustment provi-
sion, it is not a very effective one. “It leaves a lot
of wiggle room and a lot of discretion for the
President to decide whether or not to use it”. 

Watered down
With the mid-term Congressional elections
approaching, it seems unlikely that a compre-
hensive energy bill, such as Kerry-Lieberman,
will be passed and reconciled with the Waxman-
Markey bill this year, although there is a small
chance that could occur during the lame duck
session after the election. Because of this more
attention seems to be currently spent on a
scaled down bill to meet President Barrack
Obama’s call for some climate change legisla-
tion to be passed.

It appears that most likely this legislation will
be centered on increasing the liability of oil
companies in event of spills and on boosting
energy efficiency in homes and vehicles and not
include the controversial Cap and Trade
scheme at all. Sen Majority Leader Harry Reid
(D-Nev) was expected to introduce this pro-
posal in September. He had originally been

KEVIN DEMPSEY, senior vice president of
public policy and general counsel for the
American Iron and Steel Institute (AISI), says
that the US steel industry has reduced both its
GHG (largely carbon dioxide) emissions as well
as its energy intensity (the amount of energy
used per ton of steel produced) by about 33%
since 1990. 

This, says Nick Sowar, global steel industry
leader for Deloitte & Touche LLP, puts the US
steel industry 240% ahead of the Kyoto
Protocol greenhouse gas emissions reduction
goal.  “And, all of that was achieved during a
period when there had been no regulation of
GHG emissions for steel mills and other indus-
trial sources,” Dempsey declares. 

Even without this, “America operates some of
the cleanest running industrial technology and
we continue to invest millions each year to meet
and exceed increasingly stringent (environmen-
tal) requirements,” maintains John P Surma,
chairman and CEO of US Steel Corp,
Pittsburgh. 

It just makes good sense to do so, says
Dempsey. Energy is a big cost for steelmakers
given that the steel industry is a very energy
intensive industry. Meanwhile it is the energy
they use that is a major source of GHGs, both
in terms of purchased electricity and coal and
other materials used in making and processing
steel. “The steel industry has the competitive
incentive to reduce its costs as much as possible
because it is constantly competing with product
from around the world. So the industry is con-
tinuously making an effort to try to reduce its
cost and to improve its efficiency and this has
had the added benefit of reducing its GHG
emissions”, says Dempsey.

Eric Stuart, vice president of environment
and energy for the Steel Manufacturers
Association points out that it is hard for steel-
makers to reduce GHG emissions when they
rely on carbon in the manufacturing process.
He observes that, at least with today’s technol-
ogy, you cannot make steel without carbon.
While there is ongoing research on using less –
or even no – carbon in steelmaking, research on
such ‘breakthrough’ technologies is still in the
laboratory phase and is still at least 20 years
away. 

The US steel industry has done a whole range
of things to cut GHG emissions as much as
they have, including moves to be as energy effi-
cient as possible and to look for ways to reuse
heat generated in the production process to cre-
ate more heat and more energy, Dempsey says.
“Now there are some proposals to take some of
the waste gases that come out of the blast fur-
naces and use that to produce more electricity. 

Cap & Trade legislation
Sowar says that the proposed Cap and Trade
legislation presently being considered by the
Congress – especially when coupled with the
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Emissions of GHG by sector in USA in
2005

Source:aisi from:
http://www.epa.gov/climatechange/index.html.

‘………..at least with today’s technology, you cannot make steel without carbon’

Eric Stuart Steel Manufacturers Association

“We aren’t supportive of any climate change legislation that has currently been proposed,”

Daniel R DiMicco, chairman, president and CEO Nucor Corp
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expected to do so prior to Congress’ summer break but that never came
to pass.  Dempsey says there is very broad support for legislation relating
to offshore drilling, “But such legislation would not necessarily affect cli-
mate change or energy policy” and could be hard to conference with the
Waxman-Markey bill, which is what would need to happen for it to be
enacted in this legislative session. 

As plans for September are speculative at this point, AISI says it will
wait and see what actually happens before commenting on the expected
Reid bill. 

Some other scaled down climate change proposals that were consid-
ered was an electric utility only Cap and Trade bill or the creation of a
national renewable energy standard requiring utilities to use a certain
amount of renewable energy sources, such as wind or solar. 

Sowar is uncertain that even the scaled-down legislation could pass.
“This whole area could be a real battle,” he says. Dempsey agrees.
“While it is possible, it will be very much an uphill battle given the lim-
ited time left.”

EPA steps in
Further complicating an already very complicated situation, is the EPA’s
intention to regulate GHG emission under the Clean Air Act – environ-
mental legislation that has in the past, been used to regulate certain lower
volume contaminants, such as lead, mercury and sulphur dioxide, but not
GHGs. 

Last September, the EPA issued a finding that GHGs were an endan-
germent to the health and welfare of US residents and followed that up
in April with the issuance of the ‘tailpipe rule,’ which will include new
GHG emission requirements for cars and light trucks beginning with
2012 model year vehicles. The EPA also made an additional ruling, called
‘the reconsideration of the Johnson memo,’ named after a past EPA
administrator, which states that once they start regulating one source of
GHG emissions they are legally mandated to regulate other sources of
GHGs, including a vast array of manufacturing and other business oper-
ations that are stationary sources of GHGs. 

Realising that regulating every single source that emitted 250 000 short
tons a year or more of GHGs “would produce an absurd result”. In May
the EPA issued a tailoring rule, in which the Agency said it would start
regulating ‘the very largest stationary sources’ of GHG emissions
between January and June 2011 and then over time ratchet down to cov-
ering more sources, instituting permitting requirements for new construc-
tion projects that emit GHG emissions of at least 100 000 tons a year
between July 2011 and June 2013 and possibly requiring permits for
smaller sources after April 30, 2016.

As this will mean the EPA would require permits for new and upgrad-
ed industrial facility projects, including some steelmaking plants, that
result in GHG emissions of 75 000 tons or more a year and then by exist-
ing facilities that have emissions at that level, Dempsey says this could
result in delays for certain plans for new plant construction due to uncer-
tainty of what the new permitting requirements, including best available
control technology, might be, and because State environmental agencies
need to amend their laws and regulations to enforce this rule – a process
that some States say could take up to two years. 

In light of this uncertainty, there have been moves to delay the imple-
mentation of the EPA tailoring rule. In early June the AISI prepared a
third legal challenge to this rule. Congress has also sought to delay its
implementation. While a resolution sponsored by Sen Lisa Murkowski
(R-Ark) requesting a two year delay to buy time for a legislative solution,
failed to pass in mid-June, a similar measure has since been introduced
by Sen Jay Rockefeller (D-W Va). He reportedly needs eight more votes
to overcome a filibuster threat on that resolution. 

Rockefeller says, “I am continuing to push hard for my bill to suspend
EPA action for two years so that Congress, not federal regulators, can
set national energy policy. I have been arguing for months that more
work and new solutions are needed for tackling climate change. The
EPA could do real harm to our economy if allowed to go forward pre-
cipitously without additional direction from Congress.”

AISI says it is anticipated that the Rockefeller bill will get a vote this
year either as a stand-alone bill or an amendment to another bill, per-
haps the Reid bill, which he says he supports. Dempsey says the steel
industry also supports a legislative as opposed to a regulatory solution to
this problem.

‘…….. the United States should defer any decision on carbon 
emission taxes until a world programme exists to share the costs of

carbon limitations’

Mario Longhi, President and CEO of Gerdau Ameristeel
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THE new larger gauge in Zumbach’s
Steelmaster rod and bar gauges, the SMO 160-
S6, is equipped with 6 high-speed laser scan-
ners ODAC® 160 and delivers up to 6000
measurements a second, 1000 processed pro-
files a second. It also features Zumbach’s cali-
brated single scan system (CSS) and the unique
EPM method and software (patent pending).
The gauge is able to measure rounds, hexago-
nals, squares, flats and various shapes with out-
side dimensions up to 140mm (depending on
product vibration) in multiple modes:

The modes are:
– Static, orientable mode: measures in six 

directions, 30° apart.
– Partial oscillation mode: programmable start

and stop angle, eg for squares or flats.
– Full 180° oscillation: standard mode for 

rounds, every 30° rotation delivers a full pro-
file.
The new EPM method and software, in com-

bination with CSS, makes the gauge a very
effective tool at three roll sizing blocks or when
the bar has polygonal or asymmetric shape devi-
ations, (eg asymmetric underfill or overfills). It
calculates the typical values DT and GT for the
initial roll settings. It can also calculate and dis-
play ‘Roundness’ (RON t) according the official
ISO definition for any shape.

The mechanical system is the same as the
well proven design of the smaller gauges and
requires minimal maintenance requiring only
periodic cleaning.

