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Abstract

This paper is intended as a guide to port planners in the preliminary
assessment of the requirements for port facilities, services, and layout
to support the requirements of industries which benefit from colocation with

a port. The basic characteristics and requirements of each type of industrial

plant are discussed, and the demand for port resources is identified.
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0. INTRODUCTION

0.1 Background

Waterborne transport is the cheapest and sometimes the only available
alternative for moving materials in large amounts. In their effort to reduce
transportation costs and to avoid multiple handling of materials, industries
which depend on importing large volumes of raw materials and/or exporting
significant quantities of end products often select shoreline sites to gain

easy access to water.

In some cases, exporting needs are the most critical factor in siting
an industry adjacent to a harbor. Typical example is the oil refinery
industry. Since a refinery plant uses crude oil as feedstock while it has a

spectrum of various products as output, domestic consumption of the refinery

products creates the necessity of locating the plant close to the consumers.

In this way, a number of pipelines or other land transport modes can be
eliminated and a single pipeline is only needed for supplying the crude oil.
However, if a great portion of the refinery production is going to be

exported, port surroundings become the most favorable siting position.

Countries lacking adequate energy resources need to import large
quantities of coal, oil or liquefied gases thus transforming many ports and
harbors into energy sources. This fact, combined with the large cooling
water needs of power plants, caused many such units to be located near ports,
a fact which in turn attracted energy intensive industries to the adjacent

waterfront. Large enough plants may have their own port terminals.
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The role of ports is thus increased, as they combine their
traditional function of link between land and sea transport with industrial

activities.

The port's position as an operational link in the industrial
production chain is emphasized by the fact that it is usually more economical
for prime processing plants to be located close to sources of raw
materials, or at least near the port of export since primary processing
reduces the bulk of the materials to be handled and, thus, the transportation
costs. In addition, this 1ocatioq enables the producers of raw materials to
add value to their products through processing. However, finishing
operations should be located close to the main markets, and it is the role of
shipping to transport the intermediate products. This approach is very
common today in industries with more than one processing stage, especially in
cases where several kinds of raw materials from different origins are
required for the manufacture of one end product. Shipping of intermediate

products such as alumina and wood pulp are typical examples.

The creation of custom free areas (“"free zones") within the port can
further foster the development of industry in a port area by providing the
opportunity for customs free processing of imported semi-finished and
intermediate products, with shipping immediately adjacent. This is of

considerable significance for labor intensive industries, which are able to
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operate plants in the free zones of countries with cheaper labor reserves.

At the same time, valuable employment opportunities are provided in these

countries.

Industrial ports and industrial free zones are credited with
generating over 3.5 million new jobs in developing countriesi/ as well as

over $2 billion of new investment.
A significant number of industrial ports have been developed in
recent years. Many of these have made or are expected to make contributions

to the economic development of their hinterland and countries, in terms of:

1. Employment generation, direct and indirect. Total employment

generated usually exceeds direct employment by a factor of 4;

2. Foreign exchange earnings, as exports, embodying domestic value

added, are usually increased;

3. 1Increase in utilization of domestic services and capital for

export generation;

4. Increase in potential for technology transfer;

E/ AID Paper No. 18, 1983, “"Free Zones in Developing Countries".




0-4

5. Increase in foreign capital investment;

6. Training of domestic labor in new skills;

7. Transfer of management know-how;

8. Development of marketing and sales opportunities for free zone

and domestically manufactured products;

9. Increase in entrepot/transshipment trade.

Apart from industrial activities located at a port, ports have also
benefited from the industry-port relationship, as they have been able to
attract customers with large, and frequent transport needs. In addition,
ports strongly related to heavy industries are relatively invulnerable to
competition from other ports.

In their effort to cope with the needs of industry, ports are subject

to technological changes of which the following are important:

- Increased vessel size. Increasing capital and operating costs,

exploitation of natural resources in more distant locations, and
high operating costs and great competition in the shipping
industry, have all contributed to the production of larger
vessels. While in 1965 no ship existed with a summer draught of
more than 55 ft., in mid-1980 the draught of 31 petroleum tankers
exceeded 75 ft. (0.9% of total), and 73 (1.6%Z) dry bulk carriers

had a draught of 58 ft. and abovei/. For the moment the trend

2/ Figures according to Lloyd's Register of Shipping, Statistical

Tables.
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towards larger ships has been reversed, but many ports still need
to deepen their berths and approach channels, as well as increase

the length and capacity of the berths.

- Increased handling efficiency: The length of time spent by ships

in port represents a loss of earning capacity which can be of‘
critical importance in economic transportation, and thus there
has been significant development in cargo handling efficiency,
port layout and design. The introduction of special vessel types
such as container ships, ro-ro vessels, and the various types of
barge carriers, as well as the developments in modern methods of
handling bulk commodities with greatly increased
loading/discharging rates, have all resulted in the need to

provide modern efficient port facilities.

Thus, the effective planning of a modern industrial port requires
that port managers and engineers become familiar with the basic requirements
of the industrial plants which may be interested or could be attracted to

base their operations within or adjacent to the port.

0.2 Objective of the Report

This report has been produced with the primary objective of
providing readily accessible information to appreciate the overall impact

that the establishment or expansion of industry at or near a port will have.

