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1. I nt roduct ion 

I f you had to pick a few technologies that  
have had a t rem endous effect  on m odern 
society, the refining of iron and steel would 
have to be som ewhere near the top of the 
list . I ron and steel show up in a huge array 
of m odern products. Cars, t ractors, br idges, 
t rains (and their rails) , tools, skyscrapers, 
guns, ships – even the com m on steel can – 
all depend on iron and steel to m ake them  
st rong and inexpensive. I ron is so im portant  
that  pr im it ive societ ies are m easured by the 
point  at  which they learn how to refine iron 
and enter the I ron Age!  
 
The developm ent  of steel, of course, m ade 
iron product ion essent ial.  I ndeed, 1200 BC is 
a com m only accepted date not  only for the 
start  of the I ron Age, but  also for the 
discovery of carburizing of iron. While the 
locat ion of this discovery rem ains uncertain, 
it  appears that  in the Hit t ite kingdom  a 
blacksm ith discovered how to m ake steel by 
heat ing iron in contact  with carbon [ 1] .  
 
At  the turn of the 19 th century, Andrew 
Carnegie's ( the largest  steel producer in the 
world at  the t im e)  steel cam e from  vast  
br ick ovens called open-hearth furnaces. 
Considered the “ future of steel-m aking,”  the 
Hom estead, in 1890 was the world's largest  
open-hearth m ill. Consist ing of sixteen 
furnaces, each produced forty tons of steel 
every six hours. 
 
I nefficient  and dangerous, open-hearth 
furnaces produced terr ific heat  and used the 
waste gases of the m olten iron to generate 
even m ore heat , nearly 3,000 degrees. Fires 
blazed at  both sides of the hearth, passing 
heated currents of air  and gas alternately 
from  each fire over the m olten iron. The 
open-hearth process was slow and cost ly. 
 

I t  was Sir Henry Bessem er who invented the 
first  inexpensive process for m ass-
product ion of steel. But  it  was an Am erican, 
William  Kelly, who had held a patent  for "a 
system  of air  blowing the carbon out  of pig 
iron."  The ability to rem ove the carbon from  
the iron was of great  im portance. This was 
the m ethod of steel product ion known as the 
pneum at ic process of steel m aking. Air is 
blown through molten pig iron to oxidize and 
rem ove unwanted im purit ies. 
 
Unable to profit  from  this patent , Kelly was 
forced into bankruptcy. I t  was Bessem er, 
who had been working on a sim ilar process 
for m aking steel, who bought  the patent  
from  Kelly. Bessem er patented "a de-
carbonizat ion process, ut ilizing a blast  of air"  
in 1855.  
 
Modern steel is made using technology 
based on Bessem er's process. 
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2. Processes 

2.1. Basic Oxygen Steel Making 
( BOS)  

Basic Oxygen Steel m aking (BOS)  is the 
process by which steel scrap is m ixed with 
m olten iron (called a "charge") , are 
com bined in a refractory lined vessel (size 
ranging from  a few tons to 400 tons)  and 
heated to a tem perature of 1700° C. The 
BOS process is most ly used in modern 
operat ions due to it s speed com pared to the 
open-hearth process.  
 
This ext rem ely high tem perature is achieved 
when a lance is inserted into the 
containm ent  vessel and “blows”  pure oxygen 
into the m ix of scrap steel and m olten iron. 
Besides melt ing the scrap and iron, the high 
heat  rem oves the im purit ies such as silica, 
phosphorous, sulphur, etc., which will 
weaken the steel. The heat ing also 
decreases the carbon, m aking the total 
carbon concent rat ion anywhere from  0.5 to 
1.5 percent . The steel m anufacturer can 
change the hardness of the steel with a 
higher carbon content . Unfortunately, the 
higher the carbon content , the m ore brit t le 
the steel becomes.  
 
Once the charge has reached the desired 
tem perature, fluxes are added to the vessel. 
Com m on fluxes are burnt  lim e and dolom ite, 
and once added to the vessel generate slag. 
The slag absorbs the im purit ies, discussed 
earlier, which are eventually separated from  
the steel. 
 