Smaller gauge models for wire rod and small-
er sizes are also available. 

Contact

Zumbach Electronic AG, PO Box , CH-2552 Orpund, Switzerland

Tel +41 (0)32 356 04 00 Fax +41 (0)32 356 04 30

Web www.zumbach.com

SMO 160-S6 measuring
unit, shown partially
open in maintenance
mode

In-line measuring of profiles and tube 
THE latest laser contouring and CCD camera
vision and processing software is used to cap-
ture the total product circumference or section
and measure and monitor the relevant profile
dimensions, angles and radii of long products.

This Profilemaster® supplied by Zumback of
Switzerland includes versions for small preci-
sion profiles starting from a dimension of 2mm
(0.08”), and can be used on cold formed tubes
and profiles as well as medium size products,
hot or cold rolled up to dimensions of approxi-
mately 250mm (10”).

Depending on the process, maximum prod-
uct temperature and size range, a number of
standard models are available. Bespoke systems

can also be built for specific products.
The Profilemaster uses ‘light cut’ technology

for clear edge imaging, has a modular design
with up to six laser/camera modules, depending
type of profiles measured and is accurate to
within 0.01mm. It is a fully static system with
integrated protection and air cleaning offering
near to zero maintenance as it has no wear
parts. 

Contact

Zumbach Electronic AG, 

PO Box , CH-2552 Orpund, Switzerland

Tel +41 (0)32 356 04 00 Fax +41 (0)32 356 04 30

Web www.zumbach.com

The
Profilemaster
has no moving
parts offering
a near mainte-
nance free
profile meas-
uring device

High performance

bar gauge for hot

rolling mills

the extremely exacting requirements that the
rotor industry places on the quality of gal-
vanised parts. As the parts are handled very
gently during galvanising, handling damage is
minimised. Therefore threaded bolts and simi-
lar parts do not require rethreading. This
reduces the effort and cost of reworking.

The integrated process control system cap-
tures all plant states and stores the data relative
to each individual basket. Each batch is com-
pletely traceable, meaning a high degree of
security for the operator.

The parts can be pretreated without the use
of acids. Thus hydrogen embrittlement which
can fracture of the steel is prevented. This
makes the system perfectly suited for the treat-
ment of high-strength steels, which are com-
monly used in offshore applications.

Thanks to the applied regenerative burner
technology used to melt the zinc, energy con-
sumption can be reduced by up to 20%. As the
burners never operate under excess-air condi-
tions, the amount of zinc oxide arising can be
cut by up to 70%. This brings down both zinc
consumption and the effort required for zinc
oxide removal. 

Contact

Zink Körner GmbH, 

Profilstraße 9, 58093 Hagen, Germany

Tel +49 2331 800 60, Fax +49 2331 800 610

e-mail info@koerner-hagen.com web www.koerner-hagen.com

‘ZINC ELEPHANT’ is an automatic galvanis-
ing unit for small parts and bulk materials such
as bolts, screws and connecting elements for
offshore applications, which call for superior
corrosion protection. 

Through the efficient use of resources the
plant reduces the amount of material and ener-
gy used and reworking, while providing a high
coating quality.

Due to the massive expansion of offshore
wind-power generation the demand for high-
strength hot-dip galvanised bolts, threaded
joints, fasteners and other small parts – referred
to in the industry as centrifugal parts – is con-
stantly growing. For galvanising large amounts
of these products the company, Zink Körner
has developed the Zinc Elephant. The combi-
nation of a high-capacity furnace and fast han-
dling of the baskets and frames achieves
throughput rates of up to 5t an hour. 

All process steps – from picking up of the
baskets and racks, immersion in the molten
zinc bath, centrifuging through to quenching in
a water bath – are automated. As parameters
such as the immersion time are process con-
trolled, the Elephant achieves excellent unifor-
mity of the zinc layer. 

Before a basket is immersed and after boiling
up, the surface of the zinc bath is automatically
skimmed. This ensures that the surfaces of the
galvanised parts are completely free of contam-
ination. Thus the product fully complies with

Fastener galvanising 
for wind-power

Process controlled operation of the Zinc
Elephant guarantees complete tracking of
product

(Main picture) Reliable corrosion protection
is a must for connecting elements used in
offshore wind power plants
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without replacing the cutting tools.
For the construction industry, U, C, Z and

Sigma profiles are produced. They are formed
from strip normally up to 4mm thick and with a
width of up to 400mm.

For these profiles, Stam has developed a
complete production line able to punch, roll-
form, cut and stack the profiles in a completely
automatic and flexible mode.

The rollforming machine is able to rapidly
change from one profile to another, among the
range, without any manual changing of tools.
For instance, changing from a C profile
100/400/100, 4mm thick, to a Z profile
50/200/50, 2mm thick, takes just six minutes.

The pre-punching unit of the strip is auto-
matic and flexible, and is equipped with all the
punches necessary for different products.

Cutting to length can be carried out either
before rollforming, so as to avoid having inter-

changeable tools for the different profiles, or
after rollforming, using a flying cutting head.

Moreover, the traditional limit of flare of the
profiles has been solved by using a set of form-
ing tools, which remove tension, flare and tor-
sion effects, ensuring the production of high-
quality profiles, in the whole thickness range.

Variable section rollforming
A large number of elements used in commercial
vehicles and car frames and bodies are based on
profiles that, in order to achieve their structural
function, must have a variable section.

To produce such elements, presses have
always been used in the past which generally
require a large number of operations to pro-
duce the component, produces waste material,
requires costly pressing tools and gives low pro-
ductivity and limited flexibility.

Stam found a production system that com-
bines flexibilily, high productivity and at a rea-
sonable cost. Its Spanish branch, Valle
Perfiladoras y Lineas Especiales has developed
one of the most important innovations in the
rollforming field: the first variable section roll-
forming machine.

Stam also manufactures slitting lines and cut-
to-length lines for coils, and flexible manufac-
turing systems (FMS), applying the most mod-
ern technology in designing and manufacturing.

Contact

Stam spa Via Piave, 6, 31050 Ponzano Veneto (TV), Italy. 

Tel +39 0422 440100 Fax +39 0422 440137

e-mail stam@stam.it web www.stam.it

IN the field of coil processing machines, sever-
al new profitable technologies have recently
arisen: one of the most important is ‘flexible
rollforming’. 

Stam Spa, located in Ponzano Veneto Italy is
one of the leaders in this field.

Stam rollforming lines are flexible, able to
change in a few minutes from the production of
one type of profile of a particular section and
dimensions to another without manual inter-
vention. In this way the same Stam machine can
be used for large or small production batches.

One of the main applications is the rollform-
ing of U profiles for chassis beams of commer-
cial vehicles and trucks. The material thickness
can be up to 12mm, and the yield point typical-
ly up to 600-700MPA. 

Stam rollforming machines can be config-
ured in less than five minutes using PC and
PLC control, to produce the dimensions and
thickness of the profile to be produced.

The heart of the line is the rollforming
machine. It allows positioning of all the forming
rolls, according to the production programme
set to the thickness and shape of the profile to
be produced.

Using systems patented by Stam, it is possi-
ble to correct and control material spring back,
to obtain profiles which are always well within
the strict tolerances allowed by the manufactur-
ers of commercial vehicles.

After rollforming, cutting to length follows
without stopping the rollforming process,
through a completely flexible cutting system.
All the profiles, within a given range, can be cut

Stam rollforming lines can be configured in
less than five minutes

EXCELLENCE  
IN REFRACTORIES

www.rhi-ag.com

Competence for the  
Steel Industry

We look forward to meeting you at  
Metal Expo 2010

RHI is a global partner to the steel industry. Its complete programme of products and services ranges form basic and  
non-basic mixes and bricks to prefabricated products, slide gate plates, isostatically pressed products, special machines and repair systems and 

technical equipment used to install refractory products into the various production units of the steel industry.

In close cooperation with our customers RHI as the international technology leader for refractories has succeeded in  
realising tailor-made refractory solutions for any requirement.
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The CRU Latin American Iron & Steel Trends Conference held in Rio de Janeiro, Brazil was attended by 150 delegates. Iron ore
played a dominant role in the discussions with delegates told that China’s share of world traded iron ore will increase nearly 15%
from 2008 levels to around 530Mt (Fe content) by 2014. By Germano Mendes de Paula* 

decreased from 32% Run On Mine (ROM) in
2004 to 23% in 2008 and to 12% in 2008. For
other companies, the decline has been less, but
for Magang, the iron content was already only
20% last year.

Due to the poor quality of its iron ore
deposits, it not surprising that Chinese mines
are at the top of the global cost curve.
According to Mr Tomlinson, for 2010, the aver-
age business costs were roughly $100
cents/dmtu in China, while the figures for
Australia is lower than $40 cents/dmtu and for
South America $25 cents/dmtu. It means
Chinese iron ore mines set a short-term price
floor, generating large profits for overseas min-
ers.

