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Foreword 

This document was prepared by the Industry and Environment Off ice of UNEP 

in co-operation with UNIDO. It forms part of the 1986/87 work programme of 

Sectoral Studies (prograane elemEnt 3.14. environmental studies). The study 

presents: (a) a technical assessment of environmental problems in the iron 

and steel industry; and (b) guidance for developing countries in how to best 

manage those problems. 
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REClM4EtflA T IONS 

l. Top management should have a sol.fld policy regarding the 
protection of the envirmment and workers' health and safety. 
This policy should be integrated into the activities of the 
whole workforce with an appropriate allocation of resrurces and 
be lllCllitored periodically. 

2. A target or standard for envircnmental control should be 
developed jointly by the government or caitrol authority with 
senior management of the conpany according to the 
dlaracter is tics of the iron and steel works and speci fie local 
envircnmental conctitions of the plant site. These standards 
should be site speci fie. 

3. In plant site selection, socio economic factors and 
environnental factors sudl as : assimilative capacity of the 
environment, buffer zones, land for solid waste Ois(XlSal, etc. 
also need to be considered. 

4. Environmental iq:>act assessment is indispenseble for the final 
selection between possible alternatives of the plant sites and 
the clesigis of plant facilities. 

5. Tedlnologies for environmental cc.atrol have been well aeveloped 
ano are available. It only remains to select the rig-tt 
ted'lnology to suit the speci fie cmdi tions. Pollutim control 

·facilities snruld be oesigied and operated as an integrated 
part of the prodJction facilities. 

6. Q>vernments are encouraged to explore every possible means to 
encourage the irm and s tee! industry to l5e the best 
practicable pollutim control tedlnologies. 

7. The environment should be lllCJ'litored regularly to ensure the 
efficient operation of control methods. 

8. Satic; '~ctory environmental and heal th and safety cmtrol can 
onl be adlieved thraug-t the correct operatim and good 
nei1 enance of prodJction and pollutim central facilities. 

9. Disciplined behaviour en the part of the workforce is also an 
essential element in ad'lieving good environmental and health 
and safety stanc:lardS. CCJ'ltinuous edJcation and training of 
staff and workers is therefore indispensable in order to 
establish and maintain these standards. 

10. UNIDO and U~P should ensure wider disseminatim in developing 
countries of guidelines on ways of red.Jcing adverse 
environmental imp&cts of the iron and steel industry. 
Infornetion should include: 

(a) New ted'lnologies and their envirmmental implications. 

(b) t\ew environmental control tedinology. 
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(c) Retro-fitting of pollution abatement equiJJllBlt to older 
plants. 

(d) Solid waste disposal 

(e) Oevelopnent of legal and regulatory measures. The 
ll&lagement of iron and steel firns in developing 
ooUltries should be reached throu~ this infornation 
cami:eigt. 



l. Activities of the Industry and Enviraunent Office of 
the Lttited Nations Environment Prograrnne (ltEP) 

The Industry ~d Environment Office of UtEP was established in 
Paris in 1975 Clld has operated an 0.1-going consultation, using the 
expertise of ~nments, industry atd relevatt inte..."Tlational 
instib.Jtions, on the envirmmental aspects of specific inciJstrial 
sectors including the agro-indus try, aluminillR, dtemicals, irm a.,d 
steel, motor wehid.es, nm-ferrous metals, petroleum, pulp and paper 
Md tourism. 

Within the context of this CXJnsultative process, a workshop was 
held in Geneva in October 1978 en the environmental aspects of the 
iren and steel inciJstry. Proceedings of this _workshop were 
plblished in 19fll.[l] 

With a vit- r to making more widely known the envirenmentally 
related issues associated with steel making, and drawing en the 
neterial gathered for the workshop and using other infornetion 
slbsequently nede available, the Ul'\EP ~cretariat has prepared two 
publicatiens, namely an overview and a tedtnical review. The 
overview, directed towards the environmental policy makers in 
governrrents and inrustry, sumnarises the decision and policy ;:~pects 
regarding environmental impact of the irm and steel industry. The 
overview was pJblished in Mardi 1985.(2] 

The tedlnical review, prepared to support and supplement the 
overview, deals with the technical aspects of envirm11e11tal 
IJICllagement in steel making. It covers primarily the air and water 
pollution, solid waste ano noise prcblems associated with new 
integrated steel works based on the classical procl.Jctien route. The 
tedlnical review will be published by the end of this year .[3] 

In April 1982, Ul'\EP and UNIDO held a Meeting of experts en the 
Envirmmental and Resource Aspects of the Direct ReciJction Route to 
Steel Making. The meeting took place in Puerto Ordaz, Venezuela, by 
kind invitation Df the Venezuelan authoritit:S. Thirty seven experts 
from six countries and three international institutions took part 
and discussed and exchanged infornetion en environmental issues of 
the Direct Reduction Route to Steel Making. Environmental 
Q.Jidelines for the Direct Reduction Route to Steel Making were also 
drafted. A Record of the meeting was distributed to all 
participants. 

As follCM-up activities to that meeting, a Ted'mical Review 
document on Environmental Aspects of the Direct Reduction Route to 
Steel Making [4] and Environmental Guidelines for the Direct 
Reruction Route to Steel Maklng[5J were plbHshec1 by U~P in 1983. 
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U1'£P has nevoted three issues of its "Industry and Environment" 
review to the Ircn and Steel IndJs try since the last workshop in 
1978, viz.: 

"The Ircn and Steel !r.dJstry ano the Envircnment", p\.blished in 
1978, [6); 

"The Ircn ano Steel Inwstry and Resrurces Recycling", 
i.:;wlished in 1982, [7); ~d 

"Envirmmental Aspects of the Direct Red.Jctioo Route to Steel 
Making" p.blished in 1985 [8]. 

In 1985, the first meeting of the lJEP Env ircnrr.d"ltal 
Coosultative COlllll.ittee on the Iron and Steel Industry was held on 28 
ano 29 March at ILO Heact1uarters, Geneva [9]. 

The .. .eeting benefited from the active participatioo of 
representatives from ten iron and steel conpanies, seven senior 
goverrvnent officials from six couitries, five United llBtions bodies 
ano the International Ircn and Steel Institute.(IISij 

The issues discussed included retro-fitting of pollution 
abatement equiµnent to older plants, newly developed envircnment 
cait..:ol technology, solid waste disposal, and development of legal 
and regulatory measures. An extensive badcgrOlfld dorument, "Review 
of Emissioo Factors and Cootrol Costs world-wide" was prepared and 
slbmitteG by the secretariat [10). 

One of Ul\EP's goals is to provide guidelines on ways of 
rewcing adverse environrr.mtal impacts of industry. These are 
intended to assist policy makers and these involved in decisioos on 
environmental issues. The first draft of the Ul'<EP Guidelines for 
Envircnnental Management of Irm ano Steel works is nON cirrulating 
among experts in Government, indust:r:y and related internatiooal 
organizations to seek comnents and suggestions. The secretariat 
intends to finalize this dorument by- the eno of this year [ 11). 

2. Envircnmental Management and Management Policy in General 

Industtialization is mandatory for developing couitries in 
order to create the economic gro.vth necessary to increase the 
quality of life for the populatioo as a whole. Developed couitries 
also need grONth to fulfill the basic needs of population. 
Industrial activities lead to a greater or lesser extent to an 
impact on the natural envirmment. At the same time, our spaceship, 
the earth, is l.l'ique and indispensable. Consequently, we need to 
protect and improve the human envirmment for present and future 
generations, because it is the resource base on which development 
depends. 

The envirmrrent cannot and need not be totally shieldea from 
change. However, that cnange should be limited within tolerable 
bounos. Ut-.EP believes that incustrialization can be made r.orrpatible 
with protection of the environment. 
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Ul'EP pronntes "sustainable oevelopmcnt", whidl it believes will mly 
be adlievcble with proper swirmmental management. 

Past experience has demonstrated that prevention is less costly 
thai remedy where pollution is concerned. Ignoring environmental 
issues has caused several tragedies, with irremeaicble damage to 
hunen health in some colJltries. ltlbody wants to see a repetition of 
such tragedies in aiy developing country. 

At the worl".1 InciJstry Conference on Envirmmental Management 
(WICEM) held in Versailles, Fraice, 14 - 16 Noverrber 1984, world 
inciJstry encbrsed the following principles. 

(a) Sustainable eccnomic development is an essential 
international goal. Envircnmental management s;10uld be an 
integral part of eccnomic development. Environmental 
issues should be ackiressed in the earliest stages of the 
eccnomic plaroing and development process. Special 
recogtition should be given to the envircnmental prcblems 
created in urbai areas by lJlched<ed migration from rural 
areas. 

(b) Economic growth can be made conpatible with environmental 
protecticn. 

(c) Cost/benefit analysis is, despite its limitations, an 
essential element of environmental decisiCJl making. The 
cost/benefit system should be improved to attempt to 
quantify the value of critical elements in our cultural 
heritage. 

(d} There is not only the direct cost of environmental 
protection that has to be considered, but also the cost of 
damage to society as a whole. 

(e) An anticipatory and preventive approach to the threat of 
environmental degradation is preferable to correcting 
environmental prcblefJ5 after they have occurred. 

In principle, nooody denies the necessity of enviraimental 
control. However, as there are so many cons b.·aints, it is not easy 
to put into practice. But even limited consideration is better t.hri n 
nonA at al 1. 

Pollution control tedlnology is nCM well developed ana only 
needs to be learned and selected by and transferred to those who 
need it. 

Ha;vever, the key to effective env ironrrental management is 
"awareness" and "consciousness" of the issues, i.e. of "JX>te'ltial 
risks and prd:>lems" by top governrrent officers and top management of 
industry. 

Top management of industry should consider environrrental 
protection as one of the company's most important social 
responsibilities and an important aspect of management. 
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Top management should have a sollld policy and strcng "convictim" to 
protect the envircnment and this "convic.tion" shculd be pt..t into 
practice throu~ the works lllCl'lager and middle na.1gement into the 
daily activity of engineers, staff, foremen and workers in the 
plant. 01ly top maragement can provide the resources, such as mmey 
and manpower, for the protecticn of the envirmment. WICEM 
recorrmendaticn nunber 14 enbodies this thiricing: "To strengthen thP. 
anticip:itory and preventive awroach to envirmmental management 
within inous try, eacti line rrd'lo~ from the dlief executive ci:Jwn 
should also think of him or herself as an env irmmen tal manager. 
Clear acco1.11tability for env.: .. onmental perforll&lce should accompany 
managerial responsibility in eadl case". The resources available 
can be utilized roost effectively, and good environmental cmtrol can 
be achieved, only when all the enpJ.llyees in plant and works have the 
same 1.11derstanding of environmentdl issues, CYld oo their best lllder 
the management's basic policy i::::> ensure effective envirmmental 
protecticn. 

