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Glossary of terms

BOD (shorthand notation for BOD5)

The S5-day, 20°C, biochemical oxygen demand (BODS) test is widely used

to determine the pollutional strength of waste water in terms of the oxygen
required to oxidize or convert the organic rwatter to a nanputrescible end
product. The BOD5 is a bioassay procedure that measures the uxygen

consumed by living organisms while utilizing the organic matter present

in the waste water under conditions as similar as possible to those that
occur in nature. To make results comparable, the test has been standardized.

The BCD_ test is one of ihe most importaat in stream poliution control.

5

cop

The chemical oxygen demand (COD) is an alternative to the biochemical
oxygen demand (BODS). It is widely used and measurszs the quantity of
oxygen required to oxidize the materials in waste water under severe
chemical and physical conditions. The major advantage of the COD test
is that only a short period (3 hours) is required to conduct the test.
The major disadvantage is that the test does not indicate how rapidly

the biologically active material would be stabilized in a natural condition.

Acidity

Acidity is a term used to express the corrosive properties of a waste
water. Although not an exact measure of acidity, the pH value is
frequently used to measure the effect that a discharge may prcduce,
Effluents from wr.ste water treatment plants are usually controlled near
neutrality, or a pH value of 7. Wide fluctuations or prolonged changes
in the pH value of & receiviny stream can be devastating to» an aquatic

environment,

Suspended solids (SS)

Suspended molids are the suspended material that can be removed from
waste waters by laboratory filtration excluding coarse or floating solids
that can be screened or settled out readily. Suspended solids are a
vital and easily determined measure of pollution and also a measure of
the material that may settle out in slow moving streams. Both organic

ard inorganic materials are measured by the suspended solids test.




- vi -

0ils and grease

0ils and grease are determined by multiple soivent extractions of

the filterable portion of a sample of waste water; therefore, flvuating
0ils and greases which are easily removed by skimming are not included

in the analysis. Several solvents are coumonly used and each gives a
different result with the same sample. Standardized tests are recommended
but there is much disagreement as to what constitutes the best method.
Solvents such as hexane, ether, freon, ard carbon tetrachloride are used,
and it is important that the solvent be specified. Grease and o0il exort
an oxygen demand, cause unsightly conditions, and can interfere with

anaerobic treatment systems.




INTRODUCTION

At the 1981 meeting of the UNIDO Industirial Development Board, the
Secretariat indicated that it would begin a programme of collectving
and disseminating information on technological developments in water
use and treatment practices in certain key industries. The Board
noted the growing importance of techniques of conservation, re-use

and recyciing of water, linked with effluent treatment methods. The
intereast of the Board followed in pursuance of certain recommendations
of the Mar @zl Plata Action Plan adopted by the United Nations Water
Conference in 1977. In the follow-up to that conferemnce FCOSOC adopted
a resolution in August 1979 in which the Industrial Development Board
was asked to examine detailed proposals on industrial water use and
treatment practices made by UNIDO.

The audience of engineers, managers, plamners and economists for whom
this paper is intended is considered to be interested in the entire

scope of environmental effecis of the plant and their economic implications.
For that reason the subject of water is not isolated from other environ-

menta’ considerations.

However, the problems of air and water pollutior from the iron and steel
industry become inter-linked once effective solutions for control are
considered. The dust which was formerly an air p.ilution problem becomes
part of a water pollution problem when removed from the air by means of
a high energy scrubber. The ammonia and phenol contaminants of the coke
plant effluent become potential air pollutants when this effluent is
redirected to the sinter plant to moisten ana bind the mix.

United Nations efforts to disseminate information and promote good
environmental practice in the iron and steel industry have been manifold.
in 1970 the Economic Commission for Europe publisired a review of the
sources of pollution in the iron and steel industry as well as air and
water rollution control devices and associated coatsal/ In 1973 UNIDO
sponsored an international meeting on the iron and steel industry at which
several presentations were devoted to environmental problema.2 In 1978
the United Nations Envircnment Programme organized a workshop on the
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environmental aspects of the iron and steel industry;}/ In 19°1 the
Economic Commission for Europe published a study on low-waste and

non-waste technology in the iron and steel industry.

WATER JSE PRACTICES IN THE IRON AND STEEL IRDUSTRY

According to average data obtained from Eastern and Western European
countries and the USA, about 200 m>
of steel. In the case of a steel mill in France, if the steel mill uses

3 3
200 m

water cost of FF30 per tonne of steel (without amortization).

of water are utilized per tonne

water per tonne of steel at FF0.15 per m~ this represenis a

Total water utilization at a large steelworks carrying out all steel-
making operations exceeds 2,000 million m3 per year. This usage is

divided as follows among the various branches of productions

Table 1. Water usage in various steelmaking processes

Branch Per cent of water use
Sintering 3

Coke by-product 7
manufacturing

Blast furnace 24

production

Steelmaking 23

Rolling mill 42

production

Only about three tonnes of this water is permanently lost, due mostly to
evaporation. Reduction and re-use techniques reduce the demand for
intake water far below the gross amount. Davieé/has cited an example

of a water intake demand of 77 tonnes of water per tonne of stez2l for an
iniegrated works situated near the coast. At the other extreme Davis
refers to a works at a water short inland site which uses only three
tonnes of water intake per tonne of steel. The British Steel Corporation
used a water intake of 30 tonnes of water per toane of steel produced

in 1976.
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The amount of water required by the British Steel Corporation is
contrasted in Table 2 with quantities of other raw material consumed
in 1976.

Takle 2. BSC raw material consumption 19769/

Million tonnes per annum

Iron ore 23.5
Coal 12.6
Iron and steel scrap 10.1
Water intake 570.0

(Crude steel production - 19.1 million tonnes)

The most important volume use of water at an iron and steel works
is the removal and dissipation of heat. Since temperatures in
the blast furnace can reach 1500°C and even higher in steelmaking

vessels, the importance of water cooling can be easily appriciated.

The iron and steel industry can operate satisfactorily for most
requirements from water which is not prime quality. Minimum quality
water requirements for processes at an integrated iron and steel-

works are shown in Table 3.

Table 3. Qualities of water required in an integrated steelworks

Type Important quality Main use
parameters

Potable Physically, chemically and Drinking, amenity,
biologically wholesome air conditioning

High-grade industrial Low total dissolved Bolids, Steam raising
low organic matter

General industrial Low suspended solids, non Cooling condensers,
corrosive, non scale-forming furnaces, rolling
mills, gases

Low~grade .nduritrial Absence of groses pollution Coke and slag
quenching
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Treated sewage effluent provides a satisfactory water source at some
works. Saline water (from estuaries or the sea) is used for certain
cooling applications at some works. Le Laboratoire d'étude et de cont- Hle
de l'environnement sidérurgique recommends the design of a steel mill with
three independent water systems., OSystem 1 consists of collection and
discharge of all rain waters and other surface run-off. Svstem 2 consists
of potable and all sanitary water which are collected and sent for
treatment to a biological waste water treatment plant. System 3 consistis
of all process waters. These are recycled after appropriate treatment
(e.g. separation of sludge after gas scrubbing and treatment of waste

waters from rolling mills).

The British Steel Corporation uses only 7 per cent of potable water
within its water intake of 11 million m” per week for all UK operations.
Nearly 40 per cent of water intake is met from tidal sources, although
these may be estuaries on the ebb tide or docks fed by fresh water
streams. The relevant amount of different water sources is shown in

e 4.