The report is aimed at use by the staff of the World Bank and its borrowers.
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Bank's port and related industrial projects have in recent years
often established the need for a simple information base on the main
industrial characteristics, such as the demands for land, cooling water,
energy, labor, etc. and the environmental impact of typical waterfront
industries which would benefit from location near a port.

Although many different types of industry can be found on waterfronts
or near ports throughout the world, not all of them really need to be located
adjacent to navigable water. In this report only those industries which are
best sited adjacent to navigable waterways or ports have been considered.

Thus, the following industries have been included:

1. TIron and steel industry.

2. Bauxite/aluminum industry.

3. Cement industry.

4, Fertilizers industry.

5. Petrochemicals industry.

6. Paper industry.
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These industries either import major inputs or export their partial

or end products using waterborne transportation. A great proportion of the

world's fleet 1is engaged in such trades.

It should be noted that the report specifically excludes oil
refineries. The reason for this is that this industry is extremely flexible
in its plant size and although frequently sited adjacent to good, deep,
navigable waterways, the inputs can be transported cheaply by pipelines while
the products may be distributed through pipelines or land transport. Thus
siting the refinery adjacent to the ultimate consumers has considerable

advantages.

The report presents for each of the port related industries described

the following basic criteria:

- Industrjial processes: A short description of the major

manufacturing processes used by each industry are presented, as
the report is intended primarily to be used by port planners with

no or little background in industrial operations.

- Raw materials requirements: Prediction of material handling

requirements is one of the most important factors in effective

port planning.

- Water requirements: For many industries, water is the most

important commodity needed apart from the raw materials. It is
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so vital for both processing and cooling, that it frequently

controls the choice of location.

Energy requirements: Industries such as iron, aluminum,

chemical, cement, etc. are intensive energy consumers. It is
essential to investigate the type and extent of the energy needs
for any new development. The cost of conservation and supply can
have an important effect on industrial economics. Imports of
energy may under certain conditions affect the transportation
needs.

Area requirements: Flat land is a prime requirement for port

development and increases in importance where there is to be
associated industry. Land availability may be a serious
constraint for industries like petrochemical plants (a fully

integrated ethylene plant may require as much as 200 hectares).

Labor requirements: The principle effect of labor is itsir

influence on the operating costs of an industry. From the point
of view of this report, however, labor requirements affect the
infrastructure scope and the access to highly populated areas, as

in the case of iron and steel industries.

Environmental impacts: A major problem created by modern

industry is that of pollution. Port-related industries have
attracted a great deal of criticism because of water and

atmospheric pollution, especially as industrial ports are usually
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adjacent to highly populated areas. In addition, bauxite and
iron plants are major land pollutants. Environmental pollution
may be a more severe problem in industrialized countries with
high population densities but equal attention should be paid in

developing countries 1if serious problems are to be avoided.

- Transport requirements: It is important to port planners to know

the physical form of cargoes to be handled, the volumes of
materials to be transported, and the usual practice for types of

ships and handling equipment employed in the various trades.

- Other special issues of importance in each industry.

It should be noted, that capital and operating costs are not included
in the analysis, as they are outside the scope of this study. Costs vary
widely from country to country and from plant to plant, and the available
figures are not always representative. In a few instances, costs are
mentioned but only for the purpose of comparison between alternative

methods.

For all industries included in this report, special attention has

been given to developing countries, in terms of special problems or factors

affecting the selection among alternative manufacturing processes.

It should be also noted, here that more detailed analysis of the

environmental impacts of each industry branch can be found in the publication




0-10

"Environmental Guidelines”, Office of Environmental Affairs, World Bank. 1In
addition, valuable insights in bulk shipping and bulk terminals are of fered
by the World Bank Technical Paper No. 38, "Bulk Shipping and Terminal

Logistics”.

0.3 Presentation of the Industries

The report is presented in six chapters, one for each industry.
Each chapter is divided into sections: Section A (data sheet) is a brief
review of the industry, and serves as a quick ready reference to the industry
requirements, in a way that the reader can have some idea of the critical
issues involved, without having to read the entire chapter.

Section B provides a relatively detailed description of the
industrial processes and the requirements in terms of energy, materials,

transport, labor and other relative issues.

Section C is included in each chapter to give the user a better
understanding of the industry. Brief descriptions of actual plants are
presented. Figures and Tables are provided for each plant to offer some
insights in plant layout and the way that certain problems have been

tackled.

Section D includes a list of statistical tables where considered

necessary.




0-11

Chapters IV and V are an exception to the above presentation as the
multiplicity of the products of the fertilizer and petrochemical industries

made it necessary to incorporate more sections with a different structure.

0.4 Further Development

It will be apparent that the six industries analyzed in this
report do not cover the entire spectrum of port-related industries. Many
more industrial plants are in many cases located on waterfronts for various
reasons. Among them power plants, grain and other food processing industries
and oil refineries are the most obvious to be found. 1In many cases the
reason for their being sited adjacent to navigable water is not associated
with transportation needs but, perhaps, the scarcity of flat land in the -
interior, adjacent communities and markets, or some other constraint provided

the choice for the siting.