3. Cl.Jtline of the Ircn and Steel In<:i.Jstry 

3.1 The Size of the Ircn and Steel Industry 

Throu~out the world more than 700,000,000 tonnes of crude 
steel are prowced annually. In industrial.ized s·Jneties ten to 
thirteen percent of the energy consumed is used in :ib.>elmaking. The 
pervasive nature of the steel industry is readily a;ipreciated by 
looking at the figures for world ~teel prodJctim and consunption in 
recent years as summarized in Table 1, 2 and Figure 1. 

3. 2 Prorur,tion Process and the Structure of the Irm ano Steel 
Industry 

The ircn and steel indJstry involves a nunt>er of different 
industrial complexes and successive manufacturing stages, e.g. 

3.2.l Mining 

Major mining operations for irm ore ano coal; mining 
activities of some importance for silica, manganese, nickel an~ 
d"lromium ores, and other conponents for alloys; and the wfnning 
of limes tme and industrial minerals for the mCY1ufact1Jre of 
fluxes and refractories. 

3. 2. 2 Pre para tiui of raw materials 

The operation~ of transportatim; stockpiling; blending; coal 
washing; ore beneficiatlon; screening; cci<e making; the 
manufacture of pellets and sinter; the burning of limestone ana 
the fabricatim and firing of refractories; and the recovery of 
scrap. 

3.2.3 IrCJ'lmaking and alloy manufacture 

The production of liquid or solid iron and alloys, i.e. the 
manufacture of direct red.Jced irC1'l by fluid bed, shaft or kiln 
processes; 
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Table 1. Apparent steel consuaption, 1979-1984 

1979 1980 1981 1982 1983 1984 

Japan 78.5 78.8 72.3 70.0 66.3 73.8 
EEC 113.9 108.2 99.1 91.4 90.0 94.1 
Other Vestern Europe 30.9 32.1 31.4 30.5 29.6 30.0 
United States 142.6 118.4 128.2 92.1 96.0 114.3 
Canada 14.9 13.8 14.4 10.5 11.3 13.1 
Republic of South Africa 5.5 6.4 6.6 ~.8 5.3 5.6 
Oceania 7.3 1.2 7.4 6.8 5.8 6.9 

Total industrialized countries 393.6 364.9 359.4 307.1 304.3 337.9 

Latin America 32.5 36.8 34.3 29.3 23.3 28.1 
Africa, except R.epublic 

of South Africa 9.4 10.7 11.1 11.1 12.2 12.3 
Middle East 16.7 15.9 16.3 16.9 18.7 17.9 
Asia,, except Japan, PR. of China 

and DPR. of Korea 38.1 40.4 43.1 44.4 45.5 47.5 

Total developing countries 96.7 103.8 104.8 101.6 99.7 105.8 

USSR. and Eastern Europe 211.3 209.6 205.9 204.6 211.0 215.0 
PR. of China and DPR. of Korea 50.9 49.5 45.3 48.1 ~7.u 61.5 

Total centrally planned 
ecoDOllies 262.3 259.1 251.3 252.7 268.0 276.5 

Total World 752.6 /.;.; .8 715.5 661.4 672.0 720.1 
Unallocated -6.1 -11.8 -7.9 -16.4 -8.8 -10.2 
World crude steel production 746.S 716.0 707.6 645.0 663.2 709.9 

Source: IISI (International Iron and Steel Institute). 
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Table 2. the aajor steel producing countries and areas, 1983 and 1984 
(aillion metric tons crude steel production) 

1984 1983 
Country R.ank Tonnage R.ank 

USSR. 1 154.3 1 
Japan 2 105.6 2 
United States 3. 83.9 3 
People's R.epublic of China 4 43.4 4 
Federal R.epublic of Ge1'1181ly 5 39.4 5 
Italy 6 24.0 6 
France 7 19.0 7 
Brazil 8 18.4 11 
Poland 9 16.6 8 
United JCingdoa 10 15.1 10 
Czech?slovalda 11 15.0 9 
Canada 12 14.7 13 
R.oaania 13 14.3 12 
Spain 14 13.5 14 
R.epublic of Korea 15 13.0 15 
Belgiua 16 11.3 17 
India 17 10.c; 16 
R.epublic of South Africa 18 .... I 19 
Deaocratic Republic of Gerllally 19 7.5 18 
Mexico 20 7.5 20 
Deaocratic People's Republic of Korea 21 6.5 21 
Australfa 22 6.2 22 
Netherlands 23 5.7 24 
Taiwan Province of China 24 5.0 23 
Austria 25 4.9 25 
Sweden 26 4.7 26 
Turkey 27 4.3 28 
Yugoslavia 28 4.2 27 
Luxembourg 29 4.0 30 
Hungary 30 3.8 29 
Bulgaria 31 2.8 32 
Venez, .ela 32 2.7 34 
Finland 33 2.6 33 
Argentina 34 2.6 31 
Others 15.1 

World total 709.9 

Tonnage 

152.5 
97.2 
76.8 
40.0 
35.7 
21.8 
17.6 
14.7 
16.2 
15.0 
15.0 
12.8 
12.6 
13.0 
11.9 
10.2 
10.2 
1.0 
7.2 
6.9 
6.1 
5.6 
4.5 
5.0 
4.4 
4.2 
3.8 
4.1 
3.3 
3.6 
2.8 
2.3 
2.4 
2.9 

13.6 

663.2 

Note: This table lists all countries producing more than two million 
metrietons of crude steel in 1984. 

Source: tISI - International Iron and Steel Institute, 1984. 
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th~ use of the blast furnace to make pig irm (for fouuiry use) 
aid liquid hot metal {for steelmaking); aid the use of electric 
furnaces to smelt ferro-alloys. 

3.2.4 Steelmaking 

The manufacturd of steel, usually in basic oxy~ vessels {BOS) 
or in electric arc furnaces (EAF). In some countries flame 
conbustion processes {e.g. the open hearth furnace) are used. 

3.1.5 Making of semis 

The traisfornetion via solidification, casting (in~t casting or 
continuous casting), rolling or forging of steel prod.lets to 
make semis, which pass on to other manufacturing stages or are 
sold to other processing mnpaiics. 

3.2.6 Hot rolling 

The inspection of semis for internal and surface quality; their 
preparation, rS'leating and hot rolling or shaping to make heavy 
sections (e.g. plates, structurals, rails). M.Jch steel is sold 
at this stage to final customers. 

3. 2. 7 Cold forming and rolling 

Fabrication of hot rolled prod.lets to make li!1lt angles or 
sec ti ms; cold drawing or twisting to make wire prod.lets; 
cutting or machining for engineer Ing use; or oold rolling to 
brigit sheet. Prod.lets largely are sold at this stage. 

3.2.8 Coating 

Covering with metallic or plastic materials certain hot or oold 
formed prod.lets for direct sale. 

3.2.9 Manufacture of steel-based prod.Jets 

The forming, assellbling, painting, enamelling or coating of cold 
rolled, drawn or shaped prociJcts to make goods whidl are sold. 

3.2.10 waste handling 

The recycling, preparation for sc.le or disposal of res id.Jes. 

F'igure 2 illustrates the flow of materials and procllction 
processes involved in an Integrated Irm and Steel works. 

4. Environmental Prct>lems and Pollutants and their Sources. 

4.1 Emissions to atmosi;nere 

4.1.1 Dust, fume and steam 

Granular particulates are generated in mining, crushing and 
screeiing operations. They are spread during transportation, 
are released at points of belt trans fer or are blO*n by winds 
from storage hea1=5 ano blending beds. 
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The hi~ teq::ieratures generated, for instance in higi-intensity 
oxygen steel refining processes or in electric arc discharges in 
electric ~teel making 7 create very large quantities of fuRE 
-.ich C3l (l)ly be cmtrolled effectively by well engineered 
facilities ... 

The wet quend'ling of coke leads to higi emiss:ons of steam to 
atmos(ilerP.. ~less efficient grit arrestors are placed in the 
quench tower the operation is also acconpaniea by dispersal of 
relatively CCLrse Bsts. 

Press-see of oil in scrap in electric arc furnaces and in mill 
scale returned in sinter plants can result in heavy visible 
e.lliss.i.P'ls. oust loadings in gases passing to the sinter plant 
e>ChaU>t 3tad<_s C3l also be appreciated. 

4.1.2 Acid emissions 

Slbstances such as oxides of nitrogen and sulftlur (t()x, SOx), 
and fluorides and chlorides er-, c1-) may appear as air 
pollutants, since they are present in materials being heated or 
burnt, or in the air used in higi temperature conbustion. As 
indicated, the steel incustry is a sigiificant user of energy so 
considerable quantities of sudl slbstances can be emitted. 

Given the concern in ~rtain countries that acid rain may 
cmtribute to danege to inland water systems in cold clinetes 
and to forests these emissions are of current interest and the 
extent of cmtrol required is a netter of controversy. 

4.1.3 Fugitive emissions 

wtlile primary collection systems handle about 99% or rrore of the 
total fume and dust generated in steelmaking small proportions 
escape as fugitive emissions particularly during intermittent 
operations such as charging and tapping, and these have to be 
controlled. Pouring and alloying operations for rrolten irCJl, 
steel and slags also lead to releases of fume neinly irCJl oxide 
but grat:ni te (kish), soot and silica may also appear. 

klother nejor source is the coke oven. In charging, dusts can 
escape, and on p.1shing coke coarse grit can be emitted to the 
atmos~ere. If the charge is not fully coked hig"l quantities of 
dense smoke may be generated. 

Emissions from ovens being coked and certain emissions from coke 
ovens by-proruct plants may cause heal th problerrs. In 
partirular, benzo-al~a-pyrenP. (BaP) is a polynuclear aronetic 
hydrocarbon representative of a group known to be carcinogenic. 
Analysis of these materials in the neig"lbourhooo of coke ovens 
and monitoring of benzene emissions are advisable and should be 
a continuing concern of plant managements. 

\ 
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4.1.4 Toxic gases. 