Table 4. BSC water intake 1976 for all worksé/

3

Water intake [ 1000 m” per week]

Source Potable quality Industrial quality
Public water supply 760 (7 per cent) 350 (3 per cent)
koreholes and wells 0 (-) 140 (1 per cent)
Rivers and streams - 4110 (38 per cent)
Canals - 600 (6 per cent)
Tidal sources - 4300 (39 per cent)
Other sources ~ 680 (6 per cent)
Total 790 (7 per cent) 10180 (93 per cent)
GRAND TOTAL 10,970 (100 per cent)

Overall about 10-12 per cent of the water intake is lost by

evaporation. The remainder is discharged as effluents,

The quantities of water in c¢irculation for an integrated steel works
of 4 million tonnes per year prodaction are shown in Table 5. The
figures are typical, except that the amount of cooling water required

for power generation will depend on the extent of power generated by




_5_

Table 5. Quantities of water in circulation at a typ..al integrated
steelworks producing 4 million tonnes per annum (British
Steel Co:poration) 6/

Quantity

1 -
Plant Main purpose m min 1 Percentage :
of grand total

Main indirect cooling water system

Coke ovens Gas primary coolers 75 1.9

Sinter plant Cooling ignition hoods and 10 1.0
fans

Blast furnaces Furnace cooling 170 7.8
Furnace blowing (condenser ~80 18.9
cooling)

Steel furnaces Furnace and equipment 70 T.3
cooling

Continuous Mould and machine cooling 35 3.7

casting

Hot relling Cooling electrics and 30 3.1

mills hydraulics

Power generation Condenser cooling cH 8.9
e.g. 20 MW

Miscellaneous e.g. Air compressors, 20 2.1
exhaust fans

TOTAL indirect cooling 675 70.7

Main direct cooling water systems

Coke ovens Gas cooling and purification 15 1.6

Blast furnaces Gas cooling and cleaning 15 7.9

Steel furnaces Fume cooling and cleaning 35 3.7

Continuous Quenching hot steel 10 1.0

casting

Rolling mills Roll cooling, product 130 13.6
quenching, scale washdown

TOTAL direct cooling 265 27.8

Other water uses

Process water Coke quenching, sinter mix, 7.7 0.8
miscellaneous

Boiler feed Steam raising 4.8 0.5

Domestic and 1.5 0.2

amenity

TOTAL other uses 14.0 1.5

CRAND TOTAL 954.0 100.0
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the works on site. All the figures in the first half of the table

are for indirect cooling (70 per cent). This water does not become
contaminated, except by heat. About 30 per cent of the water is used
in direct cooling where contamination is likely. Appropriate treatment
must be incorporated to remove the pollutants and the Leat. Factors
influencing the choice of treatmznt systems include relative costs,

water availability, and constraints on effluents which are discharged.

According to the experience of the British Stzel Corporation, the cost

of water cervices (including operation and maintenance costs and

capital depreciation [15 years stra.ght line]) represents about 1 per
cent of the price of general products such as cold reduced sheet,

beams and plates. This cost is a wuch smaller percentage of the price

of special products such as special alloys and stainless steels. Speci-
fically, these costs include cost of abstraction or cuanges for external
water supply, water treatment, distritution, recirculation,effluent
ireatment and disposal. For a specific works using extemsive recirculation
and re-use of water, 80 per cent of the cost was due to recirculation and
in-circuit effluent treatment. Howeve:, it once-thr»jugh cooling were
adopted, the total amourit of water in circulation would have to he pumped
from the sources thus incurring much higher abstraction, pre-treatment

and distribution changes.

Constraints on effluents are becoming an increasingly important factor

in developing as well as in industrialized countries. Pergelly and

Rees present an extensive table of water quality standards applied to
industrial effluents discharged to water courses in eight countries,

Also tabulated are standards for surface waters used as sources of

irinking water for six countriesél/ Now, =and more so in the fulure, it

is not acceptable to discharge indiscriminatuly large volumes of effluenti
with relatively low concentratior of poilutants because of the overall

large pollution load this represents. Water recirculating systuems

result in much smaller quantities of effluent streams with relatively

high pollutant concentration. Treatment works can be engineered to

treat these effluents effectively. The most modern dasign for the process
water supply for a steel mill .s a closed circuit which consists of complets
recovery of waste water and re-use after an adequate treatment procuss., The
ideal system is a hermetically sealed recircrlating system with a cooling
loop. Thie will eliminate. discharge of effluents except through accidents.

m—
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The British Steel Corporation estimates ‘hat about 6 per cent of the
capital costs of a new integrated iron and steel works would be
attributable to water supply, water use and effluent disposal .é/ Capital
cogts for water use and treatment are necessary for the operation ot

the plant. Water treatment t» prevent pollution discharge is only a
poertion of this charge.

POLLUTANTS PRODUCED IN THE IRON AND STEEL nmusmxﬁ/

The main air pollutants from the iron and steel industry are smoke,
dust and sulpbur dioxide. These arise principally from coke plants,
sinter plants and steelmaking furnaces. As one example, oxygen-blowing
process furnaces emit large quantities of iron oxide fumes.

Large quantities of cooling and process waters are required by the iron
and steel industry The major water pollutants are oil, phenols, tars

and acids.,

Solid wastes produced by the iron and steel industry include blast furnace
and steelmaking slags, coking plant residues, iron-containing dust and
slag, and general rubbish. Iu blast furnace operations up to 500 kg slag
are produced per tonne of iron.y In Prance up to 1,000 kg slag may be
produced using low grade Lorraine ores.

There are three ways in which measures can be taken to eliminate and

prevent the harmful consequences of iron and steei plant pollutants.

(a) Through the design and utilization of recycling systems in which
all components of the raw materials, fuel and energy can be utilized
and the amounts of harmful pollutants produced are minimal.

(b) Imtroduction of waste treatment facilities to neutralize and
remove those pollutants which are produced and establishment of buffer

zones around those emission sources which are unavoidable.

(c) Through environmental monitoring systems to measure levels of
pollutants and ensure that standards are not viclated.

In this section the data presented on pollutants resulting frem various
processes represent raw waste loads. The values are those reported by
the QECD. At the end of the section the OECD values reported for
particulates are compared with data reported by the ECE.
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For convenience, tne pollution problems in ‘he iror and steel industry
are categorized from five sequential production processes.

These are:

(1) Preparation of raw materials
(2) Cokemaking
(3) Raw iron manufacturing

(4) Raw steel manufacturing (where the alternative technologies of
the open hearth furnace, the basic oxygen furnace, and the
electric arc furnace are considered)

(5) Finishing of steel products

(1) Preparation of raw materials

During the sintering process the main pollutants produced are

particulates and sulphur dioxide. The range of concentration of
particulates produced is 15-25 kg per tonne of product. The amount of
sulphur dioxidc may range from 1-12 kg per tonne depr.iding upon the

amount of sulphur in the iron ore concentrate, the coke dust, and the fuel.

Chemical analysis of sinter dust in the Federal Republic of Germany
shows an iron content of 35 to 56 per cent. The dust particles can be
collected in cyclones, eletrostatic precipitators, or, to a lesser

extent in gravel bed filters.

Some steel producers have installed desulphurization units to treat the
gas stream rich in 302 from the sintering process

Water is required in the sintering plant for admixture with the sinter,

as well as for miscellaneous cooling purposes.

(2) Cokemaking

¥ost of the air pollutants from cokemaking result from the charging
of the ovens. The OKCD reports that the ranges of amounts of particulates

are 0.5 to 1.5 kg per tonne, of sulphur dioxide from 0.2 t¢ 5.0 kg per tonne,

and of hydrocarbons from 0.2 to 2.0 kg per tonne.

One member country of the FCE has listed the following quantities of
coke and coke dust collected during coke production:




Charging ovens with coal: 0.15 kg/t coke

Coke discharge: 0.40 kg/t coke
Coke quenching: 0.35 ztg/t coke
Coke preparation: 1.40 kg/t coke

The USSR estimated that up to 5 kg of dust per tomne of coke is
generated during oven filling and coke discharging.

Lesser amounts of hydrogen sulphide and hydrogen cyanide are also
produced.

In t} cokemaking process water is used for direct and indirect
cooling of coke oven gas, for quenching of hot conke and in some

of the distillation processes at the by-product plant. The coke
plant effluent is one of the most difficult to treat. It contains
phenols, thiocyanate, thiosulphate and ammonia, and therefore has
a high BOD and COD. The >henol can be recovered, or the effluent
can be treated biologically after sufficient diiution. In this
process a large measure of the phenol, thiocyanate and thiosulphate
is removed, but the ammonia remains.~ The amounts of suspended
solids in the effluent can range from 0.1 to 15 kg per tonne,
phenols from 0.3 to 5 kg per tonne, ammonia frim 0.3 to 2 kg per
tonne,sulphide from 0.3 to 2.5 kg per tonne, cyanide from 0.2 to

5 kg per tonne, and BOD_ from 1 to 6 kg per tonne.

