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Summarx

The air pollution caused by a primary aluminium smelter mainly
refers to the emission of fluorides, both gaseous and solid, and
dust. Due to the different levels of toxicity which may be

attributed to the various compounds emitted, the emission con-

trol for gaseous fluorides is of primary importance.

Collection and cleaning of pot effluents may be effected in
various manners. By using the potroom as "hood”, a high collection
efficiency may be achieved, but large volumes with a relatively
low concentration of hazardous compounds must be treated. Indi-
vidual hoods mounted on each pot yield small volumes of highly

concentrated gases, but collection efficiency is lower.

Collected gases may be treated in various ways by using dust re-
moval equipment, wet scrubbers or dry scrubbers. Hydrogen
fluoride is readily removed by wet scrubbers, but solid fluorides,
low in particle size, often require the installation or special
cleaning equipment. Dry scrubbing removes both gaseous and solid
fluorides. In each case, the overall control effiéiency is de-
termined by the collection efficiency of the collection system
and the cleaning efficiency of the removal equipment. Depending
upon these two variables, the overall control efficiency may

vary within a very wide range.

The costs for investment and operation of emission control in-
stallations depend upon plant type and size and degree of
emission control to be achieved. Investment costs may vary from
3 to 11 % of the total investment and operating costs may
amount to 2 to 7 % of the price for aluminium.

Standards on environmental control are still scarce in the
developing countries. Therefore, the installation of highly ela-
borate cleaning equipment in plants located in developing
countries does not seem to be appropriate in the immediate

future.
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The trend for dislocating production increase to developing
areas is not obvious for 1972 - 1980. Thus, total emission in

such areas i8 only determined by the normal production increase
forecast. However, the rate of distribution of production in-
Crease may be significantly switched in favour of the developing
countries by emission control standards being tightened up

in highly industrialized areas.
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INTRODUCT TON

Since the Stockholm Conference on Environmental Countrol

Sponsored by the United Nations in 1972 4 worldwide discussion

has emerqged as to what oxtent the unused capacities of natural
resources 1n develoving countries could Le used to erect new
basi¢ industrivs, This consideration iy also of great importance

for the si1ting of alumina plants and aluminjunm srelters in
tropical countries where bYauxite reserves and/or unused
vherqgy resources invite the erection of large now industrial
complexes of aluminium industry. Some of the developing
countries have even been described as being at prescnt

pollution "heavens" because no emission control is required.

Following this line of thouaht, polluting industries would

have a tendency to nigrate with new installations according
to the econonic advantage of developing arcas. Sometimes a
step by step approach is visualized, in as much as stricter
environmental rulings are to be applied in later vyears when
the cost from damages by emission begins to exceed the bene-

fits of the new plant for the country in guestion.
Another way to put this same reasoning is the following:

Some developing countries argue that even the polluting
industries in the highly industrialized countries had very
little emission control installed in the first decades of
their existence, thus enabling these plants to derive a
greater benefit compared to plants with a highly sophisticated
emission control installed. There is, however, more and more
reasoning against the pollution "heavens", the more important
Oones being the following:

- Larqe.companies and also international organizations come

to the conclusion that pollution as a competitive element
should be ruled out to avoid that specific tariff barriers




are erected by countries with high pollution control standards to
avoid the import of raw materials, for instance aluminjium,
produced in highly polluting unitg at therefore lower costs

in other countries,

A polluting plant, even in a developing country, might after
4 number of years come under public criticism. The Oowners of

with appropriate pollution control installations where the
Production costs are only little higher compared to the
Production costs of pollution releasing process. The cost
for the original investment however, may be lignificantly
higher for the clean plant. Investment, however, is not the
only cost factor determining the final production costs,
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I. AIR POLLUTION FROM PRIMARY ALUMINIUM SMELTING

—_—
A. General
e ueneral

The air pollution problems creatod by a primary aluminjur
smelter plant operated in conjunctjon with a casthouse, an
anode plant and 4 cathode repaijr shop are manifold due to
the fact that various production pProcesses are proceeded.

In each operat lon, different raw Materials are processed
thus Creating pollutjon by dust and tar In the paste plant
and the cathode repair shop, emission of tar, soot and f1lyo-
rides from the anode baking furnace, CMission of soot and
chlorine ctontaining compounds from the casthouge and air
pollutijon by fluorides and dust Originating from the pot -

room,

The most important source of emission in g brimary aluminium
smelter plant will] undoubtedly be the potroom. For this
Feason, air pollution from the potroom and its abatement
Will be stressed in this paper.