Once the steel is ready, the m olten m ater ial 
is poured into a ladle furnace. This process is 
called “ tapping the steel.”  Prior to this point , 
all steel undergoes the sam e type of 
process. Yet , once the m olten steel is 
tapped, the manufacturer will add other 

alloys in order to m eet  the custom er’s 
requirements. 
 
For exam ple, to create stainless steel, the 
m anufacturer m ust  add ten to thirty percent  
chrom ium . I n addit ion, if molybdenum  is 
added, the end result  will be chrome-m oly 
steel. 
 

 

2.2. Elect r ic Arc Furnace 
Steelm aking 

The Elect r ic Arc Furnace (EAF)  steel m aking 
is very sim ilar to the BOS in process. While 
the steel m aking indust ry considers EAF a 
newer process, unlike BOS it  ut ilizes a larger 
percentage of scrap from  cars, appliances, 
and dem olished buildings, thus reducing 
overall raw m aterial costs.  
 
I n EAF, the batches of m olten steel produced 
are called “heats.”  Beginning to end, the 
ent ire process is called “ tap- to- tap,”  and 
includes the following operat ions:  
 
• Furnace charging 
• Melt ing 
• Refining 
• De-slagging 
• Tapping 
• Furnace turn-around 
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While sixty to eighty m inutes is considered 
the average tap- to- tap t im e, twin shell EAC 
operat ion t im e can be significant ly shorter:  
thir ty- five to forty m inutes.  
 
Of significant  difference between EAF and 
BOS, is the m ethod used to m elt  the scrap. 
While the BOS starts with m olten iron, then 
pure oxygen is blown into the vessel to m elt  
the scrap;  EAF begins the process by direct ly 
generat ing energy within the vessel it self. 
This energy is generated elect r ically. 
 
By applying a low to m edium  voltage tap to 
graphite elect rodes, they will cut  through the 
steel scrap, thus allowing access to the 
bot tom  of the vessel. Once in posit ion, a 
long arc, high voltage tap is init iated, which 
t ransfers energy to the steel scrap, 
consequent ly melt ing it .   
 

2.3. Cast ing 

Molten steel, in and of itself, is useless, and 
therefore m ust  be turned into som ething, 
which is easy to work with. Once the m olten 
steel reaches the desired consistency, it  is 
poured into a mold or cast .  
Modern product ion advances have generated 
a processing m ethod called a “cont inuous 
cast ing.”  The cont inuous cast ing equipm ent  
molds the liquid steel into shapes and sizes 
for rolling. The nam e cont inuous cast  com es 
from  the process of pouring the liquid steel 
into a m old with no bot tom , at  a rate at  
which the cast  steel is pulled away. 
 
There are three different  shapes that  are 
produced from  the cont inuous cast ing 
process:  
 

• Slabs – 1.25 meters (4.1’)  wide x 230 

m m  (9.05” )  thick x 12 m eters (39.37’)  
in length  
 

• Blooms – 90 -  160 m m  square (3.54 -  

6.299” )  x 12 meters (39.37’)  in length 
 

• Billets – 630 mm (24.8” )  wide x 400 mm 

(15.74” )  thick x 5 -  6 m eters (16.40 -  
19.68’)  in length 

 
Advantages of cont inuous cast ing are 
num erous:  
 
• Bet ter qualit y 
• Higher form at ion tolerances 
• Energy savings 
• Lower labor costs 
• Faster product ion rates 
 
St r ip cast ing differs from  t radit ional in that  
the solidificat ion of the m olten steel takes 
place “against  a chill mold.”  The advantage 
of this process is the increased product ivity 
speed:  48 to 111 m / m in. (157.5 to 364.1 
ft / m in.)  as opposed to 6 m / m in. (19.7 
ft / m in) . The disadvantage stem s from  the 
need of the cast ing to be within a tenth of a 
m icron ( ten- thousandth of an inch)  across 
the width and length of the st r ip. 
 

2.4. Rolling 

Perform ed both in hot  and cold processes, 
rolling converts the steel casts into a 
finished product . The object ives are twofold;  
the first  is to shape the cast ing into a 
product  that  can be used by the customer.  
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The second is the final m icro st ructuring of 
the steel itself. The m icro st ructuring deals 
with heat  t reatm ents and surface t reatm ent  
operat ions:  
 

• Heat treatment – spheroidizing ( rough 

rounding) , norm alizing, and annealing. 
 

