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APPENDIX A – STEEL PRODUCTION 

1. This appendix outlines how steel is produced.   

2. The two materials that can be used to produce steel are: 

• Virgin ore products: Pig iron, a cast iron material which is produced by removing 
oxygen and some of the impurities from iron ore in a blast furnace; and High-iron 
content materials (also known as ‘virgin iron products’) such as direct reduced 
iron (DRI) and hot briquetted iron (HBI); and 

• Scrap metal, the collective name for ferrous materials that have reached the end of 
their useful life cycle (for example, unserviceable machine parts, steel components 
of ships, bridge structures, old car parts) as well as reverted ferrous materials from 
steelmaking. 

3. There are essentially two methods of producing steel: the blast furnace and basic oxygen 
furnace process (BF/BOF) and the electric arc furnace method (EAF).1  In 2003 about 
60% of steel produced was made by the BF/BOF method, and around 34% was produced 
via the EAF route.2     

4. The choice of input is in part determined by which of these processes is chosen.  

• The BOF generally operates on a charge of 80 % pig iron, with the remainder being 
scrap metal; and  

• The EAF method uses up to 100 % scrap metal, however, EAFs can be charged with 
up to 35% of virgin iron products (DRI/HBI and pig iron), typically to increase steel 
quality. 

5. A summary of the different production techniques is represented diagrammatically at 
Figure 1. 

                                                 

1  Another method for producing steel - the traditional open-hearth method  - has been largely superseded by the 
BOF. In 2002, only 3.6% of the world's total crude steel production occurred in open-hearth furnaces.  The 
open-hearth method is about 10 times slower than the BOF. 

International Iron and Steel Institute, Steel Statistical Yearbook 2004, Brussels, pp. 45-46, available at: 
http://www.worldsteel.org/media/ssy/iisi_ssy_2004.pdf (Accessed 17 March 2005) 

2  International Iron and Steel Institute, About Steel, available at: http://www.worldsteel.org/faq_what.php 
(Accessed 12 April 2005) 
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Figure 1:  Iron and Steel production and the role of Scrap 
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6. This appendix is structured as follows: 

• Sections A.1 and A.2 explain how steel is produced under respectively the BF/BOF 
and EAF methods.  

• Section A.3 outlines the considerations that lead a steel producer to invest in one 
process over another. 
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A.1 BF/BOF METHOD 

7. Steel making through the BF/BOF method is carried out in what are known as integrated 
mills. 

A.1.1 Blast Furnace 

8. The blast furnace is a large, steel shaft, into which layers of iron ore, coking coal and 
limestone are continuously charged.  These inputs are smelted for around 6-12 hours to 
produce hot metal and liquid slag (a waste product consisting of calcium oxide and impu-
rities from the iron ore and coke, principally silica and alumina). These products are 
drained from the bottom of the furnace at regular intervals.  

9. Once the hot metal has been poured out of the bottom of the blast furnace, it is either cast 
into blocks of 9-15kg called ‘pigs’, or moved immediately to a co-located Basic Oxygen 
Furnace where it is poured in as a hot liquid.  This iron, either in cast or molten form, is 
referred to as ‘pig iron’.  

10. The iron that emerges from the blast furnace still has a high carbon content, typically 4-
5%, which makes it too brittle for most engineering applications, and so excess carbon is 
later burnt off in the BOF.  

11. Once a blast furnace is started it will continuously run for four to ten years, with only short 
stops to perform planned maintenance.3 If the furnace were allowed to cool, damage 
could be caused to its lining of refractory bricks as a result of their contracting as they 
cooled. Eventually the refractory brick linings are worn away, and at that stage the proc-
ess is stopped and the furnace relined with new bricks, ready to begin its next campaign. 
For large blast furnaces, the refractory lining needs to be replaced every 10 to 20 years 
(smaller furnaces need to be replaced more frequently). 

12. Furnace performance in terms of fuel consumption, steel production and campaign life, as 
well as ultimate steel quality, depend on (amongst other things) the following factors: 

• The form of iron ore; 

• The level of impurities in the ore;  

• The iron content of iron ore;4 and 

• Coke quality. 

13. These variables are discussed in further detail below. 

                                                 

3   See: http://www.uksteel.org.uk/stlmake1.htm (Accessed 12 April 2005) 

4  In more technical terms, iron content is measured both on the molecular level (as some molecules contain more 
Fe atoms than others), and also as a component of a mineral sample (as some deposits may contain less Fe 
atoms, on average, than others). 
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Form of iron ore 

14. Most blast furnace operators maximise the efficiency of their operations by using a 
mixture of lump, pellets and sinter. 

• From an operational point of view, at a general level, pellets are usually the most 
desirable form of iron ore, followed by sintered fines then lump.5  

• However, the particular mix (‘burden’) of these forms of iron ore can be tailored to 
suit a particular furnace. Blast furnaces differ in regards to the relative use of 
different forms of iron ore in their burden.   

15. The blast furnace burden can vary between regions for a number of reasons6   

• Lump is valued less highly in China because the multiple transfer steps necessary to 
transport iron ore to inland mills can result in significant lump decrepitation. Another 
reason is that there is large sintering capacity in China. 

• Most iron ore produced in the US has relatively low ferrous content, and thus needs 
to be ground very heavily and turned into pellets. Therefore, most US steel 
production (which has used domestic iron ore) has been tailored towards pellet 
usage.  

• In the EC, environmental laws restrict expansion of sintering capacity, thereby 
limiting the amount of sintered fines that can be used in the total burden.7  

16. A further point is that technological improvements in iron making technology have 
narrowed differences between these forms of ore. For example, the majority of flux re-
quired in the blast furnace is precalcined (burnt) in the agglomerated feed.8 Sinter from 
fines is better suited to this than pellets.9 

17. Once a blast furnace has been constructed, its burden can be changed very substantially. 
However, for technical reasons relating to the need to maintain stability of operations 
such changes must be effected gradually and require a level of monitoring. Essentially, a 
blast furnace will operate more productively, and with lower energy costs if its feed is sta-
ble. Very substantial changes to the burden of a large blast furnace generally take 6-12 
months to achieve, and would not require significant alterations to the blast furnace. An-

                                                 

5  Sintering is a process used to agglomerate fines with diameters generally less than 6mm. The process involves 
heating powdered iron ore so that the particles bond with each other to produce a porous material. Sinter is of a 
relatively low density and is brittle. As sinter tends to disintegrate on transport steel mills typically have their own 
sintering plants.  

6  EC: Case No COMP/M.2420 - Mitsui/CVRD/Caemi, Statement of Objections, 29 August 2001, para 27. 

7  European Commission (30 October 2001), Case No COMP/M.2420 – Mitsui/CVRD/Caemi, ¶105, p. 22.  

8  Flux refers to the materials used in the metallurgical processing to react with impurities to form slag. 

9  The Making of Iron and Steel, BHP 1998, p. 3. 
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other six months may then be required for the blast furnace to run optimally. Less signifi-
cant changes would take a much shorter period of time to achieve – for example, it is 
generally possible to substitute lump and pellets over a one month period. 

18. Other factors which may limit the ability to alter the burden significantly in the short term 
arise from the following factors: 

• Sintering facilities: Due to the high fixed and low marginal costs of sintering plants, 
these are often run at full capacity and thus significant capital investment may be 
required to expand capacity.  It generally takes less than two years to build a new 
sinter plant. 

• Lump quality: The maximum proportion of iron ore lump in the total burden may be 
limited by productivity considerations, i.e., less throughput is achieved using lump 
than sintered fines.  

• Long term contracts: In some market conditions (e.g., where the market is not 
growing) long-term supply contracts which specify fixed quantities of the different 
forms of iron ore that a steel producer must acquire may constrain a producer’s 
ability to switch. 

Chemical composition 

19. Iron ore deposits contain unwanted compounds, referred to as impurities, which reduce 
the productivity of blast furnace operations and weaken steel if they report to the final 
steel product. 

20. As well as oxygen principal impurities are silica, alumina, phosphorous and Loss on 
ignition levels (LOI) (principally free and bound water).10  

21. For example: 

• Alumina is undesirable because it has adverse effects on the physical properties of 
sinter at high temperatures and raises slag melting points and slag volume; 

• Silica increases the volume of slag produced.11 The higher the volume of slag pro-
duced in the blast furnace, the lower the volume of hot metal that can be produced, 
and hence the lower the productivity of the blast furnace. 

• In general, phosphorus reports to the hot metal rather than slag in the blast furnace. 
Phosphorus causes steel to be brittle, which is of particular concern if the steel mill 
produces flat products.  

                                                 

10  Other common impurities are sulphur, arsenic, titania and titanates. 

11  A proportion of the silica also enters the hot metal, which subsequently has to be removed during the steel 
making process. 
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22. In some plants there are facilities for external treatment of the hot metal, prior to charging 
it to the steel making furnace.  

• For example, steel producers have installed capital-intensive equipment to remove 
phosphorus from the hot metal in the steel making process. POSCO, one of the larg-
est steel companies in Asia, is currently installing a hot metal De-P capability at Po-
hang (South Korea) to treat 50% of its ironmake and hence will soon be able to use 
significant tonnages of high phosphorus ore. Similarly, Nippon Steel Corporation has 
hot metal De-P installed on many plants, and is currently studying inclusion of high P 
to optimise ore blend/ironmaking cost. It is likely that this equipment will be used 
widely in the future. 

• Further, blending of iron ore bodies with different types of impurity is leading to certain 
ores being commercially used that would have been discarded in the past. Blending 
can ‘level out’ impurities leading to products being created within desired quality 
ranges, thereby converting more resources into economically viable reserves.  Al-
though these blends are not necessarily as desirable as higher quality ores, prefer-
ence may be given to them if the price is low enough to compensate for their less fa-
vourable characteristics. 

23. Blending takes place at various levels of the iron ore production and delivery process.  
Blending occurs at the mine site itself, or at the port where ores from various bodies may 
be combined to produce different grade qualities than would otherwise be achievable on a 
single mine basis.  Further, blending may occur at or just prior to the steel production 
process, where for example chemically superior iron ore from Brazil may be blended with 
relatively inferior Australian iron ore. 

Ferrous content 

24. As a general rule, iron ore with higher iron content produces cheaper hot metal and steel.  

25. Continued improvements in beneficiation technology have allowed for the efficient 
concentration of ore with low iron content. For example, North American deposits with an 
iron content of less than 50% are now being successfully exploited, while in Europe and 
China the figure could be as low as 30%.12 With modern beneficiation methods and lower 
freight costs, marginal deposits become actual reserves. As these technologies continue 
to improve, world iron reserves are likely to increase.   

26. Blending (as described in paragraphs 22 to 23) can also render iron ore with low iron 
content viable. 

                                                 

12  Peters, A. T. 1982, Ferrous Production Metallurgy, John Wiley & Sons, New York, p.1.  The USGS reports that 
research and development testing on a value-added iron product was completed in Minnesota in 2004. The 
Mesabi Nugget project determined that [low quality] iron ore pellets produced in Minnesota could be converted 
to iron nuggets of 96% to 98% iron content using noncoking coals with low emissions. This product, which was 
superior to DRI and chemically similar to pig iron, could then be used in steelmaking furnaces in integrated 
steelworks and minimills. Construction of the first commercial 500,000-ton-per-year-capacity plant was planned 
for spring 2005 in Minnesota. http://minerals.usgs.gov/minerals/pubs/commodity/iron_ore/feoremcs05.pdf 
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A.1.2 Basic Oxygen Furnaces 

27. In the BOF, pig iron and scrap metal are refined into molten steel by injecting high-purity 
oxygen; this produces steel with a carbon content of between 0 and 1.5%. 

28. As well as providing a source of feed, scrap is used as a coolant to control the 
temperature generated by the chemical reactions in the BOF process. 

29. It appears that input material for the BOF ranges from 70-90% pig iron with the remaining 
proportion being scrap.13  A BOF would be unlikely to use more than 30% scrap because 
the impurities in scrap, in particular copper, affect furnace performance. 

30. Iron ore can also be used as a coolant in a BOF running on low silicon iron, thereby 
avoiding the need for scrap.14 

31. There are numerous technologies to raise scrap ratios in BOF vessels that are used at 
times when scrap metal is relatively cheap.  

32. Considerations similar to those set out in paragraph 15 mean that there is limited short-
run substitution between scrap metal and pig iron.   

33. The product of the BOF is molten steel that can be further refined into a steel alloy, cast 
into ingots and cooled, or sent to a continuous caster for final product preparation.  

A.2 EAF 

34. Steel making through the EAF method is carried out in what are known as minimills. 
Aylen (1991) describes this name as a misnomer, on the basis that EAF steelmaking is 
still subject to significant economies of scale (discussed below in paragraph 59).15 

35. While EAFs can use up to 100% scrap metal, some HBI andDRI and large amounts of pig 
iron can also be used as feedstock.  

36. The inputs are combined in the EAF, and electric power is applied to produce hot metal 
and slag. The hot metal is transferred to a ladle furnace, into which alloys are added to 
obtain the desired properties in the steel required to meet product specifications.16 

                                                 

13  See for example, Stubbles, J. The Basic Oxygen Steelmaking Process, available at: 
http://www.steel.org/learning/howmade/bos_process.htm (Accessed 17 March 2005) 

14  Aylen, J. and K.V. Albertson 1998, ’The World Market for Scrap and Iron’ in The Steel Industry in the New 
Millennium, vol. 1, Technology and the Market, Ruggero R. and J. Aylen (eds), Institute of Materials, London, 
pp. 61-74, 63. 

15  Aylen, J. 1990, ’Choice of Process Route in Steelmaking’, Ironmaking and Steelmaking, vol. 17, no. 2, pp. 110-
117, 113. 

16  Description from Crompton, P. 2001, ‘The Diffusion of New Steelmaking Technology’, Resources Policy, vol. 27, 
iss 2, pp. 87-95, 88. 
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37. The hot metal then passes through a continuous casting machine, emerging as billet that 
is cut to convenient lengths, which are further processed in a rolling mill. 

A.2.1 Inputs to EAF 

Scrap 

38. Detailed information on scrap metal is contained in Appendix B. 

DRI/HBI 

39. Other feed used in the EAF process includes DRI/HBI and pig iron, which are often 
referred to as scrap substitutes.  

40. Direct reduction (DR) refers to any process that extracts iron from iron ore without going 
though a molten phase.17 A DR furnace uses two main high-grade types of ore: DR lump 
and DR pellets, which are converted to a denser product (90%-95% iron by weight) using 
natural gas as a reductant. 18 

41. HBI is simply DRI compressed into bricks. Briquetting occurs for ease of transportation, in 
particular to minimise the risk of self-ignition and combustion through re-oxidation during 
transport.19 

42. A relatively high grade of iron ore is required to produce DRI/HBI as the process retains 
many iron ore impurities.20 Feed grade of at least 67% iron is necessary. 

43. Scrap substitutes are used to produce higher quality flat products, where they can 
account for around 35% of total metallic inputs.21 

44. They can also be used in regions and at times when there is a shortage in good-quality 
scrap required to produce premium grades of steel.22 

                                                 

17  Manson, A., A. Maurer and P. Gooday 1996, ‘Direct Reduced Iron: Adding Value to Australian Exports’, 
Australian Commodities Forecasts and Issues, vol. 3, iss. 3, pp. 360-71,360. 

18  Fines-based direct reduction processes are now under development: Manson, A., A. Maurer and P. Gooday 
1996, ‘Direct Reduced Iron: Adding Value to Australian Exports’, Australian Commodities Forecasts and Issues, 
vol. 3, iss. 3, pp. 360-71, 363. 

19  Department of Industry and Resources (WA), Opportunities in Western Australia: Direct Reduced Iron and Pig 
Iron, available at: http://www.doir.wa.gov.au/documents/investment/Opportunties_Iron.pdf (Accessed 31 May 
2005). 

20  This is because the DRI process only extracts oxygen from the ores, and the gangue constituents of the ores 
remain in the sponge iron product. No melting or refining takes place in the DRI process and almost all 
impurities in ore feed are also present in the DRI product. 

21  Crompton, P. 2001, ‘The Diffusion of New Steelmaking Technology’, Resources Policy, vol. 27, iss 2, pp. 87-95, 
87. 
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45. Another factor which may encourage the use of DRI/HBI over scrap is that the former can 
be acquired under long term price and volume contracts, whereas scrap metal is usually 
acquired on a spot basis.23  

46. In 2003, the worldwide production of pig iron was 657.3 million metric tonnes (93%), while 
the production of DRI was 47.9 million (7%) metric tonnes.24  

47. Market insiders do not expect DRI to become relatively more important as EAF feed. For 
example, it is reported that a study conducted by the IISI presented in 2000 at the Electric 
Furnace Conference, sponsored by the Iron and Steel Society, found that steelmakers 
surveyed worldwide considered that scrap would be the main feed raw material for elec-
tric furnaces in the 21st century, as it would "remain plentiful and pure enough and not be 
costlier than today".25  

A.3 CHOICE OF PRODUCTION PROCESS 

48. In 2003 about 60% of steel produced was made by the BF/BOF method, and around 34% 
was produced via the EAF route.26    

49. As illustrated in Figure 2, the proportion of steel produced by each method varies 
significantly across regions.  

                                                                                                                                                  

22  http://wajapan.net/eng/reducediron.html 

23  Manson, A., A. Maurer and P. Gooday 1996, ‘Direct Reduced Iron: Adding Value to Australian Exports’, 
Australian Commodities Forecasts and Issues, vol. 3, iss. 3, pp. 360-71, 361. 

24  International Iron and Steel Institute, World Steel in Figures: 2004 Edition, Brussels, p.17-18, available at:  
http://www.worldsteel.org/media/wsif/wsif2004.pdf (Accessed 17 March 2005) 

25  http://www.newsteel.com/2000/NW000108.htm 

26  http://www.worldsteel.org/faq_what.php 
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Figure 2:  Crude Steel Production by Process, 2003 
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Source: International Iron and Steel Institute, Steel Statistical Yearbook 2004. 

50. In some regions, EAF is emerging as the preferred method. For example, over half of 
North America's crude steel is now produced by EAFs.27  This point is especially true in 
regions that lack iron ore supplies, and are thus more dependent on scrap. In the Middle 
East for example, 83.1% of total steel production in 2003 was via the EAF method.28 

51. However, the proportion of EAF steelmaking is relatively low in Asia, when compared with 
regions producing similarly high volumes of steel.  Only 25.7% of crude steel produced in 
Asia in 2003 was made via the EAF route.  In 2003, Japan and China combined produced 
approximately 75% of the region’s steel; of this, 26.4% was produced via EAF in Japan, 
and, in China, only 14.3% was produced via EAF methods.29 In other Asian countries, 
such as Indonesia, Malaysia, and Thailand, up to 100% of total crude steel production is 
via the EAF method, making them almost totally dependent on that process.30  

52. The share of steel produced via the EAF method has increased significantly in the last 
thirty years: 

                                                 

27  On this point, see: http://minerals.usgs.gov/minerals/pubs/commodity/recycle/recycmyb03.pdf 

28  International Iron and Steel Institute, Steel Statistical Yearbook 2004, p.34. 

29  International Iron and Steel Institute, Steel Statistical Yearbook 2004, p.34. 

30  According to the IISI, Malaysia, Thailand and Indonesia produced 100% of their steel via the EAF method. The 
Philippines produced 85% of its steel via the EAF method, and the remaining 15% by the open-hearth method. 
International Iron and Steel Institute, Steel Statistical Yearbook 2004, p.34. 
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• Crompton (2001) states that the share of EAF steel-making technology in world 
crude steel production has risen from 15% in 1970 to 34% in 1997.31  Significantly, 
much of this growth is explained by countries with historically high BOF steel-making 
(i.e. US and Japan) adding to steel making capacity via the EAF route.32  

• It appears that the share of EAF steel production has been more stable in recent 
years. The IISI reports that absolute volumes of steel produced via EAF have risen 
from 229 Mt in 1994 to 315 Mt in 2003.33  As a share of total steel production, EAF 
has risen from 31.6 percent in 1994 to 32.6 percent in 2003, and some of this 
increase appears to have come at the expense of open hearth furnaces.34  

53. Originally the EAF was restricted to small scale operations, producing only long products 
(while BOF process produced both long or flat35 steel products).36  This was largely be-
cause of technological limitations, which made it hard to control residual impurities in the 
EAF process. The resulting product was typically sold locally and the number of grades 
and product types were kept to a minimum.  

54. The increase in EAF steel production is partly explained by rapid technological 
improvements in electric arc furnace design and operating performance.37 Also, ad-

                                                 

31  Crompton, P. 2001, ‘The Diffusion of New Steelmaking Technology’ Resources Policy, vol. 27, iss 2, pp. 87-95, 
88. 

32  Crompton, P. 2001, ‘The Diffusion of New Steelmaking Technology’ Resources Policy, vol. 27, iss 2, pp. 87-95, 
89. 

33  International Iron and Steel Institute, Steel Statistical Yearbook 2004, Table 11, p. 41. 

34  International Iron and Steel Institute, Steel Statistical Yearbook 2004, Table 10, 11 and 12, p. 36 and 44. 

35  “A flat steel product is a plate product or a (hot or cold) rolled strip product. Typically steel is rolled between sets 
of rollers to produce the final thickness. Plate products vary in dimensions from 10 mm to 200 mm and thin flat 
rolled products from 1 mm to 10 mm. Plate products are used for ship building, construction, large diameter 
welded pipes and boiler applications. Thin flat products find end use applications in automotive body panels, 
domestic 'white goods' products, 'tin cans' and whole host of other products from office furniture to heart 
pacemakers ... A long product is a rod, a bar or a section - typical rod products are the reinforcing rods for 
concrete, engineering products, gears, tools etc. are typical of bar products and sections are the large rolled 
steel joists (RSJ) that are used in building construction projects. Wire-drawn products and seamless pipes are 
also part of the long products group.” (http://www.worldsteel.org/faq_what.php)  

36  Flat products, such as those used in automobile bodies and consumer durables, are required to have a 
particular high surface quality: Crompton, P. 2001, ‘The Diffusion of New Steelmaking Technology’ Resources 
Policy, vol. 27, iss 2,  pp. 87-95, 88. 

37  Crompton states that the most significant design changes have been increased use of oxygen and oxy-fuel 
burners, development of water cooled panels in roof and sides of the furnace to permit higher internal 
temperatures, preheating of scrap using gas waste and continuous feeding. Another factor that has increased 
the cost competitiveness of the EAF process are improvements in continuous casting technology. In this regard 
he states: ‘not only are capital costs and energy requirements lower, but yield and productivity is higher. 
Furthermore, there has been dramatic improvements in product quality, particularly surface cracking and 
internal cleanness’  Crompton, P. 2001, ‘The Diffusion of New Steelmaking Technology’ Resources Policy, vol. 
27, iss 2,  pp. 87-95, 88. 



FMG Application to Access Mt Newman Railway Line under Part IIIA 
 
3 June 2005 CRA International 
 
 

Final Report Page 12 

vances in casting technology and the availability of scrap substitutes have enabled 
minimills to expand their output range into higher quality products.38  

55. The EAF is now able to produce flat products, which according to Manson et al (1996) 
comprise around half of the world steel market. This has allowed low capital entry into the 
flat rolled end of the market.  

56. These developments have also spurred a new stage of EAF development, with larger 
more productive furnaces being required to keep up with the metal delivery requirements 
of the these products. Typical flat products EAF plants have an annual capacity of 1 mil-
lion to 2.5 million tonnes.  

57. A recent groundbreaking development in EAF technology is the commercial development 
of a ‘strip casting’ technology.39 Strip casting involves the direct casting of molten steel 
into final shape and thickness without further hot or cold rolling.40 This process allows 
lower investment and operating costs, reduced energy consumption, and smaller scale 
plants than can be built with current technology. This process also reduces the overall 
environmental impact of producing steel by generating significantly lower emissions. In 
early 2005, Nucor announced that the Castrip process had achieved commercial viability 
and that a second Nucor location for a Castrip operation was being sought in the United 
States.41 Nucor has also announced plans to establish at least one joint venture partner 
overseas in 2005 to utilise Castrip technology.42 

58. It is difficult to predict whether the share of steel produced via the EAF method will 
continue to increase in the future.  