As the use of this report will later demonstrate, other industries

considered suitable can be added in futﬁre editions. The present list is far

from finite.
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I.A Data Sheet
I.A.1 General

Steel is produced via two routes from iron ore. The older established
methods, using a blast furnace (BF) to extract the iron content of the ore
which is then fed to a Basic Oxygen Process furnace (BOF) - also known as the
Linz-Doﬁawitz (LD) process - to produce steel, are still viable for large
scale processing and where coke is available. Because of the economies of
scale allied to such plant, raw material supply is also large and‘consequently
so is any import requirement. Economies of scale here too apply,and bulk ore
carriers of up to 350,000 dwt may be utilized.

However, modern technology has developed a more economical process
route particularly adapted for small production units of about 500,000 -
600,000 t/a of steel but a number of such units may be installed at one site
although, typically, beyond 3 to 4 the BF/BOF process is more economical. The
modern process is by direct reduction (DR) of the iron ore in one of a number
of different types of proprietary plant (HYL, Midrex, SL/RN etc) followed by
steel making in an electric arc furnace (EAF). This route produces a low
carbon steel and is generally more suitable for developing countries,
particularly those which have an available supply of inexpensive natural gas.
Economies of scale are not as apparent,and so the lower input requirements
for shipments of raw materials, basically the iron ore, mean that smaller
shipments are commonly used, and in consequence cheaper port facilities
than for a BF/BOF process may be sufficient.

Numerous gaseous, liquid and solid wastes are produced in a steel

making plant, and effective technologies should be applied to reduce emissions




into acceptable limits, inactivate toxic and hazardous substances, and
recycle by-products. Noise pollution is also a problem,
In world trade (1983) while over 907 of ore shipments was in bulk
carriers of over 40,000 dwt? 37% was carried in ships of 100 - 150,000 dwt,
18% in ships of 150 - 200,000 dwt, and 117% in ships over 200,000 dwt. In the
coal trade - raw material for coke production -~ while 737 was carried in
ships of over 40,000 dwt, 35% was in bulk and combined carriers of over
100,000 dwt.
Iron ore has a bulk density of between 1.9 and 3.5 t/cu m but typically
about 2.5 t/cu m, while coal's density is in the range of 0.75-0.85 t/cu m,

I.A.2 Direct Reduction/Electric Arc Furnace

Max unit size approx. 600,000 t/a steel (up to 3 to & units per
complex before Blast Furnace/Basic Oxygen Process Furnace may be more economical.)
Requirements for 1 ton of steel produced by a plant of about 500,000 t/a,

with scrap providing 307% of output:

Iron ore 1.5 ¢t

Natural gas 13 million BTU

Fluxes (e.g. lime) 0.1 ¢

Scrap 0.3 t

Water 15 - 50 ¢t

Elec. energy consumption 850 kWh - 1200 kWh

Installed energy capacity 220 W

Personnel 8000 t/man/a

Site area 0.6 - 1.5 sqm

Waste 0.15 ¢ .
Typical ship size Panamax per unit, unless economies of

scale with other units or plants permit.




I.A.3 Blast Furnace/Basic Oxygen Furnace

Economical for large production units and where coke/coal and/or
low grade ore are supplied.
Requirements for 1 ton of steel produced,with scrap used to feed

for 207 of steel output:

Iron ore 1.43 ¢

Coke 0.50 t

Limestone 0.21 t

Scrap 0.20 t ‘
Water 150 t (but may be reduced with recycling)
Elec. energy consumption 400 kWh

Installed capacity avail. 80 W

Personnel 500 -~ 1,000 t/man/a

Site space 0.6 - 3.2 sqm

Waste 0.6 t

Typical ship size As economies scale can be achieved so

carriers of circa 200,000 - 350,000 dwt
should be allowed for.
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I.B Iron and Steel Industry Description

The following sections will briefly review the basic processes and
technology utilized by modern steel plants. The material flows and the area,
labor, and shipping requirements will be presented. The environmental impact
of -iron and steel manufacture will be shortly discussed; and available typical
figures of capital and operating costs will be also presented.

I.B.1 Iron and Steel Manufacturing Processes

The basic steps in iron and steel manufacture are:
(i) extraction of iron metal (in the form of "pig iron" or
"sponge iron") from iron ores;
(ii) raw steel production from pig iron, sponge irom or iron/
steel scrap; and
(iii) fabrication of steel mill products by various rolling and
finishing operations.
Figure I.B-1 provides a schematic overview of iron and steel making
operations.
I.B.1.1 Ironmaking
Iron ores contain iron in mineral form, chemically combined with

oxygen. The following are the principal ores with their iron content:

magnetite Fe3 04 72% Iron
haemetite Fe2 03 70% Iron
limonite 2 Fe2 03 3H20 607 Iron
geothite H Fe3 CO2 63% Iron
siderite Fe CO03 48% Iron

Almost all iron ores are treated to increase the iron content or to
prepare them, as feedstock of appropriate size. This process, often referred
to as "beneficiation", may include crushing, grinding, screening, washing,

separation and drying.




Natural
Gas or Coal

=

|
i

|
|
'

I-5

—“—‘*—‘"—{ Iron Ore47
!