Air pollution from Potlines is created by several facts,

the major ones being:

~ emission of gaseous compounds, e.gq. C02 and CO saturated
With volatile material rich in fluorides

- frequent service on the reduction cel] by breaking the
crust and exposing the surface of the bath to atmosphere

= pot operation depending upon occurence so-called anode
effects taking place generating a multiple amount of gaseous
fluorides of the Cxl"y type.




= anode changes in pPots using consumable prebaked anodes.

Replacing an anode exposes a considerable area of the
molten bath to atmosphere for a limited time.

- frequent charging of alumina to the pot, thus creating
a certain amount of alumina dust

- tapping of metal through tap-hole.

B. Composition and Quintity of Pot Effluents

The main pollutjon compounds generated in and emitted from
the pots are

- HF )
) gaseous fluorides
"y

= fluorides such as NaA1F4, NaJAIFs, "°5A13F14 and AlFl
- 802

- Co
- COo
= carbon dust

2

- alumina

During normal operation of the pot, gaseous compounds, e.qg. CO
and CO are formed ang are released from the bath. Fluorides

in the gas bubbles and evaporated from the surface of the bath
are emitted into the atmosphere surrounding the pot. NaAIF‘

is the most volatjle of the compounds present in the bath.

Due to its instability, NaAlF4 decomposes, forming NaSAl3F1‘
and A1F3. Subsequently, HF ig formed by the reaction of A1F3
with moisture originating from the atmosphere. During the time
of an anode ef fect, fluoro-carbon campounds are known to be
formed, mainly CF4.

Sulphur present in the anode is gradually oxidized to 802
while the anode is consumed.

2




Burning of the anode May cause the formation of particulate

carbonaceous matter which is either dispersed in the liquid
bath or is entrained by gas bubbles and emitted from the pot

as carbon dust,

Finally, the chargirg of the pots with alumina generates
dust emission, the amount of which depends upon the grain

size distribution of the alumina.

The amount of effluents emitted by the pot vary within wide
limits among aluminjum smelters and are strongly influenced

by a number of parameters, e.g.

T composition of the bath (bath ratio)
- bath temperature
= general pot operation

- frequency of anode effects

Industry surveys conducted in recent years both in US (1)
and Europe (2) indicate that information on the quantity

of fluoride effluents emitted from the pot is not uniform
(see table 1).

Another marked dif ference refers to the composition of
effluents from varjous Pot types. The effluents of a prebake
pot roughly correspond to a 50 : 50 distribution between

HF and solid fluorides. For Soederberg pots, this ratio is
changed to 90 : 10 jin favour of HF, probably due to the
availibility of greater quantities of hydYogen from the
Soederberqg anode.

Reference (1) quotes a pPot emission of 6.5 kg SOz/t Al for
European practice. This value, corresponding to a sul fur
content jin the anodes of approx. 0.7 % seems to be rather
on the low side. Present sulfur contents in anode carbon
are 1.1 - 1.7 %, thus yielding a 80, pot emission of

10 - 15,5 kg 80,/t AL,




The information given in references (1) and (2) is compiled
in table 1. For further considerations in this paper, pot

effluent composition according to (2) was used.

The fact should be stressed that the toxic effect of the
different fluorides emitted from a primary aluminium smelter
plant vary significantly. Damage to vegetation by HF will be
significantly higher than by fluorides in dust (3). Herbivorous
animals show an essentially higher resorption of fluorides
contained in the forage originating from gasecus fluorides

than for fluorides originating from dust (4).

For this reason, with regard to preventing damage to veqgetation

and animals the emission control of gaseous fluorides is of

much higher importance than the emission control of fluorides
in dust.




Table 1

Quantity and Composition
of Pot Effluents

All values are in kg/metric ton Al

Reference (1)

Reference (2)

European us Soederberg Prebake

% Total Fluorides 16.6 22.5 20 le

F gaseous 10.3 13.1 18

; F solid 6.3 8.8 2 8

f Total solids 25-63 45.6 ’ *
50, 6.5 30 * *
co 250 * * *
Co, 1500 * * *

* no numerical values indicated




II. EXISTING SYSTEMS OF AIR POLLUTION ABATEMENT AND
THEIR EFFECTIVENESS

A.__colluction of Pot Lffluents
It would be well beyond the scope of this paper to consider
the abatement of all of the pollutants mentioned earlier.

For this reason further considerat ion will only be given to
fluorides. SO;} at present is still a ninor broblem to the
primary aluminium industry bearing in mind ‘hat the rate ot

SO2 enitted from the primary aluminium industry is considerably
below 0.5 3% of the total arount of S.(.)2 emitted by other

industries and consumers .