Large qucntities of toxic carbcn llDloxide are prod.Jced in the 
processt::S of car.busting carbcn with oxyqen to refine pig ircn 
into steel. Carbcn llOloxide also comes from the blast furnace, 
and can sometimes in low ccncentraticn be found in ga5es from 
sinter plants. ro is recovered for it::> energy value (except 
from sintering) or is burnt to 002. By-pnruct cd<e ovelS gas 
contains CO and t-q. Care lll.JSt be taken in its oistributir..1 :and 
use. 

Prod.Jets of cont>usticn can asJilyxiate ai1d nu:;t be vented. 
Similarly care is required in ventilaticn W1en N;l, Ar or 
natural gas are used. 

4.2 water pollution 

For neny operaticns within the steelmaking conplex, waters are 
used in ciirect ccntact with toxic or foul neterials, e.g. cooling and 
purificaticn of coke oven gas can lead to pollutants such as tar 
oils, alllllOlia, Jilenols, cyanides, thiocyanates Clld thiosulJilates 
entering the water system. The water requires extensive purification 
before it can be recycled or discharged to the environment or to 
local sewage treatment stations. 

Cooling and cleaning waters in contact with gases from the blast 
furnace can become laden with cyanides, fluorides, lead and zinc 
conpounds and dust particles. waters from fume cooling and cleaning 
in steelmaking furnaces may carry particulates, fluorides and zinc 
conpounds. 

In continuous casting, scale and lt.bricating oil and hydraulic 
fluids can ccntaminate the water. Similar neterials are problems in 
the effluents from rolling mills and from scarfing operaticns. 

Indirei:t cooling waters require treatment to prevent fungal or 
baterial grOlfths, ana corrosion in water cirruits. The chemicals 
used IYlJSt be removed before the waters are released to the 
environment. 

4.3 SolJd wastes 

These include materials rejected as waste from coal washeries, 
slag, dusts recoverea from the cleaning of gaseous effluents, sludges 
from chemical treatment circuits, mill-scale, used re fr actor ies, oil 
and grease residues, waste by-proci.Jcts from coking ana discarded 
tools and equipment. 

Where these cannot be sold or recycled they must be durrped. 
Considerable quantities of neterial are involved and the 
establishment and maintenance of land disposal areas can create 
proolems. There are also possible dangers of the ci.Jmp leaching at a 
later stage to release effluents containing hydrocarbCJ'l resici.Jes, 
sollb le salts, SPlJilur compolJ1ds and toxic heavy metals. 
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4.4 t«>ise and vibration 

Noise within steel plants is net generally as hig-t as in many 
other medlanical "arking operations. There are some sources of noise 
pollution e.g. sinter plant fans, the snort valve in the blast 
furnace, ultra hig-t power (UiP) electric arc furnaces and certain 
burners. The noises of metal ribbing against metal in mills and on 
processing lines can be disturbL .g. Truck and rail movements can be 
quite loud. 

4.5 Occupational health 

~st envircru1Bltal prcblems interlink with concerns for the 
health of the workforce. for examp.Le, noise in the workplace implies 
t'1at persmnel should una?rgo testing for hearing quality before 
commencing work in sudl areas~ should be issued with protective 
equipnent and should reg..ilarly be tested for the effects of exposure 
so damage, should it occur, can be limited. Means of reciJcing noise 
intensity should actively be sougit. Similar provisions apply to 
hazards sum as toxic gases t lead t asbestos, solvents r heat stress 
ano equii:xnent associated with repetitive strain injury. However, the 
most care should be taken to protect workers fron coke oven fume 
whidl contains carcinogenic polycyclic organic matters. 

Table 3 sur.imarizes the environmental proolems outlined above and 
ind.i.cates those sectors of the Industry in whidl they are of 
importance. Figure 2 also shows sources of eadl pollutant in the 
process of irm and steel production. 

4.6 Control and Emissim Factors 

Most of the above prcblems can be solved. In certain cases, 
however, the complexity, size and the lmg depreciation tire expected 
of steel plant ma:<e it difficult to adlieve economic answers. As in 
other industries tedlnology manges frequently lead to improvements 
in envirmmental control. Table 4 indicate• semi-quantitatively 
(since the levels of emission and control differ from plant to plant) 
the arooun ts of pollutants emitted. 

Al thou!tt there mig-tt be many difficulties and limitations, it 
had been felt to be worthwhile r.1aking a study for the policy and 
decision-makers in Government and industry of emissJ.on factors from 
principal pollutanti; and nuisances, and the relevant central costs in 
the iron and steel industry. A study of this kind hfJd been carried 
out by OECD in 1977 but had not been up-dated sir1ce then. Ut£P 
consultant Mr. Ra~in had written a 170-page report on this slbject 
entitled "Review of emission factors and control cost worldwide"[lO] 
and surnnarized that sigiificant quantities of s~, NJ, dust etc., 
are emitted from the integrated iron and steel mills. 

In addition, HiS and fluorine may also be emitted. The nature 
and quantity of emissions depends upon the qucility of fuel used. In 
the case of electric mills, emissions of 502 are comparatively less. 
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Table 3. Typical polluta~ts froa an integrated ste@l plant 

Transport 

Water 

Suspended solids 
R.un off water 

Blending Suspended solids. 
and bedding R.un off water 

Stack 
eaission 

Sinter and 
pellet 
plants 

Scrubber waters. S<>x, NOx, r-, 
Suspended solids. (C07), 
Lime, acids particulates 

Coke ovens 

Blast 
furnace 

Hot metal 
treatment 

Phenols, 
cyanides, 
tars, amaonia 

Suspended solids. 
fluorides, lead 
and zinc 
compounds. 
Chlorides, heat 

Alkalies. 
Suspended 
solids 

Steelmaking Scrubber waters. 

Casting 

Rolling 

Coating 

Suspended solids. 
Zinc compounds 

Oil, fluorides. 
Suspended solids, 
heat 

Oils. Suspended 
solids. 
Chromates, acids, 
alkalies 

Chromates, phos
phates, alkalies, 
acids, oils, 
suspended 9olids 

Saoke, SOx, 
NOx, steam, 
gas flare 

H2S, S02• 
Steam from 
slag cooling 
beds 

Particulates, 
alkalies, 
fluorides 

CO flare, C02, 
SiF4, 
fluorides, 
iron oxides 

Lead, Sox 

SOx, NOx, 
C02, smoke 

Fugitive or 
secondary Solids 

Dusts: iron oxide, Spillage auds 
coal, liaestone 

Iron oxides, coals, Baghouse dusts 
recycled dusts 

Dusts froa sinter 
plant coolers, 
noise 

Coal or coke dusts, 
sulphurous or car
cinogenic emissions, 
saoke, benzene,, 
BaP, steam 

Iron oxides, H2S, 
casthouse fu.'.Re, 
CO coke dust, noise 

Na20, K20, lime 
dust, kish, iron 
oxide fume 

Fine iron oxides, 
alloy fWlle, noise 

Fume, fluorides 

Scading fume 

Chlorinated hydro
carbons, solvents, 
acid mist 

Baghouse dusts 
with Zn, (Pb}, 
alkalies, 
filter cake 

Carbonaceous 
solids from bag
house s, pitch, 
tar, refrac
tories 

Baghouse dusts, 
blast furnace 
slags, refrac
tories, filter 
cakes 

Baghouse dusts 
with high lime 
corrosive slags 

Skimmer, EAF, BO 
& ladle slags; 
ref r;1ctories, 
baghouae dusts 

Slag from exo
thermic com
pounds, refrac
tories filter 
cake 

Hill scale, oily 
mill 11cale, 
filter cake, 
ferrous sulphate 

Neutral sludges, 
filter zakea, 
carbon 

\ 
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F;gure 2 

Flaw Chart of ')tnct~l operattons ind sources of pollullnts 
n 111 nh!ar.tea steel wrts 

Particulates.,._ 
NOx, SOx 

!LIME 
I 

Particu lites•-_ -1 CRUSHING 
Notse !'-----' 

ORE STORAGE -------•Fugitive dusts 

CRUSHING ---------Particulates. 

SINTERING 
or 

PnLETIZING 

IRON MKING 

Noise. 

Particulates ________ .co. so.. Illa 
HF. Hydrocarbons 
Notse 

P1rticul1tes 

COltllli --CO• Ml3 • SOa 
NOa, H2S 
Hydrocarbons 

COKE 
OVEN 

SS, BOD Particulates. 
--------co. SOx. NOx. ZnO 

His· CO·- - - - - . QUENCHING•. ------1 Hydrocarbons 
S~. BOD BLAST FURNACEl======--•SS, BOD. fll3 

NH3• Cyan;des 
Phenol 

I Chlorides. Pllenol, 
SulpMte 

_r~ "-
SLAG---1[1'RE-TREATMENT t- - - - - - -- -Particulates 

Particulates•- - CRUSHING 

SI.AG 

Particulates•- - CRUSHING i.------1 STEEL MKING ___ - P1rticul1tes(Zn) 
OXYGEN CONVERTER CO, SOx. NOx. Hf, Hydrocarbons 

SI.AG 
(Zn) 

Sludge 
or ~=-ss. BOD, Chlortdes 

OPEN HEARTH FURNACE 

LIQUID 
STEEL 

SLAG LADLE TRCAMNT - - - --• P1rttcul1tes 

Sludge 
Mtll Scale 
Otly llHtts 

rfiMITT.IONAL OR CONTINUOUS CASTING 

CAST STRAND 

Nohe 

PRE HEATING - - - • - - - ~sox. NOx' P1rttcuht11 
FURNACE 

ROLLING 
HOT MILL ~nd COLD MILLl==-==-SS, BOD, Chlortd11, Sulphates 

I 

LEGEND 
I - AIR POLLUT.~lfT 

WATER POLLUTANT 
--• SOLID WASTES 

--- -. 
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Emissions of Nlx are neinly from the sintering plant. Nlx 
emissions are less from Mini-Steel Plants in comparison with 
integrated Steel Plants. Emissions of pollutants from integrated 
plants are hi!tter in comparison to mini-steel plants. Suspended 
materials in the liquid effluents are less in Mini-Steel Plants in 
comparison with integrated steel plant:. Computations of central 
cos ts were worked out based on the US dollar value in 1983. we to 
the drift in exdlange r&tes and inflation, cCJltrol costs as worked 
out in 1983 ney not be applicable in toto in 1985, but they give 
some idea of the control cost. The cost of pollution control 
equipment varies from cot.ntry to cot.ntry, based on legislation and 
other local conditions ex is ting in the particular cot.ntry. The 
conclusions are: 

Emission Factors 

dusts 
S°'2 
NOx 
co 

Control Costs 

Investment 

air pollution amtrol 

water pollution control 

Total 

Operating Ccs ts 

(kg/t raw steel) 