• Karl-Heinz Klein, chairman of Germany’s Sudweststahl, is reported to consider that all 
steel will be produced via the EAF method by 2100, however, the basis to this view 
does not appear to be rigorous;43  

• Crompton (2001) forecasts that the EAF share of steel production will rise in Japan 
from 32.8% in 1997 to 36.5% in 2010, and from 43.8% to 50.1% in the US over the 
same period.44  

                                                 

38  Manson, A., A. Maurer and P. Gooday 1996, ‘Direct Reduced Iron: Adding Value to Australian Exports’, 
Australian Commodities Forecasts and Issues, vol. 3, iss. 3, pp. 360-71, 361-362. 

39  Significantly, this technology has been discovered by Nucor, the US company that developed technologies that 
led to EAF minimills breaking into production of flat sheet products in the late 1980s - the previous preserve of 
the BF/BOF sector. 

40  http://www.nucor.com/divs.asp?iwhichone=Nucor%20Steel%20-%20Indiana 

41  http://www.castrip.com/news/newsletter/CastripNewsleter%203-05.pdf 

42  Further information on this technology can be found at: www.castrip.com 

43  http://www.newsteel.com/2000/NW000108.htm 
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• Crandall (1996) considers that in the USA the capital cost of one tonne of steel pro-
duced in an EAF mini-mills is no more than US$150 per tonne, compared to BOF capi-
tal costs of at least US$700 per tonne.45  While input prices are higher for EAF than 
BOF, the author nevertheless estimates that total costs for EAF production per tonne 
in the US did not exceed US$300.46 As a result, he predicts that, its market share will 
continue to grow strongly at the expense of integrated BF/BOF facilities.47. 

• However, the Chinese market and business environment favours steel production via 
the BF/BOF route. China (the largest steel maker) has plentiful supplies of coking coal, 
the engineering capacity to build simple BF/BOF plants; further, it lacks large amounts 
of scrap and faces acute electricity shortages.48 

• CRU predicts that the proportion of EAF steel will remain steady in the foreseeable 
future, however, it does not provide the assumptions behind this view.49  

                                                                                                                                                  

44  See: Crompton, P. 2001, ’The Diffusion of New Steelmaking Technology’, Resources Policy, vol. 27, iss 2, pp. 
87-95. Crompton argues that minimills are extremely cost-competitive, both in terms of operating cost and 
capital cost. Indeed, the cost of a minimill can be as low as half that of a basic oxygen plant. Furthermore, 
advances in casting technology, have made it possible for minimills to produce a wider range of high quality 
steel products. In this vein, minimills are located close to end-user markets, and can easily change production 
rates on demand and are thus are able to operate efficiently on a small scale. Crompton concludes therefore 
that minimills are at a competitive advantage, and uses a diffusion model to plot future take up of EAF 
technology. 

See also: Manson, A., A. Maurer and P. Gooday 1996, ‘Direct Reduced Iron: Adding Value to Australian 
Exports’, Australian Commodities Forecasts and Issues, vol. 3, iss. 3, pp. 360-71; and Crandall, R. 1996, ‘From 
Competitiveness to Competition: The Threat of Minimills to Large National Steel Companies’. Resources Policy, 
vol. 22, iss. 1-2, pp. 107-18. 

45  Crandall, R. 1996, ‘From Competitiveness to Competition: The Threat of Minimills to Large National Steel 
Companies’. Resources Policy, vol. 22, iss. 1-2, pp. 107-18, p. 110. 

46  Crandall, R. 1996, ‘From Competitiveness to Competition: The Threat of Minimills to Large National Steel 
Companies’. Resources Policy, vol. 22, iss. 1-2, pp. 107-18, p. 117. 

47  Crandall, R. 1996, ‘From Competitiveness to Competition: The Threat of Minimills to Large National Steel 
Companies’. Resources Policy, vol. 22, iss. 1-2, pp. 107-18, p. 118. 

48  Crompton states that substantial efforts have been directed towards developing alternate energy sources to 
counter the high cost of electrical energy. Improvements involving the use of cheaper forms of energy such as 
coal and oxygen, however, have achieved limited success since the cost of additional equipment tends to offset 
cost savings through a reduction in energy usage: Crompton, P. 2001, ’The Diffusion of New Steelmaking 
Technology’, Resources Policy, vol. 27, iss 2, pp. 87-95, 88. 

49  CRU 2004, The Annual Outlook for Iron Ore, pp. S- 2,3. 
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• Finally, a CRU presentation  – published in 2005 – indicates that the margin between 
global average, weighted by region prices and operating costs for hot-strip products 
would have been greater for integrated mills than for mini mills between 1996 and 
2005 – significantly encompassing a period when scrap metal prices were relatively 
high.50 

59. Today, there are several considerations that determine the choice of production process.  

• First, the cost structures of the two methods differ, with the BOF route involving 
relatively high capital costs and low operating costs, and, therefore being more 
suitable to produce large quantities of high quality steel.51 This is partly because the 
EAF process avoids the blast furnace stage of production and has no need for coke 
ovens or iron ore sintering facilities. It appears that the minimum efficient scale of an 
integrated steel plant ranges between 1 and 3 million tonnes per annum, whereas an 
EAF plant can operate efficiently producing much lower amounts.52 

- For example, Crompton (2001) states that a modern oxygen plant with an annual 
production capacity of 3MT, could require an investment of US$5billion, whereas 
BHPB’s Sydney minimill, with an annual capacity of 250,000t required a capital 
outlay of around US$220 million in 1992.53  

• Second, Crompton states that cheap scrap metal and electricity is key to the EAF 
method being relatively lower cost, as scrap costs and electricity have been 
estimated to represent respectively 75% and 10% of the operating costs of the 
EAF;54  

• Third, the EAF is often the preferred method for making high alloy and special steels, 
such as stainless steel. High alloy steels are normally produced on a much smaller 
scale due to the more specialised natures of the product and the lower tonnages 
required.  

                                                 

50  Burchell, S, ‘The Direction and Impact of Steel Mill Costs in 2005’ CRU’s 11th World Steel Conference, 6-8 
March 2005. 

51  Aylen, J. 1990, ’Choice of Process Route in Steelmaking’, Ironmaking and Steelmaking, vol. 17, no. 2, pp. 110-
117, 115. 

52  See for example: McManus G. J. 1999, ‘Alternative technology’, Iron and Steel Engineer, March 23 and ‘The 
Making of Iron & Steel’ BHP 1998. 

53   Crompton, P. 2001, ’The Diffusion of New Steelmaking Technology’, Resources Policy, vol. 27, iss 2, pp. 87-95, 
89. 

54  Crompton, P. 2001, ‘The Diffusion of New Steelmaking Technology’, Resources Policy, vol. 27, iss 2, p. 88. 
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• Fourth, despite the developments set out in paragraphs 53 to 57. BOFs still have 
advantages in the production of high quality, large scale flat products. Although it is 
now easier to control residual impurities in the EAF process, these techniques can 
affect the cost competitiveness of this process at the higher end of the market. For 
example, Crompton (2001) states that the use of alternate feeds such as DRI and 
HBI (which improve final product quality) require more electrical power than using 
scrap alone. 55 

• Fifth, EAFs are more likely to be chosen in countries with environmental laws and 
relatedly countries that encourage recycling of scrap steel. For example, increased 
environmental pressures on sinter plants in developed nations will put pressure on 
older facilities and encourage EAF production. Scrap-based EAF steelmaking 
reduces total energy requirements and correspondingly has lower emissions of 
carbon dioxide. Further, in such countries minimills operate at an advantage over 
BOF facilities, as they can operate closer to end-customers (in light commercial 
zones), reducing transport costs relative to BOF plants. 

                                                 

55  Crompton, P. 2001, ‘The Diffusion of New Steelmaking Technology’, Resources Policy, vol. 27, iss 2, pp. 87-95. 
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APPENDIX B – SCRAP METAL 

60. Scrap steel is an important input to the production of steel, under both the EAF and BOF 
processes (as detailed in Appendix A). 

61. The scale of the scrap steel industry is significantly smaller than that for iron ore.  Scrap 
use appears to be under-recorded,56 however, according to IISI statistics total scrap con-
sumption in 2002 was estimated to be approximately 382.6 Mt.57 This is significantly 
smaller than the amount of iron ore and pig iron produced in 2002, which equalled re-
spectively, 1,118 Mt and 611Mt.58 These figures are broadly consistent with Aylen et al 
(1998) who consider that at least 30% of ferrous units for world steel making came from 
recycled scrap in 1995.59 

62. The size of the world scrap steel reservoir is unknown. 

B.1 DOMESTIC AVAILABILITY OF SCRAP METAL 

63. There are three main sources of scrap metal: 

• Home scrap: scrap generated within the steel plant in the steel production process. 
Such scrap is generally remelted and used again at the same plant; 

• Purchased scrap, which can be divided into two categories: 

- Prompt industrial scrap: off-cuts generated by manufacturers. It includes such 
items as stampings left over when an appliance part is made during the 
manufacturing process or when a hole is drilled for an automobile. The largest 
source of industrial scrap is the automotive industry.  

- Old (or obsolete) scrap consists of steel products that have reached the end of 
their useful life. Examples of scrap include old automobiles, farm equipment, and 
major home appliances, steel beams, railroad tracks, ships, packaging and other 
containers. 

64. The availability of domestically produced home and prompt industrial scrap is closely 
related to current levels of domestic steel production.   

                                                 

56  Aylen, J. and K.V. Albertson 1998, ’The World Market for Scrap and Iron’ in The Steel Industry in the New 
Millennium, vol. 1, Technology and the Market, Ruggero R. and J. Aylen (eds), Institute of Materials, London, 
pp. 61-74, 61. 

57  International Iron and Steel Institute, World Steel in Figures: 2004, p.16. 

58  International Iron and Steel Institute, Steel Statistical Yearbook 2004, Table 37, p.99, and, Table 1, p.4. 

59  Aylen, J. and K.V. Albertson 1998, ’The World Market for Scrap and Iron’ in The Steel Industry in the New 
Millennium, vol. 1, Technology and the Market, Ruggero R. and J. Aylen (eds), Institute of Materials, London, 
pp. 61-74, 61. 
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65. The availability of domestic obsolete scrap is more closely related to levels of past steel 
production, average asset lives and the depth of a country’s recycling program.  

66. Table 1 (based on Australian data) shows the average asset life of each of the principal 
asset classes from which obsolete scrap is sourced. Cans, vehicles and consumer dur-
ables return to the market quickly but other items have a longer life. 

Table 1: Approximate asset lives of recoverable scrap items 

Manufactured item Approximate asset life 

Major industrial and power plant 40 

Heavy industrial machinery 30 

Rails 25 

Consumer durables 7-15 

Vehicles - all types 5-15 

Steel cans <1 

Source: BlueScope Steel60  

67. This indicates that industrialised countries that have been consuming large quantities of 
steel can be expected to have relatively larger supplies of domestically produced scrap, 
as compared with newly industrialised or developing countries. 

68. The great majority of steel is available for reuse. In the US and Australia, for example, 
71% and 65% of steel is recycled.61  

69. The main sources of scrap in Australia are represented graphically in Figure 3. 

                                                 

60  See:http://www.bluescopesteel.com/corp/navajo/display.cfm/objectID.DD8766F2-D685-477A-
AF3D7A8D82E58D7D 

61  http://www.bluescopesteel.com/corp/navajo/display.cfm/objectID.DD8766F2-D685-477A-AF3D7A8D82E58D7D 
and http://www.steel.org/news/pr/2004/2003%20Recycling%20Rates.pdf 
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Figure 3: Sources of Scrap in Australia 
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Source: BlueScope Steel62 

B.2 QUALITY OF SCRAP 

70. Scrap metal is a heterogeneous product, in the sense that scrap steel is available in 
differing classifications depending on its purity.   

71. Markets exist for all types of scrap metal, however, in order to be recycled for new uses, 
scrap metal must be specifically prepared into grades to meet industry specifications. As 
with iron ore, control of the variability of scrap impurities is a vital part of its use in all steel 
production processes. 

72. The US and Europe have developed standards to classify different forms of scrap. The 
European standard specifies the iron level, content of tramp elements, dimensions, den-
sity, and absence of unauthorized components. The scrap standards used in the US, pub-
lished by the Institute of Scrap Recycling Industries, principally specify physical specifica-
tions, although individual mills specify metallurgical contents.63 

73. It is reported that since the adoption of the European Scrap Grading System in 1996 by 
Europe’s steel and scrap trade groups (Eurofer and EFR), "steel scrap has undergone a 
quality-assurance revolution in Europe".64 

                                                 

62  See: http://www.bluescopesteel.com/corp/navajo/display.cfm/objectID.DD8766F2-D685-477A-
AF3D7A8D82E58D7D 

63  http://www.isri.org/specs/specs.pdf 

64  http://www.newsteel.com/2000/NW000108.htm 
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B.3 SCRAP INDUSTRY 

74. Machinery and equipment is required to process and manufacture ferrous metallic scrap 
into prepared grades. 

75. The capital costs involved in setting up a scrap processing plant are relatively low. 

76. The crane is the industry’s most typical piece of equipment. In addition, most plants have 
an hydraulic baling press and an alligator shear or hydraulic guillotine shear. Giant shred-
ders are relatively uncommon.65 

77. In 1993, the US Institute of Scrap and Recycling Industries, Inc provided the following 
information relating to the capital costs required to start up operations:66 

Table 2: Capital Equipment required for Scrap Iron and Steel Processing 

Equipment Function Cost (USD) 

Crane  $100,000 – $750,000 

Electromagnets  They are attached to the crane, 
and sort ferrous scrap from other 
materials 

$30,000 – $65,000+ 

Bailing press Compress metals that required 
greater density before remelting 

$125,000 – $3million 

Guillotine Shear Slices heavy pieces of steel such 
as ship plate, pipe, and railroad car 
sides 

$300,000 to $4million 

Shredder Shreds scrap metal $1 to $5million 

Other equipment Scales, turning crushers, 
briquetter, and motor block 
crushers 

 

Transportation equipment  Truck fleets and containers  

Source: Institute of Scrap Recycling Industries 

B.4 TRADE 

78. There is a growing international trade in scrap67 and hence increasingly the small size of 
domestic scrap supply need not hinder the adoption of EAF production. 

79. Table 3 provides 2002 estimates of international trade in scrap.  

                                                 

65  http://www.isri.org/isri-downloads/scrap2.pdf 

66  http://www.isri.org/isri-downloads/ironq.pdf 

67  Aylen, J. and K.V. Albertson 1998, ’The World Market for Scrap and Iron’ in The Steel Industry in the New 
Millennium, vol. 1, Technology and the Market, Ruggero R. and J. Aylen (eds), Institute of Materials, London, 
pp. 61-74, 61. 
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Table 3: Consumption, Imports, Exports and Apparent Domestic Supply of scrap steel; 2002 

Region 
Consumption 

(Mt) Imports (Mt) Exports (Mt) 
Apparent 
Domestic 

Supply (Mt) 

European Union 86.1 26.8 26.2 85.5 

Other Europe 29.1 5.7 4.9 28.2 

Former USSR 44.9 0.1 9.6 54.4 

NAFTA 71.4 6.3 11.3 76.4 

Central and South 
America 12.1 ... ... 12.1 

Asia 134.4 24.7 6.9 116.6 

World 382.6 63.6 60.1 379.0 

Source: IISI, World Steel in Figures: 2004 Edition, p. 16. 

80. According to the IISI, in 2002 the six largest suppliers of scrap steel (as measured by 
apparent domestic supply) were: the US (58.8 Mt); the former USSR (54.4 Mt); Japan 
(49.2 Mt); China (32.2 Mt); Germany (22.2 Mt); and South Korea (16.9 Mt). 

81. The six largest consumers of scrap were: the US (53 Mt); the former USSR (44.9 Mt); 
Japan (43.4 Mt); China (40 Mt); South Korea (24 Mt); and Italy (19.8 Mt).   

82. Approximately 62 Mt of scrap metal was internationally traded in 2002, representing 
approximately 15% of all scrap.68  The main trade flows of scrap are from the heavily in-
dustrialized and developed countries of North America and Europe to lesser developed 
steelmaking countries. The six largest net importers of scrap were: China (7.9 Mt); South 
Korea (7.1 Mt); Spain (5.4 Mt); Turkey (5 Mt); Italy (3.8 Mt); and Belgium-Luxembourg 
(3.6 Mt). The largest net exporters of scrap were: the former USSR (9.5 Mt); the US (5.9 
Mt); Japan (5.8 Mt); the United Kingdom (5.5 Mt); Germany (3.1 Mt); and France (1.9 Mt).  

83. IISI statistics indicate that by 2003 Turkey was the largest importer of ferrous scrap, 
importing approximately 11.1 Mt, closely followed by China at approximately 10.5 Mt.69  

84. Aylen and Albertson (1998) find that domestic scrap prices worldwide always ‘move in 
step’ i.e. are co-integrated. They examine US, UK and German scrap prices between 
1977 and 1998, and find clear evidence of co-integration between the three price se-
ries.70 While the price for scrap is set domestically, the various domestic prices are co-

                                                 

68  Calculated as the average of the import and export volumes in Table 2. 

69  International Iron and Steel Institute, World Steel in Figures  2004, Table 41, pp. 103-4. 

70  Aylen, J. and K.V. Albertson 1998, ’The World Market for Scrap and Iron’ in The Steel Industry in the New 
Millennium, vol. 1, Technology and the Market, Ruggero R. and J. Aylen (eds), Institute of Materials, London, 
pp. 61-74, 64. 
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integrated. Each domestic price is volatile, yet the differential between two countries is 
rarely substantial. This is because when the difference between two domestic prices is 
great, scrap traders profit by trading the commodity between the high-price location and 
the low-price location, thus dampening demand in the high-price country and increasing 
demand in the low-price country. 
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APPENDIX C – IRON ORE IMPORT/EXPORT STATISTICS 

C.1 CHINA 

Table 4: Iron Ore Imports into China, by Top 5 Exporters, 1995 - 2004 

Imported Tonnage (thousand tonnes) 
Country of 

Origin 
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 

 Australia 20,649 22,779 30,836 25,613 24,341 32,750 38,032 42,784 58,172 78,137

% change ... 10% 35% -17% -5% 35% 16% 12% 36% 34%

 Brazil 6,934 6,478 7,815 8,958 11,519 14,815 24,539 29,774 38,396 46,035

% change ... -7% 21% 15% 29% 29% 66% 21% 29% 20%

 India 2,982 3,922 6,069 6,970 9,000 10,996 16,984 22,461 32,301 50,076

% change ... 32% 55% 15% 29% 22% 54% 32% 44% 55%

 South 
Africa 4,802 5,564 5,310 5,658 7,037 8,040 8,972 10,298 9,560 11,099

% change ... 16% -5% 7% 24% 14% 12% 15% -7% 16%

 Peru 4,028 2,534 2,362 2,745 1,949 1,733 1,839 1,977 2,198 3,502

% change ... -37% -7% 16% -29% -11% 6% 7% 11% 59%

World  41,058 43,873 54,970 51,846 55,384 69,971 92,393 111,423 148,198 207,978

% change ... 7% 25% -6% 7% 26% 32% 21% 33% 40%

Note: The figures here correspond to harmonised export codes: HS 260110 (Iron Ore, NESOI & Non-

Agglomerated Iron Ores) and HS 260112 (Agglomerated Iron Ores). Total world imports include Top 5 

importers. 

Source: GTIS. 
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Figure 4: Share of Chinese iron ore import market, 1995 - 2005 
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Source: GTIS. 

C.2 JAPAN 

Table 5: Iron Ore Imports into Japan, by Top 5 Exporters, 1995 - 2004 

Imported Tonnage (thousand tonnes) 
Country of 

Origin 
1995   1996   1997   1998   1999   2000   2001   2002   2003   2004   

 Australia 58,727 59,528 65,016 63,649 66,123 70,975 70,022 74,280 80,260 85,441

% change ... 1% 9% -2% 4% 7% -1% 6% 8% 6%

 Brazil 27,628 26,646 29,129 25,773 23,760 26,958 24,796 25,019 23,898 23,953

% change ... -4% 9% -12% -8% 13% -8% 1% -4% 0%

 India 18,325 15,892 16,413 15,892 15,164 16,610 15,652 15,504 14,105 12,139

% change ... -13% 3% -3% -5% 10% -6% -1% -9% -14%

 South Africa 4,700 4,628 4,832 4,536 4,412 4,973 5,048 4,735 5,134 4,794

% change ... -2% 4% -6% -3% 13% 2% -6% 8% -7%

 Philippines 4,744 4,546 4,487 3,663 3,852 4,307 3,724 3,598 4,373 4,638

% change ... -4% -1% -18% 5% 12% -14% -3% 22% 6%

 World 120,435 119,205 126,600 120,782 120,107 131,733 126,297 129,088 132,081 134,884

% change  ... -1% 6% -5% -1% 10% -4% 2% 2% 2%

Note: The figures here correspond to harmonised export codes: HS 260110 (Iron Ore, NESOI & Non-

Agglomerated Iron Ores) and HS 260112 (Agglomerated Iron Ores). Total world imports include Top 5 

importers. 

Source: GTIS. 
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Figure 5: Share of Japanese iron ore import market, 1995 - 2004 
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Source: GTIS. 
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C.3 SOUTH KOREA 

Table 6: Iron Ore Imports into South Korea, by Top 5 Exporters, 1996 - 2004 

Imported Tonnage (thousand tonnes) 
Country of 

Origin 
1996   1997   1998   1999   2000   2001   2002   2003   2004   

 Australia 10,352 18,474 17,528 20,844 21,114 28,241 26,152 27,416 27,346

% change  ... 78% -5% 19% 1% 34% -7% 5% 0%

 Brazil 6,659 11,532 9,535 10,448 12,232 11,650 11,285 11,040 12,369

% change  ... 73% -17% 10% 17% -5% -3% -2% 12%

 India 2,656 2,919 2,806 1,679 2,820 2,967 2,877 1,998 2,313

% change  ... 10% -4% -40% 68% 5% -3% -31% 16%

 Chile 937 2,101 1,794 1,482 1,067 912 1,151 381 572

% change  ... 124% -15% -17% -28% -14% 26% -67% 50%

 South Africa 671 1,219 779 628 467 586 1,032 1,109 879

% change  ... 82% -36% -19% -26% 25% 76% 7% -21%

 World 22,568 38,592 33,612 35,400 38,980 45,875 43,311 43,069 44,225

% change  ...  71% -13% 5% 10% 18% -6% -1% 3%

Note: The figures here correspond to harmonised export codes: HS 260110 (Iron Ore, NESOI & Non-

Agglomerated Iron Ores) and HS 260112 (Agglomerated Iron Ores). Total world imports include Top 5 

importers. 

Source: GTIS. 

Figure 6: Share of South Korean iron ore import market, 1996 - 2004 
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Source: GTIS. 
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C.4 UNITED STATES 

Table 7: Iron Ore Imports into the US, by Top 7 Exporters, 1996 - 2004 

Imported Tonnage (thousand tonnes) 
Country of 

Origin 
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 

Canada 9,048 9,800 9,968 8,520 6,863 7,991 4,527 5,570 6,992 5,831

% change ... 8% 2% -15% -19% 16% -43% 23% 26% -17%

Brazil 4,814 5,173 5,078 5,984 5,541 6,085 4,260 5,749 4,977 5,021

% change ... 7% -2% 18% -7% 10% -30% 35% -13% 1%

Venezuela 2,466 2,140 2,085 1,059 327 349 87 49 21 262

% change ... -13% -3% -49% -69% 6% -75% -44% -56% 1132%

Australia 570 511 742 807 694 755 576 567 128 0

% change ... -10% 45% 9% -14% 9% -24% -2% -77% -100%

Chile 57 164 228 48 69 135 711 319 296 244

% change ... 190% 39% -79% 43% 97% 425% -55% -7% -18%

Sweden 47 48 57 276 421 250 70 44 88 111

% change ... 2% 20% 383% 52% -41% -72% -38% 101% 26%

Peru 54 43 252 126 63 39 71 85 77 55

% change ... -20% 483% -50% -50% -38% 80% 21% -10% -29%

World 17,509 18,382 18,599 17,009 14,244 15,677 10,645 12,479 12,610 11,750

% change ...  5% 1% -9% -16% 10% -32% 17% 1% -7%

Note: The figures here correspond to harmonised export codes: HS 260110 (Iron Ore, NESOI & Non-

Agglomerated Iron Ores) and HS 260112 (Agglomerated Iron Ores). Total world imports include Top 7 

importers. 