[coke

i p——

‘ l ; (limes
i

Direct Reduction

Sponge Iron Pig Iron

|
|
|
l

Iron Foundry

¥ Y

Scrap
Iron and Steel

STEELMAKING FURNACE

(Basic Oxygen, Electric Arc, Other)

!

1

Steel Foundry Ingots

Source:

I

Continuous
Casting

—

Hot Rolling

I

[cold Rolling

Y

"h

Finishing
Operations

FIGURE I.B-1

SCHEMATIC SUMMARY OF IRON AND STEELMAKING

Staff.




I-6

"Sintering" or "pelletization" processes may also be used with low
grade or fine ores. The sintering process, in which the fine ore is mixed
with coke breeze and fluxes, is normally carried out at a blast furnace site.
Pelletization is a process whereby fine grained ore is concentrated, by
magnetic separation, gravity or flotation, and compacted with moisture and a
binder to form small 10 - 20 mm diameter balls. These are then hardened by
heating, cooled and screened, and are then ready for shipment.

Iron metal can be extracted by heating (smelting) the ore to high
temperatures in the presence of reagents that combine with the unwanted ore
constituents, leaving behind molten iron, which is readily separated from the
other reaction products. The main reagents are a carbonaceous material (coal,
coke, natural gas) and a fluxing material (limestone or dolomite); the formér
combines with mineral oxygen in the ore to form carbon monoxide and carbon
dioxide, while the latter serves to remove silicon, aluminum, and other
impurities as a slag.

As shown in Figure I.B-1l, two iron extraction technologies are in
widespread use, the blast furnace and the direct reduction processes, which
produce pig iron and sponge iron respectively.

I.B.l.1l.a Blast Furnace

Most of the world's primary iron is produced in blast furnaces,
which consist of a refractory-lined steel shaft continuously fed with iron
ore, coke, and limestone charge at the top and with preheated air (10900C)

at the bottom. The hot air rises countercurrent to the descending solids,




provides for partial combustion of the coke, and is emitted, aiong with
combustible coke gases, as "top gas'". The latter is thoroughly scrubbed and
filtered and then fed to refractory-lined stoves where it is burned, to
preheat the blast furmace air supply, and then released into the atmosphere
via smoke stacks. (See Figure I.B-2.)

Molten pig iron containing some dissolved carbon and silicon
collects at the bottom of the blast furnace, along with a slag layer containing
the remaining mineral constituents of the iron ore. Molten iron and slag
are intermittently tapped from the hearth. The pig iron is either transferred
directly to an integrated steelmaking furnace or cast into "pigs" for subsequent
sale or in~plant use. ‘The slag is disposed of as waste or used for concrete
aggregate, railroad ballast, soil conditiomer, or landfill.

I.B.1.1.b Direct Reduction Furnace

Blast furnace pig iron contains relatively high dissolved carbon
percentages, which must be lowered when the iron is refined into steel.
Alternative iron extraction methods are available that yield low-carbon iron
directly from the ore and are referred to as "direct reduction" processes.

Direct-reduced iron is produced in vertical shaft furnaces and
rotary kilns from a charge of pelletized ore and dolomite or limestone. The
carbonaceous reducing agent may be coal, fuel oil, or natural gas depending on
the particular process technology in use.

The fundamental difference between direct reduction and blast

furnace processes is that the former requires temperatures below the melting

point of iron, while the latter produces molten metal. Direct-reduced iron
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therefore maintains the pellet shape of the ore charge, with a sponge-like
surface texture from which the name "sponge iron" has originated. Sponge
iron is a primary metal that, unlike pig iron, has a low carbon content and
is generally suitable for electric furnace steelmaking, either as a substitute
for scrap metal or as the main feed source.
I.B.1.2 Steelmaking
In the steelmaking process, pig iron, scrap, or direct-reduced
iron are melted (or remelted) and refined to reduce the carbon content and/or
to remove impurities such as phosphorous and sulfur. All processes must
provide some means of supplying controlled amounts of oxygen to the molten
iron, the oxygen combining with unwanted elements to form oxidés, which escape
as gases.or are removed as slag. Several deoxidizing elements, such as
manganese, silicon, or aluminum are then added to remove excess oxygen
remaining in the molten steel and to otherwise improve the metal's properties.
As shown in Figure I.B-1l, modern steelmaking is basically dominated
by two technologies. One centers on the electric arc furnace, which is fed a
charge of close to 100 percent scrap or direct-reduced iron. The other
technology, which accounts for about 65 percent of world steel capacity outside
Comecon, utilizes the so=-called Linz-Donawitz (LD) or basic oxygen process
(BOP) to melt and refine a charge of about 72 percent pig iron and 28 percent
serap.

I.B.1.2.a LD Steelmaking

The LD process was developed in Austria during the early 1950s and

rapidly replaced the open hearth process during the 1960s in the U.S., Western
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Europe, and the Far East. LD utilizes a refractory-lined concrete converter
in which heats of up to 350 tons of steel can be produced in about 45 minutes
from a combination charge of molten pig iron and scrap.

| In the top blowing LD process, oxygen is introduced as a high speed
jet from a water-cooled lance positioned above the bath. The jet must
penetrate an upper slag layer and then enter the metal bath, where oxidation
reactions take place. The bottom=blown LD process (also known as OBM or
Q-BOP) employs a sheath of propane or natural gas around the oxygen stream
and injects this combination into the bottom of the bath from a set of
concentric tuyeres. More recently, hybrid systems have been developed to
exploit the advantages of each bléwing method.