5

Biochemical waste water treatment has proven very effective ror
treating coke plant effluents. This is preceeded by sedinmentation
to remove all settleable matter. About 1/4 to 1/2 kg sludge (dry
weight) is produced from an activated sludge plant per kilo of
phenol degraded.

(3) Raw iron manufacturing — the blast furnace

Around the period of 1960, about 100 kg of dust per tonne of hot
metal was produc but this has been reduced in the present days

to 20 to 30 kg per tonne. This residual load is normally trapped
using dry cyclones as a first step of the blast furnace gas cleaning
proceaay A downstream high pressure scrubber can then be employed
t0 reduce the dust content of the gas even further. Thus the air
pollutants from raw iron manufacturing are primarily particulates in
the range of 0.2 to 1.6 kg per tonne from the tapping operations.
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In the blast furnace process large quantities of water are required

to cool the furnace structure and for cleaning and cooling the

CO-rich furnace gas. Sore water is required to cool the condensors of
the air-supplying turbo blowers. The furnace and condensor cooling
circuit are indirect, so heat is absorbed but there are no contaminants.
However, the water uced for gas cooling and cleaning is contaminated
with suspended solids, dissolved alkaline salts, cyanide, thiocyanate,
zinc, lead and fluoride. When recirculaticn water systems are used

the suspended solids are removed, often with the aic. »f flecculation.
Zinc, lead and fluoride must be removed by picecipit: ion, whkereas

cyanide and thiocyanate can be removed by oxidationu6

Solid wastes resulting from iron manufacture in a blast furnace are

blast furnace slag, dusts and slurries from top gas cleaning, dusts

from secondary fume collection, spent refractory materials and ladle
skulls. In the Federal Republic of Germeny the amount of blast furnace
slag is now 345 kg per tonne of hot metal. In Prance, where local ores

are charged in conjunction with other ores, an average amount of 650 kg
slag per tonne of hot metal was produced in 1974. In general, the amouats
of blast furnace slag produced ha' e decreased by about 50 per cent over the
past twenty years and world wide figures generally vary from 200 to 400 kg
slag per tonne of hot metal.

Water pollutants result from gas cvleaning and slag gramulation; a
total of 2 to T kg per tonne of suspended solids and lesser amounts
of sulphide, ammonia, fluoride, cyanide, phenol, chloride, suiphate
and hydrogen sulphide are produced.

(4) Raw steel manufaciuring

Operation of the open hearth furnace results in particulates ranging
from 2 to 5 kg per tonne of steel without oxygen and from 5 to 20 k=
per torme with oxygen. A small amount of sulphur dioxide is generated
from the fuel oil.

During the basic oxygen furnace rrocess, large amounts of air pollutants
are generated from the process of blowing pure oxygen into the furnace.
About 30 to 33 kg of particulates per tonne result from the process:g/




In the case of the electric arc furnace the particulate load ranges from

3-8 kg per tonne of steel without oxygen lancing to 5-20 kg per tonne
w' .h oxygen lancing.

The adjustment of raw steel by degassing can also produce particulate
loadings ranging from 9.1 to 16 kg per tonne of steel d=pending upon
the technology used.

In order to meet present pollution coatrol laws, European steel manu-
facturers control fumes from steelmaking using two-stage heavy duty
scrubbere and at least double-fiecld electrostatic precipitators. Between
12 and 20 kg of dust are collected per tonne of steel. The dust can be
recyclea into the blast furnmace process unless the percentage of zinc

is too high.

Once nrimary emission control is achieved, attention should be centred
upon secoifary emission control. Main pollution sources are points of
transfer, mixers, charging and pouring. The dusts thus collected are

mainly iron dioxide, which can be recycled.

Water is required in indirect cooling systems to cool various items of
equipment, such as the oxygen lances. Water is also used to clean and
cool waste gases to prevent air pollution. This effluent is treated to
renove the large amount of suspended solids, mostly finely divided iron
oxide, and recirculated. The water may also take up fluorides and other
chemicals. When the recycled water is purged it requires chemical

treatment.6

(5) Pinishing of steel products

The finishing step is important because more than 90 per cent of all steel
production goes through a rolling mill. Wastes from a rolling mill operation
are mill scale, scarfing slag, soaking pit slag, spent refractory lining and
spent oil and grease. Studies in the FRG showed that an average 4.4 per cent
of the rolled steel production was obtained as mill scale in the mechanical
cleaning of waste water from the hot shaping of steel.
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Water pollution with hot mills result from iron oxide scale and oil aud
grease leaked from the mille. Pergelly and Rees report that typically

2 per cent of product weight is coarse scale which can be readily
collected in scale pits. Another one per cent of product weight ia fine
scale which is taken up in the effluent water. 0il and grease contamina-
tion can range from 0.2 to 1.0 kg per ton product and is discharged -ith

the effluent wat:r unless measures are taken to remove it.

The secondary cooling water from continuous casting machines contains
lesser amounts of scale. The effluents from continuous casting and

rolling mills can be jointly treated.

Indirect cooling requirements for hot rolling mills include cooling air
for the electric motors and cooling lubricating oils and hydraulic fluids.

Continuous casting does not produce nearly the same level of air pollutants as
mould casting and primary roiling, where the range of particulales is

10 to 35 kg per tonne of ingot and sulphur dioxide ranges from 0.5 to 7.0

kg per tonne. The water pollutants from both processes are oil (about

1 kg per tonne) and suspended solids (0.3 to 2.8 kg per tonne).

Forging can produce particulates in the range of 0.5 to 3.5 kg per tonne

and water pollutants in similar amounts to casting.

Mechanical finishing operations can produce amounts of particulates

ranging from 2 to 16 kg per tonne.

When acid pickling is carried out, water is reguired for make-up of
solutions and product rinsing. Other finishing processes which require
water for solution make-up and product rinsing include tin-plating,
galvanising and product rinsing. Sometimes it is possible to mix waste
streams to achieve some degree of self-treatment, for example, acidic
waste can be usei to separate oil-water emulsions. Pickling operations
produce suspended solids {0.1 to 0.4 kg per tonne), dissoclved iron and
iron salts (2 to 22 kg per tonne), and acids (1 to 27 kg per tonne).

Table & compares the amount of particulaves from the five production
proceases as reported by the OECD and cthe ECE.

The major sources of pollution in the iron and eteel induatry are

summarized in Pigure 1.




Table 6. Summary of particulate loadings produced during various
stages of iron and steel manufacturing

(data in kg particulates produced per ton of intermediate
material produced at each stage)

@ eration

Col:e production
Sintering plant

Blast furnace: tapping
gas cleaning

Steelmaking; open hear*h

BOFP
Electric arc
Furnace

Rolling mills

8/

OECD

0.5 - 3.5
15.0 - 25.0

002 - 1.6
20.0 - 30.0

5.0 - 20.0 w/oxygen

EE

&/

2.3 (Europe)
5.0 (USSR)
14.0 (FRG)

2.0

2.0 - 5.0 w/) oxygen -

30.0 - 33.0

12.0

5.0 - 20.0 w/oxygen 2.0
3.0 — 8.0 w/o oxygen

15.0 - 35.0
0.02- 4.5

scale
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(1) Other sources of relatively minor contamination include the yards (ore,coal sad scrap),power generation,lime kiln and cooling towers.
(2) By-product plants associated with coke plants produce benzol,tars,sulfuric acid and phencl,which are used by the chemical industry.
(3) Note: whenever dust is removed by means of a wet process, such as a scrubber, a water pollution problem in the form of suspended
solids results, When removed by a dry process a solid waste results.
(4) Amount depends on sulfur content of fuel used.
(5) Waste gas containing CO is frequently collected and cleaned for use as a fuel.
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RE-USE AND BY-PRODUCT RECOVERY

NMost o ithe contaminants of an iron and steel mill end up as solid matter.