Mergers and acquisitions in the Chinese steel
industry – a government priority – can harness
the bargaining power of steelmakers in the iron
ore market. However, Mr Tomlinson said the
Chinese steel industry is not monolithic. Many
steel mills are owned by provincial or local gov-
ernments, which are opposed to consolidation.
This has slowed the rate of progress. 

Meanwhile, China has focused on acquisi-
tions of overseas iron ore mines. The number of
individual investments, off-takes and MoUs

CRU Latin America conference brings good
news to global iron ore miners 

between Chinese mills and overseas miners
increased from two in 2005 to six in 2008 and
14 in 2009. It is estimated that the potential off-
take is 450Mt/y, equivalent to 40% of China’s
expected import requirements in 2020.
Although it is unlikely Chinese investors will go
ahead with all the projects, as some are uneco-
nomic, it is important that they have secured
options.

Mr Tomlinson concluded that with Chinese
mines depleting and ore grades declining,
reliance on overseas sources of supply will grow.
Fig 2 shows that domestic supply of iron ore (in
Fe content) will rise marginally from 130Mt in
2009 to 150Mt in 2020, the respective figures
for imports are 390Mt and 640Mt. 

Iron ore trends 
Roger Downey of MMX believes that the world
iron ore market will continue to be tight in the
coming years. Iron ore prices are expected to
remain above $100/t through 2012. Looking at
the supply side, due to the global turmoil, min-
ers have drastically reduced investments (Fig
3). On the demand side, the key factor is
Chinese iron ore consumption. China’s crude
steel production has rebounded and is forecast

CHINA and its iron ore hunger was the crucial
issue of CRU’s Latin American Conference
held in Rio de Janeiro 19-21 July. Philip
Tomlinson of CRU Strategies said, in terms of
global crude steel production, China will
increase its market share from 37.6% in 2008 to
46.3% in 2014. 

This increase will happen at the expense of
North America, Western Europe and JKT
(Japan, South Korea and Taiwan), which will
reduce their share from 36.6% to 28.8%. The
share of Brazil, India and Russia is expected to
remain at 15% while the rest of the world’s slice
will continue at about 10%. 

More importantly, China’s share of iron ore
imports is forecast to rise from 50.2% in 2008
to 64.6% in 2014. Mr Tomlinson highlighted
that Chinese steelmakers took the role usually
played by the Europeans and Japanese in recent
iron ore price negotiations. The China Iron and
Steel Association group was much less effective
than the Japanese and European consortia and
meant they lost their bargaining power. 

Chinese steel mills have progressively been
mining lower grades of iron ore from their cap-
tive operations. Fig 1 shows that, in the case of
Angang, the average annual iron content

* Professor in Economics, Federal University of Uberlândia, Brazil. E-mail: germano@ufu.br

Fig 1 Average annual iron content of selected Chinese merchant
iron ore producers, 2004-2008 (% of ROM) Source CRU

Fig 2 Chinese iron ore supply, 2000-2020 (Mt, in Fe content) 
Source CRU

Fig 3 Miners’ investments, 1992-2014 (US$bn) Source MMX
Fig 4 Global iron ore production and average Fe grade, 2000–2020
Source AngloAmerican
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sumption of high(er) quality iron ore would
give certain flexibility for using low(er) quality
coals and/or result in lower consumption of
coke. Additionally, CO2 emissions for pelletis-
ing plants (105kg CO2/t of crude steel) is lower
than the quantity of emissions at typical sinter-
ing plants (250kg CO2/t of crude steel).
Therefore, pellet is important in the global iron
ore business.

Pig iron
Latin America is a traditional exporter of
metallics (pig iron and DRI/HBI in particular).
For the Brazilian pig iron independent sector,
the nominal capacity is 14.5Mt, distributed
among the southeast (the states of Minas
Gerais and Espírito Santo, with an 8.5Mt
capacity), Carajás (the states of Pará and
Maranhão, 5.2Mt capacity) and Central-West
(the State of Mato Grosso do Sul, 0.8Mt capac-
ity). The export ratio is 50% for the southeast,
100% for Carajás, and 5% for Central-West. 

According to Mr Paulino Cícero de
Vasconcellos (Minas Gerais Pig Iron Producers’
Association, Sindifer), the Brazilian independ-
ent pig iron sector consists of 154 blast-fur-
naces, belonging to 79 companies. This is a very
fragmented industry, which has been experienc-
ing high idle capacity. Its production was 9.6Mt
in 2006, 9.4Mt in 2007, 8.3Mt in 2008 and only
4.4Mt in 2009. For this year, it is expecting a
minor improvement, achieving 4.5Mt. The
independent pig iron companies (usually called
guseiros) use charcoal. In addition, there are five
charcoal-integrated steel mills in Brazil, (not
including Vallourcec & Sumitomo Brasil (VSB),
which is to be inaugurated this year). In 2008,
total Brazilian charcoal pig iron production was
10.2Mt, equivalent to 30% of the country’s out-
put. In 2009, the respective numbers were
6.1Mt and 25% (4.4Mt from independents and

1.7Mt from charcoal integrated).
Sindifer’s president mentioned problems

faced by independent pig iron producers. He
said that consolidation is urgent and only com-
panies with capacity to invest in new technolo-
gies and forests should survive. New sintering
plants should be built, which will allow a higher
consumption of sinter feed, while nowadays
mostly lump iron ore is required by the sector.
He also said domestic pig iron prices should be
indexed to rebar prices and that BNDES (the
development bank controlled by the federal
government) should finance independent pig
iron producers in new forest plantations.
Important structural changes should be carried
out to solve the segment’s difficulties. Facing an
unsatisfactory scenario, the likelihood of new
blast-furnaces is quite low. The main aim is to
invest in new forests and new equipment such
as fines injection and electricity co-generation. 

Frank Griscom, of the Hot Briquetted Iron
Association (HBIA), declared that global HBI
capacity is equivalent to 21.63Mt, of which
11.02Mt is for HBI alone and 10.61Mt for HBI
and DRI. Venezuela has the largest HBI
installed capacity (6.92Mt), followed by India
(6.07Mt). In the Latin American region, there is
just one other producer: Trinidad & Tobago
(0.5Mt). HBIA considers that 25% of world
capacity is idle or currently under construction.

Mr Griscom explained that there are six HBI
plants in Venezuela, of which two are idle
(Operaciones rDI and Matesi). As a conse-
quence, the country’s capacity is 5.02Mt.
Venezuela produced only 2.59Mt of HBI in
2009. Bearing in mind that Trinidad & Tobago’s
plant has also been closed, it is understandable
why South American was responsible for only
14% of HBI exports in 2009 (Fig 6). In con-
trast, Asia/India was the leader, with a 45%-
market share. MENA already has an 8% share.

to grow at least 6% y-o-y up to 2016. 
José Luis Amarante of Anglo American con-

centrated on the Chinese steel industry. He said
China’s crude steel production is expected to
reach 637Mt in 2010, implying a 12% increase
y-o-y. For the next few years, the country’s
GDP growth will run at a 8-10%/y range rather
than the 10% of recent years. Still, as long as
Chinese crude steel production growth exceeds
7%/y to 2015, there is a strong likelihood that
tightness will remain in the iron ore market.

An interesting slide presented by Mr
Amarante referred to the global iron ore aver-
age grade. As can be seen on the left of Fig 4,
global iron ore production will almost triple
between 2000 and 2020. Meanwhile, the aver-
age iron ore grade is expected to decrease from
55% to 52% iron content. The iron ore grade is
declining driven by increased production in
low-grade regions and the lack of new supply
from major production regions.

In this case, the premiums applied to higher-
quality products are expected to appreciate. A
trend towards direct charge materials is predict-
ed globally. This will lead to increased demand
for lump and pellet. Given that the lump supply
is limited compared to other iron ore products,
an increasing number of pelletising plants will
be built. The distribution of iron ore by type is
shown for the years 2006-2020 in Fig 5.

With the Kyoto Protocol, which has been in
force since 2005, greenhouse gas emissions are
recognised as one the most significant environ-
mental issues for the steel industry. It is estimat-
ed that the iron and steel industry accounts for
roughly 5% of total world CO2 emissions.
Approximately 95% of an integrated steel mill’s
energy input comes from solid fuel. Some
590Mt of coal, or 12% of total annual coal con-
sumption, is used for steel production. Mr
Amarante concluded that, in theory, the con-

Fig 5 Global iron ore by type, 2006-2020 (%)  Source AngloAmerican Fig 6 HBI shipment by region, 2009 (%)  Source HBIA

Fig 7 World DRI/HBI production, 2000-2020 (Mt)  Source HBIA Fig 8 South and Central American steel mills in the world cost
curve, 2010  Source CRU
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represents a steel plant; those highlighted refer
to South and Central American facilities. 