I.B.1.2.b Electric Furnace Steelmaking ('Minimills")

The electric arc furnace, originally used only for production of
specialty stainless and alloy steels, has been increasingly used for the
tonnage production of plain carbon steels, In most cases, the electric arc
furnaces operate with a cold charge in which the ferrous content is close to
100% scrap. Direct-reduced iron, however, is a potential substitute for scrap,
and is used as the major iron input in some electric arc furnace plants, such
as Venezuela's SIDOR complex, which produces 3.6 million tons of steel annually.

A major advantage of electric furnace processes is the relatively
low capital cost per ton of steel produced. Plants can be located to take
advantage of local supplies of industrial steel scrap and of local markets for

steel. Small electric arc furnace plants, known as "minimills'", are located
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where large integrated steel mills would be uneconomical in parts of the U.S.,
in Europe (especially Italy and Spain), in Japan, and in the developing
countries. Some large integrated plants in the U.S. are also being converted
to "minimills" by closing their blast furnace/BOF facilities and installing
modern arc furnace technology.

In the U.S., there are 60 minimills operated by 47 companies, the
largest of which are the following:

Annual Capacity

Company No. of Plants (Tonnage)
Nucor Corp. 4 1,750,000
Florida Steel Corp. 5 1,493,000
Georgetown Steel Corp. 2 1,220,000
Connors Steel Co. 2 1,150,000
North Star Steel Co. 3 1,050,000
Chaparral Steel Co. 1 900,000
Atlantic Steel Co. 2 700,000
Raritan River Steel Co. 1 600,000

Source: Industry Week, July 13, 1981.

A primary consideration in siting an electric furnace steel plant
is the cost and availability of electric power. Energy consumption is
determined by many variables, but modern units require on the order of 450-500
kilowatt hours for melting and refining one ton of crude steel. Electric
furnace plant operations create highly variable loads for their power sources,

because peak power consumption during the melting period is about three times

the consumption during refining.




I.B.2 Steel Plant Size and Raw Material Requirements

Integrated steel plants using the BF/LD (Blast Furnace/Linz-Donawitz)
process may have a capacity in the range of 1 to 12 mt/a. A very large
integrated steel plant in Japan has five blast furnaces and a total pro-
duction of 12 million tons of crude (ingot) steel per year, with over 24
million tons of solid raw material inputs. Small integrated plants produce
on the order of 1 to 1.5 million tons of raw steel with two or three blast
furnaces.

"Minimills", which are small electric furnace plants located near
heavy steel-consuming and scrap~producing areas, may produce from 250 thousand
up to one million tons of steel annually. While the DR/EAF (Direct Reduction/
Electric Arc Furnace) process is particularly viable at low production
volumes of about 500,000 t/a especially if cheap natural gas is available, it
is not generally competitive for high volume production with the BF/LD process
(a 1.0 Mt/a ore plant came on stream in 1980 in Venezuela using high grade
ores and cheap, locally available natural gas). Higher annual production
may be achieved by the installation of more than one DR/EAF units at one site
although, typically, beyond 3 to 4 the BF/LD process is more economical.

The following may be taken as typical raw material supplies for the

BF/LD process, per ton of iron produced.

Ore 1.7 t

Coke 0.5 - 0.6t
Limestone/Dolomite 0.25 t

Energy 15 - 21 million BTU's

Since this process is allied to an integrated plant it is more

useful to consider the plant requirements overall.
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Assuming scrap is used as a feed to yield 207 of output, then

requirements for one ton of steel produced are:

Iron ore 1.43 t

Coke 1.50 t

Limestone 0.21 t

Scrap 0.20 t

Water 150 t (of which recycling may typically

be in the range 50-90%)

Elec. energy consumption 400 kWh

Installed capacity available 80 W

Personnel 0.002 - 0.001 (for 2 M t/a to 8 M t/a
plants equiv. to 500 -
1000 t/man/a)

Site space 0.6 - 3.2 sqm

Waste 0.6 t

The following may be taken as typical raw material supplies per ton
of steel produced by a DR/EAF plant of about 500,000 t/a with scrap providing

30% of output:

Iron ore 1.5 ¢t

Natural gas 13 million BTU

Fluxes e.g. lime 0.1 ¢t

Scrap 0.3 t

Water 15 - 50 ¢t

Elec. energy consumption 850 kWh - 1200 kWh

Installed capacity 220 W

Personnel .00012 (equivalent to 8000 t/man/a)
Site space 0.6 - 1.5 sq m

Waste 0.1 -0.15 t

I.B.3 Steel Plant Site Requirements

Location on a coastal site would normally mean that all or most of
the necessary raw materials, as presented in the previous section, are vessel
imported, requiring extensive berthing, unloading, and transfer facilities,
in addition to the spacious storage areas found at all steel plants.

Characteristic basic data pertaining to the equipment and facilities at

various major iron ore discharging terminals is presented in Table I.B-1.