Integrated works 

1 - 9 
2 - 11 

0.4 - 3 
65 

Mini-mills 

0.3 - 3 
2 - 7 

0.1 - 1.2 
10 

( $ 1983/ t installed annual capacity) 

Integrated Works 

65 - 125 

14 - 42 

79 - 167 

($ 1983/t raw steel) 

Integrated works 
7 - 31 

• 
Mini-mills 

6 - 9 

8 - 23 

14 - 32 

Mini-mills 
I - 3 



Table 4. Eaissions frOll the main operations of an integrated steel plant, kg per one ton of rolled products.!/ 

O~ration 

Casting and Approximate 
Source Factor Sintering Coking Iron~!' king ~~teelmakiag rolling General total 

Fugitive Dust, fuae and grit 3 1 2 0.5 0.6 - 7 

_ .. ack SOx 4 0.3 0.2 0.2 2.C - 7 
gases NOx 1 0.2 0.2 0.1 0.5 - 2 

co 40 0.3 8.5 15.0 0.33 - 60 
HF 0.04 trace trace 0.4 variable - 0.5 
Hydrocarbons 0.1 0.2 0.15 0.05 0.2 - 1 

Waters Suspended solids 0.28 0.06 0.24 0.01 0.20 - 1 
Oxygen demand 0.05 0.08 0.16 0.20 0.14 - 0.5 
A1!aonia - 0.03 0.08 - - - 0.1 
Phenol - 0.005 0.006 - - - 0.01 
Cyanides - 0.02 0.03 - - - 0.05 
Chlorides ... - 0.05 0.05 0.20 - 0.50 
Sulphates . . . ... 0.003 - 0.40 - 0.50 

Solids Dust recycled ) 2 12 30 - ) 70 
Sludge ) 12 15 10 - ) 
Slag - - 300 100 10 - 400 
Millscale - - - - 30 - 30 
Oily wastes - - - - 10 - .1.0 

General Refractories - - - - - 20 20 
Debris - - - - - 40 40 
Hwaan wastes - - - - - 10 10 

Approximate total 660 

a/ Levels are indicative only and are rounded from Ref. 9 and other information. Individual plants vary widely 
depending on raw materials used and the anti-pollution equipment installed. 

Notes: 1. These figures assume environmental controls. 
2. Many slags are now recycled or sold. 

"" 
--------~~ ... 

~ 
V1 
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5. Environmental Management for plant site selecticn, 
desigi and operaticns 

5.1 Siting 

Management should be concerned from the moment of initiation of 
a steel plant project to minimise its envircnmental impact and in 
working towards preven~ng pollution danege. 

P !ant siting is ccntrolled by eccnomk and political fact ors, 
raw material avC?ilability, port or railw~y access, lllilrket 
considerations and the acceptance by society in the form of 
governments or local g:>vernments of the need for the plant. 

Alert planners and entrepreneurs will be aware that in every 
case the establishment of an inci.Jstcy in an area will lead to some 
impact en the envirorvnent. Olange as it occurs nust be rede 
coapatible with the forward aspirations of the regicn. 

Quite simple considerations - such as the desirability to 
separate public transport systems from those required for the plant; 
to site the plant away from residential and conunercial areas; to 
screen H from its surrOlfldings; eno to maintain grassed and tr.-e 
covered areas in the works with trees arol.fld the perimeter - can lead 
to a lowering in the degree of envircnmental impact, in the 
dissemination nf oust and grits and in the tensicn between the 
co1111U1ity and the plant. 

Cllvious concern to apply anti-pollution measures is only one of 
the many steps ne~ded to create a harmonious inte:i:-action between the 
plant and its surrOlllding colllllJflity. 

5.2 Need for assessing environmental impacts 

Within the economic and political factors outlined above there 
must be room for dloice and wl th proper forethougit many Future 
prct>lems can be avoided. For exanple, a steel plant which of 
necessity carries out higi temperature conbusticn processes and emits 
t-.Dx should not be placed in cla>e proximity to or indeed in a major 
wind directicn from or to a petrodlemical plant. Otherwise 
i;noto-chemical smog will alrros t certainly be encountered in the 
area. separated, neither plant will be likely to offend. 

The at;essrTP.nt of envircnmental impact during the development 
stages of i;l project is essential LO managers and to environmental 
protection agencies (even if preparation of a forrrel Environmental 
Impact Statement is not erforced) in order to unoerstand these 
prct>lems, determine economical solutions and minimise community 
ct>jections. Early establishment of' an environmental control 
organisation within the structure of the conpany is desirable. 

5.3 Scope of environmental impact assessment 

Sud'l a statement should include analyses of economi-:, aesthetic 
and sccial impacts on the region; consideration of the present land 
L.6e and the way in whid'l land L.6e is expected to move in future; the 
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demands that the plant ano its potential expansion can make on the 
infra-structure of the area; effects on the atlll05!1lere and 
meteorology of the region; on water supply and use; m fauna and 
flora; and, very importantly, on the prcblems of solid waste 
disposal, since this will be a continuing requirement. 

Disaster precautions should be considered ana risk analysis of 
major hazards should also be carried out. Accident controls, e.g. 
should spills or flooding occur, need to be provided. 

5 .4 Plant Desi91 

5.4.l Target 

Before the desi91 stage of plant facilities, a target of 
environmental control should first be set by the top management 
of tne conpany. The target corresponos to emission standards, 
to standards that regulate the quality of the anbient air and 
w~ter. If government regulations already exist, the target wiil 
need tc 1neet these standards first. 

The siglificant environmental conponent, i.e. air, water, land, 
plants, flora and falJla, or aesthetic features etc., may vary 
from colJltry to colJltry and from locality to locality. The 
relative value of these environmental components also differs 
according to each speci fie plant site. 

The target should be set in consideration of the results of 
envircrnrental impact assessment, with regard to the priority of 
the environmental components to be protected ana in relation to 
the cost-effectiveness of control measures. Subsequently, plant 
facilities should ;_,~ aesigied to meet these requirements. me 
desigi itself should be flexible enougi to acconmodate any 
changes in the foreseeable future as retrofitting is very costly. 

5 .4. 2 Desi91 

Selection of prodJction process and technology with fewer 
environmental proolems (reduced generation of pollutants and 
wastes) is essential to minimize envirmmental control cost. 
Recycling of wastes IR3 ter ia ls should be considered in the :; ta ge 
of process desigi. 

Pollution control technology has become an 
the pro auction process in many inaus tr ie5. 
that pollution control facilities should 
integral part of the µroauction facilities. 

integrated part of 
It is recommended 

be des ignea as an 

5 .5 Monitoring pollution and equipment maintenance 

l3efore the commencement of oper~tions management shoulo tJ~ 
concerned to ensure that target::. are sP.t. for the levels uf 
environmental protection ag8inst eoch of the ernL;sions ar1rJ irnp;-;ct', of 
ttie plant. Also, H st1ould see ttvil the'~e tr.irfJeL ;.Jre unrJer:,tuurJ .irir1 

ayreed by whatever lor:i:ll '3ncl riatior1al n1Jl11or i ti 85 wi 11 I ;;t•.:r iH· 
involved in U1e activi tics of ttie plant:,. 
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well in aclvmce of the plant's construction, nmitoring should 
be established to collect data on levels of noise, contaminants, air 
borne particulates and wind direction and variability so that at a 
later time accurate comparisons can be nede a-id assessments nede of 
the actual impact of the ind.Jstry in the area. Measurements need to 
be nede of all the parameters which will later be assessed, e.g. 
dust, 50-i, NJx, ro, fluorides, noise, water analysis and 
temperature, etc. 

In any newly established plant it should be the objective both 
of the plant management and of the environmental protection c.gency 
responsible for the area to ensure within the limits of available 
methods that the level of pollution control technology is fully in 
line with the latest economically acceptable developnents throu~out 
the world, will meet the targets required by emission sta-idards 
within the nation and will be installed as an integral part of the 
production facility. 

If these criteria are met, since retrofitting is very expensive, 
then the agency should be prepared to make consent agreements (except 
those whidl involve a health risk) until new construction is 
required, should emission s tmdardS change after the plant is 
es tau lished. 

Careful control will also alert management to failure of 
pollution control equipment. Procedures for regular neintenance and 
preventive maintenance should be instituted when plant is installed 
and practices should be checked by pollution control equipment. 
Procewres for regular maintenmce and preventive maintenance should 
be instituted when plant is installed and practices should be dled<ed 
by pollution control agencies. 

5.6 Education and training 

Environmental control cost can be minimized by proper operation 
of proCl.Jction facilities and good house:<eeping. These are also 
essential elements in ensuring the worker's heal th and safety. 

Disciplined behaviour on the part of the workforce is essential 
if its health ana safety is to be ensured. 

Managements will need to make provision for the training of 
personnel in the correct operation of pollution control equii:ment. 
Education on the desirability and necessity of minimiling 
environrrental interactions is also needed and will require 
reinforcement from time to tirre. Goals for continuing improvement in 
pollution control performance (economic and absolute levels) should 
be incorporated in the oojectives for the performance of operational 
management, these can be based on the monitoring equi~ent installed. 

5.7 In-plant hyuiene 

workl:lrs' tleulth rrust ..;e respected in establishing ttle stana;Hos 
fur environmental control and should oe closely con'3icJererJ in 
rJt~t1:mniniri1J the ~:;ecurity that must tJe i:ldlieverJ. 
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5.8 Environmental sta-idards 

For the desigl of plant facilities and the operation of the 
plant, environmental standards on the anbient air and water quality, 
anct emission standards on various pollutants, needed to be 
established by the government or by the industry itself. 

These standards should be established preferably after a study 
of environmental impact assessment, along with the various local 
conditions of the plant site (topograJttical, meteorological, 
geograP'lical, land use etc) and the size of the plant. 

The standards for working conditions to protect workers' heal th 
however can be ll1iversal but actually government standards vary 
considerably in different coll1tries. 

6.Recent Control Measures and Topics for 
Selected Environmental Issues. 

6.1 Raw neterials handling 

tklloading, storage and tr~portation operations of dry fine raw 
neterials generate fugitive dusts. Various methoos are available to 
control these dusts: 

use of water OJrtain or deci.Js ting by evacuation to a bag 
filter while lJ1loading, 

enclosure of the receiving hopper, 

desigl of equipment for lJ1loading with a minilTl.lm heigit of 
fall, 

spraying of the stockpiles with water, with or without 
chemicals for surface coating added, 

building walls to serve as wind-breaks, 

enclosures at transfer points of belts and evacuation at 
higi rates to a bag filter, 

spray installation at transfer points, but care is required 
to avoid blockages and wastage of water. 