Source: GTIS. 
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Figure 7: Share of US iron ore import market, 1995 - 2004 
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C.5 TAIWAN 

Table 8: Iron Ore Imports into Taiwan, by Top 5 Exporters, 1996 - 2004 

Imported Tonnage (thousand tonnes) Country 
of Origin 1996   1997  1998  1999  2000  2001  2002   2003   2004  

 Australia 5,580 8,313 8,245 7,943 9,237 9,872 9,778 9,753 9,789 

% change ... 49% -1% -4% 16% 7% -1% 0% 0% 

 Brazil 3,516 4,418 4,120 3,860 3,917 4,264 3,617 3,914 4,239 

% change ... 26% -7% -6% 1% 9% -15% 8% 8% 

 India 529 776 1,163 684 806 550 577 690 831 

% change ... 47% 50% -41% 18% -32% 5% 20% 20% 

 Canada 119 464 367 638 792 743 724 1,013 731 

% change ... 289% -21% 74% 24% -6% -3% 40% -28% 

South 
Africa 73 72 147 111 107 132 144 144 76 

% change ... -1% 105% -24% -3% 23% 9% 0% -47% 

 World 10,075 14,043 14,042 13,237 14,860 15,571 15,242 15,608 15,667 

% change ...  39% 0% -6% 12% 5% -2% 2% 0% 

Note: The figures here correspond to harmonised export codes: HS 260110 (Iron Ore, NESOI & Non-

Agglomerated Iron Ores) and HS 260112 (Agglomerated Iron Ores). Total world imports include Top 5 

importers. 
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Figure 8: Share of Taiwanese iron ore import market, 1996 - 2004 
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Source: GTIS. 

C.6 EUROPEAN UNION 

Table 9: Iron Ore Imports into the EU, by Top 5 Exporters, 1999 - 2004 

Imported Tonnage (thousand tonnes) Country of 
Origin 1999   2000   2001   2002   2003   2004   

 Brazil 47,509 56,965 56,054 53,836 59,134 68,219 

 % change ... 20% -2% -4% 10% 15% 

 Australia 17,691 21,805 16,556 16,059 16,755 12,965 

  % change ... 23% -24% -3% 4% -23% 

 Canada 12,135 14,868 12,980 12,824 14,175 10,820 

  % change ... 23% -13% -1% 11% -24% 

 Mauritania 10,069 10,047 9,389 9,982 8,569 9,611 

  % change ... 0% -7% 6% -14% 12% 

 South Africa 5,266 5,020 5,137 6,268 4,375 7,262 

  % change ... -5% 2% 22% -30% 66% 

 World 108,846 126,369 116,810 116,729 120,020 126,152 

  % change ...  16% -8% 0% 3% 5% 
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Note: This table is a consolidation of customs data from the 15 EU countries that made up the EU before 2004. 

Different reporting standards across countries may cause slight inconsistencies in this data. CRA has excluded 

intra-EU trade in iron ore from these statistics. The figures here correspond to harmonised export codes: HS 

260110 (Iron Ore, NESOI & Non-Agglomerated Iron Ores) and HS 260112 (Agglomerated Iron Ores). Total 

world imports include Top 5 importers.  

Source: GTIS; CRA analysis. 

Figure 9: Share of the EU iron ore import market, 1999 - 2004 
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APPENDIX D – BARRIERS TO ENTRY 

85. Table 10 details the expansion plans of the four largest iron ore producers. 

Table 10: Production profile of four largest iron ore producers, 2004-2012 

  2004 2005 2006 2007 2008 2009 2010 2011 2012 Growth 

CVRD            

Carajas 70.0 77.0 82.0 88.0 92.0 95.0 100.0 100.0 100.0 43% 

Minas Centrais 16.7 17.0 28.0 34.0 34.0 34.0 34.0 34.0 34.0 104% 

Itabira 43.8 46.0 46.0 46.0 46.0 46.0 46.0 46.0 46.0 5% 

Mariana Complex 20.3 28.8 43.0 45.0 42.0 42.0 42.0 42.0 42.0 107% 

Minas do Oeste  18.5 20.0 23.0 23.0 28.0 28.0 28.0 28.0 28.0 51% 

Caemi 42.0 44.0 45.0 45.0 45.0 45.0 45.0 45.0 45.0 7% 

Urucum 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0% 

Subtotal 212.0 233.5 267.7 281.7 287.7 290.7 295.7 295.7 295.7 39% 
Pellets (total) 53.6 55.1 55.1 55.1 64.6 73.1 73.1 73.1 73.1 36% 

Pellets (attributable) 35.2 36.5 36.5 36.5 42.7 48.5 48.5 48.5 48.5 38% 

Total CVRD 265.6 288.6 322.8 336.8 352.3 363.8 368.8 368.8 368.8 39% 
Attributable CVRD 247.2 270.0 304.2 318.2 330.4 339.2 344.2 344.2 344.2 39% 
             

Rio Tinto            

Hamersley 78.1 85.5 100.9 116.0 129.0 137.0 142.0 142.0 142.0 82% 

Robe River 48.5 52.8 55.0 55.3 55.8 62.0 65.0 65.0 65.0 34% 

IOCC 11.1 14.7 15.3 15.3 15.3 15.3 15.3 15.3 15.3 38% 

Corumba 1.3 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 15% 

Total RTIO 139.0 154.5 172.7 188.1 201.6 215.8 223.8 223.8 223.8 61% 
Attributable RTIO 106.4 116.6 132.2 146.9 160.2 171.4 178 178 178 67% 
             

BHP Billiton            

Mt Newman 28.1 28.9 29.4 33.4 35.6 36.9 43.2 53.4 53.4 90% 

Jimblebar 6.5 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 2% 

Goldsworthy 5.7 6.3 7.4 7.4 7.4 7.4 7.4 0 0 n/a 

Yandi 40.6 42 42 42 42.5 44 47.6 50 50 23% 

Mining Area C 13.7 23 25 25 26 32.2 38.1 40 40 192% 

Total BHPB 94.5 106.8 110.4 114.4 118 127 142.8 150 150 59% 
Attributable BHPB 81.3 91.8 94.8 98.2 101.3 108.9 122.3 128.5 128.5 58% 
             

Anglo American            

Sishen 27 28 28 31 38 38 38 38 38 41% 

Thabazimbi 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 0% 

Total A. Am 29.5 30.5 30.5 33.5 40.5 40.5 40.5 40.5 40.5 37% 
Attributable A. Am 19.8 20.4 20.4 22.4 27.1 27.1 27.1 27.1 27.1 37% 

Source: Macquarie Research (Equities), Iron Ore Industry Outlook (18 May 2005), p.18. 

86. In addition to the four major players outlined above, there are other smaller players 
emerging in the iron ore market. These include: 
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• Aztec Mining’s main project is the Koolan Island Iron Ore project adjacent to the 
Cockatoo Iron Ore Mine, off the Western Australian coast in the Kimberly region.  
The current resource estimates of the main pit and satellite ore bodies stands at 
39.5mt at 64.8 per cent iron. AZR is currently completing a bankable feasibility study 
on an initial 2mtpa operation ramping up to 3mtpa within the first 18 months of 
production. Initial capital estimates were put in the range A$50 to A$60m, with a 
wharf and ship loader comprising the bulk of this. Construction is expected to start 
during the third quarter of the 2005 current year.71 

• Fox Resources, which recently entered into an agreement to acquire the Cape 
Lambert magnetite iron ore project, 10km south west of Rio Tinto’s loading port at 
Cape Lambert in the Pilbara.  Fox is also entering into a joint venture to earn a 60 
per cent interest in the Bandicoot Range Project near Kununarra in the Kimberley 
region of WA.72  

• Gindalbie Metals, which is currently looking at a staged development of the large iron 
ore resources at the Blue Hills Iron Ore Project, 45km east of Koolanooka in the mid-
west region of WA, with initially a direct shipping project followed by a long term 
concentrating pelletising operation. In February 2004 it also completed a scoping 
study on the Mt Karara iron ore deposit at Blue Hills. It has now moved onto the 
feasibility stage with the commencement of a detailed drilling program.73 

• Grange Resources, which has focused its efforts on the potential development of the 
Southdown Magnetite project located 90km northeast of the Port of Albany in WA. It 
recently completed a scoping study on the development of the project as an iron ore 
pellet operation, which assessed the potential to produce approximately 6.5mtpa of 
magnetite concentrate grading 69+ per cent iron to be piped to Albany for shipment 
to a new pelletising plant to be developed in Malaysia. It is aiming to have the 
feasibility study completed by year’s end with statutory approvals by mid-2006. 
Commissioning is targeted for end 2008 with first production in 2009.74 

• Mid West Corporation is a Western Australian-based company involved in the 
development of a direct shipping 1mtpa iron ore project and an iron ore pellet project 
based on the Koolanooka tenements 180km east of Geraldton where reserves stand 
at 430mt of magnetite ore. It also has a third project in the works, the Weld Range 
Project with resources of 132mt at 55.6 per cent iron and project potential of 400-
500mt. Mid West is undertaking a $5 million exploration program this year to 
advance the project to a pre-feasibility study in early 2006.75 

                                                 

71  Macquarie Research Equities, Australia: Iron Ore Industry Outlook, 18 May 2005, p.134. 

72  Macquarie Research Equities, Australia: Iron Ore Industry Outlook, 18 May 2005, p.134. 

73  Macquarie Research Equities, Australia: Iron Ore Industry Outlook, 18 May 2005, p.134. 

74  Macquarie Research Equities, Australia: Iron Ore Industry Outlook, 18 May 2005, p.134. 

75  Macquarie Research Equities, Australia: Iron Ore Industry Outlook, 18 May 2005, p.135. 
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• Mt Gibson Iron listed in early 2002 as an emerging iron ore producer. In February 
2004 the company commenced production at 1.8mtpa from the Tallering Peak 
project, 170km from the port of Geraldton in WA. The project contains resources of 
21mt of direct shipping grade haematite ore, is now ramping up to 3.0 mtpa and is 
expected to generate earnings of close to A$50m for the 2006 financial year and 
over A$59m for the 2007 financial year. The company’s other project is covering the 
Mt Gibson Hematite and Magnetite deposits, also near Geraldton. These deposits 
are expected to produce a similar operating profit to Tallering Peak. At Extension 
Hill, Mt Gibson has established a proven resource of over 200mt of magnetite. Mt 
Gibson also holds 61 per cent of Asia Iron Holdings which is progressing a feasibility 
study (expected to be completed in August 2005) in conjunction with Nanjing Iron 
and Steel group on the development of a 5.0mtpa iron pellet plant in Nanjing with ore 
supplied from Mt Gibson. Construction is earmarked for the end of 2005 with first 
production estimated in early 2007.76  

• Murchinson Metals is basing its iron ore project on the Jack Hills Project 350km 
north east of Geraldton, which contains an inferred resource of 67mt at 62 per cent 
of direct shipping ore. The company is planning development in two stages. Stage 1 
has had a feasibility study completed on it which has evaluated the commencement 
of a 1mtpa operation with start-up towards the end of 2005. A larger Stage 2 project 
will follow, to be funded by Stage 1 cash flow). With an expanded resource base the 
company envisages a 9–10mtpa project involving new railway and port facilities 
costing between A$400-500m. Murchinson estimates that the project could be 
implemented within 24-30 months.77 

• Sphere Investments - In 2001 Sphere signed a joint venture with the Mauritanian 
government iron ore producer Societe Nationale Industrielle et Minere (SNIM) to 
conduct a bankable feasibility study into developing the Guelb el Aouj magnetite 
deposits. Inferred resources stand at 225mt at 36 per cent iron. Sphere and SNIM 
plan to develop a new iron ore mine, beneficiation plant and pelletising plant to 
produce high grade direct reduction pellets for export.78 

87. Furthermore, there are a number of small iron ore explorers and associated projects 
currently underway. These include:79 

• Alkane  (Nullagine) 

• Aquila Resources (Hamersley Region) 

• Atlas Gold (Pardoo Creek east of Port Hedland) 

                                                 

76  Macquarie Research Equities, Australia: Iron Ore Industry Outlook, 18 May 2005, p.135. 

77  Macquarie Research Equities, Australia: Iron Ore Industry Outlook, 18 May 2005, p.136. 

78  Macquarie Research Equities, Australia: Iron Ore Industry Outlook, 18 May 2005, p.136. 

79  Macquarie Research Equities, Australia: Iron Ore Industry Outlook, 18 May 2005, p.136. 
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• AusQuest Limited (Rocklea east of Paraburdoo) 

• Golden West (Wiluna West) 

• Helix Resources (Yalleen Project – Hamersley) 

• Iron Ore Holdings (Adjacent to Yandi – Hamersley) 

• Pelican Resources (Cockatoo Royalty and Bellary Springs) 

• Polaris (Bullfinch Mayfield Magnetite Project) 

• Territory Iron Limited (Frances Ck NT) 

• Traka Resources (Ravensthorpe WA) 

• Reed Resources (Mt Finnerty – Koolyanobbing) 

• Resource Mining Corporation (Argyle Iron Project). 
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APPENDIX E – THEORETICAL FRAMEWORK AND LITERATURE 
REVIEW ON VERTICAL INTEGRATION 

88. The ‘make or buy’ decision is the decision to organise transactions within the firm as 
opposed to on the open market. This decision determines the boundaries of the firm. 

89. The Transaction Cost Economics (TCE) approach sees the ‘make or buy’ decision as 
dependent primarily on the relative costs of internal versus external exchange. TCE takes 
the following as its starting point: 

1. In many exchange relationships, it is difficult to specify the contracting parties’ 
obligations i.e. there are ‘incomplete contracts’; 

2. In many cases, parties become locked in to one another to some extent over the 
course of their relationship. In other words, there are ‘ex post quasi rents’ because 
the value of trade inside the relationship exceeds the value of outside trading 
opportunities. 

3. Given the above conditions, contracting parties face the hazard of ex post 
opportunistic behaviour. In particular, each party to the contract may engage in 
inefficient behaviour to ‘hold up’ the other party. 

4. The resulting reduction in the efficiency of the trading relationship may, if significant 
enough, motivate one of the trading parties to capture efficiencies by bringing the 
relationship in-house – in effect by merging with the other party. 

5. Where such mergers involve trading parties in adjacent steps of the production 
process, vertical integration occurs – hence the theorised link between incomplete 
contracts and vertical integration. 

6. Such vertical integration brings its own costs, particularly from increased 
bureaucracy and reduced incentives for what used to be the ‘selling’ party to 
perform. 

Each of these steps is discussed in greater detail below. This is then followed by an 
overview section which discusses some of the complications and developments from the 
basic TCE model. 

E.1 INCOMPLETE CONTRACTS 

90. There are numerous costs involved in contracting80: 

                                                 

80  Klein, B., R. Crawford and A. Alchian 1978, ‘Vertical Integration, Appropriable Rents and the Competitive 
Contracting Process’, Journal of Law and Economics, vol. 21, pp. 297-326. 
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1. Transaction and information costs involved in reaching an agreement. These may 
include the costs of contractually specifying all the relevant quality dimensions. The 
more detailed the contract in terms of its specification of contingencies and the 
resulting obligations flowing from these contingencies, the more costly it is to draft. 
Furthermore, even if they wanted to, parties cannot anticipate all the contingencies 
that may affect the costs of performing their respective contractual obligations. 

2. Enforcement costs in assuring compliance with the resulting agreement. As 
discussed in greater detail below, this is complicated further where specialised 
assets are involved. Even where all the relevant quality dimensions can be 
specified, the threat of production delays may serve as an effective bargaining 
device that both parties would be tempted to use opportunistically depending on 
post-contractual developments. The contract can be clearly enforceable but still 
subject to post-contractual opportunistic behaviour. Again, the more specifications 
and qualifications are in the contract, the higher the resulting enforcement costs 
and possible resulting litigation costs. 

3. Following from the point above, even if it was feasible to draft a contract stating 
each party’s obligations in every state of the world, such a contract may not be 
enforceable in practice because of problems of verifiability. That is, enforceable 
contracts can only be made contingent on information that the parties will share 
and that courts can verify. Furthermore, for such a contract to be credibly enforced, 
it also requires the implementation of a very high default penalty together with a 
credible commitment by both parties not to renegotiate this penalty. If the judge is 
able to verify everything, then an incomplete contract fixing the price and 
implementing a penalty can tackle all the problems associated with incomplete 
contracts. But this would seem like a big ‘if’ as legal practitioners would be well 
aware. The latter point is also significant because if parties cannot precommit to 
abiding by the contract and its relevant default penalties, then the contract in effect 
becomes incomplete again, no matter how well it was drafted. 

91. The higher costs outlined above, the more incomplete the resulting contract is likely to be 
in anticipating and providing suitable provisions for all possible contingencies. This is be-
cause it is, in the real world, too costly for parties involved to draft a perfect contract (in-
cluding perfect in its enforceability) as resources and even gains from trade are limited 
and it would not be in each party’s interests for the costs of contracting to exceed antici-
pated gains from trade. However, any incompleteness in the contract will expose parties 
to risks if circumstances change unexpectedly, rendering the original agreement no 
longer effective. The more incomplete the contract, the greater the risks if unanticipated 
events occur. As we shall see, post-contractual developments can create opportunities for 
one party to ‘hold-up’ the other i.e. to take advantage of the other party’s weaker position 
to extort better terms and conditions. 

92. The classic example in the economic literature of how incomplete contracts (that is, 
inadequately specified contracts) can lead to opportunistic ‘hold-ups’ is the Fisher Body 
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case documented by Klein81 (note that the Fisher Body story as traditionally recounted in 
the economic literature has since been contradicted by Casadesus-Masanell and Spul-
ber82 but we will recount it as it has been told as it provides a good example – for more 
discussion of the true story behind the Fisher Body case, see further below). In 1919, 
Fisher Body was contracted by General Motors (GM) to make metal bodies for GM auto-
mobiles and, according to Klein, had to make an investment in stamping machines that 
were highly specific to GM automobile designs.  

93. At first glance, the resulting contract between the two parties seemed to address all 
potential hold-up problems between the two. The contract had an exclusive dealing 
clause that required GM to buy all closed metal bodies from Fisher Body for ten years. 
The contract also specified a pricing formula which set Fisher Body’s compensation for its 
services at variable costs plus a 17.6 per cent ‘uplift’ to take account of capital and devel-
opment costs that were hard to measure. There was also a most favoured nation (MFN) 
clause requiring Fisher Body to charge GM at prices comparable to those it charged other 
customers  purchasing ‘similar’ metal bodies. The exclusive dealing clause was meant to 
protect Fisher Body from being held-up by GM (in case GM threatened to take its busi-
ness elsewhere after Fisher Body had made its investment in customised stamping ma-
chines unless Fisher Body reduced its prices). This particular clause would, under the 
circumstances, have given sufficient guarantees to Fisher Body to invest in the stamping 
machines. The pricing formula and MFN clause on the other hand were meant to protect 
GM from being held-up by Fisher Body (in case Fisher Body raised its prices or reduced 
quality, effectively claiming ‘more for less’ in the course of the ten year contract). 

94. Despite or rather, in part because of all this, opportunities for hold-up still arose. A 
significant post-contractual development which threw the carefully drafted contract be-
tween GM and Fisher Body out of joint was that by 1924, cars with closed metal bodies 
(such as those designed by Fisher Body), which used to be a novelty, became highly de-
manded whereas cars with open wooden bodies fell out of favour in the marketplace. Be-
cause demand for closed metal bodies rose so dramatically, Fisher Body was in a posi-
tion to extract more from GM if it wanted to - and it did. However, it did so in a manner 
that ostensibly complied with its contractual obligations, by taking advantage of a loophole 
arising from a clause of the contract that was meant to protect Fisher Body against hold-
up by GM. It took advantage of the variable costs plus 17.6 per cent price formula by 
adopting inefficiently labour intensive production methods and refusing to locate its opera-
tions adjacent to the GM plant. Thus it could in effect get a 17.6 per cent premium simply 
by assigning more staff to a project. In this way, it was able to inflate its claims for com-
pensation.  

95. In the terminology of Klein, the increase in demand for closed metal bodies placed Fisher 
Body’s short run hold-up potential outside the ‘self-enforcing range’. What this means is 
that within some range, opportunism is not profitable because the short run returns from 

                                                 

81  Klein, B. 1988, ‘Vertical Integration as Organisational Ownership: The Fisher Body-General Motors Relationship 
Revisited’, Journal of Law, Economics and Organisation, vol. 4, no. 1, pp. 199-213. 

82  Casadesus-Masanell, R. and D. Spulber 2000, ‘The Fable of Fisher Body’, Journal of Law and Economics, vol.  
43, pp. 67-104. 
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opportunism (i.e. extracting higher prices from one’s buyer) does not exceed the long run 
costs in terms of damage to future business with the present buyer and other potential 
buyers due to getting a bad reputation as a reliable trading partner. However, the in-
crease in demand for Fisher Body’s services was so substantial that the short run hold-up 
profits that Fisher Body could extract from GM obviously exceeded any long run losses to 
future business – thus post-contractual market developments in effect put Fisher Body 
outside the ‘self-enforcing range’ with respect to its contract with GM. 

96. It is worth noting from the above example that uncertainty about the circumstances that 
may prevail after the contract is entered into (but is still on foot) is the primary reason why 
complete contracting is impossible. The greater the prevailing uncertainty in the business 
environment, the more likely that any particular contract is either likely to lead to out-
comes disagreeable to one or both parties or will end up having to be renegotiated. 

E.2 ASSET SPECIFICITY 

97. As noted in the previous section, incomplete contracts create opportunities for one party 
to a contract to hold up the other. These opportunities for hold-up and the potential costs 
to the held-up party are magnified where there are asset specificities involved, that is, 
where the investments made by each party to the contract are characterised by such high 
complementarities that they are substantially more valuable when employed together than 
in their next best alternative uses. An example of such complementarities or co-
specialisation of assets is an electricity generation plant that is located at the mouth of a 
coalmine. 

98. Asset specificity implies that given any particular agreed contractual price paid to the 
owner of the asset, if that price is reduced further, it may still elicit continued supply of 
services from that asset because the asset holder faces less lucrative options outside the 
relationship. In economic terminology, parties to a relationship involving asset specific 
investments may perceive opportunities for appropriable quasi-rents, where quasi-rents 
refer to payments above the bare minimum needed to elicit continued supply of a service. 
Such quasi-rents may, depending on the circumstances, be appropriable by one party at 
the expense of the other because of developments after the conclusion of a contract. The 
degree of asset specificity depends on the degree to which assets’ value depends on the 
continuation of the particular contractual relationship. 

99. It is worth emphasising that such situations are one of bilateral dependence – each 
party has the potential to be held hostage by the other because of the existence of appro-
priable quasi-rents associated with each party’s investments. Which of the parties has the 
opportunity to hold up the other depends on the particular postcontractual development.  

100. Thus, going back to the Fisher Body example, one would think that Fisher Body would be 
the party that is more easily ‘held up’ because it had to invest in stamping machines that 
were specific to GM designs. However, what actually happened was that the demand for 
metal bodies increased so dramatically after the entry into the contract between the two 
that GM did not consider it feasible to terminate its contract with Fisher Body and search 
for an alternative supplier of metal bodies, despite the fact that Fisher Body took advan-
tage of a contractual loophole to extract more payments from GM. Thus the chain of cau-
sation runs from the asset specificity leading to bilateral dependence and consequently 
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the existence of quasi-rents enjoyed by both sides as a result of their mutual dependence. 
The vulnerability of such quasi-rents to appropriability in turn has implications for both the 
bargaining process prior to the formation of the contract and the consequences of post-
contractual developments. It is worth distinguishing between these two effects, though 
both are equally significant in terms of their impacts on incentives for vertical integration. 