I{ is frequently important to the economy of the industry to recover and re-
use much ¢f these unless cheap dumping is available. In particular the re-use
of solids found in mill scale, blast furnace dust, sinter plant dust,slag, lime
dust, scrap and scarfing powder, is recommeinded as much from an economy stand-

point as from a pollution abatement point of view.

For example, two Japanese manufacturers have jointly developed a process

for recovering valuable metals from dusts collected from steelmaking,

scale from hot rolling and annealing and sludge from waste acid treatment

in picklingeg/ The combined wastes amount to about 60 kg per tcnne flat
product. These combined wastes contain substantial quantities of valuable
meials such as Ki, Cr and FPe. However, the presence of undesirable elements
such as Zn and S means the waste cannot be directly used in c¢he melting ,
process for stainless steel. Therefore a recovery process was developed

consisting of dehydration and drying, briquetting and smelting. Coke is

used as a reducing agent in the smelting process. The plant recovers Ni,
Cr and Pe with purities of 98.5 per cent, 95 per cent and 97 per cent
respectively. During the first three years of operation, 44,000 tonnes

of pure metals were recovered.

In general, the particulate solids recovered from various processes -
except slag — can be incorporated into the sinter mix, pellet making,
coke making, or in powder metallurgicals. The blast furnace slag can be
re-used in the production of cement, insulation, building materials
industry, and in naking aggregutes for road building. Slag from the
basic oxygen furnace is also valuable for its iron content as well aa
its relatively high phosphorus. The iron can be reciaimed anc re-used.
If there was phosphorus in the original ore the remainder can be used
as 3 fertilizer becausie of the phosphorus content.

POLLUTION CONTROL TECHNOLOGY

1. Air pollution

Particulates can be removed by cyclones, wet acrubbers, fabric filters,
and electrostatic precipitators. Cyclones ordinarily have low efficiencies

and are used ahead of more efficient devices or when particle sizes are large.




The principal methods of coni+olling sulphur dioxide emissions are
elimination of sulphur from the fuel or replacement of a high sulpghur
fuel by a low sulphur one.

Ammonia emissions can be controlled through gaseous absorption. The

ammonia can be recovered.

2. Water pollution

Many processes are available for treatment of waterborne residuals.
The Arthur D. Little Company Ll/ has prepared a summary of waste water
treatment technologies applicable to treating iron and steel wastes.

This is shown in Table 7.

3. Poliution control and cost effectiveness

To obtain a basic measure of the cost—effectiveness of pollution control
measures, the OECD followed the procedure of the Arthur D. Little Company
in defining emission control requirements according to "Base Level™,
"Stage I, and "Stage II™ nomenclature. The -aste water itreatment
schemes are shown in Table 7. The air pollution treatmemt procedures are
too lengthy to duplicate here for each unit operation and the reader is
referred to the OFCD repo 8 for detaile. Stage I technology includes
the technology of the Base Level while Stage II technology includes both
that of the Base Level and Stage I.

As an exarple of Base Level, Stage I and Stage II levels of pollutiom
control the treatment operations which must be employed for a cokemaking
plan’. are shown in Table 8.

The discharge reduction implied by different treatment levels for

coke manufacturing operations are ghown in Table 9.
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Table 7. Applicability of waste water treatment technologies to the

iron and steel industryll/

Base level Stage 1 Stage 11
Technology Technology Technology
RRAER 5l | |g
O & el
5 M 8l |% als
'g ‘O: gn.g Kal [4] g} o
5 e < o O R
Control Parameter 815 sIElalsl8lel 8] |5 g|a
ey i -aaogas g+ $ gl+
‘ ] Y PlAlAlaly Ol + i Bl L ] 5
e AR OldjeixlQ -rl-r(ﬁv-{d Sq-a brd
A K P S o Bt 1 T R gl L Sl elof s
dnpg .-io.d'gl: hdpgﬁ < | Ol W| E - B
-d-ac..-cgdmoc:o Plald [<¥ ] ] ]
[S13) I oldg n.r-c'g olalgitinyd = o L
e[e|nis ‘E*”ﬁmlazmsi‘.-ﬂﬁ RGN AS RN
zinﬁ?:gonﬁog alolelels gl n Hjeli <
-g $af-H alolfr]r| SRl &(2]8] > A+ 1 ~
Q|4 >lolo| Sl BEjt; Ml || O Sl 14t O [ lo ©
ngﬁ,—uoaxoo .pos:us.o.a.-;ozg o o
o | | o]+ )]0 Hdus-dﬂo | © L
=[al=lalnlmio]<lolo ] blolol|<|o)< |n |l &,
Suspended Solids e 06 coo
0il and Grease ' X o o© o o
]30D5 o000 0 o o e 000 O
Ammonia . o o oe
Nitrate ° ® O oo n
Phenols o000 o ) 0 000 o
Cyanides ocooe O 0 0o0e ]
Sulfides o o ® 0 000 0
Fluorides ° 0 o ° 0O 0Oee o
Total Iron 000 000 0O 0@ Oee .
Ferrous Iron [ ] o0 0 00 )
Soluble Iron ° €0 #0060 O ®
Manganese o e oo €0 6 0000 @
Lead o () oo o0 60000 O
Zinc o e o0 o0 #5000 @
Tin °® oo e® © 000 0 @
Total Chromium o 000 00 #0000 @
Hexavalent Chromium ooe O 000 0
Total Dissolved [ ] e oo '
Solids
pH )
Temperature (]

For explanation of terms, see “(Clossary of Water and Wastewater Engineering”,

Water Pollution Control Federation, Washington, D.C.

Legend:
o0 - indicates some removal of pollutants may be achieved

e - indicates greatest effectiveness in removing pollutant

. i — —————
| |




Table 8. Treatment operations implied by the different treatment levels for coke plant residualsg/

Base level Stage I Stage II
Type of operation Airborne Waterborne | Airborne Waterborne Airborne Waterborne
Type of Type of Type of Type of Type of Type of
equipment equipment equipment equipment equipment equainment
Coal handling Spr H,DC H*, BH
Charging PM (H, VS) (cL) PM
Coke-oven operation Mer (Me*)
Pushing H, VS Cl e, Vo Ccl B, BH
Quenching B PM
By-product recovery RFC, CT, DP, RFC, CT, DS Fx, N H*, BH RBC,CT,40,4,
(Ph./Ch.) Fr, Cl DP, Fr, Cl AC1,,N,PF,
BClz, C1,vG
}
By-product recovery RFC, CT, DS Fx, N, SS Bio, B, BH RBC, CT, -
(Biol) Fr, C1 c1, vVr MS Bio, PF ¥
]
Abbreviations:

Airborne residuals:

H = Hoods

IC = Dry cyclones

VS = Wet scrubbers

BH = Baghouse

PN = Process modifications
Me = Naintenance

Spr = Spraying

DS = Desulphurisation

* = Improvements

B = Baffles

Waterborme residuals:

RFC Final cooler recycle

CT = Cooling tower

DP = Dephenolizer

Fr = Free ammonia stripper

Cl = Clarifier

Fx = Fixed ammonia stripper

N = Neutralisation

SS Bio a Single-stage biological
tieatment

VF = Vacuum filter

AO
A012

3012

PF
AC
MS Bio

= Alkaline chlorination

Barometric condenser
racycle
Air oxidation

Breakpoint chlorination

Pressure filter
Activated carbon
Multi~stage biological
treatment
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Table 9. Effectiveness of different levels of control techncloey in
reducing air and water pollution from coke manufacturing

Total Reduction (per cent)

Base Level Stage I Stage II

Air pollution:

particulates 85.0 93.0 96.0

sulphur dioxide 15.0 93.0 96.0

hydrogen cyanide 86 ) 93.0 96.0
Water pollution:

ammonia 5.0 93.7 99.5

BOD5 75.0 g2.0 98.0

phenol 98.5 99.7 99.9

The OECD has estimated that the range of variation of the total costs
of Base Level emission control ranges betweer. US$3 and US$6 per tonne.
This corresponded to between 2 and 4 per cent of the end-1972 average

selling price for principal iron and steel precducts.