6.2 Sintering and Pelletizing 

6.2.l Dusts 

Fugitive dust can be recovered by the installation of suction 
hoods and bag filters. 

Particulates in main waste g;::ises (stack gases) is rJfJnerally 
removed with electrostatic precipi ta tor. 
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6.2.2 Removal of SOx 

It is not nornelly necessary or economically desirable to treat 
stack gases. However, .tlen emissim of SOX needs to be rewc:ed, 
it is hig-tly recomendable to coke ovens gas, natural gas or low 
sulittur oil for fire the kiln. 

Practically the most developed method, particularly in Japan, to 
treat the stack gas is wet scrtilbing with alkaline liquids (e.g. 
milk of lime). Over 90 per cent of SOX can be renoved. 

6.2.3 Removal of NJx 

Removal of l'()x from stack gas is also a very expensive operatim 
and generally not popular. However, some local cmditim ney 
n~quire this operation to reliJc:e anbient air conc:entratim of 
NJx in that area. 

Two processes are currently being developed in Japan as methods 
of eliminating t-0 and N:.J-i: 

(i)Rewction of nitrogen oxidE'5 to 1oolecular nitrogen 

This reruction is broug-tt about by ammoo5.a in the presence of a 
catalyst Fe20J-Al203 at a hig'l temperature (20J0 to 
400°C depending on the circumstances). Two inwstrial plants 
are in operatim in Japan, me at NiprJon Kokan Keihin and 
another at Kawasaki Steel Chiba (SR proce~s) for the denitration 
of gases prowced by sintering. 

(ii)USe of an electrcn beam 

A process studied a few years ago on a pilot basis by the 
Ted1nological Research Associatim for Abatement and Removal of 
NOx in the Steel lnwstry at Mppon Steel Yawata consists of 
adding f'.H3 and of borroarding the gases by an electron beam. 

6.3 Coking 

Coking is, in enviraurental aspects, tne most prd:>lematical 
operation in the integrated steel plant. Strenuous efforts have been 
made in every plant to improve env ircnrrental control. HCMever, 
satisfactory results are still hara to get in many old plants. 

The details of recent control practices are in ANNEX l and in 
reference [ 12J. 

6.3.L fharginy of coal to coke oven 

Tt1ere dre two mcthuds of µrnver1tinrJ emL:dons rJurinu d1arrJing, 
i.e., c;uct ion tiy tt1e dSCt.ms i1Jn-pi pe ejector and suction hy tt1e 
cJu::;t c·illt~ctur fur ct1r.1rgir11J crJr. Various improvements tl<JVe tJ1.rnn 
Hlu c.JF..? IJfl :; UC ti llr I l i r 11?0:. , 
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(a) Ascension-pipe ejector 

Emissions wring charging are partly suckeo by the 
ascension-pipe ejector. In recent years hi~-pressure gas 
liquor ls used in this system althoo~ steam has so far been 
used. 

(b) llJs t collector for charginy car 

The gas to be sucked is inflammable. Therefore, fumes are first 
sucked into a suction hood and are usually conwcted into a 
cont>ustion chanber installed between the suction hood and a 
suction d.Jct. The suction d.Jct is connecteo to a fixed ci.Jct and 
dust is collected by a dust collector m the grolnd. Venturi 
scrli>bers are ruch used as the rust collector in consideratim 
of a misfire during conbustim. 

(c) Prevention of fume leakage from charging-car hood 

\'hen dust is collected using a dust collector for charging car, 
it is important to prevent the leakage of emissims from the 
hood and various measures are taken for this purpose. 

(d) Closed charging method 

New techniques. sudl as preheated coal charging, have been 
developed to SOJ.ve proolems in the coke industry, such as the 
shortage of hig"l-quality coking coal. lhder the pre-carbm 
methoa, for example, wet coal is preheated to aboui: 200°C in a 
drying tower and is trai!>ported by a chain conveyor installed 
above the coke oven to above the coking dlarrber after the 
recovery of dust coal by a cyclaie. These new techniques are 
favorable also in terms of enviraimental protectiai. 

6.3.2 Carbaiization 

(a) Oven-door seal 

The conventional oven-door seal is of such a construction that 
knife edges installed arol.Xld the oven dOor are pressed against a 
frame fixed on the side of tne oven. With this construction, 
however, it is difficult to completely prevent gas leakage due 
to the ad'lering of tar to the frame, thermal strains, etc. 

In recent years, there fore, a few new sea Ling me thodS have been 
aaopted with satisfactory results. 

(i )By pressing tne knife edyes by spr inys it is po<j5 itJ l~ to 
adapt to con tinuou.> tnerma l :; trains. 

(ii)An dir-cooled uven door is ust3d in whicr1 a fJJP i·; 
µrov iuecJ L>~ tween tht.? oven ooor proper arn.J tr1e t.>r i<.:k ir1 urller 
to re<iJCt:.! tr1tm11c1l $lrdins of tr1e av~ cJoor. 
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(iii)kt atteqit at forced sealing is being nede by injecting 
higt-pressure air from outside against the seal surface to 
prevent gas leakage. 

(b) Seals for ascension-pipe lid and charging-hole lid 

Since the ascensim pipe is sd>jected to hig-t temperatures of 
abwt 600°C, the lid and lid-receiving metal fitting Ulder~ 
great thernel strains. To prevent gas leakage, water sealing 
has been ad:Jpted with g.>OO results. With respect to the 
charging-hole lid, there is an example in llhidl liquid mortar is 
autonetically poured · in to make seals. Ole exanple of 
retrofitting of Self Sealing Doors for a cd<e iJVen is attached 
as ANEX 2. 

(c) Repair of oven walls 

Various repairing methods have so far been acilpted. These 
methods, however, have drawbacks such as bad refractories aid 
short life of about two months. In recent years, flane gunning 
repair techniques eliminating these disadvcntages have been 
oeveloped. 

Flane gunning repair nethods 

FOSBa CWP 

02 ... ceramic powder 
(containing SiQi and Al20J) 

heat of rretal oxidation 

LAVAFLAME 

02 + LPG + ceramic powder 
(cmtaining SiQi and Al203) 

LPG flame 

The principle of these tecnniques involves melting of refractory powoer 
in a hi~-temperature cont>us tion flane and injecting the rool ten 
refractory onto cianeged parts. Repaired parts by this rrethod have lasted 
roore than seven years. However, service life of at least five to ten 
years can be expected and the effect on environmental protection is great. 

6 .3. 3 CO<e f!!Shing 

(a) IAJst collection at coke guide car 

The general practice in a colJ'ltry today is to install a hood on the coke 
guide car, whicn is connected to a fixed duct and dust is collected by a 
dust collector installed on the grol1ld. Venturi scnbbers, wet-type 
electrostaticprecipitators and bag filters are used for ctJst collection. 

(b) Cont>ustion control 

In addition to dust collection, the coking condition of coke being pushed 
out is important for the problem of dust generation our ing pushing. 
Therefore, it is necessary to enhance con1Justion control .in general, 
including the reauction of fluctuations in the coking condition amcng 
charrtJers and the improvement of Vie flue temperature distribution. 



6.3.4 Cd<e quendling 

(a) wet guendling 

2J 

Modern methOCIS of wet quendling involve rapid adClition of 
limited qualtities of water to the bed of hot cd<e to ensure 
that the coke surface te8')erature is quickly lcwered but that 
sufficient heat renains in the cdce after quendling to ary it. 
The systems lead to snaller releases of steam thewt tne forner 
practices of very heavy quendling. They also reel.Jee the alllf1l.nt 
of quendl water that has to be hewtaled by the coke ovens water 
treatment plewtt. The prowct has low moisture levels anci rust 
be haldle<i correctly (see belOllf for dry quendlea procuct) to 
avoid W:iting or to recover dusts released. 

(b) Quendling tower equipnent 

The steam generatea wring the quenching of inc:andeScent coke by 
water sprirkling is discharged by drafts. This steam contains 
crke rust. Measures to catdl this ClJSt have been contrived and 
one of them is the quenching tower .tlidl has the following 
features: 

(i)The ascenoing speea of steam is lcwered by increasing the 
area where steam rises. 

(ii)~t collection using inertia force is usea whid'l is 
prodJced by baffle plates and hurdles. 

(iii )Higi-pressure spray nozzles are installed to increase 
the effects of collision, coagulation and washing. 

The concentration of dust can be controlled to about 0.02 
g/r.nJ using this method. 

{c) Coke ary guencher (roQ) 

Dry coke quendling offers the removal of visible release of 
steam, but it it capital intensive and can be expensive to rl.fl, 
l.l"lless the pr ice of electricity is hi{ll, when there is an 
eccnomical case for energy recovery by heat exchange to raise 
steam for electricity generation. roQs have oeen graci.Jally 
aaopted in Japan and the out flt ratio (nunt>er of coke ovens 
equipped with CDQ in operation/total nunt>er of coKe ovens in 
operation) in 1984 is 35%, ano proeiJction ratio (prociJcticn from 
CDQ-equippea coke oven/total coke proctJction) in 1984 is 
supposed to be about 60%. However, COQs are not always perfect 
in terms of envirCJ'lrnental prcblems. Cawersely, this equipnent 
prowces a new source of dust in the coke delivery line. This 
is because dust becomes more apt to sea tter in the CDQ system in 
which the moisture content of coke hds decreased to O.l to IJ.2%, 
whereas it ls about 4% in the conventional quenching tower 
system. 

For ttl b redsm, it t1ac; tJecoroo neoo3s<.1ry tu improvt:! ttH: 1J1J:; t 
(.;ol lec tlm in the coke oe1 ivery l im!. 
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6.3.5 waste water treatment 

The allOJlt of gas liquor generated by the coking process is 
abOJt O.l to 0.2 m3 per ton of cnarging coal. This gas liquor 
contains armo:lia, p-.enol, cyanide ewld other roo compOlents. G3s 
liquor is usually treated by activateo sludge. Treatment 
technologies ar·; cetailed in ANt£X l and in Reference [12]. 