101. The existence of appropriable quasi-rents means that the costs of contracting are higher 
because each party has the incentive to bargain hard and strategically in order to take as 
much advantage of opportunities for holding up the other party as possible while minimis-
ing its own opportunities for hold-up. Thus the pre-contractual bargaining process is likely 
to be more protracted when each party is aware of the existence of appropriate quasi-
rents arising from their investments. It follows logically that the higher the costs of nego-
tiation, the more likely that the resulting contract will be incomplete for the reasons out-
lined in the previous section. There is simply going to come a point when the parties will 
decide it is not worth refining the contract even further and this point will be reached 
sooner where large amounts of resources have already been expended on bargaining. 

102. The implications of appropriable quasi-rents do not end there. Post-contractual 
developments may create incentives for one of the parties to demand a revision of the 
terms of the contract. Thus, to return to the GM-Fisher Body example, let us assume that 
a price escalator clause had not been incorporated into the contract between the two 
companies but that there was nonetheless a dramatic increase in demand for metal bod-
ies.  

103. In that case, Fisher Body could conceivably have demanded a substantial increase in its 
payments and GM would have had no choice but to grant it those new terms insofar as 
the gain from breach was greater than any correspondingly loss from contractual dam-
ages or damage to commercial reputation. Under ‘normal’ market conditions, so-called 
‘reputation effects’ could have disciplined Fisher Body sufficiently even if it could actually 
credibly claim to be willing to use its specialised assets elsewhere, because the bad repu-
tation that comes from reneging might undermine Fisher Body’s ability to find another 
partner. However, in our current example, such repercussions would be of little consola-
tion for GM if the effect of calling Fisher Body’s bluff was that GM’s competitors gain a 
temporary but overwhelming advantage of being able to produce metal bodied cars on 
demand which they are then able to leverage into a long-term advantage. Given the 
stakes involved, GM would have little choice but to accede to Fisher Body’s demands. 

104. Of course what is evident from the example above is that one could also easily think of 
circumstances under which Fisher Body is the party that gets held-up. Thus even after 
entry into a contract, neither party to a relationship involving asset-specific investments 
will be totally safe from hold-up threats. Even absent extraordinary developments which 
confer overwhelming bargaining advantages on one party, the incompleteness of con-
tracts (exacerbated in this case by asset specificity) would mean that even relatively mi-
nor changes in the business or industrial environment could create incentives for one of 
the parties to demand a revision of terms. In such cases or in cases where the contract 
automatically comes up for renewal after the original contract has expired, the same in-
centives for strategic bargaining arise again and the same additional costs have to be 
incurred in the resulting negotiations. In the words of Williamson, both the buyer and 
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seller are strategically situated to bargain over disposition of any incremental gains when-
ever a proposal to adapt the contract is made by one of the parties. 

105. Another interesting case study which also illustrates the danger of contracts seemingly 
tailored against hold-up risk backfiring and actually creating opportunities for hold-up is 
the Alcoa-Essex case. In this case, Essex, an aluminium cable manufacturer, located its 
cable fabrication plant next to Alcoa, an aluminium production facility, thereby permitting 
shipments of aluminium from Alcoa to Essex. The Essex plant, by its proximity to Alcoa’s 
facility, reduced the costs of transportation but created the potential for Alcoa to hold-up 
Essex because Alcoa could threaten to increase the price of its delivered aluminium at 
least up to levels where Essex would have been just as better off locating its plant some 
further distance away from the Alcoa facility. To address these hold-up risks, Essex en-
tered into a long-term contract with Alcoa that included a pricing formula whereby Alcoa 
agreed to process aluminium for Essex at specified output rates and the price was tied to 
the wholesale price index for industrial commodities. However, this arrangement did not 
anticipate the oil price shock of the 1970s which resulted in Essex’s electricity costs in-
creasing at a faster rate than the wholesale price index. Because of this development, by 
June 1973, Essex was getting aluminium from Alcoa at half the market price. 

E.2.1 Types of asset specificity 

Some of the more important types of asset specificity are as follows: 

• Site specificity – Site specificity develops when the investing party has to locate 
its facilities close to its contracting party to reduce transportation costs. Because 
relocation costs are high, site specificities lock parties into an exchange 
relationship for the useful life of the asset; 

• Physical specificity – Physical specificity results when the operational 
characteristics of an asset are optimised for a customer’s requirements. An 
example is the GM-Fisher Body relationship where Fisher Body had to invest in 
specific stamping machines incorporating GM designs which would not have 
been easily transferable to the service of other automobile manufacturers; 

• Human asset specificity – Human asset specificity arises when an employee 
invests in acquiring knowledge and skills appropriate to her current employer 
which would not be in as high demand by other potential employers. For 
example, a computer programmer may need to commit a large amount of time to 
learning a particular computer language which his employer depends on for its IT 
operations but which is no longer used much elsewhere; 

• Temporal specificity – Temporal specificity can be classified as a form of site 
specificity that occurs when timely responsiveness is needed in moving a 
processed input from one stage of production to another. One example is a 
newspaper publisher’s use of a printing press to get its daily papers out. It is 
highly unlikely that the publisher would contract with a printer on an ‘as needed’ 
basis and far more likely that it will either own its own printer or have a long term 
relationship with a particular printer. 
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E.3 THE DECISION TO VERTICALLY INTEGRATE AND THE RESULTING TRADEOFFS 

106. As discussed above, the costs associated with the drafting of a contract between a buyer 
and seller will be magnified if each party must commit asset specific investments to fulfil 
the terms of the contract. This is primarily because the resources expended to negotiate a 
favourable distribution of gains from trade tend to be larger when there is the potential for 
appropriable quasi-rents on each side of the contract, as there would be where asset 
specific investments are involved. The magnified contractual costs under such circum-
stances and the high risk of expropriation on both sides can result in an incomplete con-
tract that fails to take account of all contingencies. As the Fisher Body case demon-
strates, even contracts that are designed to minimise hold-up risks on both sides can, 
given a sufficiently large and unanticipated economic ‘shock’, enable one party in an as-
set specific relationship to hold-up the other party.  

107. Thus, the implications of asset specificity do not end with the drafting of the first contract. 
Given that either contracts eventually need to come up for renewal (since there is a limit 
on how long-term a contract can be) or the need will eventually come up to adapt the con-
tract to changing circumstances, there will be further haggling and other costs incurred 
through the life of the relationship. The ever present risk of expropriation of quasi-rents of 
one party by the other may hinder efficient and timely adjustments to contracts as both 
parties will have incentives to bargain strategically over the division of gains from trade.  

108. The resulting reduction in the efficiency of the trading relationship may, if significant 
enough, motivate one of the trading parties to capture efficiencies by bringing the rela-
tionship in-house – in effect by merging with the other party. Where such mergers involve 
trading parties in adjacent steps of the production process (i.e. where the buyer in ques-
tion is the downstream producer of output purchasing production inputs from the seller), 
vertical integration occurs – hence the theorised link between incomplete contracts and 
vertical integration. 

109. However, the move to vertical integration has costs as well as benefits so that ultimately 
the ‘make or buy’ decision which in turn determines the boundaries of the firm hinges on 
the weighing that the parties make of the respective costs and benefits of continuing to 
trade contractually versus integrating and thereby incorporating the formerly traded prod-
uct into the internal workings of a firm.  

110. In discussing the tradeoffs involved, Williamson makes a distinction between two kinds of 
adaptation83.  

111. Adaptation A refers to adaptation to changing prices, resulting in allocative efficiency – for 
instance when a buyer has the option of exiting from a relationship with a seller and mov-
ing to another seller who offers better terms and conditions. Obviously this form of adap-
tation will be hindered once the relationship between the buyer and seller is no longer a 
contractual one or one that occurs on a spot market and the buyer has acquired the 
seller, vertically integrating it into its operations. This type of adaptation is therefore better 

                                                 

83  Williamson, O. 1991, ‘Comparative Economic Organisation: The Analysis of Discrete Structural Alternatives’, 
Administrative Science Quarterly, vol. 36, pp. 269-96. 
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achieved by contracting within a spot market. Adaptation C refers to the ability to cooper-
ate as a team, including by coordinating investments, where such coordination is benefi-
cial for the interests of both parties. This form of adaptation is better achieved by internal 
coordination within a firm, 

112. Williamson also considers the capacity for administrative control versus incentives for the 
two forms of organisation (market versus firm). The basic idea is that once the seller is 
integrated into the buyer’s operations, the incentives which motivate the seller (if we re-
gard her as now being an employee of the firm owned by the buyer) will be less high-
powered than they would have been if the seller remained a contracting partner. One rea-
son for this is that whatever incentive scheme is offered an employee could conceivably, 
insofar as it incorporates a fixed wage component and insofar as there is a greater im-
plied element of continuity in the relationship (subject to the employee-seller performing at 
such low levels that he gets fired) be less ‘high powered’ than if the employee had re-
mained an independent contractor and therefore continued to be, in effect, a residual 
claimant on returns earned by ownership of the upstream asset. 

113. Other possible costs of vertical integration which have been noted in the economic 
literature are84: 

• General bureaucratic costs arising from the fact that vertical integration, by 
increasing the size of the acquiring firm, may result in additional hierarchy levels 
and therefore allows for increasing levels of slack and managerial perquisites 
within a firm; 

• A vertically integrated firm that does not fully utilise sufficient input to achieve 
minimum economies of scale may be at a cost disadvantage relative to a firm that 
contracts out production of its upstream inputs to an efficient supplier which 
specialises in the production of that input and is therefore able to achieve full 
economies of scale. 

114. Against these possible adverse incentive effects of integrating, the main benefits are the 
increased capacity to speedily and efficiently adapt the relationship between the previous 
seller and the buyer to changing circumstances. Upstream and downstream parties that 
were previously engaged in strategic bargaining with each other are now fellow employ-
ees and as managers of divisions can be more easily required to cooperate with each 
other. These advantages are reinforced by the following changes which may follow inte-
gration of a supplier into the internal hierarchy of the buyer: 

• proposals to adapt require less documentation; 

• internal disputes are resolved by fiat rather than arbitration; 

                                                 

84  Mahoney, J. 1992, ‘The Choice of Organisational Form: Vertical Financial Ownership Versus Other Methods of 
Vertical Integration’, Strategic Management Journal,  vol. 13, pp. 559-584. 
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• information can be more easily and accurately assessed in large part because 
there is now less reason for parties to strategically hide information from each 
other. 

115. Table 11 summarises the above comparisons. ‘Market’ refers to the stereotypical ‘spot 
market’ transaction whereas ‘hybrid’ refers to a mode of organisation in between ‘market’ 
and ‘hierarchy’ e.g. a long-term contract. Of course, in reality there is a continuum be-
tween ‘market’ and ‘hierarchy’. A + indicates superiority in the particular measure of per-
formance. 

Table 11: Performance of different forms of organisation 

 Market Hybrid Hierarchy 

Incentives ++ + 0 

Administrative control 0 + ++ 

Adaptation A ++ + 0 

Adaptation C 0 + ++ 

 

116. Wernerfelt’s model85 is particularly pertinent in illustrating some of the advantages of 
organisation through a firm as mean of better facilitating Williamson’s so-called Adapta-
tion C. It looks at a situation where a buyer with time varying needs wants to buy a string 
of human asset services (of course the results of his model can be plausibly extrapolated 
to other types of asset services). Given this basic problem the model compares a number 
of ‘game forms’ by which the buyer can meet his needs. One, called the ‘hierarchy game 
form’, corresponds to production within a firm and involves the buyer and seller engaging 
in a once and for all negotiation over wage payments, after which the buyer describes 
desired adjustments, and either party can terminate the relationship at will. The model 
and resulting empirical tests predict that ‘hierarchy’ i.e. organisation within a firm, is more 
likely to be used when many diverse and frequent adjustments to demand for relevant 
asset services are needed. 

117. Another aspect of coordinative efficiency arises because when assets are strongly 
complementary as they would be in the presence of specificities, a higher level of one 
significantly increases the value of the other. Thus there are likely to be multiple patterns 
of investment in each asset that are mutually consistent with one another and yet only 
one of these combinations maximises the joint value of the assets. In this case, explicit 
coordination is more likely to result in the choice of the value maximising pattern of in-
vestment. Therefore highly complementary assets are better off under common owner-
ship. 

                                                 

85  Wernerfelt, B. 1997, ‘On the Nature and Scope of the Firm: An Adjustment Cost Theory’, Journal of Business, 
vol. 70, no. 4, pp. 489-514. 
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118. The benefits of vertical integration are best illustrated by another concrete example. It 
was alluded to in the first section that there are conflicting interpretations of the Fisher 
Body case and a recent interpretation is that the integration of Fisher Body into GM owed 
nothing to issues of opportunism. Nonetheless this case study still conforms to the gen-
eral predictions of TCE and to the typology of benefits summarised in the table above.  

119. According to the latest interpretation of the Fisher Body case86, Fisher Body did not price 
opportunistically to take advantage of the loophole suggested by the cost plus pricing for-
mula. In fact, many Fisher Body plants were already located next to GM plants. Nor was 
there as strong an element of specificity in Fisher Body’s investments as the standard 
narrative implies, as Fisher Body’s predominant manufacturing technology still used open 
wooden bodies. However, the merger between GM and Fisher Body was driven by strong 
efficiency considerations, in particular to facilitate better coordination of investments be-
tween the two companies. 

120. One reason this was important was in order to create an assurance of supply of auto 
bodies to GM. Closed metal auto bodies were seen as a source of competitive advantage 
for GM in its competition with Ford and GM thought the best way to cement this advan-
tage was by owning an auto body producer. Vertically integrating with Fisher Body, with 
which it had a good working relationship for many years seemed like a logical choice. 
Fisher Body was converted into a division of GM at the time of the merger, which then 
allowed GM to integrate auto body production into the newly created system of inventory 
and production management and interdivisional coordination.  

121. Furthermore, coordination in the production of automobiles gives rise to elements of 
temporal specificity as well as asset specificities. A critical aspect of such coordination is 
guaranteeing that all components and parts are produced according to the correct techni-
cal specifications and are delivered precisely when needed – parts deliveries must be 
adjusted to production schedules and demand fluctuations to avoid shortages and costly 
excess inventories. Vertical integration makes the production process easier to coordinate 
because authority relationships within the firm allow for timelier responses to contingen-
cies by facilitating informal communication and flexibility. Aiding these considerations 
would have been the high cost of telecommunications, billing and invoicing and air travel 
at the time of the merger. Integration also allowed for operating economies and more 
comprehensive sharing of common resources, further bringing down such costs. In par-
ticular, GM divisions shared financial, marketing and administrative resources. 

122. The advantages of efficient coordination are also realised in the area of personnel policies 
as the merger gave Fisher access to the skills of the Fisher brothers. The merger made it 
feasible for the Fisher brothers to dedicate all their time to servicing GM rather than hav-
ing to share their time with that of GM’s competitors. 

123. The GM-Fisher Body merger was part of a wider trend. Chandler attributes the extensive 
vertical integration in American business between 1900 and 1917 to efficiencies of admin-

                                                 

86  Casadesus-Masanell, R. and D. Spulber 2000, ‘The Fable of Fisher Body’, Journal of Law and Economics, vol.  
43, pp. 67-104. 
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istrative coordination and the desire to assure more certain supply of stocks and raw ma-
terials87. 

124. A model by Riordan88 takes a slightly different perspective on our discussion of the 
tradeoffs involved in choosing between vertical integration and contracting, focusing on 
the informational advantages of vertical integration.  

125. In essence, Riordan’s model is concerned with vertical integration as a means for a firm 
to access better information about its upstream costs. Comparing ‘requirements contract-
ing’ with vertical integration, the model finds that under contracting the owner of an up-
stream asset which forms an input into the production process of the buyer cannot com-
mit to reporting the cost of producing the asset truthfully. This result can be interpreted 
and related back to our earlier discussion as owing to the incentives for parties to a con-
tract to strategically bargain in order to get the lion’s share of distribution of the gains from 
trade. To put this another way, the upstream producer profits from misrepresenting costs 
to justify a higher price for its product. Riordan’s model also assumes that the down-
stream buyer cannot commit to a price until after investments are sunk.  

126. A logical implication of Riordan’s model is that under vertical integration, the downstream 
producer’s desire to obtain accurate information about upstream costs is better satisfied. 
With the upstream producer now part of the firm, periodic internal audits can be con-
ducted rather than the downstream producer having to elicit information from its trading 
partner under conditions where both have incentives to be coy. 

127. In any case the upstream producer now has far less incentive to misrepresent costs to the 
downstream producer as it is now getting a fixed wage. On the other hand, the model 
characterises the costs of vertical integration as arising from the fact that it is costly for 
the downstream producer to supervise or monitor the efforts of the manager of upstream 
production to achieve cost reductions in its ‘product’. Such incentives were previously im-
plicitly enforced through competition. Even if monitoring of effort is possible, there is no 
natural metric for effort. Though bonuses can be paid contingent on some measure of the 
firm’s overall profitability and the upstream manager/employee’s contribution to that prof-
itability, these bonuses will likely be a small fraction of total compensation and therefore 
have only small incentive effects. Riordan summarises the respective tradeoffs as follows: 

Vertical integration – contracting for inputs instead of outputs – conveys better information 
about upstream variable costs. Consequently, vertical integration yields more efficient 
quantity decisions but undermines managerial incentives for cost reduction. 

128. While Riordan’s model is important for highlighting informational issues associated with 
vertical integration, this should not overshadow the main lesson from the TCE literature. 
This is that vertical integration facilitates better adaptation of the relationship between an 
upstream and downstream producer under the administrative control of the firm, though 

                                                 

87  Chandler, A. 1980, The Visible Hand, Belknap Press. 

88  Riordan, M. 1990, ‘What is Vertical Integration?’ in M. Aoki, B. Gustafson and O. Williamson (eds), The Firm as 
a Nexus of Treaties, Sage, London. 
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this comes at the expense of so-called Adaptation A i.e. adaptation to changing prices in 
the market. The superior adaptation properties of such internal organisation, flowing from 
reduced incentives for hold-up risk on either side, can provide a better setting for incen-
tives by both parties to coordinate investment in complementary assets. In addition, verti-
cal integration facilitates internal auditing of costs, which further improves output deci-
sions. The reporting systems which are set up within the internal hierarchy of a firm 
should also facilitate better communications. 

129. Similarly ideas can be found in a model by Wiggins89 where the difference between 
organisation of production through long-term contracts and within firms is captured in 
terms of how the relevant supplier is compensated. Long term contracts are modelled as 
arrangements where the compensation to the supplier of the product is ultimately in the 
form of a residual payment, specifically the residual earnings of the portion of production it 
manages (since the supplier is an entrepreneur).  

130. By contrast, when that same supplier is integrated into a firm, it becomes an employee-
manager getting a fixed wage. The contractual allocation leads to a first best effort by the 
supplier in reducing costs but the incentive to distort transfer prices – that is, the incentive 
to hide or exaggerate the true costs of production in order to get a better price. However, 
this incentive to distort is only significant and can only work for the supplier (who other-
wise faces competition) when there is both cost and revenue uncertainty. Therefore com-
plexity in the commercial environment as manifested in high cost and revenue uncertainty 
can undermines the efficiency of contractual arrangements in a market relative to coordi-
nation within a firm. This is because in Wiggins’ model, feasible contracts can handle ei-
ther highly complex demands or cost conditions but not both. 

131. On the other hand, firm-based compensation attenuates incentives to distort transfer 
prices because compensation is tied to overall firm performance. This allows low cost ad-
justment to both cost and revenue shocks. But at the same time it also undermines effort 
incentives. 

E.4 CRITIQUES OF AND FURTHER DEVELOPMENTS FROM THE TCE THEORY OF THE 
FIRM 

E.4.1 Empirical research into asset specificity as a determinant of vertical 
integration 

132. The majority of empirical studies have confirmed the hypothesis arising from TCE that the 
greater the degree of asset specificity involved in a particular contractual relationship, the 
greater the degree of vertical integration. Table 12 summarises these studies. 

 

                                                 

89  Wiggins, S. 1990, ‘The Comparative Advantage of Long-Term Contracts and Firms’, Journal of Law, Economics 
and Organisation, vol. 6, no. 1, pp. 155-170. 
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Table 12: Empirical Research into Asset Specificity as determinant of Vertical Integration 

Study Results 

Monteverde and 
Teece90 

Tested relationship between in-house production and asset specificity in 
the automobile industry and found that asset specificity is a statistically 
significant predictor of vertical integration. 

Masten, Meehan and 
Snyder91 

Engineering effort as a proxy for human asset specificity affects the 
integration decision more than physical or site specificity. 

Levy92 Ratio of value-added to sales is used as a cross-industry measure of 
vertical integration. Cross sectional study. Number of firms and amount 
of R&D spending is used as measures of asset specificity. Variance of 
sales used as a measure of uncertainty. Data from 69 firms 
representing 37 industries. Each of the independent variables is found 
to have a statistically significant effect on the likelihood of vertical 
integration. 

Coles and Hesterly93 Looked at the make or buy decision of 15 hospital services and found 
that the higher the asset specificity, defined as the service requiring 
equipment which could not be used to provide similar services in other 
hospitals and which had low salvage value, the higher the probability 
that the service would be provided in-house rather than contracted out. 

Anderson and 
Schmittlein94 

Use of direct salesmen was found to be positively correlated with an 
index of human asset specificity measured on the basis of time needed 
for a new salesman to become familiar with the firm’s product lines. 

Joskow95 Mine-mouth coal generating plants were more likely to be vertically 
integrated or induced to sign long term contracts with independent coal 
suppliers. 

Joskow96  Amount of coal supply specified in the contract is a good indicator of 
presence of dedicated assets because with a contract breach, the seller 
can find itself with excess capacity and the purchaser cannot obtain 
alternative supplies. This variable was also positively correlated to 
contract length. 

                                                 

90  Monetverde, K. and D. Teece 1982, ‘Supplier Switching Costs and Vertical Integration in the Automobile 
Industry’, Bell Journal of Economics, vol. 13, pp. 206-13. 

91  Masten, S., J. Meehan and E. Snyder 1998, ‘Vertical Integration in the US Auto Industry: A Note on the 
Influence of Specific Assets’, Journal of Economic Behaviour and Organisation, vol. 12, pp. 265-73. 

92  Levy, D. 1985, ‘The Transaction Cost Approach to Vertical Integration: An Empirical Examination’, Review of 
Economics and Statistics, vol. 67, pp. 438-45. 

93  Coles, J. and W. Hesterly 1998, ‘The Impact of Firm-Specific Assets and the Interaction of Uncertainty: An 
Examination of Make or Buy Decisions in Public and Private Hospitals’, Journal of Economic Behaviour and 
Organisation, vol. 36, pp. 383-409. 

94  Anderson, E. and D. Schmittlein 1984, ‘Integration of the Sales Force: An Empirical Examination’, Rand Journal 
of Economics, vol. 15, no. 3pp. 385-95. 

95  Joskow, P. 1985, ‘Vertical Integration and Long Term Contract: The Case of Coal-Burning Electric Generating 
Plants’, Journal of Law, Economics and Organisation , vol. 1, pp. 33-81. 
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Study Results 

Masten et al97 Measure of importance of having component on schedule in study of 
make or buy decisions for a sample of components from a large naval 
construction project. Integration was associated with such temporal 
specificity.  

E.4.2 Uncertainty 

133. As was discussed, incomplete contracts increase incentives to vertically integrate. While 
the existence of asset specificities increases the stakes for the parties being ‘held up’, the 
incidence of contracts running aground because they cannot take account of all contin-
gencies will tend to rise with increased uncertainty. Therefore increased uncertainty, 
should, all other things being equal, lead to increased vertical integration.  