Fig 9 shows the regional average liquid steel
costs for 2010 and 2014. This estimate compris-
es all steelmaking units, from integrated BOF
and minimill EAF. 

Currently, South and Central America is in
the lower club of costs, while China and Europe
are the higher cost regions. Asia, Africa and the
Middle East are in the middle. In 2014, CRU
estimates that South and Central America will
remain a low cost region and will gain a cost
advantage in relation to CIS. This shift can be
associated with higher energy costs to be paid
by CIS producers, which still use some out-of-
date technologies.

Lower production costs and higher profit
margins will encourage a huge expansion of the

region’s nominal capacity which is expected to
rise from 72.24Mt in 2009 to 148.1Mt in 2015.
Most of the new capacity is for slab (export-ori-
ented projects). Mr Ming believes that the mar-
gin on exports will significantly decrease from
the 2008 level. 

In conclusion, the iron ore players within the
Latin American iron and steel industry are pre-
dicted to have the brightest future due to the
Chinese appetite for iron ore imports. Fewer
speakers spoke about the steel sector and
argued that a combination of low cost and high
margins will lead to the expansion of nominal
capacity, depressing profitability. The metallur-
gy situation is more critical, since Venezuelan
HBI producers and Brazilian independent pig
iron producers have suffered from a wholesale
idling of capacity. 

Although Mr Griscom did not conclude in
this way, based on his data, it can be seen that,
in the mid-term, Latin America’s relevance on
the HBI segment looks set to dwindle. India’s
Essar Steel will commission a 1.5Mt/y plant in
2010 and Oman another 1.5Mt/y facility in
2011. The migration to India and MENA
seems inevitable, due to input availability and
market dynamism. 

Even assuming global HBI/DRI production
improves from 64.4Mt in 2009 to 130Mt in
2020 (Fig 7), Latin America is unlikely to ben-
efit from the market expansion.

Latin America 
Ming He of CRU Analysis presented a paper
titled ‘Cost perspective of steel industry in
Central and South America.’ Most countries in
this region are self-sufficient in iron ore. Brazil,
for example, produced 5.8 times its iron ore
consumption in 2008. The ratio for Chile was
equivalent to 3.5 times. However, Argentina is
dependent on iron ore supplied by Brazil and
Chile. In addition, South America is also short
of metallurgical coal.

According to the speaker, steel plants in
South and Central America are positioned
below the weighted average cost (Fig 8). Only
a few steel mills in the region are positioned
above the world average, but some of them pro-
duce high-valued products, such as OCTG
pipes. In Fig 8, the X–axis shows the accumu-
lated production of liquid steel, while the Y-axis
indicates the cost of liquid steel. Each column

Fig 9 Site operating
costs, 2010 and
2014, (US$/t) 
Source CRU

STEELMASTER Gauges for Hot and Cold Rolled Products

 Any shape

 Standard measuring   
 ranges up to 300 mm 

 1 up to 6 laser / camera   
 modules

Ask us for additional information: askme@zumbach.ch

Switzerland Argentina Benelux Brazil China France Germany India Italia Spain Taiwan UK USA

www. zumbach.com

STEELMASTER Gauges 
Hi-speed laser scanning. Measurement of diameter, 
ovality, height, width and diagonals.

PROFILEMASTER® Gauges 
Advanced vision technology (light-section). 

 Standard measuring ranges 
 up to 500 mm 

 1 up to 6 measuring axes

 Measuring frequency:
 1000 / s for each axis
New!  
Measuring solutions for 
round and non-round 
products. Captures also
asymmetrical shape
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Tenova I2S’ technology for high performance signal processing and control systems provides enhanced performance by imple-
menting real-time algorithms, processes and computations directly within a unified framework of ‘generic’ programmable hard-
ware (FPGAs), overseen by a real-time operating system supervisor. The system’s many components and interconnections are each
realised by identical hardware components thereby allowing a single form of spare hardware to support the many possible system
arrangements. By M Zipf, D Wisti, S Carlson, A Krzewki & C Godwin

Programmable hardware and multi-core 
processor for signal processing and control

unveiling. This can cause many COTS based
AGC and STM product lines to have the appear-
ance of a patchwork quilt, of ever changing hard-
ware components, with every new system incar-
nation being incompatible with effectively iden-
tical systems provided a year or two earlier.

These computer industry facts-of-life led
many equipment providers to still develop and
employ dedicated, proprietary hardware in cer-
tain specific facets of their systems. I2S has
been among them. 

In the past few years, a new COTS-based
alternative has presented itself, and which does
not constrain the resulting system with a given
manufacture’s preconceived views of what
hardware arrangements and data flow architec-
tures will be or not be provided. The I2S COTS
offers a general purpose, programmable hard-
ware environment, through which software-
based control, signal processing and data flows
can be implemented with ease. This COTS
based alternative supports hard, real-time con-
trol and operating system software to assure
deterministic responses to real world events
and conditions. Further, all standardised net-
work interfaces are supported, allowing a broad
spectrum of commercial human – machine
interface (HMI) software packages (often
selected/directed by the customer) to be
employed. This is very welcome news.

New technologies & innovations
Two new technologies have now become viable
candidates for consideration in AGC and STM
applications. These technologies offer:
– General purpose, software programmed 

hardware arrangements;
– Closed-loop control, signal processing & data

flows all implemented in high speed 
hardware;

– Complete mathematics support directly 
implemented in hardware;

– Support of real-time operating system soft-
ware;

– Strict deterministic responses to real world 
events;

– Simultaneous support of multiple operating 
systems;

– Standardised network interfaces & 
databases;

AUTOMATIC gauge control (AGC) and strip
thickness measurement (STM) are two critical-
ly important activities in the cold reduction of
flat strip. Over the past 30-plus years, Tenova
I2S (formerly Integrated Industrial Systems,
Inc (I2S)), has supplied over 240 AGC systems
and over 510 non-contact, radiation transmis-
sion based STM systems (both isotope and X-
ray) worldwide, starting with one of the first
microprocessor controlled (Z80 based) AGC
and STM systems in 1980. 

Over the years, hardware/software technolo-
gies and their availabilities have changed radi-
cally, followed closely by the evolving needs of
tighter tolerances, increased reporting, and
expanded interconnections between the mill’s
systems, including a wide range of higher level
plant-wide networks and computer systems.
Many hardware/software platforms and tech-
nologies have been employed, ranging from
commercially available equipment to highly
specialised, custom/proprietary arrangements. 

The past decade has seen the evolution of
the various general purpose, commercial-off-
the-shelf (COTS) technologies and philoso-
phies take hold. COTS have now become a fix-
ture in the market place. COTS equipment is
developed for a broad spectrum, high volume
market, where needs and capabilities may or
may not be suitably aligned with the require-
ments of high performance AGC and STM sys-
tem applications.

AGC and STM system suppliers are left to
decide whether their product lines would be
fashioned to address the high performance
needs of their narrowly intended application
(and thereby consciously continue to employ
certain amounts of proprietary equipment) or
would consciously accept potential perform-
ance degradations to embrace a more market
attractive COTS based system. 

Interestingly, the rapid pace of commercial
hardware development and quick product end-
of-life obsolescence has become a mainstay in
the unstable computer and electronics indus-
tries. It is not uncommon for newly marketed
components/equipment to become obsolete and
unsupported within 12-18 months of their initial

The authors are with Tenova I2S, USA

– Support of commercial HMI 
(operator interface) software packages.

Field programmable gate arrays
This new programmable hardware technology
provides the ability to implement application-
optimised hardware with the flexibility of soft-
ware programming. Integrated, single chip cir-
cuits containing millions of programmable gates
that can be configured and interconnected for
any need, ranging from simple logic to complex
mathematical sequences and pipe-lined parallel
processing.

The hardware’s signal/logic interconnections
and routings are completely defined by software
schematics, block structured functions, proce-
dural codes or hardware description language
(HDL). When the code is compiled and down-
loaded to the target Field Programmable Gate
Arrays (FPGA), the result is a true hardware
implementation of the software application.

The software configured/programmed hard-
ware operates in a parallel nature and experi-
ences no processor bottlenecks or execution
sequence restrictions. The hardware subsys-
tems operate with complete independence at
extremely fast execution rates. Essentially, this
is real-time, hardware multi-tasking. Fig 1 pro-
vides an illustration of the internal compo-
nents/architecture of a typical FPGA integrated
circuit.

Complex, real-time, closed-loop servo con-
trols and signal processing, formerly imple-
mented only with discrete components or with-
in real-time software environments, are now
implemented within this single chip hardware.
This Hardware-In-The-Loop (HIL) concept is
shown in Fig 2.