The estimated total costs of the Stage I level of emission control

ranged between US$12 and US$18 per tonne, or between 8 and 12 per cent

of the end-1972 average selling price for finished iron and steel
products,

For the Stage II level of emission control the total costs of treatment
were estimated between US$38 and US$52 per tomne which is equivalent to
betwen 25 and 35 per cent of the end-1972 average selling price for
the principal finished iron and steel products.

It is interesting to note that the costs of pollution control measures
actually implemented in the six OECD countries studied in reference 8
ranged from 1.3 per cent (Finland) to 6.6 per cent (United States) of
the end-1972 average product selling prices.

The Pritish Steel Corporation has separated the cost of pollution control
elements (6.664) from overall plant capital costs for a major development
at their Redcar works. The capital costs given in Tsble 10 include all
main plant, building and civil works but exclude general works services

and infrastructure.

Pergelly and Rees quote a value of 10 per cent of the capital cost of
plant and building as that expected for pollution comtrol in fully deve-
loped areas where the highest standards are required. They note, however,
that a clear distinction can often not be drawn between that part of the




Tabtle 10. British Steel Corporation - Redcar Development Pollution Control and Main Plant Cests (1979 basis)

Zone Gross Plant, Pollution Contro) % PCP
Cost (US$ x10°) Plant (US % x 10°) of Gross

Committed Plant (Redcar)

1. Ore Terminal 66.7
Unloader and Stock Piles 10.1 15.2
2. Sinter Plant 78.24 14.4 18.4
3. Pellet Plant 113.02 10.5 9.3
4, Coke Ovens 231.3
(a) Coke Side - 6.5
(b) Coal Side (Preheater) - 0.5
(c) Ammonia Incinerators - 1.5 12.7
(d) €O Efflunent (Bio. Treatment) - 2.0
(e) CO Gas — Desulphurisation - 18.38
5. Blast Furnace 269.5
a) Fume - Stockhouse - 14.26 9.0
b) Gas Cleaning — Recirculating Effluent Only - 10.0 :
»
Additional Plant
6. Basic Oxygen Steel-making 400.0 23.0 6.0
Continuous Casting
7. Hot Strip Mill 800.0 18.9 2.4
TOTAL 1958.76 130.46 6.66

* For guidance to represent "Creenfield" range of plant. Figurec estimated from recent budgets.
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piant which is spsci 2llution control and that which is an
essential component of the production plant. The contractor's tender
price usually does not clearly distinguish between the two. These
authors further give 8 per cent to 12 per cent of the initial investiment
in pollution control equipment as a rough measure of annual operating

costs.

The steel industry in the industrialized countries is extremely concerned
with the costs t¢ carry out advanced pollution control. George Stinson,
Chairman of National Steel Corporation, has claimed that, in meeting the
1982 and 1984 US standards, the steel industry will have removed over

99 per cent of the conventional pollutants from the steelmaking process.12
This suggests that the creative development of low and non-waste technolo-
gies must be stressed throughout tle industry to reduce the pollution
loads which must be treated. Stinson estimates that an additional

US$6 billion investment by the US steel industry would be required during
the 1980's to remove a further 2 or 3 per cent of pollutants. This is
nearly 10 per cent of the total capital investment planned by industry

in that period.

Richard Schubert, Vice Chairman of Bethlehem Steel Corporation, made
similar observations at the annual meeting of the Intermational Platform
Association in 1980. He noted that by 1982 the US Steel Industry is
scheduled to remove about 97 per cent of particulate emissions to the
air and, by 1984, about 97 per cent of conventional water pollutants. He
states that the cost of these control measures will have been

US$10 billionalé/

UNIDO suggests that the emission control costs for the Base Level of
pollution control as described in the OECD study are sufficiently low
that this control level should be adopted in construction of all new

plants in developing as well as developed countr- 2s.

CASE STUDIES OF WATER TREATMENT AND POLLUTION CONTROL COSTS

Cagse Study 1: Present and Future Water Use and Treatment Practices
for Companhia Siderurgica Paultista (COSIPA - a 2.8 million
tonne per year integrated works near Sao Paulo)

The water requirements for the hot rolling mills of COSIPA in Santos,

Brazil, are 12,000 m3 per hour for 2 million tonnes per annum of production.
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The current water supply is inland water with a heavy BOD loading from
Sao Paulo sewage. It is utilized i1n a once-through system. Furthermore,
22,000 tonnes per year of iron oxide and 2,600 tormes of grease are »
discharged into the Santos estuary. The situation is summarized in

Figure 2.

A fully recirculating water system for the hot mills would cost about
Cr$400 million (atout US$15 million). This system would reduce water
demand to 6 per cent of the once-through system as well as reduce
pollution due to iron oxide and 0il and grease discharges by more than

99 per cent. The system could be built in stages. Although Stage 1
(sedimentation and oil skimming) has no effect on water demand it

reduces pollution by 75 per cent at 25 per cemt of the capital cost and
would be required eventually anyway as pretreatment for a water recircula-
tion system. Therefore this is an extremely cost effective way of solving
much of the pullution problem and lays the tirst stage for a water
recycling programme that will eventually be required anyway due to water
cost consiraints and to improve product quality.

The overall water pollution conmtrol budget for retrofitting the entire

plant is shown below.

Table 11. Water pollution control budget (Cr.$ millions) for the hot
rolling mills of COSIPA in Brazil

Partial Fullt

Recirculation Recirculation
Source Phase 1 Phase 2 Phase 3 Totals

(under way)

Sewage 10 5 26 41
Blast Furnaces 8 - (35)* 43
Steelmaking 1 35* - - 35
Mill Acids - . € 47 52
Mill Waste 5 - - 5
Mill Solids & Oils 104" (131) (132) 87
Scarfer Dust - 17 - 17
Storm Water, Drain 0il - - 40 40
Blast Furnace Cyanides - - 25 25
TOTALS 162 158 05 625
Pollution Control 162 7 138 327
(Water Saving) (0) (13) (167) (298)

Includes plant sewage treatment and an acid recovery plant.

* An asterisk indicates water saving (or pollution rontrol) associated
with plant basically for the purpose.




Pigure 2. Staged Hot Nill Water Treatment

12,000

Water Vol. to Estiary
Make-Up Required
Solids to Estuary
0il to Estuary

4 Reduction of Solids
% Reduction of Oils
Capital Cost

Once Through
No Treatment

Existing
12,000 m3/n
12,000 m>/h
22,000 tpa
2,640 tpa



Stage 1

Stage 2

Stage 3
h

260
|, Sedimentation and| .I 'ICoonn,; and |~
oil Removal Filtration Recirculation -

Stage 1
12,000 m>/h
12,000 m3/h
6,600 tpa

750 tpa

70%

2%

Cr.$ 104 million

Stage 2
12,000 m>/h
12,000 m3/h

870 tpa

345 tpa

96%
87%
Cr.$ 130 million

Stage 3
360 m3/h
720 m3/h

26 tpa
9 tpa
99.8%
99.7%

Cr.$ 122 million
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The table distinguishes between those components which are specifically
effective in poliution comizol and those which might be installed for

that purpose but which are really more associat.od with improved operations,
such as water saving or treatment. Of the Cr.$600 million budget for
pollut’ -2 control it can be seen that nearly half is associated with

a recirculation system for water re-use,

Case Study 2: An Integrated Iron and Steel Plant in Volta Redonda,
Brazilil&/

During May 1974, a team of two UNIDO experis studied the environmental
impact of an integrated iron and steel plant (coke oven, blast furnace,
open hearths and rolling mills). The study was carried out in Volta
Redonda, Brazil (population 180,000) at a plant aperated by Companhia
Siderurgica Nacional. The study was updated in 1981 through correspandence
with the corrany.

The plant had a rated annual capacity in 1974 of 1.5 million tomnes but
produced 1.7 million tonnes. About 18,000 people were employed in the
plant.