E.4.3 Knowledge transfers and common assets 

134. Information transmission between upstream and downstream firms may be facilitated by 
integration. Where leaps in knowledge occur or when nature of knowledge transfer in-
volves ongoing investments or engagements, it may be more efficient for the firms to in-
tegrate. With integration, claims about the value of knowledge are then backed up by fi-
nancial responsibility that comes with pairing cash flow and control rights. 

E.4.4 Property rights theory of the firm 

135. The Property Rights Theory (PRT) is best regarded as a more developed and formalised 
version of TCE. It starts from similar assumptions – namely that there are costs involved 
in incomplete contracts and such costs are greater where there is the potential for each 
party to such a contract to expropriate quasi-rents from the other party. However it pro-
ceeds to develop more specific predictions, particularly about the direction of integration 
i.e. who should become the common owner of assets implicated in a contractual relation-
ship.  

136. The standard PRT model of vertical integration is by Grossman and Hart98. Under the 
PRT approach such as that found in Grossman and Hart, ownership of non-human assets 
is the defining characteristic of firms. Such asset ownership is in turn defined in terms of 
residual rights of control, namely the right to make any decisions concerning an asset’s 
use that are not explicitly controlled by law or assigned by one party to another in a con-
tract. Thus asset ownership by definition gives the owner bargaining power when unfore-
seen or uncovered contingencies arise which force parties to negotiate how relationships 

                                                                                                                                                  

96  Joskow, P. 1987, ‘Contract Duration and Transaction Specific Investments: Empirical Evidence from Coal 
Markets’, American Economic Review, vol. 77, pp. 168-85. 

97  Masten, S., J. Meehan and E. Snyder 1991, ‘The Costs of Organisation’, Journal of Law, Economics and 
Organisation, vol. 7, no. 1, pp. 1-26. 

98  Grossman, S. and O. Hart 1986, ‘The Costs and Benefits of Ownership: A Theory of Vertical and Lateral 
Integration’, Journal of Political Economy, vol. 94, pp. 696-702. 
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should continue. Note the linkage between this concept and the incomplete contracts 
problem which has been one of the focuses of TCE. When it is too costly for one party in 
a contractual relationship to specify a long list of particular rights it desires over the other 
party’s assets and vice versa (as it usually is in real life) then both parties may agree that 
rather than incurring costs during renegotiation everytime disputes arise which involve 
unspecified rights, both may be better off if one of the parties purchases these ‘residual 
rights’. 

137. In other words, the problem of residual rights in the assets owned by each party to a 
contract may be resolved by one party owning these rights for all relevant assets. The 
purchase of these rights effectively amounts to a decision to integrate because it means 
that one of the parties will be able to direct the actions of the other where unforeseen or 
uncovered contingencies arise. PRT predicts that such ownership has efficiency conse-
quences. In particular, the party that gets to own the asset will have more of an incentive 
to invest in it, while the party that no longer owns any asset has reduced incentives to 
invest in the asset that it used to own.  

138. On the basis of this, PRT predicts that there will be incentives for the parties to integrate 
but this has to be traded off against the now reduced incentives of the previous owner 
who no longer has ownership of the upstream asset. PRT also makes specific predictions 
about the pattern of integration. Given the conditions discussed here, the direction of in-
tegration (i.e. which of the two parties ends up owning the residual rights and directing 
control of the assets involved in the contractual relationship) will depend on whose in-
vestment is more important. For instance, assume the two parties are 1 and 2. If 1’s in-
vestment incentives are much more important than 2’s to the value of the commercial re-
lationship and correspondingly, 2’s underinvestment resulting from the vertical integration 
is relatively less important, then it will be efficient for 1 to become the residual owner of 
both assets i.e. to in effect integrate 2 into its operations. What distinguishes PRT from 
TCE (and this may in part be a function of the greater formalisation in PRT) is that distor-
tions remain even with integration. In Grossman and Hart’s model, the distortion arises 
from the fact that there will be some degree of overinvestment by the owner of both as-
sets and some degree of underinvestment by the party now being directed. Thus it is 
more explicit in PRT that the market vs. firm decision ultimately involves a comparison of 
the efficiency costs associated with the two organisational forms and which form is pre-
ferred depends on which costs are better tolerated by the parties to the relationship. 

E.4.5 Asset specificity or short run contracting costs? 

139. While the TCE models discussed have hinged on asset specificity, a different perspective 
is provided by Milgrom and Roberts99 who argue that the crucial costs associated with the 
decision on whether or not to vertically integrate are the costs of bargaining over short-
term contracts. Short term in this context is defined as a period short enough so that all 
the information that is relevant for current decisions is already available.  

                                                 

99  Milgrom, P. and J. Roberts 1990, ‘Bargaining Costs, Influence Costs and the Organisation of Economic Activity’, 
in J. Alt and K. Shepsle (eds), Perspectives on positive political economy, Cambridge University Press, New 
York. 
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140. They construct a model where asset specificity does not make a difference to the make or 
buy decision but bargaining costs do. According to their model, if the cost of negotiating 
short-term contracts is zero, then spot market transactions will always be efficient and 
there will be no need for vertical integration to capture efficiencies. Their model assumes 
that the parties are risk-neutral and that the contracting parties hold common beliefs 
about current and future market conditions. 

141. Their model rules out the possibility of parties writing long-term contracts that restrict their 
future behaviour but finds that despite thus constraint, similar to those assumed in TCE 
models, the actions taken by parties governed by a series of short run contracts would in 
respect of all contingencies be identical to those taken in an ideal contract – that is, the 
efficient, complete contract the parties would sign if there were no restrictions at all on 
contracting ability. 

142. Their proof hinges on the idea that threats by parties to appropriate quasi-rents such as 
those that allegedly occurred in the Fisher Body case are not threats to efficient conduct 
so long as bargaining costs are zero. This is because under the assumption of zero short 
term bargaining costs, the parties can always preemptively compensate each other 
against the risk of such threats with initial cash payments.100.  

143. The model by Milgrom and Roberts is equally important for its emphasis on the positive 
bargaining costs in the real world that inhibit the formation of efficient short term contracts 
and what they call the costs of centralised authority that come with vertical integration. 
Bargaining costs, under their taxonomy, arise from the following: 

4. Coordination failures similar to the ones already discussed e.g. in coordinating 
complementary investments; 

5. Information acquisition costs which are incurred because individuals operating under 
short term contracts will typically spend socially excessive amounts to determine 
private benefits and costs from an agreement when only total costs and benefits 
matter; 

6. Private information about preferences that may result in parties strategically 
misrepresenting the true value of goods and services. 

144. Against these cited costs of organising transactions through the market must be balanced 
the following costs of centralised authority (i.e. costs of organising via a firm). These costs 
have usually been discussed in the context of costs that regulators may make and in the 
context of the costs of a centrally planned economy, but they apply analogously in the 
context of a firm too: 

                                                 

100  They claim that the assumption of risk neutrality is not necessary to their result. To support this proposition, they 
cite another result from the economic literature (Fudenberg, D, B. Holmstrom and P. Milgrom 1990, ‘Short term 
contracts and long-term agency relationships’, Journal of Economic Theory , vol. 51, pp. 1-32) but do not further 
develop this point. 
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1. Inappropriate interventions may occur because those with increased authority are 
unable or unwilling to resist interfering when they should not; 

2. Even within a firm that itself operates in a competitive market, there is sufficient 
‘padding’ within a firm for parties operating within it to expend resources seeking to 
influence the centralised authority for their own private ends e.g. to obtain 
perquisites. Milgrom and Roberts categorise these costs as ‘influence costs’. 

E.5 CASE STUDIES 

145. The purpose of this section is to discuss a number of case studies from the empirical 
economic literature of various industries that are characterised by issues similar to those 
applicable to BHP’s rail track (i.e. various forms of asset specificities including temporal 
specificities). 

E.5.1 The US trucking industry 

146. The US trucking industry at first glance does not seem to fit the predictions of TCE. 
Commentators have tended to characterise trucks as a generic asset given their high 
mobility, simplicity of operation, ease of redeployment and thick resale market, which all 
suggest that they would not be characterised by asset specificity. Despite this, owner-
operators account for only roughly one third of trucks in the US. Though this is still high, it 
is a bit of a puzzle why the owner-operator mode of operation is not more dominant as the 
lack of asset specificity would seem to support independent contracting as the most effi-
cient mode of operation for trucking services. Instead the dominant mode of operation for 
provision of trucking services is through company drivers i.e. organisation of drivers within 
the hierarchy of a firm. 

147. Nickerson and Silverman’s paper 101 attempted to solve this puzzle. They begin by 
confirming that if eliciting the optimal effort and vehicle maintenance was the sole concern 
of for-hire trucking providers then owner-operators would be the superior mode of organi-
sation. This is because of the following reasons: 

• Owner operators, as the residual claimants of revenues from provision of trucking 
services, would be more motivated to expend effort than company drivers. 
Company drivers, by contrast, would not, for instance, bear the full costs of idle 
equipment; 

• Because owner operators are compensated by residual claims on their vehicles 
and fully internalise all costs and benefits of the efficient operation of their 
vehicles, they would seem to have appropriate vehicle maintenance incentives. 

148. However, there are other considerations that reduce the relative effectiveness to trucking 
service providers of contracting out their drivers. 

                                                 

101  Nickerson, J. and B. Silverman 2000, ‘Why Aren’t all Truck Drivers Owner-Operators? Asset Ownership and the 
Employment Relation in Interstate for Hire Trucking’, available from 
http://papers.ssrn.com/sol3/papers.cfm?abstract_id=157354 
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149. The first is that though an owner-operator may have a stronger incentive to expend effort 
than a company driver, the effort may not be expended on the current carrier. That is, pre-
cisely because the owner-operator has control over his own truck, he may be tempted to 
abandon the existing carrier if a more lucrative contract becomes available or he may 
threaten such action in order to get better terms. In understanding this argument, it is im-
portant to note that of course there is a limit to how often an owner-operator can credibly 
threaten a carrier since the owner operator is itself running a business and has its own 
market reputation to think of. It is important to refer back to the arguments made in a pre-
vious section about there being a self-enforcing range for contracts. Within that range, the 
expected costs in terms of future loss of business from the current carrier and possibly 
other carriers as the owner operator’s bad reputation gets around may exceed whatever 
short-term gains it can expect to make from ‘holding up’ the carrier. 

150. However, it is possible that circumstances may arise which make the short term gains 
from hold-up exceed any other costs. It is highly likely that such opportunities would be 
common for hire trucking services where the timely transport of goods is an imperative 
and the lack of timeliness has severe repercussions for the business prospects of the car-
rier. If an owner-operator asks for better terms and conditions from a carrier in the event 
that a more lucrative carrying contract comes up, it is likely that such an event will corre-
late with other owner-operators being occupied and therefore the carrier having few alter-
natives to turn to. In this situation of high general demand for trucking services, there will 
be a quasi-rent which the owner operator will be tempted to extract from the carrier. 

151. The potential for such hold-up opportunities can of course be minimised if the assets in 
question (i.e. the truck) were owned by the carrier herself. In other words, independent 
asset ownership can lead to control problems for the carrier, leading to a preference for 
company drivers (i.e. internalising truck driving operations within the carrier’s firm) even if 
this comes at the expense of slightly lower-powered incentives for drivers. 

152. Secondly, independent asset ownership can also affect the carrier’s potential legal 
remedies if the driver breaches or threatens to breach a contract. Essentially, a carrier 
can threaten a company driver with loss of livelihood, depriving him of the truck, if he finds 
out that the company driver has been misusing the truck to pursue more lucrative con-
tracts at the expense of the carrier. But if the offending driver is an owner-operator, then 
aside from reputational considerations that may result in some self-enforcing range, out-
side that range the carrier cannot credibly penalise the driver too much if the driver en-
gages in breach. Furthermore, legal remedies may fail to provide optimal penalties for any 
blatant breaches of contract because of complications involved in assessing damages 
magnified by random events like traffic jams which can make it difficult to observe and 
verify the chain of causation leading from vehicle failure to business losses. Thus, hiring a 
company driver as opposed to an independent contractor can be seen as a form of insur-
ance by the carrier in the event that a dispute between the carrier and driver arises over 
terms and conditions. The credible threats that carriers can make against company driv-
ers reduce the potential for opportunistic hold-ups by drivers. In effect, ownership of the 
physical asset (the truck) facilitates control over the complementary human asset (the 
driver). 

153. A third consideration is that poor performance by owner-operator drivers can have effects 
on a carrier which will not be borne by the owner-operator. Such spillover effects arise 
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because, as was noted previously, the owner operator driver obviously does not have as 
much of a stake in the carrier’s business as the carrier himself. Neither does a company 
driver, but the difference is that the company driver can be more credibly threatened with 
loss of livelihood for bad performance, and just as importantly, the actions of a company 
driver can be monitored better since he is dependent on the carrier for the truck that he 
drives. 

154. Because the owner operator does not fully internalise the costs to the carrier’s business 
of bad performance, he will, from the perspective of the carrier, underinvest in efforts to 
maintain consistently good performance, such as for instance, investments in vehicle 
maintenance for the purpose of serving a particular carrier. From the carrier’s perspective 
the owner operator will be willing to accept a greater risk of breakdown than is appropriate 
from the point of view of the carrier. With a company driver on the other hand, the carrier 
owns the main asset and has control over it including control over how well it should be 
maintained. Thus monitoring costs will also be a relevant consideration of the carrier 
when deciding between using owner operators or using company drivers. The costs of 
monitoring an owner operator’s use and maintenance of his vehicle will be too high for a 
carrier but they will be substantially lower when the carrier owns the truck. 

155. The spillover considerations discussed above are heightened for jobs which involve a 
high degree of coordination across hauls. This is the case with what are known as ‘less 
than truckload carriage’ which involves consolidation and carriage of freight under 10,000 
pounds, often to multiple destinations. The way this works is that a truck carrier may be 
hired to ship client X’s freight from point A to point B but also has to ship freight from 
many other shippers with origin points near A to destinations quite distant from point B. 
The resulting hub and spoke networks to meet the obligations to the various customers 
require careful coordination of trucking routes, including timely truck arrivals and depar-
tures and the sorting and moving of freight. 

156. The need for such careful coordination means that one late arrival at an unloading facility 
by a particular truck driver can cause a ripple effect for the carrier’s plans, potentially af-
fecting many of the carrier’s clients. In particular, a late arrival by one driver can mean 
that either the carrier has to incur substantial adjustment costs by altering its plans to 
make up for lost time or less make late deliveries to multiple clients. Thus, given the fact 
that owner-operators do not fully internalise the costs that their conduct can potentially 
impose on the carrier’s business, it is likely that owner operators’ incentives to invest in 
maintenance will not be adequate from the point of view of carriers who bear a higher 
burden from lack of timeliness caused by vehicle problems than the owner operators. At 
least with company drivers, the carriers own the vehicles and therefore can ensure that 
the vehicles are appropriately maintained from their perspective. 

157. In summary, owner-operators internalise all costs associated with maintaining their 
vehicles in workable conditions and are therefore likely to have better vehicle mainte-
nance incentives than company drivers, ignoring all other considerations. Given that 
owner-operators are also residual claimants on the revenues yielded by use of their 
trucks they will also have better incentives for effort than company drivers. However, 
against these considerations, owner operators will have more opportunities for credible 
hold up of carriers to ask for better terms and conditions when demand for their services 
is high. At least with company drivers, the carrier retains ownership of the vehicle and 
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therefore if the driver breaches or threatens to breach the contract the carrier can 
threaten the driver back with loss of employment which would in this case, also equate to 
loss of a vehicle – thus the driver has fewer outside options. In other words, contracting 
exposes the carrier to a hold-up risk, which is less present under employment arrange-
ments. 

158. In addition, an owner operator does not fully internalise the costs of late deliveries in 
terms of their impacts on a carrier’s business, particularly where complex routes are in-
volved where a late delivery by one driver can have ripple effects. Contractual arrange-
ments may not properly deal with such problems because although delivery times are 
observable, the associated adaptation costs arising from late deliveries and the devalua-
tion of business associated with spillover effects are far more difficult to measure, so 
damages would be difficult to apply if the carrier decided to take legal action in the event 
of bad performance by an owner-operator leading to business losses. The unenforceabil-
ity of optimal penalties also adds to the difficulties in aligning the incentives of the carrier 
with those of the driver. These problems are addressed where the driver is a company 
driver because the carrier retains ownership and control of the relevant physical asset, 
namely the truck and can either take direct responsibility for its maintenance or require its 
company driver to do, with significant penalties if it does not. 

E.5.2 US bulk shipping markets 

159. Generally site, physical asset and human asset specificities are not present in the bulk 
shipping market, though a variety of arrangements can be found there, ranging from spot 
contract arrangements to more long term contracts to vertical integration. Pirrong102 in-
vestigated the puzzle of why it was that some arrangements involved either long term 
contracting or vertical integration given the lack of asset specificity. 

160. Firstly Pirrong investigated the types of arrangements available in these markets. They 
consisted of the following: 

• The voyage charter – this is the most basic type and usually specifies the 
carriage of a particular cargo aboard a named ship between two points, loading 
and discharge dates and the payment due the carrier; 

• The time charter – this is where the shipper obtains the services of a ship for a 
specified period of time. This contract does not specify all the important 
characteristics of the trip but allows the charterer to choose its operating pattern. 
The charterer then pays the variable expenses arising from use, including fuel 
and port charges. Parties usually negotiate time charters prior to the transfer of 
the transfer of control of the ship, although some are forward contracts. The 
charter ranges in duration from a month to several years. Thus some charters are 
no different from spot contracts whereas others are like a bundle of options on 
future voyage contracts. 

                                                 

102  Pirrong, S. 1993, ‘Contracting Practices in Bulk Shipping Markets: A Transactions Cost Explanation’, Journal of 
Law and Economics , vol. 36, pp. 937-76. 
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• The contract of affreightment – these are long term contracts ranging from at 
least three years to longer than 15 years. They specify the cargo, minimum and 
maximum volumes carried over specified time periods, ports of origin and 
destination and frequency of service. They also set out performance 
requirements that shipper and carrier must satisfy and the pricing mechanisms, 
the most common of which is variable cost plus a fixed payment. 

161. Generally speaking, spot contracting prevails when the following conditions are met: 

• Availability of geographically dispersed alternative cargo sources for the shipper 
which increases the number of possible ships available to satisfy shipping 
requirements e.g. if an oil refiner can buy oil for its refining operations from a 
number of different countries. Of course this presupposes there are liquid spot 
markets available for these alternative sources; 

• Thick shipping markets where shippers offer cargoes and carriers make voyages 
on a nearly continuous basis. The existence of thick markets depends on cargo 
flows (a thick shipping market is like a taxi stand at an airport whereas trying to 
find a ship in a thin market would be analogous to trying to find a taxi in an out of 
the way suburb). 

• The shipper can use general purpose vessels. 

162. When one or more of these conditions are not met, then long term contracts may be 
employed. The reason for this boils down to so-called temporal specificities. These tem-
poral specificities are best illustrated by an example.  

163. Assume a shipper owns an oil refinery and needs to transport oil from a distant country to 
its refinery. There are a number of ships located at a variety of points some distance from 
its refinery. Whatever particular carrier the shipper picks to negotiate with, there may be 
some quasi-rents at stake because the longer the delay in shipment of oil to the shipper’s 
refinery, the greater the economic loss to the shipper because some minimum amount is 
required for the shipper to operate the refinery. Thus, if the shipper rejects the first car-
rier’s terms and conditions, depending on how far away the next carrier’s ships are, there 
will be a further delay in operating his refinery. There are costs associated with having an 
idle plant. The carrier will of course be aware of this and if the shipper’s next best cargo-
shipping opportunity is sufficiently distant, may try to extract as much from the carrier as 
possible. In other words, there are opportunities for appropriable quasi-rents from the car-
rier. 

164. However, the situation is not one-sided, and in many respects, this makes it worse (recall 
the argument for why bilateral dependence leads to more resources expended on bar-
gaining costs). If the carrier turns down the opportunity to carry oil for the shipper then it 
may end up having to transit some distance with an idle vessel to find other cargo to 
carry. The shipper will also be aware that it will be uneconomical for the carrier to run an 
idle vessel because this means that the carrier has to incur the direct cost of transit 
(rather than having a paying client incur that cost). Thus the shipper will also have an in-
centive to drive a hard bargain. Similar to what was argued in a previous section on bilat-
eral dependence, both sides may therefore end up wasting resources to drive a hard bar-
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gain that does not ultimately result in any increased gains from trade since the bargain 
essentially revolves around the distribution of a possible gain from trade. The cost to the 
shipper of the bargaining process is the benefit foregone when operating his refinery be-
low capacity for however long the bargaining continues. As Pirrong notes, given the 
specificity of the plant and the price of the raw material, this cost could end up being lar-
ger than the actual cost of shipping oil to the refinery. 

165. Forward contracting may be a way out of this impasse. By contracting ahead, shipper and 
carriers can protect themselves against expropriation by each other because such for-
ward contracting narrows the range of variables that the parties can strategically bargain 
over. Given this, Pirrong then asks why more long term arrangements, much less vertical 
integration would be required.  

166. To answer this question, Pirrong identifies another type of specificity that may be found in 
shipper-carrier relations, which he calls contractual specificity. This form of specificity 
arises when the contract between the shipper and carrier expires but all the other vessels 
that the shipper can utilise and all the other shippers that the carrier can service are under 
contract for a considerable period of time. Thus with the expiration of the first contract, the 
shipper and the carrier end up in a position of bilateral monopoly if they have to continue 
to operate.  

167. Unless the contracts of many shippers and carriers expire simultaneously, the parties will 
end up having to negotiate a new contract anyway. The situation may be repeated each 
time a contract expires. Thus in order to minimise the strategic bargaining costs associ-
ated with each contract renewal, the parties may at the outset either decide to draft a suf-
ficiently long term contract or even to vertically integrate. In essence, the dependence of a 
shipper-carrier pair’s future transaction costs on the chartering choices of others may 
make forward contracting inefficient because minimising these costs in effect would re-
quire the coordination of contract expiry dates between many other pairs of shippers and 
carriers. 

E.5.3 Coal contracts in France 

168. A study by Saussier103 looked at a sample of 70 contracts for the transportation and 
unloading of coal to power plants owned by EDF, a major electricity generator in France. 
This case study is relevant insofar as many of these specificities are similar to those that 
arise in the BHP case and insofar as the preferred mode of organisation in case where 
such specificities were dominant was not through spot contracts but through more hierar-
chical modes of governance. 

169. Some EDF plants involve greater asset specificities than others depending on how 
modernised they are. This is because modern coal unloading facilities require EDF to 
make specific investments. These specific investments in turn force suppliers that service 
those plants to invest in specially shaped coal barges. The redeployment of these barges 

                                                 

103  Saussier, S. 1999, ‘Transaction Cost Economics and Contract Duration: An Empirical Analysis of EDF Coal 
Contracts’, Louvain Economic Review , vol. 65, pp. 3-21. 
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is limited as the shape makes them of little use to other potential customers and they 
cannot be easily transported.  

170. However, the specificity considerations apply to EDF as well. EDF has to make large 
investments in storage areas, landing areas and unloading areas that cannot be easily 
used by other suppliers that have not made the complementary investments in their ves-
sels. There is therefore hold-up potential on both sides.  

171. Consistent with the predictions of TCE, Saussier finds that contracts between EDF and 
these transportation providers are longer-term at plants where these modernisation in-
vestments have been made. 

E.6 UK RAILWAYS 

172. In 2000 Yvrande examined the impact of structural reforms to the British railway system in 
1993 to see if they conformed to TCE predictions104. Before discussing her results, it is 
worth summarising the characteristics of those reforms.  

173. The 1993 Railways Act essentially introduced horizontal and vertical disintegration into 
the UK railways system with the key relevant characteristics of such disintegration being 
the following: 

• Management of railtrack infrastructure was separated from rail operation and is 
now the responsibility of an entity called Railtrack. Railtrack is charged with 
owning, maintaining and developing the UK rail infrastructure. It grants train 
operators the access right to tracks in return for access charges and leases 
stations and depots to them; 

• Passenger services have been reorganised on a geographical basis into 25 units. 
Each unit is called a Train Operating Company (TOC). These have been sold as 
franchises to private companies.  