6.3.6 Oesulf1lurization of coke oven gas 

The cd<e-oven gas contains 4 to 7 g/t-m3 of HiS, llllhich nust 
be removed from the ste11dpoini: of pollutioo control and to 
prevent the corrosioo of OOG distributim equi(:Jllent. 
Desulf1lurizatim methods are diviced into the dry process e11d 
the wet process. The latter wet process, whidl is suitable for 
mass treatment, is wioely used. For example, in the Funex 
process, an alkaline aqueous solutim is brrug.t into contact 
with OJG in a desulp-.urizatim tower e11d the HiS in the gas is 
absorbed ald ri:?moved. Ch this occasim, HCl'll is also absorbed. 
The liquid which has absorbed these slbstances is oxidized in a 
regeneratim tower by the actim of air CJ'ld a catalyst, aid 
sulpiur is forREd. This liquid is thus regenerated to the 
original alkaline solutim, .tlic:h is re-used. 

The desulP'lur ization rate and cyanogen reooval rate by this 
process are almost 100%. Thus this process cmtributes to the 
reooval of SOx and Nlx. Recovered sulf11ur is burned to form 
502, which is ceoxidized to 503. The 503 thus ct>tained is 
caused to oe absorbed by water and is recovered as sulp-.uric 
acid. 

6.4 Reciactiai 

6.4.l Direct reci.Jctim (DR) 

It :las been said that in regard to envirmmental control, the CR 
process particularly using natural gas, causes less probleff5 
than the conventional blast furnace process. In conventional 
ironmaking, the total emissions of pollutants from coke ovens 
has always been a focus of attention. Pny process which could 
eliminate COKe ovens could be CO'lsidered as a favorable process 
as far as e'lvircnmental control is concerned. 

In addition, there are many reasons why the installation of DR 
should ue encouraged in developing coll'ltries, p~rtiaJlarly where 
there are abLJ"ldant natural gas reserva5. 

In fact, the nurrtler of ~ units and consequently the proc:uction 
capacity of DR have been increasing, mostly in the developing 
coll'ltr ies that process naturnl gas reserves. In 1984 the world 
productiO'l of DR reac:tlea 9.25 milliO'l tonnes, ¥ilile prod.Jction 
capacity is said to be 20 mill fon tonnes • Also it may ~Je true 
that at present most r.:>f the new installations for ironmaking 
capacity could be DH unit::;. (Table 5 and 6 sh<:r# wor lo-wide DR 
caPHcity by country und by µrocess). 
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war lawide direct red.Jction capacity (mlllion tpy) 

11973 
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ColJltry 1970 1971 1972 11974 197S 1976 1.,77 1978 1979 19&0 

~rgentina ;0.33 0.33 .0.7S 0.7S 0.7S 
tffdZil 0.07 o. 32 o. 32 .o. 32 0.67 10.67 0.67 0.67 
bur ma 
Canaua 0.44 0.44 o. 79 ;l.03 1.63 l.63 1.63 1.63 
Egypt I Inaia 

I I 
0.03 

Inaor:"!Sia 0.58 10.58 1.15 
Iran I o.:n 0.33 0.33 I .0.33 

' 
,0.49 0.49 Iraq i 

Italy 0.01 0.01 0.01 ;a.as i0.05 a.as 0.05 0.05 
Japan 

I i 10.05 0.15 
1
0.1s O.lS 

~ioyd I 
I i I 

r.1aiaysia I I 

io.92 i i2.00 ~xico 0.92 l0.92 0.92 1.39 l.39 : l.39 ,2.02 2.02 2.00 
I 

l'e-. Lealana !0.12 0.12 I 0.12 0.12 0.12 0.12 :0.12 j0.12 0.17 10.11 0.17 
11\igeria I i I 
Peru 

I ; 
i 0.10 I 

\Qatar 0.40 ·0.40 0.40 
1sou th A fr ica 0.15 0.15 '0.15 0.15 ;0.15 O.lS O.lS O.lS 
ISauai Arabia I I 

S111eaen I 
; ' I 

1T:-iniaad ! I 

I 0.42 
!u!"\ 

!u.3o ,l.C3 
I 0.80 0.80 

:_bi-\ 0.70 1.03 1.03 i 1.03 ;1.03 11.03 1.09 l.U9 1.09 i -10:>-=:>li i ' I 
i"• 01czue1a I 0.76 11.12 1.12 ·2.39 3.80 
!F. K. .:Ermany lo.ls 0.55 0.55 o.ss o.ss o.ss ,o.ss 0.55 0.55 '0.55 0.55 
I I 
lT .- -., ' l.4j 2.29 2.82 3.29 4.01 4.36 IS.73 8. ls 9.66 12.20 14.73 il>JLOJ.. 

S:lurce : MIDREX CORPORATION 

, 

1981 1982 1983 

0.7S 0.7S 0.93 
0.32 0.32 a. 32 
0.02 0.02 0.02 
l.63 1.63 1.35 

0.03 0.03 0.18 
l.15 2.30 2.30 
0.33 0.33 0.33 
0.49 0.49 .Q.49 

lo.as 0.01 
:0.15 0.15 

; 

i ' I 
I i 

2.00 i2.00 :2.03 
0.17 i0.17 !0.17 

11.02 jl.02 
0.10 10.10 10.10 
0.40 :0.40 

1
o.4o 

O.lS !a.ls 10.23 
:0.40 10.ao 

/0.07 
I 

0.07 j0.07 
0.42 ;0.84 10.84 

·0.00 10.00 i0.80 
1.09 il.09 11.03 

! 10.42 I 

4.50 ;4.SO 4.50 
1.43 il.28 1.28 

116.06 18.86 19.61 

1984 

I 

0.93 
0.32 
0,04 
1.00 

0.21 
2.30 
0.33 
0.49 

I 
0.85 
2.03 
0.17 
l.02 
0.10 
0.40 
0.83 
0.80 
0.07 
0.84 
o.eu 
0.70 
0.42 
4.50 
l.28 

20.23 

l98S 

0.93 
o. 32 
0.04 
1.00 

0.21 
2.30 
1.53 

;0.49 
; 

I 

l.2S 
3.03 
0.17 
1.02 
0.10 
0.40 

'1.11 
a.so 
0.07 

'. 0.84 
'0.80 
.Q.40 
0.83 

. 4.50 
l.28 

128.42 

I 

I 
i 
i 

N 
U'1 
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worlowiae airect reauction capacity by process (million tpy) 

I i I 1972 ! 1973 1980 ! 1981 ~-:._..=·-::: ' _?T~ .:971 1974 1975 1976 1977 1978 1979 
' I ! 

' I 
' 

lr-:~,.;f~Jo.. 30 : • J.O l l.10 : l.50 l.50 l.50 l.83 2.79 3.61 S.66 6.10 ' 6.98 ,-, _ . .. 9~ .;j" .92 .n l.64 l.64 2.00 2.63 3.21 3.43 5.41 6.11 . ,~ 
n) L ii! • 2!) .25 .25 

1t\&: .15 .15 .15 .15 .15 
~Purof~r .15 .15 .15 . .15 .15 .15 .15 .83 .83 .83 .83 • 48 
;Armco .33 .33 .33 .33 .33 .33 .33 .33 .33 .:n 
;Fior ! ! .40 .40 .40 .40 .40 .40 
IPiasmarea I ! .07 
;uSCO ' : I .. ,. 

I .01 .01 .01 .OS .as .OS I .05 .05 .07 iN"' 

bL/f'\h, .12 : .12 I .12 .19 l .19 54 .S4 .54 .59 I .59 • 72 • 72 
;JRC 

I 
.06 I .06 .06 .06 

lwuIR .15 ! .15 .15 .15 .15 .15 I .15 .ls .15 
ll-\CCAk ! .04 .04 .04 .28 .28 .28 I .28 .28 .28 
,j;..;\ 

' i I i 
I ; ! I I i 

I . I I 

I 
I 

I i 
I 

: fotai. l l.49 2.29 2.52 I 3.29 1 4.01 4.36 S.73 8.15 9.66 12.20 14.73 16.05 ! I 

2.50 I 2.90 I 3.62 
' 
,~as oasea l.37 2.17 3.62 4. 71 7.13 8.S3 11.07 13.47 14. 77 
ti..:8al 8asea .12 .12 .121 .39 ~ .39 • 74 l.02 1.02 1.13 l.D 1.28 1.28 

source: MIDREX CORPORATION 

., 

1982 1983 

8.82 9.82 
7.26 6.79 

.25 • 75 

.15 .oo 

.33 .33 

.33 .33 

.40 .40 

.07 .07 

.03 .02 
• 72 • 72 
.06 .08 
.ls .15 
.28 .15 

I 

18.85 19 .61 

17 .61 18.49 
1.24 1.12 

1984 

10.47 
6.79 

• 7~ 
.oo 
• 33 
.oo 
.40 
.07 

.04 
l.00 
.08 
.15 
.15 

20.23 

18.81 
1.42 

1985 

11.78 
6.79 
l.75 

.60 

.33 

.oo 

.40 

.07 

.25 

.04 
l.00 

.08 

.15 

.15 

.03 

23.42 

21.97 
1.45 

N 
~ 
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HOllfever, it nust be kept in mind that CR is still a develot>ing 
process -and despite the sharp increase in the nunber of \lli ts , 
its iq>acl on the world steel in<iJs try is not as large as it 
seems (less than 1.5 per cent). 

There are many limiting factors for the successful operation of 
a DR plant, sudl as the need for a secure supply of inexpensive 
natural gas and hig"l quality irCJl-bearing metarial. The local 
eCCJlomic CCJlditions affect the price of scrap and its 
avai.2.2bility play an ifll>Ortant role in the economics of 
steelmaking. we can see examples of coal-based DR plant ~idl 
have been built in f'ew Zealand and South Africa whtre the scrap 
supply is restricted. 

Already from the i:urely tedmical viewpoint, there is a tendency 
for comentiCJlal DR processes whim proci.Jce spCJlge irm to 
evolve into a 100re advanced smelting reci.Jction process, where 
the melting process makes the separation of gangue possible. 

For ewirCJlirental control of the CR process, it is not fair to 
compare the natural gas-based OR and the conventicnal cd<e-based 
blast furnace process. The availability of natural gas should 
be ccnsiaered as an advantage that does not exist in all parts 
of the world. Ccnsidering the higt efficiency of the 
blast-furnace basic oxygen steelmaking process, we have to 
reoogiise that the mainstream of steel pro<iJctiCJl processes will 
ccntinue in the form of cci<e oven, blast furnace, basic oxygen 
furnaces and scrap-base electric arc furnace. Envircnment 
control tedlnology for direct reciJction route to steel makiny is 
detailed in l.MP d:>rument [3]. 

6.4.2 Blast furnace smelting 

(a) Blast furnace gas 

The blast furnace gas, a valuable resource to the steel plant, 
is not a pollutim prcblem, but Ill.JS t be very clean before it can 
be used as a fuel. 