TABLE I,B-1

SELECTED TRON ORE DISCHARGE FACILITIES FOR LARGE CARRIERS

Country Max. Draft Max. LOA Max. Beam Max,

Port Terminal (Meters) (Meters) (Meters) Ship DWT Discharge

Brazil

Aratu USIBA Ore Pier 12.2 | - - 55,000 1 600 tph unloader serves
adjacent steel plant

Italy

Taranto Italsidor Pier 4 24.4 350 53 300,000 2 x 60 t bridge unloaders
with total capacity of
3000 tph. Stockpile of
1.7 million tons. Over 10
million tons annual
throughput.

Japan

Chiba Kawasaki Steel 16.0 310 - 120,000 2000 tph

Netherlands .

lgmuiden Hoogovens Outer 13.7 400 50 80,000 3 bridge cranes, two berths,

Harbor 1875 tph. Throughput 7

million tons.

Taiwan

Kaochsiung CS Terminal 13.1 - - 70,000 1500 tph. Throughput

3.5 million ton/yr.

South Korea

Pohang POSCO Pier 3 15.5 - - 110,000 2 bridge unloaders, 1100
tph. 3.9 million tons
annual throughput.

Source: Cargo Systems Research Consultants, Ltd., Large Bulk Carrier Ports and Terminals, 1981.

%1-1



Comparison of maximum DWT and throughput for some of the terminals shown
indicates only a weak correlation between the two, but the significant
economies of scale encountered in oceanborne iron ore transportation make
draft availability an important factor in selecting sites for modern steel
plants., The vessel discharge rates also show only a rough correlation with
maximum deadweight and annual throughput. Total storage capacity, as a
percentage of annual throughput, is variable, but roughly on the order of
15 percent.

EAF steel plants are located in relation to feedstock supply (iron,
steel and fuel) and to demand centers. Plant solely using scrap as steel
feedstock, and with piped natural gas for fuel may not require port facilities.
When ore has to be imported port facilities at the plant are of less importance
than for BF/BOF because of the smaller tonnages involved and because coal is
not required for fuel. Ores may be transported by rail from the import port
to the plant.

Table I.B-2 shows the site area occupied by several different
Japanese steel plants along with the ratios of area to annual output. The
figures show the effects of economies of scale, but also reflect
technological improvements which have helped to reduce unit area requirements
from 2-3 square meters per ton to the current figure of 0.8 per ton. Unit

area also depends on product-mix factors such as the percentage of flat-

rolled products, which require less space.
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Land for waste disposal, as well as additional land for new
communities and satellite industries when the plant is to be located in
undeveloped and isolated areas should also be taken into account. Waste
disposal is a particular problem because of the considerable amounts of slag
generated from the blast and steelmaking furnaces, on the order of 0.6 tons of
solid waste per ton of product. Environmental considerations limit the
possibilities for using slag materials to reclaim and expand coastal sites;

Shape and load-bearing characteristics of the potential site are
also important factors. Circular or long and narrow perimeters are generally
not suitable for proper equipment layout. Load-bearing forces are typically
15 to 20 tons per square meter in the raw materials and products yards, 20
to 60 for the steelmaking and rolling facilities, and 100 to 120 for the blast
furnace, which requires safety allowances for heavy winds and, in some areas,
earthquakes.

I.B.4 Steel Plant Water and Power Consumption

An integrated plant circulates on the order of 150 tons of water
per ton of crude steel, with varying ratios of fresh, salt, and recycle water.
Coastal plants may draw 50 to 60 percent of their total intake from the
sea, whereas inland plants necessarily use river water only. Japanese
plants have attained recycling levels of oﬁer 95% of the total, in which case
the make-up water amounts are about 4 cubic meters per ton. Table I.B-3
shows the water consumption by processing area for a moderately-sized
Japanese steel plant. Even a small plant, however, requires the availability

of an ample and nearby water supply, which in some locations may be possible

only through construction of a dam and reservoir system.
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TABLE I.B-3

WATER CONSUMPTION IN A JAPANESE STEEL PLANT
PRODUCING 2.5 MILLION TONS OF STEEL PER YEAR

Net Input of

‘ Sea3Water Riveg Water Recycling RiverBWater
Equipments (M~ /D) (M™/D) Rate (%) (M~ /D)
Blast Furnace 235,000 19,500 80 3,900
Coke 26,000 2,500 - 2,500
Sintering - 5,800 - 5,800
Converter - 23,500 75 5,900
Blooming - 62,500 80 12,500
Hot Rolling 62,500 155,000 80 31,000
Cold Rolling - 69,000 60 27,500
Others - 5,300 - 5,300
Loss 26,500 5,600 - 5,600
Total 350,000 348,700 71 100,000

Source: Sato, M. UNIDO, ID/WG, 146/22, 1973 "Plant Location and Cost
Aspects of Integrated Steel Plants in Developing Countries".



Electricity consumption per ton of crude steel is on the order
of 400 KWH for an integrated plant, of which about 50% can be generated on-
site with a power station which utilizes by-product gases. To allow for
load fluctuations, a plant producing 2.5 million tons of crude steel per
year requires a supply of 200 MW, 100 of which comes from a power grid. If
the plant site is distant from a large distribution center, significant
investment for transmission line construction must be taken into account.
Conversely, if the site is in an industrial complex, where a large power
plant is in operation, large economies in power transmission costs can be
obtained.