• TOC franchisees get revenues from fares and government subsidies and pay 
access charges to Railtrack and rolling stock leasing charges to Rolling Stock 
Operating Companies (ROSCOs). ROSCOs in turn get finance for procurement 
of new rolling stock from these leases and are responsible for heavy maintenance 
of fleet, though it has been found that they in turn procure these services from 
contractors. 

174. According to Yvrande, there are various specificities associated with the new contractual 
relationships created by the rail reforms that significantly complicate the functioning of the 
new system. These consist of the following: 

                                                 

104  Yvrande, A. 2000, ‘The New British Railways Structure: A Transaction Cost Economics Analysis’, DRUID 
Working Paper No 00-5. 
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• Rolling stock is not standard as some vehicles are designed for specific 
purposes. The rail infrastructure imposes additional substitutability constraints as 
there are restrictions on part of the rail network on which types of rolling stock can 
operate. Therefore TOCs are dependent on ROSCO-supplied vehicles which are 
specific to the particular routes they operate and cannot easily find supplies for 
the type of trains they need. Symmetrically, the ROSCOs which supply particular 
TOCs do not have many potential alternative clients and will be dependent on the 
TOCs leasing their specific rolling stock for continued custom and revenues. In 
other words, there is strong physical asset specificity in the TOC-ROSCO 
relationship. 

• ROSCOs are reluctant to invest in rolling stock with the likely operating life of 30 
years for TOC which own a franchise of at most 15 years duration. This is 
because the ROSCOs will not be assured that the clients they are building new 
rolling stock for will be able to renew their franchises or that new operators who 
win the franchise upon expiry of existing contracts will lease the resulting trains at 
the same prices as those agreed to by the previous franchise holders. This is 
likely to lead to long term decline in investment in new rolling stock if all other 
things remain the same. 

• ROSCOs have not been provided with appropriate facilities for heavy 
maintenance and therefore have, as was previously noted, tended to subcontract 
out heavy maintenance work, while TOCs have taken charge of light 
maintenance (e.g. running maintenance and repairs). 

• The disintegrated structure has rendered it difficult to determine liabilities in the 
event of vehicle breakdowns. When a train breaks down it may, depending on the 
causes of the breakdown, result in one or more than one of the various parties in 
the rail system being liable. For instance, if the breakdown is due to a design fault 
then the ROSCO would be liable, if it is due to bad light maintenance, the TOC 
would be liable, if a mixture of these factors, then weights must be assigned for 
each party and so on. Of course there is nothing necessarily unique about such 
cases of joint liability, but compared to the past integrated structure, current 
arrangements create more evidentiary difficulties in proving liability and therefore 
increase the costs of contract enforcement, which in turn may result in insufficient 
incentives for the various parties to take due care in fulfilling their contracts. The 
system designers have anticipated these problems to some extent by setting up 
conflict procedures in the various contracts but nonetheless the effectiveness of 
these procedures is highly dependent on availability of relevant information. 

175. Yvrande notes that consistent with TCE, a number of remedies have evolved as a means 
of circumventing the problems noted above and these remedies have been in the direc-
tion of recreating aspects of the internal hierarchy that were lost with restructuring of the 
rail system: 
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• In order to incentivise ROSCOs to invest in new rolling stock, some TOCs have 
agreed to joint financing of new rolling stock. Therefore, contrary to the intention 
of the 1993 reforms, the ownership of rolling stock under these new 
arrangements has effectively not been separated from the operation of particular 
routes. TOCs which were intended to specialise in servicing particular routes 
have become part owners of the trains they operate. 

• In one case there are been outright vertical re-integration. ROSCO Porterbrook 
has been purchased by the TOC Stagecoach. 

• TOCs have also effectively reintegrated into the provision of heavy maintenance 
services with some TOCs finding it more efficient to do so because i) TOCs 
already employ staff for light maintenance who are equally skilled to do heavy 
maintenance; ii) there is a substantial saving in transaction cost, including 
savings from not having to make agreement with subcontractors and savings 
from not incurring transferring and parking expenditures by doing the heavy 
maintenance themselves. 

• Some TOC franchises have been effectively lengthened in return for 
commitments to obtain new or refurbished rolling stock; 

• Site specificity problems have been addressed through increased standardisation 
of rolling stock. For instance, more standard trains have been designed that are 
adapted to the whole network in order to reduce the bilateral dependency 
between TOCs and ROSCOs. 
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APPENDIX F – OPERATION MODELLING OF FMG ACCESS 
SCENARIOS ON MT NEWMAN LINE 

176. FMG’s Application for declaration of the Mt Newman Service, if successful, may lead to 
FMG trains running on the Mt Newman Line along with BHPBIO’s own trains.  In order to 
gain a specific understanding of the potential impact of FMG access on BHPBIO’s own 
mine-to-port logistics chain, BHPBIO commissioned TSG to prepare a confidential re-
port undertaking operational modelling of a number of possible access scenarios. 

177. TSG is a consulting firm specialising in simulation modelling and scheduling, with 
particular emphasis on mining, transportation and processing.  Over the years, TSG has 
constructed a very detailed discrete event simulation model of BHPBIO’s Pilbara iron ore 
operations that captures all activities from mine to shiploading, including rail operations 
and shipping activities within Port Hedland harbour and the shipping channel.  The level 
of disaggregation of the model permits specific consideration of a single rake of 100 ore 
wagons, or a single ship.  This model is used by BHPBIO to test operational impacts of 
major investment alternatives, and to fine-tune operational protocols and procedures. 

178. The range of impacts of FMG access is potentially broad, and some of the interactions 
are subtle, involving many parts of the logistics chain.  For this reason the impacts can 
only be accurately captured with the type of detailed simulation performed by the TSG 
model.  This section explains the specification of the model runs designed for this pur-
pose, and justifies the assumptions about FMG’s operational profile.  The results are 
summarised below, where we also discuss the implications for various issues raised by 
the FMG Application. 

F.1 MODEL SET-UP 

F.1.1 Cases 

179. The modelling work considers the level of impact upon BHPBIO’s iron ore operations at 
three different levels of FMG usage of the Mt Newman Line:   

• no FMG use (base case, also called case A);  

• FMG use only for Mindy Mindy output travelling all the way to Port on the Mt New-
man Line (cases B0 and B1);  

• FMG use only for Mindy Mindy output travelling part way on the Mt Newman Line un-
til it intersects the FMG Line at Shaw Siding (case C2); and  

• A hypothetical case in which, despite its public announcements to date, FMG uses 
access rights to transport all its output from Mindy Mindy and Chichester mines 
(cases C0 and C1).   

180. Case A is a BHPBIO operational proposal that has been the subject of detailed feasibility 
studies assuming that would be in place by the announced commencement date for 
FMG’s mining activities.  It includes a number of substantial port, mine, and rail invest-
ments that are taking place now in order to permit BHPBIO to ship a feasibility study level 
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of 152 Mtpa of iron ore through Port Hedland from its various mine sites.  That scenario 
has already been modelled in detail by TSG, providing a robust starting point. 

181. Cases B0, B1, and C2 represents BHPBIO’s best estimate of several possible methods 
for transporting Mindy Mindy ore to Port Hedland if the declaration were granted and re-
lied upon by FMG.  These estimates are based on the information publicly disclosed by 
FMG, along with assumptions to cover aspects of that operation that have not been dis-
closed by FMG.  These assumptions are based on BHPBIO’s experience with its own 
similar operations.  It is assumed that FMG will construct its own spur line from Mindy 
Mindy to the Mt Newman Line, joining at Weeli Siding, and FMG will construct its own port 
facility at Anderson Point in Port Hedland. 

182. Hypothetical Cases C0 and C1 represents BHPBIO’s best estimate of how FMG’s entire 
ore production from both the Chichester Range projects and Mindy Mindy would be trans-
ported if, contrary to FMG’s public announcements to date, maximum use were made of 
declared access to the Mt Newman Line.  It assumes, as in the B and C2 cases, that 
FMG will construct its own port and spur line from Mindy Mindy to Weeli Siding.  In addi-
tion, it assumes that FMG would construct its own rail line from the Shaw Siding on the Mt 
Newman Line to the Christmas Creek site on this hypothetical basis. 

183. The main cases A, B, and C have been broken down into sub-cases which explore the 
ability of additional rail infrastructure to ameliorate system performance problems caused 
by FMG’s operations on BHPBIO’s network.  The full set of sub-cases is given below: 

A Base case:  BHPBIO = 152 Mtpa, FMG = 0 Mtpa. 

B0 Mindy  Mindy case:  BHPBIO = 152 Mtpa, FMG = 10 Mtpa entering at Weeli Siding and running to Turner 
River. 

B1c  Mindy Mindy case, with double-tracking 11 km near Shaw and Hesta Sidings. 

B1f Mindy Mindy case, with double-tracking 33.1 km near Garden, Shaw, Hesta, Cowra, and Spring Sidings. 

B1i Mindy Mindy case, with double-tracking 32.5 km from Garden to Cowra Sidings. 

C0 Full FMG case:  BHPBIO = 152 Mtpa, FMG = 45 Mtpa, of which 10 Mtpa enters at Weeli Siding, 35 Mtpa 
enters at Shaw Siding, all of which runs to Turner River. 

C1a Full FMG case, with double-tracking from Shaw to Turner River. 

C1b Full FMG case, with double-tracking from Yandi Junction to Turner River. 

C2 Full FMG case, with FMG operating on its own line from Christmas Creek to Port Hedland, including 
between Shaw and Turner River.  This case involves FMG use of the BHPBIO rail network only for the Mindy 
Mindy traffic, and that only between Weeli Siding and Shaw Siding. 

C2b Case C2 with the addition of 17.3 km of new double-tracking from Cowra Siding to Yandi Junction. 

C2c Case C2 with the addition of 32.5 km of new double-tracking from Hesta Siding to Yandi Junction. 

F.1.2 Outcome measures 

184. The extent of operational impact is gauged with reference to three key performance 
indicators (KPIs) for BHPBIO’s operations: 
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• Travel Time Empty + Travel Time Full:  Time for a train to travel to Port Hedland to 
destination (mine) and back, excluding loading time and any delays at mine, but in-
cluding all delays that occur on track; 

• Total Delays on Track:  including all delays incurred during travel time for all trips 
during the simulation period of 1 year; and 

• Port Stocks in High Priority (% of year): This measure indicates how often at least 
one product in at least one port stockyard was in Priority 1 status.  A product is as-
signed Priority 1 status if there is currently insufficient stock in the stockyard to meet 
the demand of the vessel currently at berth. 

185. The significance of these KPIs is as follows.  Additional rail traffic on the line will 
contribute to congestion.  Congestion results in longer delays to trains on the track, which 
result in lower rollingstock utilisation:  a stationary train set is not doing any useful work.  
The longer the delay, the less useful work the train set is capable of doing in a year.  If the 
delays are sufficiently serious, additional train sets may be required to perform the same 
rail transport task over a year.  Where different types of trains are mixed, the delays are 
potentially increased.  If one set of trains travels more slowly than the other, or if one set 
is more likely to break down on track than the other, then the congestion problem is am-
plified disproportionately to the additional tonnage carried.  The first two KPIs capture 
these congestion effects. 

186. When port stocks are in “Priority 1” status, it means that there is insufficient iron ore 
stockpiled at port to load a ship that is berthed.  In that situation, either ore must be 
loaded directly to ship from incoming train sets (if available in time), or the mining com-
pany incurs demurrage charges for delaying the ship departure waiting for product to 
load.  When Priority 1 situations occur, the system must scramble to find trains that can 
“sprint” from particular mine stockpiles to port.  The ability to deal effectively with situa-
tions like this depends on the ability to prioritise certain train paths over others.  The fre-
quency of time that the system is in Priority 1 status is an indication of the levels of stress 
on the rail and port systems.  The third KPI captures this frequency of stressful operation. 

187. As BHPBIO operates four separate berths, it is possible to have more than one Priority 1 
situation concurrently. Concurrent priority 1 situations create a special difficulty because 
rail sprinting must be integrated between two or more different sources and two or more 
different port stockpiles at the same time.  The frequency of concurrent Priority 1 situa-
tions is an indicator of the level of extreme stress on the system.  A concurrent Priority 1 
KPI has also been calculated for some model runs. 

F.2 ASSUMPTIONS 

188. BHPBIO mine, rail and port operations to be as per current corporate plans for 152 Mtpa 
production level. 

189. FMG production would be 10 Mtpa from Mindy Mindy and, assuming declared access is 
used for it, 35 Mtpa from Christmas Creek.  That means that FMG would transport 10 
Mtpa on the BHPBIO system in cases B and C2, and 45 Mtpa in cases C0 and C1. 
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190. FMG trains would consist of two rakes of approximately 100 wagons each, hauled by 3 
locomotives, carrying 20,000 net tonnes of ore per train.  FMG trains returning to the FMG 
port at Port Hedland leave the BHPBIO mainline at Turner River, which is approximately 
63 km from Port Hedland. 

191. Where two trains arrive at a junction, the first to arrive receives signal priority (goes first).  
This assumption is consistent with BHPBIO’s current signal priority rule between its own 
trains, and is consistent with regulatory ‘fairness’ in resolving any train priority disputes 
between an access seeker and incumbent. 

192. Track availability reflects 24 X 4 hour track maintenance windows during the year 
between the Turner River turnoff and Shaw Siding.  These windows are needed to per-
form necessary track maintenance. 

193. Some assumption needs to be made about FMG train operating speeds and reliability.  
Two cases were considered: 

• Option 1:  FMG train section running times and train reliability are the same as for 
BHPBIO trains; and 

• Option 2:  FMG train section running times and train reliability are 20% worse than 
BHPBIO trains. 

194. The rationale for the Option 2 FMG assumptions is explained in the following subsection. 

F.3 RATIONALE FOR FMG ASSUMPTIONS 

195. It is certainly open to FMG to buy locomotives and ore wagons to a specification that 
approximately equals BHPBIO’s specifications.  It would take some time for FMG’s train 
drivers to achieve the level of proficiency on the route that BHPBIO’s drivers achieve, but 
presumably that is just a matter of training and experience.  FMG is unlikely to be able to 
match BHPBIO’s axle loads, given the proprietary nature of the intellectual property that 
underpins BHPBIO’s high axle loads.  However, FMG could overcome that disadvantage 
by running longer trains at the cost of having to use slightly more ore cars to haul the 
same tonnage per rake. 

196. There is a real question as to whether FMG would rationally choose to purchase the high 
cost, high performance locomotives that BHPBIO uses, however.  BHPBIO’s fleet con-
tains mainly Dash 8 and AC6000 locomotives, which cost approximately $5m each.  
BHPBIO also has a small number of SD40 locomotives, which were purchased second-
hand for $US423,000 each plus $US120,000 each for shipping.  The capital cost saving 
associated with buying SD40’s instead of Dash 8 or AC6000 locomotives is approximately 
$AUS4m or more per unit. 

197. The tradeoff with cheaper locomotives is lower reliability and, to some extent, an inability 
to operate continuously at higher speeds.  BHPBIO’s own locomotive availability records 
show that its Dash 8’s have had 94% availability or better every month between February 
2004 and April 2005.  While availability fell below 90% in two of those months for the 
AC6000 locomotives, generally these also had high availability.  Between October 2004 
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and April 2005, the AC6000’s had availability above 93% in every month.  In contrast, the 
SD40 locomotives have been significantly less reliable.  Between October 2004 and April 
2005, SD40 availability has been below 86% every month but one, and below 80% for 
three of those months. 

198. FMG’s announced capital costs of $290m for train sets105 would represent a capital cost of 
$20.7m per rake, including locomotives, if FMG used 14 rakes of approximately 100 wag-
ons to haul its 45 Mtpa of iron ore.106  At BHPBIO’s costs, a rake of ore cars would cost 
$18m.  The difference between $20.7m and $18m = $2.7m is the implied cost of locomo-
tives in each rake.  A minimum of one locomotive is required per rake.  Depending upon 
locomotive power, as many as two could be required, with an average number of locomo-
tives per rake of 1.5 likely.  That average would work out to 3 locomotives per 2-rake train 
set.  This calculation suggests that FMG does not intend to buy $5m locomotives. 

199. The reason that BHPBIO buys top of the line locomotives is that it operates a high 
performance system with little latent capacity.  Operational reliability on the railway sys-
tem is of paramount importance to BHPBIO, since a train breakdown is likely to have 
flow-on consequences for many other trains, with the potential to disrupt shipping and 
lead to demurrage costs. 

200. While a train breakdown would prove inconvenient to FMG, its tolerance for late delivery 
of its cargo would be determined by a balance between capital cost savings on locomo-
tives (which are very significant) and demurrage costs.  The cost of an FMG train break-
down would be felt more keenly by BHPBIO because, as the shipper of 77% of all the 
tonnage on the line (152 Mtpa out of a total 197 Mtpa), more BHPBIO’s trains than FMG 
trains would be affected.  In economic language, FMG is likely to be incented to underin-
vest in locomotive reliability because most of the cost of that unreliability will be external-
ised—it will be borne by BHPBIO. 

201. In order to reflect these incentives, TSG has modelled the option in which FMG train 
performance is identical to BHPBIO performance, and the more likely option in which 
FMG train performance is 20% worse than BHPBIO performance.  Given the capital 
cost/reliability tradeoff just described, FMG’s announced capital costs, and the fact that 
BHPBIO bears the brunt of FMG reliability problems, the option 2 results are more likely 
to be representative of the world with FMG access to the Mt Newman Service. 

F.4 METHOD 

202. The description of the simulation modelling method in this subsection was prepared by 
TSG. 

203. Over the last 14years, BHP Billiton Iron Ore has developed and refined their operational 
simulation model, enabling it to be used to assist in the evaluation of alternative capacity 
expansion options. The model is very detailed, mature, regularly verified against actual 

                                                 

105  Reproduced in Attachment B to the letter from ASX to FMG on 21 April 2005. 

106  14 rakes is BHPBIO’s estimate of the rolling stock fleet size needed for the task. 
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operational outcomes, and operated by the same personnel who first developed it.  The 
model covers all aspects of operations from train loading at the mines through to vessels 
departing the channel at the port. 

204. By design, the model takes a total integrated system approach to all the activities and 
their performance and constraints, that results in ore flowing from the mines all the way 
through to the ships departing the channel. 

Figure 10:  Total Integrated System Approach 
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205. In a constraint based integrated supply chain, the overall system production capacity at 
any point in time is only as good as the sub-system component capacity that is the con-
straint at that point in time. 

206. Dynamic demand and variability within the sub-systems translates into operational 
performance impacts that travel up and down the supply chain dependant on the contents 
and storage capacities of the buffering between the sub-systems. 

207. In a system with a large dynamic demand for different products, the larger the port 
stockpile capacities are for each product, then the less the need for high rail sprint capac-
ity to re-fill the port stockpiles.  Conversely, if the port stockpile capacities for each prod-
uct are too small and not able to be expanded to buffer out the dynamic demand for each 
product, then the rail system needs to be able to operate with higher levels of sprint ca-
pacity.   

208. To determine the right balance between port stockpile capacity and rail sprint capacity 
requires a total integrated system analysis of the performance and economics of alternate 
designs and operational criteria.  The simulation modelling method provides a quantitative 
process to evaluate alternate options and the impacts of proposed changes. 

F.5 ANALYSIS OF RESULTS 

209. The results for the option 1 situation, in which FMG train performance is identical to 
BHPBIO performance is shown at page 25 of the confidential TSG report.  Results for 
the option 2 situation, in which FMG train performance is 20% worse in terms of section 
running times and train reliability is shown at page 26 of the confidential TSG report. 

210. An analysis of concurrent Priority 1 conditions is presented at page 36 of the confidential 
TSG report.  That table is reproduced below. 
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Table 13: Concurrent red flags 

 Base FMG = BHP trains FMG trains 20% poorer 

# Red flags A0 B0 C0 B0 C0 

1 31.5% 32.8% 33.8% 35.1% 37.5% 

2 6.3% 7.0% 8.5% 10.4% 16.2% 

3 0.7% 0.7% 1.3% 2.3% 4.9% 

5 0.1% 0.0% 0.1% 0.2% 0.7% 

5 0.0% 0.0% 0.0% 0.0% 0.1% 

Total 38.6% 40.5% 43.7% 48.0% 59.4% 

Notes: Base – FMG = BHP trains.  FMG trains 20% poorer. 

Source:  Confidential TSG Report, 3 June 2005, p. 36. 

211. This table shows that Priority 1 conditions occur 38.6% of the time in the base case, 
without FMG access.  When FMG trains run at 20% worse performance than BHPBIO 
trains, even the addition of 10 Mtpa of Mindy Mindy ore to the BHPBIO system increases 
the incidence of Priority 1 conditions for BHPBIO to 48%.  The full FMG case C0 with 
20% performance disadvantage leads to 59.4% incidence of Priority 1 conditions. 

212. More than one concurrent Priority 1 condition occurs 7.1% of the time in the base case.  
With Mindy Mindy only and a 20% FMG performance disadvantage, concurrent Priority 
1’s occur 12.9% of the time.  With the full FMG operation using BHPBIO’s track and 20% 
FMG performance disadvantage, concurrent Priority 1’s occur 21.9% of the time. 

213. It is clear from this analysis that the existing BHPBIO rail infrastructure does not have the 
capacity to absorb even FMG’s Mindy Mindy traffic without significant adverse impacts on 
BHPBIO’s own ability to load its customers’ ships.  FMG’s full operation, were it to rely on 
declared access to the Mt Newman Line, would more than triple the amount of time each 
year that the BHPBIO system had to run under the extreme stress of concurrent Priority 1 
conditions at different loading berths—meaning that two or more ships would be simulta-
neously affected by the interference from FMG’s trains. 

214. Analysis of the sub-cases shows that track construction case B1i is needed to overcome 
the detriment to BHPBIO’s operational performance imposed by FMG’s 10 Mtpa Mindy 
Mindy operation, if the Mindy Mindy tonnage travels on the Mt Newman Line between 
Weeli Siding and Turner River.  If, as seems more likely, the Mindy Mindy tonnage travels 
on the Mt Newman Line only between Weeli Siding and Shaw Siding (where it would join 
the FMG mainline), then track construction case C2c would be needed to overcome the 
detriment to BHPBIO’s operational performance in the event that FMG trains ran at 20% 
inferior performance to BHPBIO trains.  The lesser track construction case C2b would be 
nearly sufficient in the event that FMG trains ran at identical performance levels to 
BHPBIO trains. 

215. The very significant operational detriment to BHPBIO that would be imposed by FMG’s 
full use of declared access to transport its own 45 Mtpa output would be approximately 
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restored to a neutral position were FMG to construct its own line from Shaw Siding to 
Turner River as long as the construction in case C2c were completed as well.   

216. Alternatively, the detriment to BHPBIO could be approximately restored by double-
tracking the section from Shaw Siding to Turner River. 

F.6 CONCLUSIONS FROM OPERATIONAL MODELLING 

217. It is clear from this analysis that the existing BHPBIO rail infrastructure does not have the 
capacity to absorb even FMG’s Mindy Mindy traffic without significant adverse impacts on 
BHPBIO’s own ability to load its customers’ ships. 

218. Analysis of the sub-cases shows that track construction case B1i is needed to overcome 
the detriment to BHPBIO’s operational performance imposed by FMG’s 10 Mtpa Mindy 
Mindy operation from Weeli Siding to Turner River, and case C2c is needed to overcome 
the detriment imposed by the 10 Mtpa Mindy Mindy operation from Weeli Siding to Shaw 
Siding, although the lesser case C2b might be sufficient if FMG trains equalled the per-
formance of BHPBIO trains. 