The fact that the hardware is field program-
mable means that flexibility and future expand-
ability are ensured. Formerly proprietary hard-
ware and software are now replaced with gener-
al purpose commercial hardware, programmed
via commercial, open-architecture development
languages (eg National Instrument’s LabView).
The programme is downloaded to the FPGA
chip on system power up, so hardware updates
are as simple as copying a file. Further, identical
commercial FPGA boards can be placed within
the same computer and independently pro-

Programmable 
interconnect I/O Blocks

Logic Blocks

Fig 2 Typical Hardware-In-The-Loop (HIL) closed-loop digital control
applicationFig 1 FPGA internal architecture and component arrangement
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grammed with completely different hardware
applications. This means that only a single form
of commercial hardware will support the entire
needs of the intended application (requiring
only a single type of spare). 

Multi-Core processors
The recent release of multi-core CPUs (eg Intel
CoreTM 2 Duo Processors) offers the ability to
consolidate multiple system responsibilities to a
single computer. Multi-core systems contain two
identical processors on a single integrated cir-
cuit. The processors operate separately and are
fully capable of supporting two completely inde-
pendent operating systems and functioning in
completely parallel arrangements. 

Classically, minimal AGC applications
require two independent computers, interfaced
together, to provide the real-time control,
supervision and user interfacing.

The former multi-computer arrangement
consisted of:
• Computer 1: Real-Time Controller – This 

dedicated controller typically employed a 
real-time operating system and the interfac-
ing hardware required to perform the loop
closing AGC activities. 

• Computer 2: Supervisory Computer – This 
computer typically employed a general pur-
pose operating system (eg, Windows) and 
provided a graphical user interface (GUI) 
through commercial HMI software packages
(eg, Wonderware, WinCC). 
These computers were typically interfaced

via dedicated links (ie, serial) or networked
data exchanges. Now, with the multi-core tech-
nologies, these multi-computer arrangements
are consolidated into a single computer. 

The new Single Computer/Multi-Core
Processor Arrangement consists of:
• Core1: Real-Time Controller – This inde-

pendent processor core runs a real-time oper-
ating system (eg VxWorks), executing critical
AGC algorithms and interfacing to the mill’s
systems through FPGA hardware.

• Core 2: System Supervisor – This independ-
ent processor core runs the Windows XP Pro
operating system, and supports all superviso-
ry tasks, OPC server, network interfacing 
and provides a GUI through commercial 
HMI software packages.

This single computer consolidation offers
new opportunities for employing AGC and
STM systems in stand-alone applications or as
key members operating within fully integrated
mill control systems. 

System architectures & implementation
Automatic gauge control (AGC)
The AGC is a strip thickness control system
that can operate in fully stand-alone arrange-
ments or act as a key participant in fully inte-
grated mill control systems. The system is fully
networkable and provides interface-ability via
an onboard OPC Server, allowing the system to
seamlessly interface to a broad range of com-
mercially available control and automation
equipment and systems. Fig 3 provides a block
diagram of the AGC system architecture. The
primary components consist of: 

AGC Controller – This component provides
the real-time AGC functions, algorithm compu-
tations, roll force cylinder servo controls, gaug-
ing system interface, critical strip length/speed
measurements and high frequency data acquisi-
tion for SPC analysis, reporting, and general
data acquisition (often coupled to IBA data log-
ging systems). Mill equipment interfaces and
servo controls are provided by two FPGA based
subsystems that operate as intelligent, fully
autonomous I/O and servo systems beneath a
real-time operating system layer that executes
within an independent core processor. Real-
time activities (programmed in National
Instruments LabView software) are executed
under the VxWorks Real-Time Operating
System (RTOS). This controller interfaces to
the other control system computers via an
Ethernet network interface and through the
OPC Server executing on the other core. 

Gauge control equations, used to render exit
material thickness correcting roll gap adjust-
ments and entry tension trims, are executed
within the system according to their need and
processing requirements. Some components
(eg, real-time transport lag buffering) reside in
the FPGA, while more sophisticated/computa-
tionally intensive tasks are performed by the
real-time software.

Supervisory/Human Machine Interface System
(HMI) – This component serves as the supervi-
sor of the AGC Controller, provides the pri-
mary interactive, graphical user interface HMI
screens that support the AGC System, and sup-
ports an Internationally Standardised OPC

Server. This Window XP Pro operating system-
based component executes on the other inde-
pendent core processor. The supervisory func-
tions and utilities are orchestrated through the
HMI screens and include: 
– AGC control & operational parameter moni-

toring & adjustment;
– AGC mode selection, set-up & activation;
– Transducer & roll force cylinder calibration &

monitoring;
– Tachometer/rotary encoder monitoring & 

operational verification;
– Roll force cylinder servo tuning;
– AGC performance tracing & evaluation.
Mill management and performance recording
/reporting include: 
– Mathematical modelling & pass scheduling;
– Coil data set-up;
– Roll cluster/stack utilities;
– SPC/QC data collection & reporting;
– Fault & permissive annunciation & diagno-

stics.
HMI screens are programmed with commer-

cially available (off-the-shelf) software packages
and open to customer modification and adjust-
ment. This system also provides database inter-
actions with ODBC compliant systems. 

The system performs data exchanges and
interactions with the mill’s master controlling
PLC and other systems (eg High Level
Systems, etc) through a networked interface via
the OPC Server executing on the same proces-
sor core. 

FPGA Implemented Components – The AGC
system employs two National Instruments PCI
based, FPGA boards residing in the computer
chassis’ passive backplane in specified PCI
slots. These boards are identical, but are pro-
grammed differently to support their required
tasks. During the system initialisation process,
the hardware configuration is downloaded to
the board occupying the predefined PCI slot (ie
depending on which slot a given FPGA board
resides, that board is configured to perform a
specific role – slot specific hardware assign-
ment).

Roll Force Cylinder Servo Control FPGA – This
FPGA hardware is programmed to interface
with and control the roll force cylinders. The
real-time, closed-loop, digital control of the
cylinders is performed within the FPGA hard-
ware (HIL), communicating with the real-time
control components via bidirectional DMA
transfers. These hardware-based controllers

Fig 4 Hierarchical
block diagram illus-

tration of the typical
STM system’s net-

work topology, com-
ponents and their

interconnections

Fig 3 Simplified
block diagram of
the AGC system
components and
their interconnec-
tion for a reversing,
vertical stack, 4-high
mill arrangement.
This same architec-
ture is applicable to
20-high cluster mills,
2-high and 6-high
mills
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chical description of the system’s network
topology and the interconnection of the pri-
mary components in a typical three C-Frame
system arrangement. 

The primary components consist of:
Local C-Frame Controller – Each measuring
head is mounted on a C-Frame which is inde-
pendently controlled and operated by a dedi-
cated real-time controller. These stand-alone C-
Frame controllers handle and supervise all sig-
nal processing, control and calibration opera-
tions of the measuring head and C-Frame,
along with rendering numerical/digital meas-
urements of the thickness local to the C-Frame.
The controllers reside in environmentally pro-
tected enclosures, located in direct proximity to
the individual C-Frames/measurement heads.
Fig 5 provides an illustration of this system
arrangement and the partitioning between the
real-time processor and FPGA hardware. 

The controller interfaces to surrounding
equipment through the Level 1 Control and
Data Networks to support commands, status
and large data set exchanges. Wide bandwidth
thickness measurement data can be transmitted
on the deterministic DTMNet, or via analogue
signal links. The controllers are OPC compliant
and openly publish their control/set-up param-
eter sets for easy integration, remote control
and diagnostic support. Advanced web-based
technologies allow the controllers to publish
real-time graphical and status data to thin client
HMI computers, and through directed internet
access (via the higher level systems), remote
monitoring capabilities. 

FPGA Hardware – This hardware is pro-
grammed to receive the digitised, pre-amplifier
measurement of the detector’s sensor and per-
form the selected digital signal processing algo-
rithms to render calibrated thickness measure-
ments. The resulting measurements can be out-
put as a high resolution analogue signals or
passed to the RTOS for distribution over the
DTMNet. Signal processing parameters/cali-
bration coefficients are provided by the RTOS
and openly accessible via the OPC interface. 
Real-Time CPU/RTOS – This processor handles
all C-Frame equipment control and operational
activities including: closed-loop C-Frame
motion control, high voltage power supply
supervision, calibration and standardisation,
safety and protection systems. This processor
manages all network interfaces (Level 1 Data
Network and DTMNet) and supports the OPC
Server interface. All calibration, alloy compen-
sation and signal processing parameters are
supported by this processor and distributed
through the OPC interface, to maximise inter-
face-ability, remote control, performance moni-
toring and diagnostic support. This processor
employs advanced web-based technologies for

publishing real-time graphical/status data and
supports remote monitoring capabilities.