• Surface treatment – galvanizing, 

elect roplat ing, carbur izing, machining, 
and surface induct ion t reat ing. 

 
As the process indicates, the steel slab, 
bloom , or billet  is passed between two 
counter rotat ing rollers. With each pass of 
the steel through the rollers, the gap 
between the rollers is reduced unt il the 
desired thickness is reached. Obviously, as 
the thickness of the steel is decreased, 
either the width or length m ust  change 
dim ension.  
 
For purposes of clar ificat ion, one set  of the 
rollers is referred to as the “ stand.”  I n order 
to increase the rolling throughput  there can 
be many stands within the rolling operat ion. 
 

 
 
I n the “hot  rolling”  process, the steel is 
heated to 1200° C before it  is passed through 
the stand(s) . This m akes it  easier to roll the 
steel and rem oves the rough, flaky surface, 
or “ scale.”  
 
Depending upon the steel property required 
by the custom er, cold rolling may be 
completed after the hot  rolling process. The 
reason for this is that  cold rolling increases 
st rength, makes steel thinner and produces 
a bright  sm ooth finish. 
 
The details of the process are a lit t le 
different  from  that  of hot  rolling in that  the 
steel is not  heated, but  rolled at  room  
tem perature. Once the steel is cleaned, it  is 
passed through the stand(s)  at  very high 
speeds using lubr icants to reduce fr ict ion. 

3. Steel Custom ers and 
Markets 

There are num erous steel products and 
individual custom er segm ents. However, we 
will look at  one m ain custom er requirem ent  
that  provides a useful segm entat ion. The 
custom er requirem ent  is whether the steel is 
exposed m etal or not . For exam ple, the steel 
sheet  m etal used for a refr igerator door is 
exposed m etal. While the steel used in an " I "  
beam is not . This is im portant  because the 
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two types of steel take different  propert ies 
and process cont rols to create.  
 
As we have already discussed, this 
difference, at  least  for now, ident ifies two 
types of m ills;  those that  m ake steel from  
basic raw ingredients, BOS, and those that  
use scrap steel as their m ain ingredient , 
EAF.  

 
 
Specifically, integrated m ills (see below) , 
which ut ilize the BOS process can produce 
steel that  is acceptable for exposed use in 
cars, appliances, cans, etc. The m ini m ill 
(see below) , ut ilizes EAF and typically  does 
not , as yet , m eet  the dem ands of this 
custom er base as the propert ies of the scrap 
it  uses is too varied to cont rol. However, the 
m ini m ill has significant  cost  advantages 
because of its process and operat ional 
philosophy. Thus, the m ini m ill com panies 
tend to focus on other custom ers where they 
can leverage the cost  advantage. 
 

3.1. I ntegrated Mill 
Character ist ics 

• Exposed metal requires t ighter 
tolerances and bet ter finishes to m eet  
custom er requirem ents. 

• The integrated m ill will spend more t ime 
and effort  to produce this product  and 
will sell it  part ly based on this. 

• Although pr ice is a factor as well. 
• I ntegrated m ills typically do m ost  

act iv it ies in house, including reliability. 
• Many layers of m anagem ent  both 

m aintenance and product ion. 
 

3.2. Mini Mill Character ist ics 

• The m ini m ill focuses on cost  to produce. 
• I t  will sell based on lower price. 
• The m ini m ill outsources significant ly. 

However, from  custom er surveys, 
reliabilit y is som et im es done in house. 

• Less m anagem ent  levels to interact  with 
in operat ions and m aintenance. 

 
Both segm ents are characterized by high 
fixed costs and relat ively inelast ic demand. 
High fixed costs force steel producers to 
focus very heavily on capacity ut ilizat ion 
even when there m ay not  be m atching 
dem and. This is further com pounded by high 
costs of reducing capacity through shut t ing 
equipm ent  down.  
 