219. The operational detriment to BHPBIO that would be imposed by FMG’s full use of 
declared access could be approximately restored were FMG to construct its own line from 
Shaw Siding to Turner River as long as the double-tracking from Hesta Siding to Yandi 
Junction was also done.  Alternatively, the detriment to BHPBIO could be approximately 
restored by double-tracking the same section. 
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APPENDIX G – BRAZILIAN IRON ORE RAILROADS 

220. Brazil is one of the world’s largest iron ore producing countries and the world’s largest 
iron ore exporter.   Brazilian iron ore has a very high iron content and is easier to process 
than most other reserves worldwide.  Brazilian steel companies owned by Usiminas, 
CSN, CST, and Gerdau are able to produce steel at 40 percent below the cost of compa-
rable mills in the United States.107  Iron and steel are one of Brazil’s leading export com-
modities as well as an important source of employment in Brazil.108  

221. Iron ore and steel are transportation-intensive businesses that require large amounts of 
equipment and materials.  The mining process requires transporting materials and sup-
plies to the mine.  The mined iron ore must be moved from the mine to processing plants 
and then to steel mills or ports for export.  Steel mills also require inbound supplies such 
as coke, which, in Brazil, is imported.  Finally, finished and semi-finished products are 
transported to warehouses, factories, and other domestic customers, as well as to export 
terminals.   

222. In Brazil, railroads provide secure and efficient transportation for iron ore, steel, and 
related products.  CVRD, the world’s largest producer and exporter of iron ore, mines and 
delivers iron ore to customers on a network of highly efficient railroad systems.  Six Brazil-
ian railroads transport nearly all of Brazil’s iron ore, steel, and related products. (See Ex-
hibit 1.)  Iron ore comprises 59 percent of Brazil’s rail cargo.  When inbound materials and 
downstream products are included, iron ore related business accounts for nearly two-
thirds of all of the country’s rail traffic.109  

                                                 

107  ’Good Steel Made Cheaply’, Industrial Management & Technology, May 12, 2003. 

108  Iron and steel were third largest export commodity in 1999 according to Ministry of industry and trade, FUNCEX, 
published in OECD Economic Survey, http://interdev.oecd.org/publications/e-book/10-2001-07-1-1599/table-
31.htm, (Accessed April 22, 2005. 

109  ’Relatório Anual de Acompanhamento das Concessões Ferroviárias 2003’, Agencia Nacional de Transportes 
Terrestres (ANTT).  Iron and steel related products include iron ore, steel, pig iron, scrap iron, and coke (see 
Exhibit 1). 
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Figure 11: Iron and Steel related products make up a significant share of tonnage for six 
Brazilian railroads. 

Iro
n 

an
d 

St
ee

l 

Re
la

te
d 

To
ta

l

Pe
rc

en
t o

f A
ll 

Co
m

m
od

iti
es

 

Iro
n 

Or
e

St
ee

l

Pi
g 

Iro
n

Sc
ra

p 
Iro

n

Co
ke

Al
l C

om
m

od
iti

es

Tons (000) % Tons (000) Tons (000) Tons (000) Tons (000) Tons (000) Tons (000)

EFVM 107,961 91% 91,255 6,353 2,844 6,353 1,156 118,512

EFC 50,556 80% 48,389 — 2,167 — — 63,258

MRS 62,483 73% 61,565 — — — 918 86,177

Novoeste 1,107 50% 1,107 — — — 1 2,228

Nordeste 151 12% — — — 40 112 1,263

FCA 1,657 8% — — 1,657 — — 21,499

All Railroads 217,564 63% 202,315 6,353 6,707 1 2,187 344,996  

Source: ANTT, 2003. 

223. Typically, a nation’s rail system connects regions rich with raw materials to the principal 
industrial centers and cities.  The form that a national rail network takes depends almost 
entirely on the country’s geography and the characteristics of its economy.   

224. Brazil’s rail network highlights the national importance of the iron ore and steel industries.  
The three most productive railroads connect iron ore producing regions with major ports 
as well as industrial and urban centers.  The Estrada de Ferro Carajás (EFC), in north-
eastern Brazil, transports iron ore from the CVRD mine at Carajás to Port Ponta de Ma-
deira, near São Luis.  The Estrada de Ferro Victoria a Minas (EFVM) transports iron ore 
from mines at Itibara, east of Belo Horizonte, to Port Tubarão, in Vitoria.  MRS Logística’s 
network is located in the most developed region of Brazil, and provides the most direct 
transport between the iron ore producing region in Minas Gerias state and the Atlantic 
ports of Guaiba, Rio de Janeiro, Santos, and Sepetiba.110   

225. Ferrovia Centro-Atlântico (FCA), Novoeste, and Nordeste extend the reach of iron ore rail 
shipments by accessing additional domestic industrial centers as well as export markets.  
Novoeste transports iron ore from the Corumba mine, one of the world’s largest granulate 
iron reserves, to Argentina and Bolivia via Corumbá.111  Nordeste and FCA interchange 
with the principal iron ore railroads, and depend on these for much of their traffic.  Norde-
ste carries scrap iron and coke between northeastern ports and the EFC railroad to sup-
port mining operations in Carajás.  FCA’s network connects with MRS Logística and 
EFVM in Minas Gerias, and with Nordeste in Northeastern Brazil.  FCA’s dependence on 
EFVM for traffic is such that CVRD, the owner of EFVM, recently purchased Railtex’s 
shareholding in the FCA concession.112  Even with just 8% of FCA traffic related to iron 
ore, CVRD apparently seeks to maximize its value by exercising control over the railroad. 

                                                 

110  Jane’s World Railways 2002-2003. 

111  Brasil Ferrovias presentation for US Trade and Development Agency conference, January 2004. 

112  Jane’s World Railways 2002-2003. 
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Figure 12: Brazilian Iron Ore Railroads 
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226. The iron, steel and railroad industries were privatized in the 1990’s.  Privatization 
encouraged consolidation and improved efficiency in the iron and steel industry.113  The 
resulting railway system expanded capacity, improved safety, and provided greater finan-
cial stability for railroad ownership.  This success was especially apparent for the Brazil-
ian railroads moving iron ore and steel.  By 1998, three of the four railroads that de-
pended on transporting iron ore and minerals products were earning enough revenue to 
cover total costs.  The fourth, MRS Logística, was earning enough to cover operational 
expenses.114  

                                                 

113  The number of steel companies shrank from 35 to four major producers:  ’Good Steel Made Cheaply’, Industrial 
Management & Technology, May 12, 2003. 

114  FTC, which depends heavily on of coal, and the two CVRD railroads, was covering total costs.  ’Privatization 
and Regulatory Reform in Brazil: The Case of Freight Railways’, Economic Analysis Group discussion paper by 
Antonio Estache, Andrea Goldstein, and Russell Pittman, September 16, 2000. 
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Privatization of Brazil’s federal rail system enabled a close relationship between 
railroads and iron and steel producers.   

227. As part of the privatization effort, the entire Federal Railroad Network (RFSSA) was 
divided into seven regional railroads, each of which was leased in 30-year operation and 
maintenance concessions, with possible extensions.  Concessionaires were required to 
meet goals for increased production and accident reduction.  The privatization regime 
placed few restrictions on groups vying for concessions.115  Individual shareholders were 
restricted to a maximum of 20 percent of total capital ownership of any concession, yet in 
practice the share of voting capital could be much higher.116  There were no pre-
qualifications for rail competency.  Nor were there restrictions placed on the nationality of 
individual shareholders.   

228. Brazilian iron ore and steel companies seized the opportunity to control the means of 
transportation through their participation in the railway concessions.  CVRD had already 
controlled rail transportation from its most productive plants though ownership of EFVM 
and EFC.  During the concession bidding, the iron ore goliath extended its control over 
the national rail network by winning direct shareholdings in MRS Logística, Nordeste, 
FCA, and Ferroban.  Other iron and steel producers, CSN, MBR, Forteco, Usiminas, 
Caemi, Cosigua, and Tacuma Minerals also won large and, in many cases, multiple, 
shares of railway concessions.  In addition, several concession shareholders were indi-
rectly tied to iron and steel interests through their parent organization.  The Vinha group, 
for example, is both an owner of steel-maker CSN and, through its ownership of CSN, a 
shareholder in CVRD.117   

                                                 

115  The government privatized CVRD, including its wholly owned EFVM and EFC railroads, at the same time it 
privatized the RFSSA. 

116  The government privatized CVRD, including its wholly owned EFVM and EFC railroads, at the same time it 
privatized the RFSSA. 

117  The government privatized CVRD, including its wholly owned EFVM and EFC railroads, at the same time it 
privatized the RFSSA. 
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Figure 13: Iron ore and steel producers have direct interests in four RFSSA concessions 

MRS Logistica
CSN 33%
MBR 23%

Usiminas 11%
Funcape 10%
Ferteco 10%
Ultrafertil 5%
Consigua 3%

ABS 3%
Celato 2%

Total Iron Ore and Steel Ownership 80%

Companhia Ferroviario Nordeste (CFN)
Taquari Partiçipacões 40%

CSN 20%
ABS 20%

CVRD 20%
Total Iron Ore and Steel Ownership 40%

Ferroviario Centro Atlántica (FCA)
Ralph Partners Inc. 18%
Railtex International 13%

Judori Adm. Empr e Part. 13%
CSN 13%

Mineração Tacumã 11%
Interférra SA 10%

Tupinambarana SA 10%
Varbra SA 6%

Fundacion CVRD 3%
Banco de Boston 3%

Total Iron Ore and Steel Ownership 28%

Ferroban (FBN)
U. de Comercio n/a

Previ n/a
Latin n/a

Funcef n/a
CVRD n/a
Chase n/a

Total Iron Ore and Steel Ownership n/a  

Note: n/a – Data not available. Ownership as of 1998 Fourth Quarter.  Grey cells are iron or steel producers. 

Source: “Privatization and Regulatory Reform in Brazil: The Case of Freight Railways,” Economic Analysis 

Group discussion paper by Antonio Estache, Andrea Goldstein, and Russell Pittman, September 16, 2000, p. 

33. 

229. Ownership of transportation lowers total logistics costs and improves the reliability of iron 
ore shipments.  Producers with control over railroads benefit from improved coordination 
during periods of inventory flux.  The Brazilian iron ore and steel industries enjoy efficient 
management of the integrated transportation and steel industries. It is important to note 
that gains for iron and steel producers have not come at the expense of the former-
RFSSA railroad system (see Exhibit 4).  
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Figure 14: RFSSA financial performance before and after privatization (all figures in $US) 

1993 1994 1996 1997 1998 1999

+ Gross operating revenues 758 799 573 34 78 22
+ Other income 28 36 473 274 1,714 769

= Total gross revenues 786 835 1,046 308 1,792 791
- Taxes 35 41 66 15 13 19

= Net operating revenues 751 794 980 293 1,780 772
+ PSO subsidies 15 21 — — — —

= Total net revenues 766 816 980 293 1,180 772
- Total operating expenses 850 975 533 64 821 520

= Net operating profits (85) (159) 447 229 958 252 

Note: Reproduced from “Privatization and Regulatory Reform in Brazil: The Case of Freight Railways,” 

Economic Analysis Group discussion paper by Antonio Estache, Andrea Goldstein, and Russell Pittman, 

September 16, 2000.   

Source: RFSSA (2000), Relatorio da Acompanhamento Trimestral das Concessões. 

CVRD exemplifies the synergies gained by steel and iron ore producers through 
control of railroads. 

230. CVRD is the sole shareholder of two railroads, and shares ownership with steel 
companies of four other railroads.  CVRD moves two-thirds of Brazil’s rail freight.118  
CVRD has increased its control of the railroad network by acquiring Caemi, owner of 
MBR and part owner of MRS Lógistica, and by purchasing shares of other concession 
stakeholders.119  Through such maneuvering, CVRD acquired majority ownership and 
operating rights of FCA, which transported 2.6 billion net ton kilometers of general cargo 
in 2003.  CVRD's wholly owned railroads - Vitoria a Minas and Carajas - transported 4.3 
billion net tonne kilometers in 2003.120 

231. Twenty percent of CVRD’s revenue comes from logistics of which, eleven percent 
specifically relates to iron ore (see Exhibit 5).121  However, these figures underestimate 
the real impact of owning railroads on CVRD’s bottom line in that the revenues do not 
reflect transportation cost savings and other efficiencies at CVRD’s minerals production 
units.   

                                                 

118  ’Good Steel Made Cheaply’, Industrial Management & Technology, May 12, 2003. 

119  ’CVRD's Caemi Purchase Might Face Conditions’, Business News Americas-English, April 15, 2003. 

120  ’CVRD Logistics Revs Total US$118mn for Q2’, Business News Americas-English, August 19, 2003. 

121  CVRD presentation for US Trade and Development Agency conference, January 2004. 
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Figure 15: Split of CRVD 2002 Revenue ($US 5.96 Billion) 
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232. Since privatization, CVRD has made substantial improvements to its rail network.  EFVM 
upgraded its infrastructure to prepare for growing demand for rail cargo.  Davi Dade, 
General Manager of EFVM reported that shipments of iron ore and pig iron increased by 
as much as 40 percent from 2003 to 2004.  To prepare for this increase, EFVM double 
tracked 70 percent of their routes and invested heavily in locomotives and cars.122  CVRD 
has also completed major investments to increase capacity of the Carajás railroad.123 

Regulatory challenges persist in the post-privatized railroad industry 

233. The privatization of Brazilian railroads divided the federal network such that concession-
aires would often have to either exchange traffic or cross the tracks of adjacent compa-
nies when hauling cargo long distances.124  The new concession holders, including the 
CVRD railroads, enjoy control over their own lines without interference from third party 
operators.  The regulatory framework ensuing from privatization considers open access to 
other operators’ tracks only as a last resort.  Operators are required to enter into recipro-
cal switching when possible, or quote unbundled rates and provide connecting service for 
joint hauls.  Through the Ministry of Transport (MoT), the government can force railroads 
to allow connecting railroads access to the track necessary to complete a movement in 
the event that operators refuse to carry joint traffic.   

234. Other regulations govern the prices operators can set for captive shippers.  Operators 
must set prices in a way that is responsive to differences in demand and in marginal 
costs.  The prices a railway sets for captive shippers are limited by a revenue ceiling de-

                                                 

122  Market Analysis of Brazilian Railroad Sector, US Trade and Development Agency, May 2003. 

123  ’Iron Ore’, Mining Annual Review, December, 1999.  

124  EFVM and MRS Logística. ’Privatization and Regulatory Reform in Brazil: The Case of Freight Railways’, 
Economic Analysis Group discussion paper by Antonio Estache, Andrea Goldstein, and Russell Pittman, 
September 16, 2000, p. 31. 
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fined by the stand-alone cost of providing service.125  As with access rights, the MoT re-
serves the power to set rates for captive shippers cases where the interested parties can-
not reach an agreement.   

235. The most serious allegations of discriminatory practices against captive shippers have 
involved iron ore railroads.126  Some users assert they are required to complete “specific 
investments” to be served by EFVM, a means by which the railroad’s owner CVRD 
“squeezes” competitors in the marketplace.127  A notable allegation of a captive shipper 
was by iron ore producer Sumantri against CVRD.  The shipper spent 30 days trying to 
get 250,000 tons of iron to port Vitoria to a ship bound for a major European mill.  MRS 
Logística has also been accused of abusing its control of the Santos port on behalf of its 
shareholder customers.128 

 

 

                                                 

125  EFVM and MRS Logística. ‘Privatization and Regulatory Reform in Brazil: The Case of Freight Railways’, 
Economic Analysis Group discussion paper by Antonio Estache, Andrea Goldstein, and Russell Pittman, 
September 16, 2000, p. 31. 

126  EFVM and MRS Logística. ‘Privatization and Regulatory Reform in Brazil: The Case of Freight Railways’, by 
Antonio Estache, Andrea Goldstein, and Russell Pittman, September 16, 2000, p. 30. 

127  EFVM and MRS Logística. ‘Privatization and Regulatory Reform in Brazil: The Case of Freight Railways’, 
Economic Analysis Group discussion paper by Antonio Estache, Andrea Goldstein, and Russell Pittman, 
September 16, 2000,.p. 30. 

128  MRS Logística controls the last 22 km of track leading up to Santos: EFVM and MRS Logística. ‘Privatization 
and Regulatory Reform in Brazil: The Case of Freight Railways’, Economic Analysis Group discussion paper by 
Antonio Estache, Andrea Goldstein, and Russell Pittman, September 16, 2000, p. 31. 
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APPENDIX H – THE US STEEL ROADS 

Railroads have historically been and continue to be an integral part of the steel 
industry in the US   

236. In the late 1800s and early 1900s, steel mills began to appear across the Midwest and 
Northeast.  Plant sites were often selected based on their proximity to rail lines.  For non-
rail-served plants, new railroads were built to haul the iron ore and intermediate/ finished 
steel products, and existing railroads would build new track to connect the steel plants to 
their rail networks.  In essence, steel-making facilities were not without rail links.   

237. At the turn of the century, it was common for steel companies to build or purchase their 
own railroads to access larger rail networks and also to connect the many sections of a 
single steel mill, given that mills could extend up to 21 kilometers in length (e.g., Bethle-
hem Steel’s facilities in Johnstown, Pennsylvania).  There was considerable motivation 
and good reason to bring the steel companies and railroads under one corporate um-
brella: 

For most of the Industrial Revolution, serious wealth was made by bringing processes 
under central control.  Bigger was more efficient.  The ‘robber barons’ of yesteryear figured 
out that by controlling every vital and auxiliary aspect of their industry they could make 
millions.  Steel companies proceeded to control the ore deposits, mine their own coal, set 
up their own railways, make their own equipment, house their own workers, and strive for 
self-containment within the borders of a gigantic company.  That worked magnificently 
when things moved slowly.129 

238. Today, while most of the former monolithic industrial companies have more narrowed 
business lines, railroads continue to serve an important and integral purpose within non-
railroad organizations.  “[Shortline] railroads provide integral transportation links to remote 
plants operated by industry.  Often they are more cost-efficient than the better-known rail-
roads that have thousands of miles of track.  Usually, they offer premium service to the 
parent company at less cost than common-carrier railroads.  And they provide service 
where none other could be found.”130  By owning their own railroads, steel companies in 
particular can create “one continuous process” of taking iron ore and converting it into 
steel.131  

                                                 

129  Kevin, K.  ’Three Abridged Chapters from ‘Out of Control: The Rise of the Neo-Biological Civilization’, Whole 
Earth Review,  March 22, 1994, p. 82. 

130  Moskal, Brian S.  ’Short Lines; The Little Trains that Can’, Industry Week, November 14, 1983, p. 71. 

131  ’Feeling the Heat’,The Economist,  November 25, 2000. 
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239. This paper reviews three case studies of US steel companies that, taken together, 
own(ed) 21 railroads: 

• US Steel; 

• International Steel Group (ISG); 

• Sheffield Steel. 

H.1 US STEEL 

H.1.1 Railroads 

240. Since its inception in 1901, US Steel has owned many shortline and switching railroads.  
Over the last century, they have consolidated to form eight major railroads that continue 
to serve steel facilities as well as haul bulk products for a number of other industries.  
Table 14 lists these eight railroads and their locations and primary customers. 

Table 14: Existing and Former US Steel Railroads 

Railroad Location Sample Customers Commodities 

Duluth, Missabe & Iron Range Duluth MN 
US Steel (Minntac) 

Ispat-Inland Steel (Minorca) 
Iron ore 

Bessemer & Lake Erie Conneaut OH 

US Steel 

Ontario Power Generation 

AK Steel  

Iron ore 

Coal 

Limestone 

Pittsburgh & Conneaut Dock Conneaut OH Bessemer & Lake Erie Railroad 

Iron ore 

Coal 

Limestone 

Elgin, Joliet & Eastern (Greater) Chicago 
IL 

US Steel (Gary) 

Ispat-Inland Steel (Indiana Harbor) 

ISG (Indiana Harbor) 

Sheffield Steel 

Industrial Steel Construction 

Iron ore 

Coal 

Steel 

Petroleum 

Chemicals 

Scrap 

Manufacturing 

Lake Terminal Lorain OH 
Republic Engineered Products 

Lorain Tubular 

Steel 

Pipe 

Union Railroad Pittsburgh PA US Steel (Edgar Thomson, Irvin, Iron ore 
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Clairton) 

Duquesne Wharf 

Metro Metals 

Dravosburg (General Motors) 

Steel 

Coke 

Coal 

Chemical 

Automotive 

McKeesport Connecting McKeesport PA Camp-Hill Pipe rolling 

Birmingham Southern Fairfield AL 

US Steel (Fairfield) 

American Cast Iron Pipe Company 

US Steel Mining Company 

Honeywell 

Vulcan Materials 

Steel 

Pipe 

Coal 

Chemicals 

Construction 

Duluth, Missabe & Iron Range Railway Company (DM&IR) 

241. US Steel was created in 1901 from the merger of J.P. Morgan’s and Andrew Carnegie’s 
steel holdings.  The new company owned two Minnesota railroads—Duluth & Iron Range 
(D&IR) and Duluth, Missabe & Northern (DM&N)—which hauled iron ore from mines in 
the north to ports on Lake Superior.  From 1937 to 1938, US Steel consolidated its rail-
road holdings into a single company by combining DM&N, D&IR, and two other railroads 
in the region.  The new railroad was known as the Duluth, Missabe & Iron Range Railway 
Company (DM&IR) and shipped at its highest point almost 50 million tons of iron ore out 
of the Mesabi Range.  The railroad comprises 341 route kilometers with US$89 million in 
annual revenue and 500 employees. 

The Bessemer & Lake Erie Railroad Company (B&LE) 

242. Also included in the US Steel creation was the Bessemer & Lake Erie Railroad Company 
(B&LE).  It connects the Lake Erie port at Conneaut, Ohio, to the Union Railroad inter-
change at North Bessemer, Pennsylvania, for 274 route kilometers.  With 200 employees 
and US$44 million in revenue, the B&LE moves roughly 9 million tons annually of iron 
ore, coal and limestone. 

The Pittsburgh & Conneaut Dock Company 

243. The Pittsburgh & Conneaut Dock Company (P&C Dock) is a switching railroad at the port 
of Conneaut on Lake Erie.  Since the beginning of the 20th century, P&C Dock has han-
dled the ship-to-rail transfer of coal, taconite, and other bulk commodities at the three 
docks in Conneaut under contract to (and historically under ownership of) the B&LE. 

Elgin, Joliet & Eastern Railway Company 

244. The Elgin, Joliet & Eastern Railway Company (EJ&E) was created in the late 1880s and 
was the combination of a number of railroads serving the outer rim of the Chicago area.  
In 1898, the EJ&E and a neighbouring railroad—the Chicago, Lake Shore & Eastern 
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Railway Company (CLS&E) – came under the ownership of the Federal Steel Company.  
Subsequently, when Federal Steel was acquired by US Steel in 1901, control of the EJ&E 
and the CLS&E went with it.  In 1938, the two railroads merged under the EJ&E banner 
and continued to serve the huge steel mills in South Chicago and Gary, Indiana, on a 
network of 267 route kilometers.  

The Lake Terminal Railroad Company 

245. Built to serve the iron mill of the Lorain Steel Company, the Lake Terminal Railroad came 
into existence in 1895.  The railroad connected the mill with nearby Class I carriers via 
interchanges near Lake Erie.  Through two acquisitions, US Steel gained control of the 
company by 1902.  Since then, it has continued to operate mostly within the boundaries 
of the Lorain mill, although it now also serves a nearby steel mill, Republic Engineered 
Products. 

Union Railroad Company 

246. The Union Railroad (URR) belonged to Andrew Carnegie at the turn of the 19th century 
and linked his three biggest steel plants: the Duquesne, Homestead, and Edgar Thomson 
Works in the Pittsburgh area.  When Carnegie sold his steel assets to J.P. Morgan in 
1901, URR was included in the transaction.  Between 1901 and 1915, URR merged with 
four other railroads to create a network with 105 kilometers of main track and 322 kilome-
ters of yard track and sidings, all within a 16-kilometer radius.  URR still provides railroad 
switching services to US Steel’s Edgar Thomson Works, as well as to the company’s Irvin 
Works, Clairton Works (a coke facility), and a host of other industrial companies in the 
steel, coal, scrap, chemicals, and automotive industries. 