Gas is frequently taken from the top of the blast furnace at the 
pressure of operation of the furnace and, laden with dust, 
expanded ttuoug-t a turbine in order to recover electrical ene1 gy. 

Stages of cleaning include : collection in a dust catdler, and 
occasionally cyclones, followed by hifjl energy scri.tJtJing and 
electrostatic precipitation. The LGe of dry electrostatic 
precipi ta tor or bag filters followed by a back pressure recovery 
turbine is a recent development. 

(tl) Water treatment 

The intense cleaning of' ttw tJJw.>t furnoce ~~,1s 1J':1e·, " larg: 
volume of wat1?r and this reriuire.5 tre~tmerit. The w:1t~r r:1.111tain'; 
SUSµt:nc:Y..?rJ ancJ r.li~;s'olvecJ sol iris, rt1mol S, r·y•.mjrj(~·, ;1r111 :11ff'lfJJl id. 
[ri qrn1eraJ 1111: 

1

cnnt.ro1.-, i•ir;lunr: ',r:ttlir11:.i t;1J1k,, ti1L:c 0
,, 

d11~rnfr;:J! treil.'nr·~1t. 'frH' COd'JIJ! ,t i1111, r·L.1ri fi,.r·',, rjiJr>ri11 ,t ;,,, ,;111'. 
I • 

I Ir: "ii .i: J'., Ir IJ' i 1111 • 
I 

\ 
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The low concentration of organics makes biological treatment of 
these waters difficult and chlorinatiai to achieve low levels of 
pollutants make carbai absorption necessary. Recirrulated water 
systems require strict control of their chemistry. O'lce-through 
systems, if salt water is available, using thickeners anCi 
chemical treatment have beer. found to be easier to operate. 

~lie coke oven and blast furnace waters mig-tt be consicEred for 
t:I~tment together it appears advisable to treat blast furnace 
water separately from others. Very hid°' variations can occur in 
the level of pollutants, e.g. of cyanides, in the neterial 
passing from the blast furnace because of sudden changes in 
operating cmditions within the furnace. Biological treatment 
plants recover cnly slowly from such challenges. Sinter plant 
scrlilber waters however can be compatible with blast furnace 
water. 

(c) Casthouse ded.Jsting 

In the casthouse the use of sicE extraction equipment adjacent 
to the tap hole, trougis and pour point is now commai. Runners 
are covered with refractory lined 5teel cover and hooas are 
placed over transfer points. The aspirated gases pass to 
bagiouse for the recovery of particulates. It is an effective 
method of neintaining clean operating caiditions and freeing the 
floor of the casthouse for relatively unenc:unt>ered movement. 
\tlere the floor is enclosed, casthouse evacuation ano air 
cleaning roof 1JKJnitors etc. are used. 

\tlere runner siae or roof extraction is employed the most 
important principle is to provide very hi!tl extraction volumes 
to ensure good working conditions for staff. Pn example of 
casthouse deci.Jsting .system is detailed in ANtEX 3. 

6.5 Steelmaking 

6.5.l Basic Oxygen Furnace 

Gases from the basic oxygen converter ney be burnt in open 
corrbustion and the oxides dust recovered. More commonly to-day 
tr1e colTt>us tion of the gas is suppressed or eliminated by hoods 
which desceno arouid the rrouth 11f the vessel during the blowing 
period. 

If either in open or closed corrbus ti on the waste gases are 
washed througi hi!fl intensity scn.bbers, then the raw wastes 
waters from the scrlJJbers rrust be treated. M'.lre recently ni{jl 
~fficiency electrostatic precipitators have been installed to 
allow greater energy recovery and improved dust recycling. 

The collection of seconaary fume (fugitive emissions) by roof 
monitors or by surrounding the furnace with an enclosure 
("dog-house") is usurJl. 

1~ Lose<..l corrtJu$ tion practlces nre to trn recorrmunuea for LarrJI:! 
converters dncJ t1avt! t11e a<..lvcJntcige ot' rec!icinq tt1e toliil dHl1t11t 

1Jf qa'> to IHJ tn~atr:il cirHJ trwruf'ure ullciw ttie us~ ot rnortJ comp•.1ct 
p1Jl l,;tldfl UJ11tr1Jl ·~r11li~1mt:flt, 11',1Hlly t1irJ1 ~11lt!1'1',i l/ '•1.:!1Jl1!Jt!f, 1 11' 
I.' l ';1. lf" IJ'' l 1 t_i I; Pl I ;{"j p j t_ I l1 J [ • , , 
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An energy saving can be made from the recovery of t.tie off-gases ana 
their use for conbus tim purposes througi the plant. An example of 
retrofitting of an emission cor.trol system of a BOF shop is in Af\llEX 
4. 

6.5.2 Electric Arc Furnace 

(a) Gas and Fume 

Emissions escapiPg from the furnace ~ody are collected either by 
point source hoods, in large roof monitors or in both. This 
involves capturing large volurres of c1Jst laden air, and the capital 
and operating costs are correspmdingly higi. 

Another technique which ney be considered in treatment of gases in 
the roof of the furnace hall is the installation of an electrostatic 
precipitator roof monitor. This relies on the hot plume of air from 
the furnace to provide the rotion of dusts througi it. 

In most electric arc steel works, because of the need to collect 
oath primary and fugitive emissions, the volume of gas wl"1id1 'lkJSt be 
treated is so higi that higi intensity scnbbers are no lmger 
advocatcc, and (since the colder roof monitor gases can be used to 
cool the hotter furnace gases) bag filters are generally used. 
c:2tails of recent cmtrol technologies are in reference [ 12]. 

(b) noise 

Partial enclosure of the entire furnace appears to be ~ simpler 
system for handling the prcblen5 of fume and noise from arc 
furnaces. The advantage is that a nudl sneller total volume of 
mat.erial needs to be extracted. There are disadvantages in an 
unpleasant Cl.JS ty work env irCJ'lment when acti ans have to be carried 
out in such enclosures. 

With rodern technology it is ,...cJSSible to arrange for : -

(i)the fans to be operating or extraction to become more intense 
when fume is emitted and when people are in the enclosure, 

(ii )valves to move by reroote control to ensure that hi!J'ler 
volumes of extraction are correctly directed to areas where they 
are required. 

It appears essential to provic:Je acoustically insulated rooms for the 
operative staff. 

6 • 5 • 3 Open hear th furnace 

Since no new open hear th Furnaces have been cons tructea in recent 
years, an aavanced pollution control ted'lnology appropriate to the 
specl fie process has not developed and control ls tending to follow 
the patterns established for oxygen steelmaking. It ls suggested 
that the use of electrC6tatic precipitators and roof monitors are 
all that could reasonably be expected of older plant. 
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6.6 Casting 

Ccn tinuous casting 

The role of continuous casting in crude steel t:ir-ociJction has 
greatly increased in recent years. CCJ'ltinuous casting has totally 
eliminated the emission of pollutants into the atmosi:nere and heat 
expos•Jre to workers during casting, stripping, charging and 
discharglng in and out of soaking pits, primary rolling and mould 
preparaticn. Moreover, the achievement of relatively higi yields 
from cruoe steel to ser.1i-finished prowcts and greatly redJced energy 
consumpticn are an indirect contribution to environmental control in 
steelmaking. This is a good example of how envircnmental 
improvements could be achieved Wllh ile, at the sarre time, redJcing 
cost. In tne last ten years the rate of continuously cast steel has 
increased L•p to 60% in IISI rrefltler colJltries, and about 6% 
improvement in yield has been recorded. 

6. 7 water pollution 

Recycling of waste water is a general prac~ice to red.Jee the 
volurre of wastewater to be discharged and h1 save the cost of 
treatment. 

The follodng methods are currently in use in the steel indJstry 
for wastewater treatment: 

(a) settling lagJons, clarifiers and filters, for suspenred 
solios removal, 
(b)skinming, filtration, air flotation and ultrafiltration for 
oii removal, 
(c) carbm aosorption ana biological treatment for organic and 
toxic pollutants removal, 
(d) advanced treatment technologies such as iron exchange and 
osmosis are ooss ible altern~ ti ve tr ea tmen t sys telffi • 

The details of tnose tecnnologies are explained in a Uf\EP 
oocument (3). 

6.8 Solid waste recycling and disposal 

6.8.l Solid wastes 

Tnere are many different kinos of solid waste which are 
generated auriny the steelmaking process. These are: 

Sliigr, from tne blast furnace, steelmaking furnaces and other 
vesst:ls, 

D..Jst ana sludges recovered from processing units ana mater lal 
storage, 
Mill sea les from rolling mU ls, 
Sper1t. ado from pid<l ing equipment, 
~tal <Jros~ from co;.itin~ focilitie:-,, 

\ 
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Refractory waste from relining of metallurgical furnaces and 
vessels, 
Pitch waste ana acid waste arising from by-Proel.Jct processing 
from coke oven batteries, 
Ash from boilers and gas product plants. 

The recycling of solid waste has been developed for many years 
and in ineiJstrialized countries a very hig"l percentage of it is 
utilised insiae and outside steel plants. In some plants over 
90% utilisation has been observed. 

Even so, since the amount of steel produced is very lar~, 
du"'1ing of waste has been a serious prcblem for the industry not 
only from an environmental point of view but also to sec:..d·e 
adequate space for this purpose. 

Fortunately most of the solid waste from a steel plant is not 
toxic. However, due consideration nust be taken of the 
possibility of leaching by rainwater or grouno.ater of such 
toxic swstances as lead and hexavalent chromium. 

6.8.2 Utilisation of slags 

The slag from the blast furnace can be utilized entirely in the 
cement industry and in civil engineering construction. In 
Europe apart from the utilisation of all the slag generated, old 
slag stacks have also been consumed. 

For steelneking furnaces and ladles, slag metal recovery has 
been carried out for many years for economic reasons, and now a 
part is recycled to the steel plant as fluxing material, and 
some is utilised in road construction or the neutralisation of 
farm land in some countries. Further developments to utilise 
this neterial are still necessary. 

Further details can be fol.J"ld in the International Iron and Steel 
Institute ptJJlication "Utilisation of BF and BOF slags"[l3). 

6.8.3 Utilisation of dust, sludges and scale 

This waste could be recycled in steel plants since the rm in 
constituent is irai oxide. HCMever, some waste contains a small 
aroolXlt of zinc and alkaline rretals and after recycling, these 
elements may accumulate and cause trOUble in furnace operation. 
The recycling of zinc rich dust of sludge must be avoided. 