The plant is located in a valley and the tommship of Volta Redonda is

spread over this valley and on the hillsides. The plant did not utilize

any air pollution control equipment. A1so there was overfiring at the
boilers in the thermal power plants. Heavy smoke and brown fumes were
emitted during smelting and from the power plant. The iron oxide fumes
produced during the oxygen injection caused about 90 per cemt of particulate
emissions. About 8 to 12 tormes of S0, per day were emitted into the
atmosphere. Furthermore, the coke ovens were charged using cars of old
design. As coal entered the hot ovens, copious brown fumes belched ou*

of the charging holes into the atmosphere.

Prevailing winds are from the south-east and caused the bulk of the air
pollution to drift over a zone to the north-west of the plant. About

3,500 people of low income lived in the zone; these people complained

about the bad smell of the gases and soiling of clothes and buildinzs from
soot and brown dust. When the direction of the wind changes, as lappens
frequently during the six-month rainy season, air pollutants are distributed

over the entire city and cause a general muisance. No air pollution monitor-

ing data were available.

Another major air pollution problem occurred in the working envirc: ~emi
inside the steel plant. The arc furnaces and cupola had no air pu.. tiun
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control facilities; fcr example, the most serious internal air pollution
occurred in the production of castings during a process of shake—out in
which the sand is shaken loose from the castings. This was done in an
oven space and the dust collector was inadequate to collect the fine, very
dry 5102 particles. As a result, an average of seven workers working at
the shake—out were absent each year from 3 to 12 months because of the

lung disease silicosis.

There were almost no facilities for treatment of waste water at the plant.
The discharges into the River Paraiba (average flos of 300 m}/sec)
reportedly killed all fish life at distances up to 50 km downsiream from
the plant. The water pocllutants were produced at the blast furnace, cok.
ovens, and rolling and finishing mills. Toxic effluents included ammonia
spent liquor, sulphuric and hydrochloric acid containing effluents from
galvanizing and pickling, water containing oils from the rolling mills and
waste waters from blast-furnace gas cleaning. The most toxic effluent was
the ammonia spent liquor which included about 1,000 ppm of phenols, 50 ppm
of cyanide and 2,000 ppm of free ammonia. An estimated 400-500 m3 per day
were discharged without treatment into the river. The blast-furnace gas
cleaning resulted in a discharge into the river of absut 60 tonnes of

suspended solids plus cyanide.

The major pollution abatement process at the plant was the recovery of

340 tonnes of Fe30, per month from depleted pickling solution.

4

The plant produced about 12,000 tonnes per month of solid wastes. Much of
this was either stock-piled for future resource recovery or used as fill

for levelling low-lying areas around the plant. However, the plant granulated
blast-furnace slag for sale to a nearby cement plant and recovered iron scrap

from blast-furnace scrap and slag.

An expansion of plant capacity from 2.5 million to 4.6 million tonnes per
year is under way.l Investments in pollution control equipment total
US$61.5 million which represent about 4 per cent of the total capital
investment of the expansion. US$19 million will be spent on air pollution
control, US$11.Z million will be spent on water pollution control, and
US$4.2 million will be spent on noise control. The pollution control
equipment will also be used to reduce pollution from the existing plant.
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The charging cars to the coke oven are now equipped with gas collection
and burning equipment. This was previous.y one of the biggest sources of
air pollution. In the existing plant, cyclones, scrubbers and filters
have also been installed in various operations to reduce air pollution.
For example, the efficiency of multicyclones in the sintering plant is

95 per cent.

A number of water re-use practices have been incorporated in various
plant processes. Waste water from the coxe plant is treated in settling
basins. A biological treatment plant is planned for tk. plant expansion.
There is an ammonia still for the waste waters from the blast furnace.
The sludge resulting from treatment in a scrubber of the off-gas from
the blast furnace is removed. Scarfing from the hot rolling mills is
also separated in a settling basin and the water is recirculated.
Detergents, sulfuric acids and oils are recovered from waste water from

cold rolling mills. The water is then recirculated.

Once the plant expansion is completed, a total of 31.04 m3/sec of
water will be in circulation whereas the withdrawal from the river for
plant operations will be only 11l.1 m3/sec. The total consumption of
water will thus total 4z.14 m3/sec. The percentage of recirculation
will be 73.7. After the expansion the plant will require 285 m3 water
3

per tonne of finished steel, whereas the net consumption will be 75 m

3

per tonne. Previously the net water consumption was 154 m~ per tonne.

Although a complete analysis of the situation in 1981 compared to 1974
is not available, it is obvious that the Companhia Siderurgica Nacional
has incorporated a number of environmental measures into the operations
of the works during the seven year period and nlans to include even more

air, water and noise control measures into the planned facilities.

The planned extent of water recycling of about 74 per cent can be

compared with similar percentages of 60 per centflé/ 80 per cenxll/ and
slightly less than 100 per cen 18 at three integrated iron ani steel works
in the USA.
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Case Study 3t Capital and Operating Pollution Control Costs for an
Integrated Iron and Steel Plant

The following costs 2re taken from relatively recent and reliable studies
and are given in dollars per tonne of liquid steel extrapolated from the
criginal year of reference to the year 1973. These costs are presented
on a plant basis and include air, water and solid waste treatment. They
are baced on a 2,000,000 tormes per year steel mill and include annual

operating costs as well:gs/

Cap.tal Annual
costs operating
(UsS$ mill.) costs
(Us$ thousands)

Lime kiln — extraction system on all dust

areas exhausting to bag filters;

kiln gas scrubbers plus pumps 0.4 35
Coke ovens - extraction of dust of all areas;

delivery to multicyclones and wet

scrubbers; irrigated baffle tower

for quench fume control. NH, strip—

ing and biological treatmen% for

wet emission control and coke oven

gas cleaning system 1.5 195

Sinter plant -~ cyclone dust control on exhaust
extractors on all materials hand-
ling cyclones plus low energy wet
scrubbers for sinter windbox fume
extraction 2.0 700

Blast furnace - cyclone dust control on extractor
system for all materials handling
in charging areas. Venturi scrub-
bers, settling ponds, thickeners,
plus wet electrostatic precipita-
tor on gas cleaning system., Chemi-
cal dosage of bleed—off water prior
to final discharge 4,7 450

Linz-Donawitz - wet eiactrostatic precipitator
steel furnace ireating cooled burnt gas plus
thickener, filtering equipment

and pug mill 6.0 260
Electric arc — same as requirements for the
furnace Linz-Donawitz process 1.0 100

Casting, pick- =~ (i) settling ponds, clarifiers,

ling and and filters for collecting mill

rolling mills scale from all direct water
cooling circuits

(i1) oil and emulsion collection
via skimming and cracking
(... cont.)
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(cont.)
Capital Annual
costs operating
(US$ mill.) costs
US$ thousands)
(iii) oil mist extraction and
elimination from air exhaust
of cold rolling plant
(iv) acid fume water spray
elimination from exhaust of
pickling line
(v) disposal of iron salts
from acid regeneration 6.8 500
Sub-total 22.4 2,240
*
Plus G.W.S. allocation (25 per cent) 5.6 560
TOTAL estimated pollution control costs 28.0 2,800

This capital cost is 4.5 per cent of the total Plant Capital Cost Estimaie.
The operating cos’. (excluding capital depreciation and charges) is 1.7 per
cent of the total plant operating cost. When those costs are put on the
basis of a tonne of finished steel product, the following are obtained:

Output: 1.64 x 106 tonnes steel per year

Total capital cost estimate: US$375.00 per tonne finished steel
Waste treatment operating costs: US$1.54 per tonne " "
Waste treatment capital costs: US$3.38 per tonne " "
Pollution control costs (total): US$4.92 per tonne " "

PROCESS MODIFICATIONS

The major changes which can result in a lessened environmental pollution

Joad are:

(a) Formed coke process

(b) Dry quenching of coke (instead of wet quenching)
(¢) Sintering

(d) Renewable sources of energy

#* General works service charge for engineering and contingencies
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(e) Direct reduction of iron ore (instead of coking and blast furnace
plants)

(f) Spray cooling

(g) Hydrochloric acid pickling (instead of sulphuric acid pickling)

(n) Electrolytic (dry) pickling ( " " v " )

(i) The cascade method for washing metal after pickling '

(a) The formed coke process is a continuous production technique in which
carbonization and briquetting occurs within a closed system. This may
eventually replace the conventional batch production and thus eliminate
the inherent air pollution problems. Similar water pollution problems

are common to both processes, however.1

(b) Dry quenching uses air or another gas as a coolant. The dust
collected by the circulating gas is burned in the steam plant to aid
in power generation. This is an example of increasing energy efficiency

and reducing an important air pollutior source. ’

The Council on Mutual Economic Assistance has extensively promoted the !
development and application of new technology to control environmental
pollution from the iron and steel industry.zo The CMEA reports that
the capital expenditures for equipment to remove chemical contaminants
such as carbon monoxide and oxides of nitrogen are roughly double those
for dust collection facilities. According to the CMEA, emphasis should
be placed on reducing process wastes when developing new or modifying
existing process techniques. The CMEA notes, for example, that the

dry quenching of coke makes it possible to eliminate almost completely

water pollution due to phenols.