User Interfacing – The highly networked system
architecture and C-Frame Controllers provide a
number of opportunities for interfacing, scala-
bility and expansion. The broad and selectable
exposure of OPC Tags allows the C-Frame
Controller to be easily integrated into complex
automation systems, and externally
controlled/tuned to match the needs of the
application and process. The networked archi-
tecture also provides the ability to support
sophisticated, fast responding web-based GUIs
(AJAX, HTML, Java Scripts), arbitrarily added
as thin client drops via general purpose HMI
Computers (running Internet Explorer,
FireFox, Crome, etc). These GUIs interact
through the database provided within the OPC
Server and through data streaming methods, to
provide real-time graphics and visuals.
Extensive OPC interfacing allows for the use of
commercially available (off-the-shelf) HMI
software packages to also implement operator
and maintenance interface GUIs. 

Conclusion
Historically there has been a lack of commer-
cially available hardware that is appropriately
optimised for high performance AGC/STM
applications. The new COTS technologies
based on FPGA hardware and multi-core
processors that have emerged offer the ability
to implement the desired, optimised attributes
of customised, proprietary hardware in the
form of commercial, openly available, program-
mable hardware.

New processor and FPGA technologies have
allowed advanced real-time control, signal pro-
cessing and complex analytic compensation to
be performed in locations previously not con-
sidered acceptable for computer/controller
equipment (ie, local to the C-frame/measure-
ment head). Highly networked, distributed
architectures eliminate long analogue signal
runs, while offering broad interfaceability and
flexible scaling/expansion. Advanced web-
based technologies coupled with OPC servers
provide the ability to support highly interactive,
fast responding GUIs via thin clients executing
on general purpose HMI computers. Further,
these methods provide internet access for
remote control, monitoring and diagnostic
assistance from any access point, worldwide. 

The new Tenova I2S AGC and STM system
architectures and implementations have been
conceived and developed with the end user and
these difficult issues in mind. This new archi-
tecture has fulfilled the design/developmental
goals, along with satisfying the performance
and supply concerns of the end users. Many
manufactures of FPGA based, general purpose
equipment are introducing a broad spectrum of
compatible hardware. Programming the FPGA
hardware using internationally standardised
HDL allows these codes and algorithms to be
seamlessly ‘ported’ to other manufactures’
FPGAs. This offers an open market of commer-
cially available boards and systems, all of which
can be interchangeably used. This fact alone
should alleviate any fears that this equipment is
just made for some niche market and may
become obsolete in short order. 

Contact 

Tenova I2S, 475 Main Street, Yalesville, Connecticut 6492, USA

Tel +1 203 265 5684 Fax +1 203 284 1819

e-mail sales@i2s.com  web www.i2s.com

operate completely independently (parallel exe-
cution/hardware multi-tasking). 

Gauge/Tachometer Interface FPGA – This FPGA
hardware is programmed to interface with the
rotary encoders (tachometers) on the mill and the
gauging system. The encoders include entry/exit
strip length/speed, reel motor shafts and mill
motor shaft (providing forward slip and roll sur-
face speed measurements). A/D converters
accept analogue gauge deviation signals (from the
thickness gauges) directly into the FPGA where
they are signal processed (via HIL activities).
Numerical/network based gauge deviation signals
are handled by the real-time layer. Regardless of
the source of the gauge deviation signal, these
numerical indications are provided to the AGC
algorithms in the real-time software layer. 

Strip thickness measurement 
The Strip Thickness Measurement (STM) sys-
tems are based on transmission mode, radiation
absorption/attenuation based, non-contact
thickness measurement, employing isotope or
X-Ray radiation. These systems are fully self-
contained and can operate in fully stand-alone
arrangements or act as key participants in fully
integrated mill control systems. The systems are
highly networked and interfaceable via an OPC
Server, allowing the system to seamlessly inter-
face to a broad range of commercially available
control and automation systems.

Networked/distributed architecture
The STM architecture is based on a partitioning,
distribution and decentralisation of the overall
gauging system’s control and measurement
activities/responsibilities. Development of this
architecture followed five primary objectives: 
• Complete independent control of an individ-

ual C-Frame with a localised real-time con-
troller. 

• Immediate digitisation of the preamplifier’s 
analogue signal with calibrated real-time sig-
nal processed thickness measurement local to
the C-Frame, and provide only digital
/numerical indications of the measured thick-
ness beyond the C-Frame. 

• Broad, networked, high speed, numerical 
thickness measurement distribution. 

• Offer digital/numerical and/or analogue 
thickness measurements to other systems 
(eg AGC, Statistical Process Control (SPC))
and distribute deterministic numerical 
thickness measurements over a dedicated 
network.

• Support a wide variety of GUI and associat-
ed commercially available HMI environ-
ments. 
The system architecture is based on a distrib-

uted control concept that is supported by a net-
worked arrangement. Fig 4 provides a hierar-

Fig 5 Block diagram
showing the C-
Frame Controller,
the internal parti-
tions between the
RTOS and the FPGA
hardware, and the
internal and exter-
nal interconnections
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Bhilai Steel Plant was the first of Sail’s plants to introduce a comprehensive ERP sys-
tem and is now in the process of introducing a manufacturing information system.
By Tanmay Roy*

berance and matured experience. The C&IT
Department, the epitome of IT excellence in
Bhilai, feels extremely proud and indeed privi-
leged for having been able to play its role in the
plant’s onward march towards progress and
prosperity. 

The process of metamorphosis commenced
decades ago reached a crescendo with the
launching of the SAP-ERP project in April 2009
preceded by two state-of-art data centres in
2008, all designed to catapult BSP to an even
higher trajectory of growth. 

IT foot-prints
Maturity manifests in a myriad of ways. The
C&IT Department is a living testimony to this
maturing process. From a humble beginning in
the womb of the Finance & Accounts
Department, the C&IT today has spread its
wings in all possible directions. The foot-prints
of the department have made permanent
impressions on BSP. 

The epitome of IT intervention in Bhilai
Steel Plant’s manufacturing domain is the suc-
cessful launching of SAP-ERP systems to its
core business areas such as Finance &
Controlling, Materials Management,
Production Planning, Quality Management and
Plant Maintenance including Suppliers
Relationship Management and Advanced
Planner-cum-Optimiser creating a strong foun-
dation of Supply Chain Management.

Besides the above, independent and stand-
alone IT systems have been developed to cater
to specific application areas such as:
– Employee Services covering pay roll, loan 

and fund management etc;
– Human Resources Services including con-

tract, safety, training and recruitment func-
tions;

– Estate Services covering allotment and billing
of rented out properties etc;

BHILAI STEEL PLANT is the flagship unit of
the Steel Authority of India Ltd (Sail) – the
largest producer of steel in India and a leading
steelmaker in the world. According to US ana-
lysts World Steel Dynamics, Sail with a turnover
exceeding $10bn ranks 2nd in the league of
'World Class' steelmakers, evaluated in terms of
a slew of performance measuring yardsticks.
Currently producing 5Mt/y of steel, BSP – the
largest company in the Sail family – output will
grow to 7Mt/y by 2012 following a capacity
expansion programme currently underway.

BSP is not only the largest in terms of volume
of output, but can claim to be the ‘best’ steel
plant in India as well having earned the rare dis-
tinction of winning the Prime Minister’s Trophy
for the ‘best integrated steel plant in India’ nine
out of the sixteen times the trophy has been
awarded so far. 

Its no wonder, therefore, that BSP is in the
forefront of adopting the power of the emerg-
ing technologies including that of Information
Technology in order to automate and innovate
its own operations. With the adoption of ERP
in its core business areas, BSP has completed
the circle of converging the manufacturing and
business processes into an integrated informa-
tion backbone by leveraging the power of IT to
its hilt. 

Quite often, in the humdrum of technology
and cacophony of business processes, the story
of IT ‘tip toeing’ its presence in an industry
remains unheard and unsung. The steel indus-
try is no exception. The saga of IT in Sail, which
has so far remained confined within its plant
precincts, needs to be heard loud and clear
among the steel fraternity for the wider benefit
of industry. 

Partner in progress 
Information Technology is a partner in progress
of Bhilai Steel Plant. From ‘IBM’ to ‘EDP’ and
now to ‘C&IT’ – the department is leading the
charge of IT intervention in the plant – a jour-
ney worth emulating a million times over.
Growing from rudimentary devices of yester
years to sophisticated multiprocessors clustered
in a complex array of frameworks of today is a
saga of evolution full of professional pleasure
punctuated with operational pains. The rapidly
changing images of Unit Record Machines
(IBM 402) yielding place to Auto coders (IBM-
1401) followed by Mainframes (Burroughs -
5900 ) and servers of different hues (Sun Spark
- 20) along with evolving Databases (Oracle
version 6-10g) flashing past the memories of
the C&IT Department make a mockery of the
time spanning more than five decades of fruit-
ful existence Fig 1.