McKeesport Connecting Railroad Company 

247. The McKeesport Connecting Railroad Company was incorporated in 1889 to connect 
McKeesport to Port Perry, Pennsylvania.  The company was first owned by J.P. Morgan’s 
National Tube Works, which in 1901 was folded into Morgan’s new US Steel organization.  
Today, the railroad provides the Camp-Hill pipe mill with direct interchanges with URR 
and CSX via its 8-kilometer mainline, as well as indirect interchanges with the B&LE and 
Norfolk Southern via its interchange with URR.   

Birmingham Southern Railroad Company 

248. In 1899, the Birmingham Southern Railroad Company was organized to transport coal in 
the Birmingham area.  The company was acquired in 1906 by US Steel and continues to 
haul coal over 56 route kilometers to blast furnaces and other customers in the local area.  
The railroad also serves Port Birmingham on the Warrior-Tombigbee Waterway System, 
connecting its customers to the Gulf of Mexico and international destinations beyond.   
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H.1.2 Iron Ore “Pipeline” 

249. US Steel has also historically owned vessels for shipping iron ore across the Great Lakes, 
creating an iron ore “pipeline” from the Mesabi Range in Minnesota to the steel mills of 
Pittsburgh. 

250. In the late 1800s, iron ore was discovered in the Mesabi Range of northern Minnesota.  
Railroads were quickly established to haul the ore out of the Range.  DM&IR and its 
predecessor railroads provided a key link to ports on Lake Superior for transport by water.  
Upon its arrival at ports in Chicago (Illinois), Gary (Indiana), and Conneaut (Ohio), the iron 
ore was transferred from ship to rail and moved on the EJ&E, B&LE, and URR to various 
steel mills in the South Chicago and Pittsburgh areas.  As discussed earlier, US Steel 
controlled the railroads serving the Mesabi Range and the steel mills to the south.  US 
Steel also owned the Great Lakes vessel fleet connecting the Minnesota ports at Duluth 
and Two Harbors with the ports in Chicago and Conneaut.  As a result, US Steel enjoyed 
a fully integrated iron ore “pipeline” for most of the 20th century. 

Figure 16: The US Steel Iron Ore “Pipeline” 

 

 

H.1.3 Reorganisation 

251. Following the demise of the Pittsburgh steel industry in the 1980s, US Steel began to 
restructure its ownership of the iron ore “pipeline” assets and its other railroads in the re-
gion. 

252. In December of 1988, US Steel (then known as USX) sold all of its transportation 
companies to Blackstone Capital Partners and received more than US$500 million in the 
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transaction.  Blackstone Capital Partners, the investment subsidiary of a larger private 
investment banking firm based in New York City, grouped the railroad, lake fleet, and wa-
terway transport companies into a single company known as Transtar.  US Steel did, 
however, retain a 45-percent interest in the new company.  At the time of the transaction, 
US Steel’s steel operations accounted for 45 percent of its railroads’ business.  After the 
transaction, US Steel and other steel companies continued to patronize the Transtar 
companies. 

253. Just over a decade later, US Steel and Blackstone decided to end their joint interest in the 
Transtar assets because the two companies “had different visions of where the business 
should go.”   In March 2001, Blackstone traded its 55-percent Transtar holding for full 
control of the iron ore “pipeline” companies.  DM&IR, B&LE, P&C Dock, and USS Great 
Lakes Fleet all fell under the ownership of Blackstone and were moved into a single com-
pany known as Great Lakes Transportation.  US Steel received 100-percent ownership of 
the remaining railroads, waterway companies, and transfer facilities, and retained the 
Transtar brand as the parent entity over the companies.   

254. Today, Transtar comprises EJ&E, Lake Terminal Railroad, URR, Birmingham Southern, 
McKeesport Connecting Railroad, Fairfield Southern, Warrior & Gulf Navigation Com-
pany, and Mobile River Terminal. 

255. After US Steel and Blackstone’s divorce in 2001, Great Lakes Transportation was 
subsequently sold to Canadian National Railway (CN) for about US$500 million.  Its rail-
roads have now been integrated with CN’s network and, with the Transtar railroads, con-
tinue to serve customers in the iron ore, steel, coal, and other bulk industries. 

H.2 INTERNATIONAL STEEL GROUP (ISG) 

256. Founded in April 2002 by W.L. Ross, International Steel Group (ISG) is a “modern” steel 
conglomerate comprising the assets of a number of steel companies.  These include the 
former companies LTV, Acme Metals, Bethlehem Steel, Weirton Steel, and Georgetown 
Steel.  By purchasing LTV’s and Bethlehem Steel’s assets, ISG also became the owner of 
multiple railroads.   

257. Table 15 lists ISG’s existing railroads that were created from the LTV and Bethlehem 
Steel railroad assets.  
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Table 15: Existing ISG Railroads 

Railroad PredecessorRailr
oad(s) 

Former 
Owner Location Sample Customers Commoditi

es 

South Chicago 
& Indiana 
Harbor 

(1) Chicago Short 
Line LTV Chicago IL 

ISG (Indiana Harbor 
Works, Acme Steel) 

Delta Plastics 

Great Lakes Dredge 
& Dock 

Iron ore 

Coal 

Steel 

Plastics 

Cleveland 
Works 

(1) Cuyahoga 
Valley 

(2) River Terminal 

LTV Cleveland OH ISG (Cleveland 
Works) 

Iron ore 

Coal 

Steel 

Brandywine Valley Bethlehem Coatesville PA ISG Plate 
(Coatesville) Steel plate 

Lake Michigan & 
Indiana Bethlehem Burns Harbor 

IN ISG (Burns Harbor) 

Iron ore 

Coal 

Steel 

Patapsco & Back 
Rivers Bethlehem Sparrows Point 

MD ISG (Sparrows Point) 

Iron ore 

Coal 

Steel 

Steelton & 
Highspire Bethlehem Steelton PA ISG (Steelton) Steel rail, 

and bars 

ISG Railways 

Upper Merion & 
Plymouth Bethlehem Conshohocken 

PA 

ISG Plate 
(Conshohocken) 

Philadelphia Inquirer 

Cooper Creek 
Chemical 

Steel plate 

Newsprint 

Roof pitch 

Coal tar 

Former LTV Railroads 

258. LTV declared bankruptcy in 2000, and many of its assets were purchased by W.L. Ross & 
Co. in February of 2002.  W.L. Ross in turn founded International Steel Group (ISG) in 
April of the same year.  The assets of three of LTV’s six terminal switching railroad com-
panies were included in the original $327 million price paid by W.L. Ross.  The three pur-
chased railroads have since been consolidated into two companies. 

South Chicago & Indiana Harbour Railway Company 

259. In its purchase of the LTV assets, ISG gained control of the Chicago Short Line Railway 
Company (CSL).  CSL was incorporated in 1900 and began operating in 1903.  Previ-
ously owned by the Youngstown Sheet and Tube Company, CSL was acquired by Lykes 
Corporation in 1969 and then by LTV in 1978.  After acquiring LTV (and thus CSL) in 
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early 2002, W.L. Ross/ISG organized a new rail company, the South Chicago & Indiana 
Harbor Railway Company (SCIH), in April 2002.  Shortly thereafter, SCIH acquired the 
CSL assets.  On its 40 kilometers of track and with four locomotives, SCIH primarily 
serves the Indiana Harbor Works steel plant in East Chicago, with a number of other cus-
tomers including plastics, transloading, and other steel facilities.    

Cleveland Works Railway Company 

260. The Cleveland Works Railway Company (CWRO) was created in May 2002 by ISG from 
the combination of the LTV assets of the River Terminal Railway Company (RT) and the 
Cuyahoga Valley Railway Company (CUVA).  RT was founded in 1909 and operates over 
56 kilometers of track in the Cleveland area, hauling coke, hot metal slabs, coil steel, and 
iron ore between ISG’s Cleveland Works and interchange points with Norfolk Southern, 
CSX, and CUVA.  CUVA, established in 1905, also services ISG’s Cleveland Works with 
its 31 kilometers of operated track.   

Former Bethlehem Steel Railroads 

261. ISG purchased the assets of Bethlehem Steel for $1.5 billion in 2003.  With the purchase 
came the assets of eight railroads.  ISG subsequently sold to Lehigh Valley Rail Man-
agement three of the railroads, all of which served ISG/Bethlehem facilities that were 
closed by 2003.  The remaining five railroads were combined into a single company 
known as ISG Railways and are described below.   

Brandywine Valley Railroad 

262. The Brandywine Valley Railroad Company (BVRY) was created in 1981 by Lukens, Inc., 
the oldest continuously operating steel mill in North America.  BVRY was acquired by 
Bethlehem in 1998 when Lukens and Bethlehem merged.  The 10-kilometer railroad 
serves the ISG (formerly Bethlehem) steel operations in the Coatesville area of Pennsyl-
vania and remains a subsidiary of ISG today. 

Lake Michigan & Indiana Railroad 

263. The Lake Michigan & Indiana Railroad (LM&I) is located in Burns Harbor, Indiana, and 
hauls steel to and from the ISG Burns Harbor facility.  LM&I connects directly with the 
Norfolk Southern, Chicago Southshore and South Bend, and Indiana Harbor Belt rail-
roads. 

Patapsco & Back Rivers Railroad Company 

264. The Patapsco & Back Rivers Railroad Company (P&BR) operates 16 kilometers of track 
in Baltimore County, Maryland.  The railroad links the Sparrows Point facility of ISG with 
Norfolk Southern and CSX 
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Steelton & Highspire Railroad Company 

265. Steelton & Highspire Railroad Company (SH) is a small switching railroad with only eight 
kilometers of track.  SH connects its major customer, ISG Steelton, with Norfolk Southern 
and Canadian Pacific via nearby interchanges.   

Upper Merion & Plymouth Railroad 

266. Upper Merion & Plymouth Railroad (UMP) operates as a switching railroad over ten 
kilometers of track between Conshohocken and Swedeland, Pennyslvania.  It hauls steel 
slabs and plates to and from Lukens Steel (a subsidiary of ISG), newsprint to the Phila-
delphia Inquirer, and roof pitch and coal tar to Cooper Creek Chemical. 

H.3 SHEFFIELD STEEL 

267. Sheffield Steel is privately held corporation manufacturing a number of steel products 
including rolled bar, rebar, billets, and rail spikes.  With facilities in Oklahoma, Illinois, and 
Missouri, the company’s largest plant is in Sand Springs, Oklahoma.  At the time of its 
founding in 1929, the Sand Springs plant owned its own railroad.  In 1936, the plant was 
sold while the railroad remained in the hands of the original company.  However, the rail-
road was reacquired by the plant owner’s successor – Sheffield Steel – in the early 
1990s.   

268. Now know as the Sand Springs Railway Company (SS), the railroad operates an eleven-
kilometer stretch of track between Sand Springs and interchanges in Tulsa with the Bur-
lington Northern Santa Fe Railway (BNSF), Union Pacific Railroad (UP), and the South 
Kansas Oklahoma Railroad (SKO).  The SS line also accesses the Kansas City Southern 
Railway Company (KCS) via these interchanges in Tulsa.  While SS does serve other 
industrial locations along its mainline, 70 to 75 percent of its haulage is with the Sheffield 
Steel plant in Sand Springs.  The railroad brings in mostly steel scrap, and ships out bil-
lets to other Sheffield facilities and other steel products to customers.  SS has been ap-
proached by potential buyers over the years, but as a former CEO and Chairman ex-
plained, the railroad is “a lifeline to the rest of the world” for the Sand Springs facility.132   

269. The railroad earns annual revenues of US$4 million and brings Sheffield Steel a number 
of other benefits as well.  These include: 1) competitive rates from the larger Class I rail-
roads that interchange with SS; 2) improved service to its steel customers through inno-
vations in shipping via warehouse and intermodal facilities; 3) flexibility from owning its 
own rail cars; and 4) high-quality service to the Sand Springs mill.  In particular, railroad 
ownership has “made it easier” to get switching services whenever needed and also take 
advantage of the in-house rolling stock maintenance shop, which has been “a bit more 
efficient than getting outside contractors.”133  The railroad has enabled Sheffield to better 

                                                 

132  March 30, 2005, Interview with Bob Ackerman, former President/CEO of Sheffield Steel Corporation (1992-
1999) and CEO/Chairman (1999-2000). 

133  March 30, 2005, Interview with Bob Ackerman, former President/CEO of Sheffield Steel Corporation (1992-
1999) and CEO/Chairman (1999-2000). 



FMG Application to Access Mt Newman Railway Line under Part IIIA 
 
3 June 2005 CRA International 
 
 

Final Report Page 84 

manage its inventory flows to and from the Sand Springs mill and thereby reduce its in-
ventory handling and expenses. 

H.3.1 The Steel industry in the US has demonstrated an ongoing commitment to 
control its own railroads 

270. There have been multiple opportunities for US Steel, ISG, and Sheffield Steel to divest all 
of their railroads.  However, each has chosen to retain ownership of key railroads that 
serve their facilities.   

271. In the 1980s when the steel industry in the US saw a considerable downturn, US Steel 
and other major steel producers began to sell off large portions of their asset base to earn 
cash.  While US Steel did restructure its ownership of the eight railroads discussed ear-
lier, it kept a 45-percent minority share in the new holding company.  Likewise, predeces-
sors of ISG opted to retain ownership of their rail assets throughout the period.   

272. In 2001, US Steel (then known as USX) owned oil and energy businesses in addition to 
its iron ore, steel, and rail assets.  Shareholders decided spin off the steel-related USX 
businesses under the original US Steel name, but again kept the rail and steel companies 
together.  In addition, when the Transtar companies were restructured in 2001, US Steel 
kept 100-percent ownership of five railroads.   

273. Just after ISG was founded in 2002, CSX Corporation made a pitch to purchase the 
Chicago Short Line, Cuyahoga Valley, and River Terminal railroads.  ISG rejected the 
offer and soon after created from the three railroads what are now the South Chicago & 
Indiana Harbor and Cleveland Works railroads, described earlier.134   

274. Late in 2002, Apollo Management was set to purchase a number of US Steel’s assets, 
including some of its coke-making operations, iron ore mine (Minntac), and transportation 
businesses.  While US Steel would have foregone control of the businesses in the 
$500 million deal, it would have also retained a 20-percent interest in the new company 
set up by Apollo.  

275. In the fall of 2003, US Steel was approached with the idea of selling the Elgin, Joliet & 
Eastern Railway (EJ&E) as a way of extracting value from a seemingly non-core asset.  
However, the corporation confirmed the value of the rail operations, citing the operational 
benefits of flexibility and control. 

276. In late 2003, ISG announced the sale of the assets of three railroads previously owned by 
Bethlehem Steel: Philadelphia, Bethlehem and New England Railroad Company 
(PB&NE); Conemaugh & Black Lick Railroad Company (CBL), and Cambria and Indiana 
Railroad Company (C&I).135  An important distinction between these three railroads and 
those ISG retained was that each of the sold railroads no longer served any operating 

                                                 

134  March 24, 2005, Interview with Larry Shughart, former Assistant Vice President of Performance Improvement at 
CSX. 

135  These three railroads were purchased by Lehigh Valley Rail Management, based in Bethlehem, Pennsylvania. 
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ISG facilities.  In fact, at the time of its sale, C&I comprised only a few kilometers of un-
used track, its locomotives and rolling stock having been transferred to other Bethlehem-
owned railroads years earlier.  
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APPENDIX I – THE SISHEN-SALDANHA RAIL LINE 

 If you are in the iron ore business, you are essentially in the transport business.136 

I.1 HISTORY   

277. Construction on the Sishen-Saldanha rail line in South Africa’s Northern Cape began in 
November of 1974 and was completed less than two years later.  The 861-kilometer line 
was specifically built by the South African Iron & Steel Industrial Corporation (Iscor) to 
haul iron ore between its mine at Sishen and the Port of Saldanha to the southwest.  De-
signed to handle 18 million tonnes of ore each year, the rail line operated under Iscor 
ownership for 11 months.   

278. On April 1, 1977, Iscor transferred ownership to South African Railways (SAR), the state-
owned railroad company.  Speaking of the transaction, Iscor’s chairman made the follow-
ing statement: 

In consequence of the mining development in the northern and north-western Cape 
Province, several ore exporters intimated that they also wished to avail themselves of the 
railway and harbour facilities to effect bulk ore exports to their overseas customers.  This 
would have made Iscor a public carrier and was therefore the main reason why the Sishen 
- Saldanha railway line and harbour were transferred to the South African Railways…  The 
transaction involved the take-over of fixed assets to the value of approximately R 528-m 
[528 million ZAR], together with other sundry assets and liabilities…  The transfer should in 
no way lead to an increase in the transport and harbour tariffs.  The tariffs are based on a 
formula and are not subject to normal SAR tariff increases.137 

279. In 1978, full electrification of the rail line was finished, enabling electric locomotives to 
haul trains at up to 72 kilometers per hour.  In 1989, the railroad set a world record with a 
7.3-kilometer train weighing over 70,000 tonnes, carrying 660 railcars, and traveling at a 
top speed of 80 kilometers per hour.  More regularly, trains loop between Sishen and 
Saldanha, hauling between 204 and 216 railcars that each carry 85 tonnes of iron ore.   

280. At present, over 28 million tonnes of iron ore are hauled each year between Sishen and 
Saldanha for two customers.  Kumba Resources, the successor to Iscor’s mining opera-
tion, accounts for 23.5 million tonnes with its operation at Sishen.  Assmang owns an iron 
ore mine at Beeshoek (70 kilometers from the rail line’s junction in Sishen) and ships 
5 million tonnes from Beeshoek to Sishen and then on to Saldanha.  Today, the rail line is 
exclusively operated by OREX, a subsidiary of South Africa’s publicly owned freight and 
passenger rail company (now known as Spoornet).   

281. Figure 17 shows the geography of OREX. 

                                                 

136  Fraser, J. ’Railways and Ports ‘Limit Export Drive’, Business Day (South Africa), May 17, 2004. 

137  Http://www.rra.co.za/media.cgi?id=6489&action=det.  (Accessed April 28, 2005). 
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Figure 17: The Sishen-Saldanha Railway Line (OREX) 
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I.2 PLAYERS 

I.2.1 Iscor Mining/Kumba Resources 

282. Iscor Mining, as part of the larger Iscor organization, was originally established as a 
publicly owned company.  Its iron ore mining history dates back to 1932 when the first 
Iscor mine opened at Thabazimbi, supplying iron ore to the steel plant at Pretoria Works.  
A second, open-pit mine at Sishen began exporting iron ore in 1976 with the completion 
of the Sishen-Saldanha rail line. 

283. When the rail line was transferred to SAR in 1977, Iscor Mining was still owned by the 
government.  In 1984, the company was privatized, and in 2001 was spun off from its 
parent  (Iscor Limited) and renamed Kumba Resources.  With its headquarters in Preto-
ria, Kumba focuses its mineral and metals mining operations on four main commodities: 
iron ore, coal, base metals, and heavy minerals.  Kumba’s 23.5 million tonnes of iron ore 
shipped each year provide around 49 percent of the company’s revenue.138 

 

                                                 

138  http://www.kumbaresources.com.  (Accessed April 29, 2005). 
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I.2.2 Assmang 

284. The Associated Manganese Mines of South Africa (now known as Assmang) was formed 
in 1935.  Comprising multiple mining assets and interests, Assmang’s operations are cen-
tered around its manganese mines and refining works.  However, in addition to manga-
nese, the company has two other formal divisions: chrome and iron ore.  Assmang’s 
Dwarsrivier chrome mine has only been in operation since 2000, but its chrome smelter at 
Machadodorp has processed chrome ore since 1971.  The iron ore mine at Beeshoek 
was established in 1964 and has since been upgraded and expanded with the addition of 
a washing and screening plant, a jig plant, and a southern mine extension.  Beeshoek 
South, the extension added in 1999, now produces 70 percent of the mine’s iron ore, with 
the remaining 30 percent extracted from the original Beeshoek north operation. 

I.2.3 Spoornet 

285. Spoornet is the main rail arm of South Africa’s publicly owned transportation company, 
Transnet.  Spoornet consists of six major business units, including rail services for gen-
eral freight, coal, iron ore, intercity passengers, and recreational train excursions.  The 
company was established in the early 1900s as part of the larger corporation known as 
South Africa Railways & Harbours (SAR&H).  SAR&H became South African Transport 
Services (SATS) in 1981, and in 1990 became Transnet with Spoornet created as one of 
its major divisions.   

286. OREX is Spoornet’s rail operation for hauling iron ore.  The 861-kilometer OREX rail line 
connects the Kumba and Assmang mines in the Sishen/Beeshoek areas with the Port of 
Saldanha.  While two thirds of Spoornet’s rail network is electrified, the overhead voltage 
on OREX is different from the rest of the network, effectively making it a stand-alone rail-
road.  With 31 locomotives and over 3,300 railcars, OREX hauls 29 million tonnes of iron 
ore each year. 

I.2.4 Capacity and Pricing Concerns 

287. The Sishen-Saldanha rail line was originally built to handle 18 million tonnes of iron ore 
each year.  With annual loads at almost 23.5 million tonnes and growing, Kumba has ex-
pressed growing concern over Spoornet’s limited OREX capacity.  In February of 2004, 
Kumba’s chief executive stated that South Africa was being prevented from meeting 
global demand for iron ore, specifically in China, as a result of “rail and port infrastructure 
not keeping pace.”139  Assore Limited, a minority owner of Assmang, agreed: “With the 
(surging) demand out of China, the only limits on our exports of iron ore are at the port of 
Saldanha and on the railway line.”140  Both Kumba and Assmang are expected to in-
crease their mining output by 50 percent by the end of the decade, boosting Kumba’s an-
nual iron ore shipments on the Sishen-Saldanha line to 35 million tonnes and Assmang’s 
to 10 million tonnes. 

                                                 

139  Lourens, C. ’Spoornet ‘Derailing SA Exports’, Business Day (South Africa), February 13, 2004. 

140  Fraser, J. ’Railways and Ports ‘Limit Export Drive’, Business Day (South Africa), May 17, 2004. 
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288. With Spoornet possibly raising its tariffs by between 16 and 40 percent, Kumba, 
Assmang, and other South African shippers have also become concerned with the rail-
road’s ability to provide efficient and effective transport services for their existing traffic.141  
In September of 2004, Kumba and Transnet (Spoornet’s parent organization) began talks 
to review their pricing arrangement on the OREX line.  In addition to the need for invest-
ment funds to increase capacity, one of the issues surrounding the talks was the influence 
of “the US dollar-denominated iron-ore price and the South African rand:dollar exchange 
rate”142 and how to adjust the pricing mechanism under a future contract.  During the dis-
cussion, the idea of public-private partnerships (PPPs) was raised as a way of revitalizing 
the OREX and larger Spoornet rail networks. 

289. By November, Kumba conceded that some work had been done to upgrade the rail line, 
stating that the “only thing that is still required are trains.”143  While Kumba and Assmang 
offered to buy their own trains, with Kumba also showing interest in funding upgrades 
through PPPs, the South African government expressed concern over giving the private 
sector control of the railways: “There is room for public-private partnerships, but [the gov-
ernment] is not comfortable in having all the assets run privately.”144 

290. Early this year, Kumba and Spoornet signed a definitive agreement for transporting iron 
ore to Saldanha.  The new contract specifies a Rand-based tariff and also addresses 
plans for increasing mine production.  Under the agreement, OREX line capacity will be 
expanded to handle 41 million tonnes of iron ore per year (up from the current 29 million).  
R3.9 million (Rands) will be invested in additional rail infrastructure, 69 new locomotives, 
and enough railcars to increase OREX train lengths to 342 railcars (up from 216).   

 

                                                 

141  Chalmers, R. ’Wide-Ranging Strategy Needed to put Spoornet Back on Track’, Business Day (South Africa), 
March 3, 2004. 

142  http://www.spoornet.co.za/SpoornetWebContentSAP/html/media/2004-09-02-01.htm  (Accessed April 29, 2005). 

143  Fraser, J., ’Kumba Aims for Rail Line Plans by Year End’, Business Day (South Africa), November 1, 2004. 

144  Fraser, J. ’’Frustrated Ore Miners Offer to Buy Own Trains’, Business Day (South Africa), November 4, 2004. 