(c) Borisov et algl/ report that effluents from the coke oven can be
used to moisten and bind the mix in the sinter plant. These effluents
have good binding properties due to the presence of phenols as well as
free and combined ammonia. The strength of the sinter pellets in the
green state was shown to be 15 per cent greater when moistened with coke
plant effluent as compared with technical quality water. In summary, the
entire cutput of coke plant effluent, which may exceed 100 m3/h, m1y be
utilized to fully cover the water requirements of the sintering plant.
The authors report that it may be expedient to use dephenolated, bio-

chemically purified coke-oven effluent if the level of phenols poses a

health problem.
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(d) The use of wood charcoal as a carbon source in blast furnaces and
electric arc furnaces is now vnder way in a number of areas, most notably
Brazil. Practiced properly, such a programme will include reforestation

to ensure resource renewal.

Hydropower may also play a greater role in iron and steel making when it

can be generated at low cost on a regular ba.sis.1

(e) Direct reduction of iron ore depends not only on an expemsive
(enriched) source of ore, but also upon a plentiful and inexpensive source
of natural gas - or some other gaseous or solid combustible reducing agent.
Where this has been feasible, the direct reduction process beneficiating the
iron ore to 90-95 per cent iron has gone directly to the electric arc
steelmaking furnace. Therefore, the coke and pig iron plants have been

eliminated completely.

The Jijel complex in Algeria, scheduled to come on stream in 1986, is

an example of a direct reduction steel plant planned for a developing
country. Even though as of 1980, Algeria had no standards for industrial
emission and pollution control, the plant is being designed in order to
conform as closelyas pussible to standards commonly applied in industrialized

countries.

Water use in the steelworks will be kept low by operating with closed
circuits whenever nossible and avoiding evaporation losses by using

air-tight circuits.

Sea water will be used as a coolant using a battery of heat exchangers

with a flow of up to 60,000 m3 per hour 22

(£) Rolling mills use 30,000 to 40,000 m°

amount is necessary due to the conventional technology of cooling using

of water per hour. This large

perforated pipee. This procedure is inefficient since the temperature
drop is only 1 to 2°c. A more efficient spray cooling method has been
developed in the USSR which reduces water consumption by 25 per cent with
greater cooling efficiency and also decreases the wearing of the rolls.

(g) When steel is pickled in HC1l, the iron salts (FeCls) are recovered
from the concentrated spent liquor by spray-roasting to yield Fezo3 and
HCl. The HC1 is absorbed in water and recycled for re-use in pickling and
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the iron oxide is recycled and returned either to the sintering,
pelletizing, or blast furnace plants. The normally higher cost of
hydrochloric acid than sulphuric acid is countered by its regeneration
and re-use potential. However, reduced volumes of pickling liquors are

recommended even for HCl liquors.

If the metal is pickled in HC1l and scale is removed from the surface

by methods not requiring the use of acid, the pickling sections of rolling
mills no longer produce effluents and product quality is high.
Czechoslovakia, the GDR, the FRG, Poland, the USA and the USSR are
principal countries which have introduced these changes.

(h) Pickling by electrolytic processes without using acid but simply

by passing an electric current through the solution of the metal in

water, deserves more consideration and use than is nowthe practice. Need-
less to say the elimination of acid pickling wastes would solve one of

the major water pollution problems of the industry. If dry pickling is
used, some system other than acid pickle liquors would be necessary for
cracking oil emulsion wastes from the cold rolling mill. Solvent extraction
and ultra high rate filtration have been sugge<ted.

(i) The cascade method for washing metal after pickling can reduce the
normal amount of wash water required by 80 per cent. In the cascade
method, the washing channel is divided into three or four sections. Fresh
or neutralized water is fed into the last section along the route of the
metal. This used water is then pumped out to serve as a pre-wash for

the advancing metal in the next section. The method was developed and

is finding great utility in the USSR.A/

THE WORKING ENVIRORMENT

Occupational health and safety is a major concern in the iron and steel
industry due to the hazardous aspects of many operations. An accident
risk potential is presented by molten metals, high temperature as well

as worker contact with heavy machinery. A variety of toxic and explosive
gases as well as high levels of particulate matter are generated in many
of the processes. Hazards are presented by significant quantities of
toxic substances such as cyanides, chromium salts, and acids. Some

processes are inherently noisy.1
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General problems of the working environment in the iron and steel industry
are presented in detail in a recent ILO handbook.gl/ Problems associated
with working with molten materials, work in hot work places, hazardous
gases, problems of oxygen under pressure, water pollution problems, noise
and vibration are discussed and remedies f{o reduce worker risks are

suggested.

The World Bank has also produced guidelines which cover recommendations
on safety and health in order to prevent and reduce accidents and occupational
diseases among employees. Threshold limit values for exposure of workers

to various fumes and other pollutants are presented.2

ENERGY CONSIDERATIONS

Harrop and Smithson have carried out a detailed study of energy requirements
for air and water pollution control for sub-processes of each process opera~
tion within a typical integrated iron and steeluorks.2 The authors surveyed
energy requirements for pollution control from 93 examples for 50 processes
at 18 plants.

For an electric arc plant with combined direct and indirect exvraclion, the
current mean energy consumption is 59 kuh/tonne steel. This represents a
ccasumption of 3,900 kwh/tonne dust.

For an integrated iron and steelworks, the consumption of electricity for

pollution control is shown below for the main processes.

Table 12. Energy consumption for pollution control for an integrated
steelworks 25/

Current good practice Advanced control systems

kwh/t steel % kwh/t steel %
Ore stock yards and bedding 0.39 1 0.55 1
Sinter plant 9.10 20 17.00 15 .
Coke ovens 2.70 6 49.00 41
Blast furnace 2.90 6 12.00 10
Steelmaking 24.00 52 31.00 26
Rolling mills 6.20 14 8.70 7
Miscellaneous 0.24 1 0.24 <1

TOTAL 45.00 100 119.00 100
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Harrop and Smithson estimate that the energy requirements for pollution
control will rise from 45 to 119 kuh/tonne of steel as current techniques
are replaced by advanced pollution control practice in a modern integrated
iron and steelworks. Energy consumption in terms of pollutants removed
will rise from 550 to 1,300 kwh/tonne of dust removed. This reflects the
high expenditure of energy for collecting the relatively small quantities

of dust from secondary emissions.

Under current conditions, steelmaking accounts for 52 per cent of the
energy requirements. When more advanced control systems are introduced,

cokemaking will become the most significant consumer of energy (41 per cent).

The cost of energy for polluiion contrcl is estimated at 90p per tonne of
steel or 1ll per tonne dus® for current good practice, rising to £2.38 per

tonne steel or £26 per tonne dust when advanced techniques are used.

In the Arthur D. Little study;ll/ the energy requiremente for pollution
control in the iron and steel industry were compared with production energy
requirements. It was found that for integrated iron and steel mills, the
Stage I level of pollution control would require about 4 per cent of
production energy usage. For a Stage II level of control the energy
requirement would be about 10 to 13 per cent of the total production

energy usage.