After enrictirrent, this material could be sold to zinc srrelters, 
althou<fl smelters prefer other raw naterials. 

6.8.4 Utilisation of ott1er wastes. 

Spent acid could be treated chemically; 8Cid and metallic oxide 
are recovered. Metal dross is solrJ to smelters. Part uf tne 
ret'ractory waste coulc.J be recycled a5 raw rmterial. 
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6.8.5 Current status of ciJmped solid waste 

(Based on the 1982 survey of the IISI Comnittee on Environmental 
Affairs (ENCO) represented by 16 menber coU"ltries). 

(a) In roost cases there are statutory controls on the dumping of 
industrial waste , sudl as: 

Permits before rumping 
Lists of banned waste 
Checks before dumping 
Regular analysis during utilisation, 

in whid'l re9Jlations are enforced more by local authorities 
rather than by national authorities. 

Examples of practical conditions whid'l apply are: 

watering on unpaved roads and cleaning of paved roads 
Plastic lining for leak proof bases 
Clay bases for some offending waste, sud'l as oily millscale 
Uams 
Re-vegetation after closing of dump site 
Groundwater monitoring. 

Moreover, special nonitoring is carried out for some waste 
pro Ci.Jc tc; , such :- : 

Transport of benzene waste in a container 
Special lagoons for sludge and oily waste 
Special sites for asbestos waste. 

(b) Trmble or incidents concerning the dumping of solid waste 
from steel plants are mostly as a result of COIJlllaints from the 
neig"lbouring imabitants regarding air pollution, smells and 
noise. 

No detectable contamination by lead, cadmium, but contaminations 
by hexavalent chromium zinc and sul~ur have been reported. 

HO#ever, there are some inciaents 
activities, principally concerned 
contamination of cyanides, phenol, 
s1Jspended solids. 

caused by coke oven 
with surface water 
~rmlonia, nitrates and 

( c) Most steelworks con ck.Jct checks on their ci.Jmps by means of: 
Visual inspection, 
Register with the lht of wastes, and their composition. 
Chemical analysis of the dumped rruterial and the water from 
time to time. 

In Germany, monitoring ana control of tne surrounding 
grounawt:iter is requested at every cjumping site. 
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( d) In the future, it is foreseen that in ~er al di ffirulties 
will arise during the expansion of existing sites or in finding 
ne. sites with ci.11rping facilities because of: 

lack of space 
surface water pollution 
air pollution. 

6 .8 .6 Leadling tests 

Some ment>ers of IISI's Coomittee on Environmental Affairs are 
conci.Jcting leadling tests on sludge, dust and slag. Since no 
stanaardized leadling tests for this partirular purpose have yet 
been established, Environmental Committee of HSI is making a 
conparison of leadling tests whidl are used in each coLntry. 

The primary tests show that with different leaching methods 
there is a consioerable effect on the analytical value of heavy 
metals in the samples. The five different leadling methoas LGed 
are classified in three major categories and sho.v differences 
whidl cannot be overloci<ed. 

6.9 Occupational health and safety 

Wl-0 is no.v preparing a very canprehensive dorument on 
ocrupa tional heal th tedlnology for the iron and s tee! industry. Th is 
darument contains health effects associated with occupational hazards 
in the iron and steel inaustry, health hazards control measures and 
mon.itoring methods etc. [ 14). There is also an ILO publication on 
occupational safety and health in the iron and steel industry [15). 

6 .10 Other subjects 

Recent practices of f\bise Control, Cmtrol of 1-eavy Metals, 
Monitoring of Fugitive Emb5ions ana Comparison of Dust Collectors 
are discuss ea in reference [ 12]. 

7. Conclusions 

The Ir01 and Steel inci.Jstry is a very large ana complex inci.Jstry 
with a long history. Its potential impact to the environment is also 
very large. 

By ana large, some kina of legislative framework is exi5ting in 
most of the countries for tackling polluticr1 prct>lerrs. Many new laws 
and regulations have also been :.Jrougit out in recent years. In 
several developed countries, iron and steel industry had to spend a 
large arrount of money to control environmental prct>lems, ano most of 
the nein issues were settled. However, the existing rules ancJ 
regulations unaer the various Envirmrrental Act::. have also eitt1er 
alree1dy been reviewed and updated or are being reviewed in :,everal 
countries, r:ind U1e inci.Jstry is being requested to t.~ke furttH:r step'; 
tu cmtrol the environment. 
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In many developing colSltries also, the ind.Jstry is making an 
effort to cmtrol the envilJlment. However, there are many 
constraints for them such as, lack of technology, lack of management, 
lack of economic resources etc. to cmtrol the env irmment. \itlile 
they may represent useful national ventures, snell and medium-scale 
industries are posing considerable envirmmental prcble115, as often 
they are not equipped with control equipment, and utilize siqilified 
processes .tlidl are less efficient in utilizatim of resources ..-.d 
are rore energy-intensive. Even if it is very expensive, 
retrofitting of polluticn cmtrols to existing platts ney have to be 
aci>pted to meet newly accepted standards. 

Developed COlJ'ltries have gained considerable experience and 
expertise and are in a position to offer not only envircnmental 
central technology, but also industrial technology which is more 
prociJctive and cost-effective and poses a mininum of pollutien 
prci>lell5. 

Envircnmental management is expensive. However, if it can be 
0C11e today, it migit be less expensive than to do it tororrow. 

The InelJStry and Envircnment office of LJ£P is ready to 
co-operate with developing COlJ'ltries, in inforneticn, technology 
transfer and training in the field of envircnmental management, and 
is looking forward to collaborate with UNIDO towards industrial 
development with mininum envircnmental harm. 

• 
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SOHHAIRE 

Ce document a ~tf prfpar~ pour l'ONUDI par l'Office de l'Industrie et de 

l'Environnement du PNUE. 11 commence par une sfrie de dix recommendations 

destinfes l une meilleur compr~hension des probl~mes environmentaux dans la 

sid~rurgie et des mithodes de leur traitement par des nouveaux proc~~s aux 

d~hets r~duits, par reconstruction, par recyclage ou bien par un traitement l 

la sortie du proc~d~. 

Apr~s avoir passf en revue les procfd~s technologiques moderns dont la 

sid~rurgie est compos~e, l'~tude examine en d~tail les sources des probl~es 

de l'environnement. Parmis les pollutants de l'air, il y a des probl~mes 

faciles l r~soudre comme l'~ission des poussi~res et des autres plus 

difficiles qui demandent des mesures plus couteuses, co1111De les gases 

toxiques. La situation des pollutants dans les eaux effluentes est 

similair~. Malgr~ la quantit~ du mat~riel importante, la question des d~chets 

solides est relativement inoffensive. 

Le document met l'accent majeur sur la g~rance des probl~mes de 

l'environnement. Les proc~d~s d'~valuation des effects sur l'environnement 

pour les nouvelles usines de sid~rurgie sont expos~s. Puis, l'~tude d~crit 

l'~tat actuel des m~thodes de traitement des pollutants pour chacun des 

composants d'un complex sid~rurgique integr~: traitement des mati~res 

premi~res, agglomeration et pelletisation, cokerie, proc~d~s de r~duction, 

proc~d~s d'usinage de l'acier, fonderie. Le recirculation des d~chets est 

recommend~ partout ou la possibilit~e en existe. 

Le traitement des eaux us~es A la sortie de l'usine, la possibilit~e de 

recyclage des d~chets solids et l'utilisation des d~chets non recyclables pour 

inoffensive remblayagc sont brievement abordls A la fin du document. 



38 

EXTilCTO 

Este docuaento fuf preparado para la OMUDI por la Oficina de lndustria y 

Medio Ambiente del Programa de las Naciones Unidas para el Medio Ambiente 

(PNUMA). Comienza con una serie de diez recomendaciones con el fin de m~jorar 

la coaprensi6n du los problemas del medio a.biente en la industria siderurgica 

y quf hacer par~ aitigarlos. ya sea por medio de procesos tecnol6gicos nuevos 

de baja producci6n de desecho. retroajuste. reciclaje o tratamiento en la 

etapa final del proceso. 

Despufs de un bosquejn breve de los procesos tecnol6gicos modernos que 

son los co.ponentes de la industria siderurgica. el estudio examina en detalle 

los or{genes de los problemas del medio ambi~~te. Dentro de las emisiones en 

el aire est4n aquell~s problemas que se pueden controlar f4cil y 

econ6micamente. como ser el polvo. y aquellos a4s diflciles y caros como ser 

gases t6xicos. Una situaci6n an4loga existe para los contaminantes en las 

descargas de agua. Aunque el volwaen de desechos s6lidos es considerable. 

fstos son relativamente inocuos. 

El maneJo del medio ambiente recibe la mayor atenci6n en el documento. 

Se explican procedimientos para asesorar el impacto en el medio ambiente de 

una planta nueva siderurgica. Luego se presenta una discusi6n 

state-of-the-art para el control de contaminantes dentro de cada uno de los 

componentes de un complejo siderurgicu integrad~ : manipuleo de materia prima, 

sinterizaci6n y peletizaci6n, produ~ci6n de coque, procesos de reducci6n, 

procesos de maquinado siderurgico y moldeo. Se recomienda el reciclaje de 

desechos en donde sea posible. 

Al final del documento se trata brevemente el tratamiento en la etapa 

final del procesamiento de aguas de desecho, posibilidades de reciclaje de 

desechos s6lidos y el rellenado sin peligro de terrenos con s6lidos que no se 

puedan reciclar. 

, 

' 
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For the guidance of our publications programme in order to assist in our 
publication activities, we would appreciate your completing the questionnaire 
below and returning it to UNIDO, Studies and Research, D-2119, P.O. Box 300, 
A-1400 Vienna, Austria 

Q U E S T I 0 N N A I R E 

Environmental management in the iron and steel industry 

(please check appropriate box) 
yes no 

(1) Were the data contained in the study useful? If I I 

(2) Was the analysis sound? ff. If 
(3) Was the information provided new? If I I 

(4) Did you agree with the conclusion? I I I I 
(5) Did you find the recommendations sound? I I 17 
(6) Were the fc .mat and style easy to read? I i I I 

(7) Do you wish to be put on our documents 
mailing list? If If 

If yes, please specify 
subjects of interest 

(8) Qo you wish to receive the latest list 
of documents prepared by the Division 
for Industrial Studies? 

If 

(9) Any other conunents? 

Name: 
(in capitals) ................................. 
Institution: 
(please give full address) .................................. 
Date: ................................. 

If 

\ 