The dem and for steel is not  elast ic. Due to 
the fact  that  custom ers cannot  easily switch 
to use steel instead of another m aterial, 
even though the pr ice of steel m ay be 
falling, inventory swings and cyclical market  
results. Accordingly, producers shift  their 
focus to m aintaining m arket  share at  the 
expense of pr ice considerat ions.  
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Both the integrated and m ini m ill operat ions 
at tack their m arkets different ly. I ntegrated 
m ills typically t ry to set  up long term  
cont racts to flat ten out  capacity ut ilizat ion, 
while the m ini m ills at tem pt  to sell in the 
spot  m arkets. 
 
Working their respect ive markets in this way 
has it s benefits, but  the net  result  for each is 
expected. The m ini m ills are m ore subject  to 
short  term  r ises and falls in the m arket . On 
the sam e note, integrated m ills are not  able 
to take advantage in short - term  m arket  
swings. 

4. Global Market  

The global steel m arket  is considered to be 
over capacity, m eaning that  on a global 
basis there is m ore product ion capacity than 
dem and for the product . This can have a 
significant  im pact  on the US dom est ic 
m arket . The US m arket  is thought  to be 
slight ly under capacity, m eaning that  som e 
level of steel im port  is needed to m eet  the 
current  dem and. This capacity situat ion is 
further skewed by the st rategic view of steel 
product ion to m ost  count r ies [ 2] .  
 
Many count r ies feel it  is cr it ical to m aintain a 
dom est ic source of steel. This view of steel 
product ion leads to num erous non-
compet it ive pract ices around the world. 
Steel producers tend to be supported by 

their local governments to varying degrees. 
This over capacity, high fixed costs and 
inelast ic dem and create a situat ion where 
under the r ight  circum stances, steel pr ices 
and capacity ut ilizat ion can be significant ly 
im pacted. From  a US perspect ive, the m ain 
global count r ies of concern are Russia, 
Japan, Korea, and Brazil.  Up and com ing 
concerns are China, Ukraine, and I ndia. 
 

 
 
The im pact  of the global m arket  can be seen 
in the 1998 US steel cr isis. I n 1998, the 
Asian financial cr isis led to lower Asian 
demand for steel and cheaper Asian steel 
from  currency depreciat ion against  the US 
dollar. This led to im ports at  significant ly 
lower prices. The Brazilian currency was also 
devalued relat ive to the US dollar, leading to 
cheaper im ports. I n Russia, the t ransit ion 
from  a cont rolled econom y led to over-
product ion and cost  advantages. Japan has 
high im port  cont rols so that  they can charge 
higher pr ices in their home market  and use 
the increased profit  to support  export  pr icing 
to other m arkets like the US. The other 
factor that  led to the significant  drop in steel 
pr ices in the US was the st rong US econom y. 
Steel pr ices were high and the m arket  was 
fair ly open to imports. This encouraged 
importers to sell in the US, especially  since 
their norm al custom ers around the world 
were having financial difficult ies [ 2] .  
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4.1. United States 

I n 1999, the President  of the United Sates of 
America commissioned a report  out lining the 
cause of the steel cr isis in 1998. As a result , 
the Em ergency Steel Guarantee Loan 
program was init iated to help the st ruggling 
steel manufacturers secure private loans. 
“The theory is that  steel com panies, with 
governm ent  guarantee, will be able to…get  
the financial push needed to return them  to 
profitabilit y”  [ 3] . According to Mat thews, the 
program  threatened to do exact ly the 
opposite. 
 
The next  at tem pt  to change the t ide of the 
steel cr isis was addressed in March of 2000 
when US steel concerns lobbied for, and 
received, 30%  tar iffs on all im ported steel. 
While this act ion m ay have protected US 
steel manufacturer pr icing, it  has left  the 
domest ic manufacturers a short fall in supply, 
result ing in product ion disrupt ions [ 4] . At  

the t im e of publicat ion, the I nternat ional 
Trade Com m ission ( I TC)  is condem ning US 
act ions and calling for the tar iff to be lifted. 
 