The energy requirements for the Stage I level of pollution control in
semi-integrated plants, mini-steel mills, and alloy steel plants were
reported as 4.2, 5.3, and between 4.1 and 6.4 respectively as a percentage
of total energy required.

These data offer an indication of the trends which will occur unless
engineering advances are made which will allow savings in energy consumption
for pollution control for the various processes. A prime example of energy
savings as well as water savings is given by the USSR development of fully
utilizing .oke plant effluents in the sinter plant, as discussed earlier

in this paper.

e n i aln s Are—— -
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ENVIRONMENTAL IMPACT EVALUATION OF A PROPOSED IRON AND STZEEL PLANT

The environmental consequences of a proposed iron and steel plant at

a given site should be studied, repocrted and evaluated prior to approval
of the project. The purpose of evaluating environmental impact are two-
fold:

(1) to prevent the deterioration of natural resources, such as the
river which is to receive plant waste waters, so that these resources

can continue to provide a basis for further economic development; and

(2) to give ample warning of deleterious side-effects of the projects,
which may result in economic or social costs not normally identified in

the project review procedure.

Obatagg/ has estimated a productivity of 200-250 kg per man per year for
a steelworks in a develuping country. A steel plant with a capacity of

4 million t/y (one BOF shop with 3 x 180 t vessels) would therefore
require a work force of 20,000. Given an average family size of four
persons, the population directly attributable to the steelworks would

be 80,000 inhabitants. If a by-products processing plant, steel structure
fabrication plant, and pipe shop were also established, the population

due just to the steel industry would swell to a total of 120,000 or more.

Obata recommends siting the plant 3 to 5 km from the town, a distance not
too far for workers to iravel by bicycle or on foot but far enough to
remove workers from the psjychological effect of always being in the

working environment.

Environmental problems begin long before the operation of the plant.

Site preparation, construction of a harbour, paving of roads, and the
erection of the works will remove vegetative cover resulting in potential
erosion, cause considerable noise from earth-moving equipment, cause
temporary air pollution from dust, and may pollute the bay or other
water course from suspended sclids. Careful planning can reducec these

impacts.

Plans to scrub gases, re-utilize process waters and 8»lid wastes can

minimize the environmental impact of the plant operation
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I'1 addition, direct effects of an iron and steelworks on air and weter

guality, indirect consequences of pcllution are:

(a) Deterioration of the quality of life - deterioration in the health
of the population, loss of recreational value of land areas and
water bodies, need for more frequent cleaning of clothes and

living accomrodation.

(b) Loss of working time due to higher incidence of illness in the

working population.

(c) Reduced economic value of natural resources, such as lower agricultural

productivity and fishing yields.
(d) Increased corrosion and equipment wear within the industrial areas.

In order to avoid direct and indirect pollution effects, the following
series of steps should be followed when evaluating the environmental

impact of a proposed iron and steel plant:

(1) Raw materials linkage: Environmental considerations beginning with

extraction or arrival in country to project under evaluation,

(2) Site assimilative capacity: Present or baseline analysis of air,
land and water carrying capacity to determine original conditions and

effects of the project.

Site selection: An integrated iron and steel plant with a
capacity of 4 million tonnes per year and surrourded by a green belt

strip will require 5 million m2 of flat land.

(3) Project design and construction: Analysis of alternative possibi-

lities for unit operations and energy sources.

(4) Operations: Maintenance of project and monitoring (analysis of
outputs, including by-products and wastes for treatment and re-use;

monitoring waste discharges).

(5) Social and health aspects: Social implications of project;
safety and welfare of population affected by plant.
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(6) Place of ultimate deposit: Recycling, re-use or assimilaiion of

product and future products.
(7) Long-term considerations: Plant expansions.
(8) Optimization: Cost analysis of alternmatives.

Therefore the actual site of an iron and steel mill should be selected
carefully so that there are ample receiving capacities of air and water

to assimilate effluents and land to serve as a buffer zone and a recepiacle
of residual unusable solids. Some degradation of environment is almost
inevitable from the production of iron and steel. However, UNIDO believes
that the degree of degradation should be determined by the will of the
citizens and the government. The policy of how much to pollute should

not be left simply to the industrial plant to decide.

Furthermore, actions to mitigate environmental impact of a proposed iron
and steel plant should be taken at the planning stage. The sources of
impact or emission can then be clearly identified and means of effective

control at least cost can be analyzedagg/

POLIUTION REGULATIONS

In recent years, more and more courntries have expanded or adopted new
environmental legislation. Governments have created official bodies which
are responsible for the elaboration of new legislation And its application
and enforcement. As a guide to present practice, a compreheneive listing
of air quality* and pollutant emission** standards from a number of
countries, including Japan, USSR, the USA ard several European countriez,
are to be found in a recent World Bank publicationgé/which also refers to
criteria for maximum ccncentrations of various water pollutants in public

wat rways.

A table is presented by Pergelly and Rees comparing ambient air quality ,
standaris for suspended particulates, sulphur dioxide, carbo» monoxide

*# An air quality standard requires that the concentration of a pollutant
in the atmosphere at the point of measurement shall not exceed a
specified amount.

#% An emission standard requires that the amount of a pollutant emitted
from a specific source shall not exceed a specified concentration.
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and photochemical oxidants in twelve countries, mostly developed. A
summary of the major effects of these pollutants is also given.

A problem specific tco the developing countries when endeavouring to
protect the environment ihrough regulations is a lack of experience.
Never previously having had to face environmental problems due to
industrial pollution, a large number of the developing countries have

no specific regulations at hand. Such regulations are, however, indispensable

to the contractor for the desi~ of pollution control systems and should be
in erfect at the time the ter :r dc-uments are sent out. It is recommended
tLerafore that the ministries concerned, such as those of industry, health
or development, should draw up the relevant regulations, referring ac

necessary to the experience of other countries cited in the previous

paragraph.

However, having stringent air quality standards is a necessary but not
sufficient condition to ensure a quality environment. These standards
must also be enforced if the environment is to be clean. In a UNIDO

study of an integrated iron and steel mill in Brazil, air quality
standards were violated consi:iera.bly.1 As Pergelly and Rees note, "at one
extreme, stil) to be seen in many parts of the world, pollution control

regulations either do not exist, or are virtually completely igncred".

RECOMMENDATIONS

1. In the case of the many developing countries without recerves of
coking coal, UNIDO recommends the establishment of mini mills (from
200,000 to 1 million tonnes of finished steel product per year) using
direct reduction and an electric arc furnzce followed by continuous
casting and finishing process. Less pollutanis are generated by this

type of works,

2. A site for a new plant should be chosen with a sufficient buffer

zone to assimilate air pollutants and to serve as a receptacle of solid
residuals. An adequate source of water is necessary as well as a
transportation network for the flow of raw materials and finished products.

Frequently a coastal site would te preferred.
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3. Three separate water systems (rain vater run—off, drinking and
sanitary waters, process waters) should be established for a new plant.
Domectic waste waters can be recycled after treatment to the process

water system if the plant is in a water-scarce region.

4. PFor a new plant, the alternmatives for water recyrling should be
examined. A cost study should examine the alternatives of uaing once~
through water (raw water costs) compared with reecycling (treatment and
pumping costs) keeping in mind that envirommental quality restrictionms
on effluent discharges may be more stringent in the future.

5. Oxygen blowing should be minimized to reduce air pollution from
the plant.

6. When setting up integrated works on greenfield site, at least
base level pollution control technology should be incorporated (text, .
pp. 17, 18) to reduce pollution.

7. Governments should make available low interest loans, subsidies [
and special tax benefits for pollution control measures taken at both l

new and existing plants.

8. Where a new or exisiing plant is located near a population centre,
the government should insist on installation of efficient air pollution
control equipment in order to meet strict air quality standards.

9. GCovernments should establish water quality standards for streams
receiving waste water discharges from iron and steel mills and the
manufacturers should be required to remove sufficient pollutants,
especially toxic pollutants, in order to meet the water quality standards.
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