I.B.5 Steelmaking Personnel Requirements

Operation of a steel plant involves many kinds of jobs, most of
which are carried out in three shifts, 365 days a year. The number of
employees is consequently in the thousands, even without taking into account
the workers required for various satellite industries which are normally
required to support the plant. Figure I.B-3 shows the plant labor force size
as determined by the output level, indicating that for a plant with a capacity
of 2 million tons per year, roughly 4 thousand workers are needed. If

employees in satellite industries are taken into account, the labor force

is almost twice again as large. Even a plant established in a heavily

populated area would have a measurable impact on the labor supply in the
area, and would create new demands on the community infrastructure. A plant
constructed in an undeveloped, sparsely populated region could require a new

community capable of supporting 30 to 40 thousand people.
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STEEL PLANT LABOR FORCE AND ANNUAL OUTPUT
Source: Sato, M. UNIDO, ID/WG, 146/22, 1973.
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I.B.6 1Iron and Steelmaking Technology Alternatives

Selection of the appropriate iron and steelmaking technology is
a primary task of plant planners and requires that several complexly inter-
related factors be taken into account, including:

- sité location and other characteristics

- raw material type and sources

- energy sources

- plant size

- product mix

- investment constraints

- transportation costs
The selection process obviously requires in-depth studies based on a range
of specialized knowledge and expertise found only in steel plant design
groups. Nonetheless some general observations can be made regarding the
suitability of the following combinations, which cover currently viable
alternatives for new plant furnace technology:

(1) BF + LD (blast furnace ironmaking and
Linz-Donawitz steelmaking)

(2) DR + EF (direct reduction ironmaking and
electric furnace steelmaking)

(3) S + EF (scrap iron and electric furnace
steelmaking)

Large—~scale plants (over 3 million tons annual output) have itended
to be BF + LD types due to scale economies associated with blast furnace
ironmaking. Blast furnaces have significantly lower unit energy consumption
than the DR + EF plants, but high investment costs associated with these
facilities, along with a long-term surplus of worldwide steel productiom
capacity make it unlikely that any large BF + LD plants will be built in iiw

foreseeable future.
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Direct reduction furnaces have a worldwide capacity of roughly
25 million tons per year, less than 5 percent of the world's annual pig
iron produption in blast furnaces. However, the DR + EF industry Has seen
rapid growth during the past decade; and this combination was selected for
several integrated plants of intermediate capacity (1 to 3 million toms
per year) installed in developing countries since 1980 (refer to Table I.D-8).
In the developing world direct reduction plant accounts for about 15% of
production. Conditions favorable to DR + EF include small to intermediate
capacity, low energy costs, natural gas as a reductant and a sufficiently
large market to act as a base-~load outlet for the product.

As a guide, capital and operating costs are reproduced here,
based on 1980 figures. Table I.B-4 shows the capital costs of a DR + EF
plant which produces 500,000 tons of steel per year. Table I.B-5 shows
estimated operating costs for a 400,000 ton capacity sponge iron plant,
while the effect of natural gas and electricity prices on costs is indicated
in Table I.B~6. Costs for production of steel in a 500,000 ton per year
electric arc facility, in this case using scrap as approximately 30% of feed-
stock, are shown in Table I.B-7.

It can thus be seen that the energy costs of producing steel are
of vital importance and that the higher the scrap content, the lower the
energy costs. This fact makes S + EF process favorable, especially for

small plants located close to scrap-producing industrial centers. Proximity
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TABLE I.B-4

CAPITAL COSTS OF A DR+EF PLANT PRODUCING 500,000 TONS OF STEEL PER YEAR

Millions of US dollars

Site development 48
Storage bulldings 4
Direct reduction plant 75
Steelmaking plant (electric fuxnace) 53
Continuous casting plant 50
Miscellaneous 10

$240

Source: Mineral Processing in Developing Countries - A U.N. Study.

TABLE I. B-5

OPERATING COSTS (EXCLUDING ENERGY) FOR A 400,000 TON/YEAR CAPACITY SPONGE IRON PLANT

Millions of US dollars

Iron ore: 1.5 tons per ton product, 21.0
at $35/ton

Labour and supervision: 0.6
60 man-years at $10,000

Maintenance supplies 1.6
$4 per top product

Miscellaneous 0.7

Total

Source: Mineral Processing in Developing Countries - A U.N. Study.
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TABLE I.-6

EFFECT OF GAS AND ELECTRICITY PRICES ON OPERATING COSTS FOR

A 400,000 TONS/YEAR CAPACITY SPONGE IRON PLANT

Natural gas prices (US $/million BTU)
4 8

12

Basic ope&ating charges 23,900,000
(Table I.B-5)
Natural gas (12,500,000 20,000,000

BTU per ton product)

Electricity (150 kWh per ton):

2.4¢/kWh 1,440,000
5.2¢/kWh
8.0¢/kWh
Total 45,340,000
Cost per ton $113

23,900,000

40,000,000

3,120,000

67,020,000
$167

23,900, 000

60,000,000

4,800,000

88,700,000
$222

Source: Mineral Processing in Developing Countries - A U.N. Study.
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TABLE I,.B-7