“The iron and steel indust ry and ferrous 
foundries produced goods valued at  about  
$57 billion. The steel indust ry consisted of 
about  90 com panies that  produced raw steel 
at  about  139 locat ions, with com bined raw 
steel product ion capabilit y of about  114 
m illion tons”  [ 5] . These figures are in stark 
cont rast , com pared to the 2000 figures of 
$71 billion, made up of 105 com panies with 
capability of 125 m illion tons. 
The prim ary m etals leading index m oved up 
again in Septem ber 2003, m arking its fifth 
consecut ive m onthly increase (0.6% ) . The 
steel leading index rose 1.3%  in August , 
along with the alum inum  m ill products 
leading index of 1.1%  [ 6] . 
 
According to the USGS (U.S. Geological 
Survey) , during the first  seven m onths of 
2002, monthly pig iron product ion fluctuated 
near 3.6 m illion tons, and m onthly raw steel 
product ion fluctuated near 8.2 m illion tons. 
Yet , while product ion totals dur ing the first  
m onths fluctuated, raw steel product ion 
began an upward t rend toward the end of 
the year. 

Count ry Steel 
Product ion 

Product ion 
1998 

Product ion 

2002
 e

 

United States 98.6 90.0 

Brazil 
25.1

e
 27.0 

China 
114

 e
 170 

European Union 155 161 

Japan 93.5 106 

Korea, Rep. Of 39.9 44.0 

Russia 43.8 57.8 

Ukraine 24.1 33.5 

Other Count r ies 187 180 

Total Product ion 7 8 1  8 7 0  
-  Data in m illion m et r ic tons

 

e 
– Est im ated 

Table 1. Wor ld product ion 1998 v. 2002 [ 5] . 
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4.2. Europe 

Com parat ively, 2002 data indicates that  the 
EU crude steel product ion is up 
approxim ately 2%  since 1999. 
 

EU Crude Steel Product ion 

Count ry 1999 2002 

Aust r ia 5,203 6,189 

Belgium  10,931 11,343 

Denmark 729 392 

Finland 3,958 4,003 

France 20,207 20,261 

Germ any 42,061 45,014 

Greece 951 1,835 

I reland 335 0 

I taly 24,878 25,947 

Luxembourg 2,592 2,734 

Nether lands 6,076 6,117 

Portugal 1,038 799 

Spain 14,882 16,408 

Sweden 5,067 5,754 

UK 16,615 11,684 

Total 1 5 5 ,5 2 3  1 5 8 ,4 8 0  
Table 2. Crude steel product ion in 1000 metr ic tons 
[ 7] . 

 
The increase in crude steel product ion, 
com bined with a finished im ports increase of 
flat  and long products (14% )  equates to a 
total EU steel supply of 175,071,000 metr ic 
tons. I n the face of this increased supply, 
the EU total export  has raised as well by 
13%  over 1999 to 17,626,000 m et r ic tons in 
2003. But  the increased EU supply and 
exports did lit t le to shift  declining EU steel 
labor force num bers, which have been in 
constant  decline since 1998.  
 

 EU Steel Labor Force 

Count ry 1998 2002 

Aust r ia 1,220 1,150 

Belgium  20,300 19,300 

Denmark 1,200 1,100 

Finland 8,000 9,000 

 EU Steel Labor Force 

Count ry 1998 2002 

France 38,000 34,400 

Germ any 79,700 73,600 

Greece 2,000 2,200 

I reland 400 0 

I taly 38,500 36,900 

Luxembourg 4,300 4,300 

Netherlands 11,900 10,900 

Portugal 1,800 600 

Spain 22,500 22,900 

Sweden 13,300 12,500 

UK 32,500 20,900 

Total 2 8 6 ,6 0 0  2 6 0 ,0 0 0  
Table 3. EU steel labor force. 

5. Conclusion 

The global com pet it iveness in the steel 
indust ry is forcing the m anufacturers to 
produce product  m ore efficient ly in order to 
increase their profitabilit y. A well run, and 
efficient  m ill will m ake all the difference in 
determ ining its longevity. Gone are the days 
of the steel m agnate m onopolies along with 
exorbitant ly large profit  m argins. Today’s 
successful steel m aker is the one who has 
the abilit y to ant icipate custom er and 
consum er dem ands, while opt im izing 
efficiency. To do this, technological advances 
com bined with a global eye on the steel 
m arket  m ake the difference between 
successful producers, and those relegated to 
the scrap heap. 
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