The evolution of IT in BSP over the past half
a century has been as eventful and rewarding as
it could be. No amount of adversities could
deter the indomitable spirit of the IT fraternity
characterised by a heady mix of youthful exu-

– Medical Services for the hospital manage-
ment and billing functions etc

Besides the C&IT department, the
Instrumentation & Automation (I&A) depart-
ment is also contributing handsomely in the
application of IT in the automation systems of
BSP. The INCOS & CMMS groups under the
I&A department have added a number of IT
driven systems which are helping shop floor
operations in a big way. Some of those are: 
– Manufacturing information system (MIS) & 

Unified Plant View;
– Traffic & Dispatch Monitoring;
– Heat & Product Tracking; and
– Maintenance & Laboratory Applications etc.

Enterprise Resource Planning
Evolution leads to expansion and proliferation.
Unbridled proliferation may lead to diversion
and isolation leading to confusion and eventual
extinction. The evolutionary process of IT is no
exception. Early advancements in IT led to the
creation of isolated islands of applications
which posed problems galore for consolidation
and integration into the wider manufacturing
and resource planning systems.

Consolidation efforts of the enterprise wide
IT applications evolved the concept of integrat-
ed and unified way of functioning – the very
basis of Enterprise Resource Planning (ERP)

IT Interventions in the Steel Industry:
Bhilai Steel Plant – a Case Study

*The author is General

Manager I/c (C&IT) Bhilai Steel

Plant of Steel Authority of

India Ltd e-mail

troy1950@gmail.com

BSP is undergoing an expansion programme
to raise output from 5Mt to 7Mt by 2012

Fig 1 Evolution of IT
at BSP since 1996
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enables an organisation to synergise its
resources, creates opportunities to reengineer
its processes and helps adopt the best practices.

Exuding confidence, Sail decided to adopt
ERP in all its business units in a progressive
manner and asked BSP to lead the implemen-
tation. Responding to the call, BSP has success-
fully embraced the power of the ‘MySAP’ fam-
ily of ERP products of SAP India Ltd in six of
its key functional areas: Finance & Controlling,
Sales & Distribution, Production Planning,
Quality Management, Plant Maintenance and
Materials Management. 

A consortium of leading IT consultants led by
SAP India Ltd along with Siemens Information
Systems Ltd and HP India Ltd extended con-
sultancy support in the implementation phase
of the project. MDI, Gurgaon provided the
consultancy during the project preparation and
product selection stage. WIPRO partnering
with HP developed the Data Centres as a
turnkey project (Fig 2).

All six SAP modules supported by a number
of technology modules went live on 1st April
2009. Since then all the business operations of
BSP take place live on an ERP platform with-
out any interruption. The launch of the ERP
project was followed by the Manufacturing
Execution System (MES).

This saga of successes proves BSP's
indomitable spirit spearheaded by a visionary
management and a fiercely involved workforce
dedicated to innovation and excellence.

Effort
Success obviously did not come on a platter.
Considerable effort had to be put in by all con-
cerned – from the top Management, the project
Core Team, the Implementation Partners, the
shop floor workforce and the IT personnel of
the C&IT department who had to anchor the
project throughout. 

An idea of the scale and complexity of the
project can be had from the number of Master
Data records the system refers to in the post go-
live stage.
– Master Data (Selected items only);
– Material Master (>300k items) SFG & 

Finished Goods (> 50k items);
– Activity Type & Activity Pricing (>100k 

items);
– Equipment hierarchy (25k items) Measuring

Points (30k items);
– Employee Vendor Records- (34500);
– Services (8266), Customers (6763) Vendors 

(13500);
– Asset Master (27500 items).

Major Challenges
The standard ERP solution offered by SAP
including the IS Mill option fails to map the
characteristic features of a plant manufacturing
iron and steel in a comprehensive manner. At
BSP, a fair degree of customisation and devel-
opment had to be made on the standard solu-
tion offered by the ERP products. Some of the
major innovations relevant to the iron and steel
fraternity globally are indicated below:
• Raw Material handling and reconciliation 

matching with the movement of railway 
trains wherein the flow of documents invari-
ably lags the materials.

• Extensive use of variant configurations for 
defining steel products with their multitude 
of quality and other characteristics and com-
plex pricing schemes.

• Innovative application of continuous and dis-
crete production processes to match the pro-
duction planning systems for iron zone, steel
zone, rolling and finishing mills.

• Reconciliation of theoretical and actual 
weights of production and dispatch statistics
through a mechanism of allowing generation
of negative inventory balances on a limited 
scale.

• Innovative handling of generation of scrap, 
products deviating from the standards and 
reconciliation of the system stocks with the 
physical inventories.

• Integrated production and dispatch planning
inconsistent with the constraints of the train 
movements imposed by transportation agen-
cies eg Railways.

• Extensive mapping of production processes 
in terms of Make-to-Order or Make-to-Stock
scenarios matching with the production plan-
ning and order execution systems of different
shops and mills.

• Integrated planning and execution of engi-
neering shops’ production processes in terms
of maintenance, refurbishment and fabrica-
tion of orders.

• Purchase procurement system consisting of 
two or more stages of bidding.

• Invoice verification & bill registration sys-
tems involving Bonus & Reward provisions, 
LD & Discount clauses.

• Costing details down to equipment level with
innovative costing structure.

• E-logbook for recording delays/breakdowns 
in maintenance of shops and mills.

• Integrated E-payment and automatic bank 
reconciliation processes. 

The ERP system installed at BSP made some
trail blazing decisions with regard to the defini-
tion of the plant and organisation structure,
products with variant configurations, innovative
authorisation and release strategies, integrated
MIS and management dashboard, business
continuity centres, external access with single
sign on facility – to name a few. 

Major benefits 
• Integration of business processes led to a 

reduction in execution cycle time in all its 
business processes.

• Reduced cycle times enhanced throughput 
and efficiency of operations impacting the 
plant’s bottom line.

• Visibility of inventory and other data in real 
time.

• Extensive and online MIS in the form of 
standard reports for accurate decision-
making.

• Transparency in business operation with 
accountability and visibility.

• Order based manufacturing leading to com-
plete integration between marketing, produc-
tion, quality and inventory and finance func-
tions.

• Automatic and faster closure of books and 
accounts leading to better management prac-
tices.

• Auditability and traceability of transactions 
with full details.

Role of IT
Leveraging the power of Information
Technology to its hilt, the C&IT Department

Fig 2 Adoption of ERP Fig 3 Technology modules in use

Highlights

of Project Implementation

– Approximately 300 man years of effort 
invested;

– Approximately 2500 end users trained in 
SAP;

– Six business areas of BSP covered through
17 different modules of SAP;

– 200 ‘As-Is’ processes mapped to 140 ‘To-
Be’ processes in ERP after rationalisation;

– More than 650 unit tests were carried out 
to ensure software was working;

– 174 scenarios tested during integration 
testing of software;

– 647 developments carried out in the system
to suit BSP specific needs;

– Interface with CMO, HRIS, Pay Roll, 
HMMS, OPEX, TRAMS;

– Involvement of sister plants in detailed 
designing.
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SAIL significantly up the value chain (Fig 4).

Communication network 
Today, BSP can boast a world class local area
network (LAN) spanning the entire plant. At
the backbone are two CORE switches connect-
ed through 10 GBPS redundant fibre optic
links. Seven area switches (Layer -3) connected
with the core switches on similar FO links cover
the entire plant with an array of 175 layer-2
switches down the line at 1 GBPS data speed. 

This network provides a high security level in
addition to other features such as high speed,
scalability etc. 

DATA Centre connectivity has been provided
with four Aggregation Switches connected with
both Core Switches using 10 GBPS links. The
LAN at BSP today consists of a staggering
200km of fibre optic cable and more than 80km
of FTP cables making it one of the largest net-
works among the steel plants of the world (Fig 5).

Server deployment 
To support the complex operations of BSP, the
ERP Data Centres equipped themselves with a
constellation of 69 servers of diverse capacities
deployed over six landscapes. 

The server systems are so arrayed as to
ensure high availability, optimum distribution
of processing load and an ideal response time
even in peak hours. Redundancy built-into the
system insulates the plant from any possible

break-down of service. Metro clustered, the
two data centres situated a couple of kilometres
apart function as business continuity centres
sharing the processing load in an active-active
mode – more testimony of IT-BSP’s quest
towards excellence in innovation. Such a clus-
tered approach has added value to the plant’s
bottom line by ensuring greater utilisation of its
fixed assets.