ELECTRIC ARC STEEL OPERATING COSTS (MELTING AND
CASTING) AT AN ANNUAL CAPACITY OF 500,000 TONS STEEL

Operation Annual charge
$
. Smelting and casting
Scrxap 1iron 150,000 tons at $80 p.t. 12,000,000
Labour and supervision: 300 at $10,000 p.a. 3,000,000
Fluxes: 50,000 topns at $35 p.t. 1,750,000
Ferroalloys: 10,000 at $600 p.t. 6,000,000
Refractories: 20,000 tons at $400 p.t. 8,000,000
Electrodes: 3000 toms at $2000 p.t. 6,000,000
Maintenance and supplies 2,400,000
Miscellaneous 1,050,000
Total 40,200,000
Natural gas prices ($/million BTU)
4 8 12
Smelting and casting 40,200,000 40,200,000 40,200,000
Natural gas at 400,000 BTU p.a. 1,600,000 3,200,000 4,800,000

41,800,000 43,400,000 45,000,000

Electricity 700:kWh p.r.

at 2.4¢ per kWh 8,400,000
at 5.2¢ per kWh 18,200,000
at 8.0¢ per kWh 28,000,000
Totals 50,200,000 61,600,000 73,000,000
per ton 100 123 146

Combined sponge irop and slab production
Annual sponge iron costs Range: (§ million) 45.34 - 67.02 - 88.70
Apnual melting and cAsting costs Range: ($ million) 50.20 - 61.60 - 73.00
Total ) 95.54 -128.62 -161.70

Final operating cost per ton slab $191 8257 $323

Source: Mineral Processing in Developing Countries - A U,N. Study.
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to iron ore reserves, while obviously advantageous, is apparently not a
prerequisite for DR + EF facilities. Two of the newest ones, the ISCOTT
plant in Trinidad and Tobago, and the HADEED plant in Saudi Arabia, have
built port facilities to handle iron ore imports.

In most developing countries it is likely that the best route to
new or increased installed capacity is by the DR + EF process. The reasons
for this include lower capital costs and the possibility of using natural
gas, which is perhaps the principal feature enabling domestic steel production.
Where there are deposits of both iron and coal, coupled with high demand,
which is the case of developed countries rei&ing mainly on importing large
quantities of foreign ores, the BF + LD route retains advantages.

I.B.7 Environmental Impact

The conversion of iron ore into steel produces a number of gaseous,
liquid and solid wastes, which require proper treatment before releasing into
the environment., A brief description of the waste sources, waste characterA
and volumes, effluent limitations based on best practicable treatment
technology currently available, and applicable waste treatment methods can
be found in "Environmental Guidelines', World Bank, Office of Environmental
Affairs (1984). 1In this paper, the iron and steel manufacture is broken
down into five segments: (a) ore preparation, sintering and pelletizing;

(b) by-product coke production; (c) blast furnace and direct reduction
process; (d) steel production; and (e) rolling and finishing operations.
For each individual segment, a document has been prepared which presents
information as needed for assessing the environmental effects of the waste

produced by the operation.
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In general, the production of waste gases is of major significance
in a steel plant. A large number of organic and inorganic air pollutants are
generated, some of which are toxic substances. The list of gaseous waste
includes among others sulfur dioxide, carbon monoxide and dioxide, nitrogen
oxides, oxides of irom and zinc, alkaline oxides, sulfides, cyanides,
fluorine compounds, gaseous ammonia, fumes, dusts and a large amount of
particulate matter. |

A number of different techniques are employed sequentially in order
to limit or eliminate the air pollutants from the produced gases, depending
on the waste character and its source. Wet scrubbing which results in waste
water production, and dry filtration which results in solid waste generation
are two common stages in the cleaning processes of the gaseous emissions.

Wastewaters are also generated from the cooling, crushing, and
screening of the products of the different manufacturing stages. Large volumes
of wastewaters are produced during the rolling and finishing operationms,
since water is used in cleaning, surface preparation, and plating. Due
mainly to the use of watel-oil solutions for cooling materials and rolls in
the rolling stage, high concentrations of solids, oils and greases are
discharged. Heavy metals and toxic organic pollutants are also present and
must be removed before discharge of the effluent,

In addition, large volumes of water are used for indirect (non-
contact) cooling operations of different parts of the plant. However, these
waters are normally not contaminated, except from leaks in coils, tubes, or

other equipment, and are of little or no significance from the pollution

standpoint.
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Combinations of physical, chemical and biological methods are
widely used to reduce the concentrations of contaminants and to bring the pH
into acceptable levels.

Solid waste originate either from the treatment of the gaseous
and liquid emissions or directly from the manufacturing processes. Blast
furnace slag, refractory materials, ladle skull (the metal shell which
solidifies on the sides and bottoms of the ladle), slag fines, fumes, slurries,
steel scrap, millscale, scarfing residues, used oils and greases, and
sludges are the main solid waste. Most of these are separated and recovered
or recycled back into the iron or steelmaking process.

The slags are processed and used as a building material (rei