User access
BSP evolved a unique solution to provide
access to users located at the plant precinct
(LAN), beyond the plant but within Sail (by
extranet) and the corporate/regional offices
located at the metro cities (by internet).
Provision has been made for single ‘sign on’
facility so that users can navigate between the
ECC, Business Warehouse and other servers of
the ERP system without having to log on more
than once. 

Considerable innovation has been displayed
in evolving a system comprising a number of
proxy servers, fire walls and web dispatchers so
as to secure the server systems from any mali-
cious attempt to intrude from outside. 

Moving forward
IT is playing an ever increasing role in BSP’s
onward march towards prosperity. IT-BSP is
thus redefining the frontiers of IT application
space in steel manufacturing. 

transformed the plan of automating the busi-
ness processes into reality by managing the
technology modules supporting the ERP envi-
ronment. 

The fact that the technology modules such as
BASIS for systems operations and user man-
agement, ABAP for development of applica-
tions, XI for interfacing with legacy systems,
BW for MIS and analytics, SEM for manage-
ment dashboard and EP for portal based serv-
ices through inter- and extranet, speak volumes
about the in-house IT talent and expertise that
BSP can justifiably be proud of (Fig 3).

Bridging the gap between the high level busi-
ness process automation of ERP and the bot-
tom line process level automation, the
Manufacturing Execution Systems (MES) is
being implemented in the Steel Melting Shop
2, Plate Mill and the Rail & Structural Mill of
BSP. The MES project is set to provide
immense power and flexibility to shop floor
personnel to carry out their planning and sched-
uling exercises ‘on the fly’ besides giving them
the opportunities for optimisation of resources,
yard management, product tracking and
genealogy etc. Posco ICT, a subsidiary of steel-
maker Posco of South Korea, is the consultant
on this project which has entered into the cru-
cial stage of detailed designing. 

When the MES project which is scheduled to
go live in June 2011 is operational this will com-
plete the information backbone of Bhilai Steel
Plant connecting the ‘top floor’ with the shop
floor and enable smooth flow of information
across the plant. 

Becoming the first plant to be truly IT
enabled, BSP will lead the race of setting stan-
dards for others to emulate besides pushing

Fig 4 Information
architecture model

Fig 5 The LAN consists of 200km of fibre optic cable and more than
80km of FTP cable

Sail’s Bhilai Steel Plant capacity expansion
THE Steel Authority of India (Sail) has signed
an agreement for the design, construction, sup-
ply and commissioning of a new blast furnace at
its Bhilai Steel Plant (BSP).

The blast furnace No 8 will have an inner vol-
ume of 4060m3 and will be built by a consor-
tium consisting of Paul Wurth Italia SpA along
with Paul Wurth India Pvt Ltd and the local
partner Larsen & Toubro Ltd.

It will be the largest blast furnace to be built
in India by Paul Wurth and will feature proven
solutions as well as state-of-the-art technology.
The order includes:
– The blast furnace itself with closed-loop cool-

ing circuits, equipped with copper and cast 
iron stave coolers;

– A GEN2 two-hopper Bell Less Top® charg-
ing system;

– Two flat castfloors and four tapholes, fitted 
with full-hydraulic casthouse machines from 
TMT, a jv company between Paul Wurth and
Dango & Dienenthal;

– High-performance hot blast stoves with 
internal combustion chamber including a 
recently developed heat recovery system 
which makes use of the heat from the stoves’
waste gases for savings in fuel consumption;

– An energy recovery turbine for generating 
electric power from the kinetic energy of the
BF top gas stream;

– A pulverised coal injection system and two 
INBA® slag granulation plants.

SAIL BSP intends to produce more than
3Mt of hot metal a year by means of the new
blast furnace. Start-up of the plant is planned
for January 2013, after only a 28-month period
from the signature of the contract.

Paul Wurth recently completed the moderni-
sation of blast furnace No2 at Sail’s Bokaro
plant.  

Contact

Paul Wurth SA, 32, rue d’Alsace, BO Box 2233,

L-1022, Luxembourg

Tel +(352) 4970-1

Fax (352) 49 70-2209

e-mail paulwurth@paulwurth.com 

web www.paulwurth.com 
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History

A short history of electric furnaces in iron 
and steel making. Part 2 Induction and smelting

THE origin of the invention of the electric arc
furnace was in 1808, when, while experiment-
ing with the new science of electricity, Humphry
Davy demonstrated an apparatus to sustain an
arc although it took a further 70 years before
Wilhelm Siemens successfully melted steel. Part
1 of this article was published in the September
issue and describes those pioneering days.

The induction furnace
Fredrik Adolph Kjellin (1872-1910) (Fig 10), a
graduate of the Royal Institute of Technology in
Stockholm and who later became Director of
Research at an electric steelmaking plant, was
the first to demonstrate in 1900 the practical
application of the induction heating method,
first patented by S Z Ferranti in Italy in 1877
(Fig 11).  The first induction furnace installa-
tion in the USA was made in 1914 at the plant
of the American Iron and Steel Company in
Lebanon, Pennsylvania.

In 1916, Edwin F Northrop (1866-1940)
developed the high-frequency induction fur-
nace at Princeton University which proved to
be of greater use than the low frequency fur-
nace. Such furnaces have been used for melting
a wide variety of materials varying from a few
ounces of precious metals up to several tonnes
of commercial alloys. They find frequent appli-
cations in the laboratory for development work
on new alloys, for commercial melting of expen-
sive types of high-temperature alloys, and in
small foundries. 

The Søderberg electrode
Carl Wilhelm Søderberg (1876-1955) (Fig 12)
was born in Gothenburg, Sweden and came to
Christiana (now Oslo) with his parents when he
was one-year old. At that time Norway and
Sweden were politically united. After finishing
secondary school, he went to Germany to study
electricity and electrochemistry. After his return
to Norway in 1910 he spent two years at the
Hiorth Steel Factory in Jossingfjord. The
Hiorth Steel Plant was supplied with a six ton
Héroult steelmaking furnace. Søderberg
attempted to employ an electrode made of
unprepared coal but was unsuccessful in getting
it to burn continuously. However, he was
unwilling to admit defeat. 

In 1912 he moved to the Elektrokemisk
Company, Norway’s largest chemical and met-
allurgical enterprise and took the idea with him.
In 1910-1911 the company attempted to devel-
op a process for the direct production of steel
from iron ore in an electric furnace. During
World War I it was difficult to obtain pre-baked
electrodes and Søderberg’s idea was put to the
test after extensive research. In 1919 successful
operation was achieved using a pitch based
paste which hardened in the heat of the furnace
and the Søderberg electrode began to be used
commercially in the iron and steel industry. In
1920-21 Søderberg conducted preliminary
experiments to apply this technology to the alu-
minium industry in Fiskaa Verk using a 6000
ampere furnace. In 1923 commercial small
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scale installations were adopted in Germany,
France, Switzerland, and the USA. From 1926
its adoption became world wide in the alumini-
um industry but since the 1980s has been pro-
gressively replaced by a return to pre-baked
anodes, in spite of their cost, primarily to abate
pollution in the vicinity of the pots because of
the large amount of tar volatiles generated. 

Electric furnace for iron making
Electric furnace processes yielding pig iron
were popular at the beginning of the twentieth
century especially in Sweden and Norway
where hydroelectric power is cheap. In an old
version of these processes iron ore mixed with
coal and limestone is heated and partially
reduced in a rotary kiln or a small shaft furnace
then fed directly into an electric arc furnace.
Gases leaving the electric furnace are rich in
CO and are burned in the kiln or the shaft fur-
nace to supply the heat for pre-reduction. A
large portion of the sulphur present in the
charge is eliminated in the pre-reduction step.
When a kiln is used, the raw material may be in
the form of fines, but when a shaft furnace is
used lump or agglomerated material must be
used. The kiln process is known as the Elkem
/Strategic–Udy Process while the shaft furnace
processes (Fig 13) is known as Elkem
/Tysland–Hole Process.

The electric furnace has also been developed
for the reduction of ilmenite and production of
titanium slag. In the 1950s large electric fur-
naces were constructed in Sorel, Quebec for
smelting ilmenite (FeTio3) concentrates. 

Ferronickel, ferrochrome, ferromanganese,
and ferrosilicon are also manufactured in elec-
tric furnaces. Ferrophosphorus is a by-product
of elemental phosphorus manufacture in elec-
tric furnaces. In ferrosilicon production the
dust is mainly finely divided silica formed by
the oxidation of silicon monoxide. This is being
used to advantage as a replacement to sand in
some concentrate mixtures. �
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Fig 10 Fredrik A
Kjellin (1872-1910)

Fig 11 Principle of
induction heating 

Fig 12 Carl Wilhelm
Søderberg (1876-
1955) 

Fig13 Elkem/
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