The abatement of air pollution from an aluminijum reduction

potline consists of two Jdif ferent technologies:

- the technology of controlling the emission by volume,

i.e. by collecting the fumes emitted from the pot and

= the technology of treating the collected pot effluents
adequately, i.e. removing hazardous compounds and nuisance i
dusts by appropriate cleaning installations before re-

lease to the atmosphere.

Collecting fumes from the pot may be effected in two ways

which differ significantly: either by using the potroom as

a hood for the entire potline or by hooding each pot in-
dividually.,

When collecting ventilation air by the potroom, collection

efficiency may be assumed to be 100 3 provided that the
ventilation system is properly designed and precautions
have been taken to prevent adverse wind conditions which
carry potline effluents out to the ambjent atmosphere. This
design is frequently applied with potlines consisting of un-

hooded prebake pots. In the case of Soederberg pots or hooded
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prebake pots, this design nay serve as a "secondary” syster ,
collecting the pot fumes which may escape on one DCCAsion o
the other due to opening of the huods tor pot operation or

leaking hoods.

The syston of collecting pot emissions within the potroon
suffers the disadvantage that large volumes of ventilation
alr, e.qg. up to 1.7 x 2.2 x 1()6 m,z per ton of aluminium pro -
duced, have to be handled. Such large volumes of exchange:i
air are necessary in order to obtarn acceptal.le working
conditions by dilution of the pot emission, HF and CO, ar.

by reduction of temperature at the work place,

Collecting pot fumes with a "primary™ systenm by mounting
skirts or hoods on each individual pot has been common
practice with Soederberg pots, and is becoming increasingly

important with prebake pots,

The primary collection system of VSS Soederberg pots consists

of a gas collecting skirt which is permanantly installed round
the bottom of the anode. By sealing the outside of the sgkirt
to the electrolyte crust by a layer of alumina, escaping of
pot fumes is restricted and collection ¢fficiencies of

70 - 95 % (1) and 60 - 80 ¢ (2) respectively are indicated.
Collection efficiency of coursge strongly depends upon skirt
maintenance and pot operation as well as type of alumina used.
Fine grain ("floury") alumina will provide a better sealing

effect than coarge grain ("sandy") alumina.

The primary collection systems of the V8§ Soederberg pots
handle only rather small gas quantities. A reported value
(1) is approx. 34 m? per hour of pot gas which is mixed
with approx. 680 m3 Ler hour of combustion air injected in
two burners. The pot gas finally drawn from the cell may
amount to 680 m3 per hour. Assuming a 90 000 amp cell this
colume equals a volume of approx. 27 000 RJ per ton of

aluminium produced.




The concentration of fluorides in VSS Soederberq pot qgas is

high, «due to the rather limited amount of pot gas drawn from

the poc,

Vss soederberg anodes omit a certain quantity of velatile
materlal originating from the baking of the green anode mass
in the pot. Due to the lack, for operational reasons, of a
fultable pot hood, these volatile materials are not collected

and are emitted to the potroom and carried away be the ventilation

alr,

The design of the HSS Soederberg pots allows that hoods covering

the pot and the side of the anode casing may be installed, thus
collecting both, pot gases and the part of the volatile matter
from the anode baking process escaping through the stud channels.
tiowever, for pot operation, the primary hood has to be frequently
“pened thus allowing pot gases to escape to the potroom air.
Collection efficiency will reach an average of about or slightly
below 90 % (1). Pot gas volumes drawn from the cell may vary

in a wide range between 3400 - 13 600 m3/h (1) . According to

the increased volume, the fluoride concentration in the HSS

pot gas is considerably lower than that found in VSS Sceder-

berg pot gases.

Hooding of prebake pots has become increasingly important in
the recent past. For pot operation, hoods have to be opened
at certain intervals for crustbreaking, alumina charging and
anode change. Pot effluents may escape to the potroom
atmosphere during this period as is the case with HSS Soeder-
berg pots. The amount of Pot gas drawn from the cell varies
within the range mentioned for HBS Soederberg pots. Hooding
efficiencies have been reported to be 40 - 95 § (2) and

71 - 98 % (1) with an average slightly above 90 % (1).

Considerably amounts of ventilation air have to be handled
in any of the cases mentioned, the volumes ranging from
0.2 x 10° md/e A to 2.0 x 10 m3/t Al
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B. Treatment of Pot Effluents

Treatment of the pot offluents accumulated in pot gases or g
ventilation air jg effected by various techniqgues, taking

Into considerat ion the following Criteria;

= physical state of compound to bLe reroved

- chemical behaviour of such compounds

T concentration of compound to be removed in the pot gas ~r
ventilation air

- rate of removal to pe achieved

= kind of product yielded by the “lraning process

derogen fluoride is the major pollutant pPresent in pot gases

and ventilation air. It 1s highly soluble 1n water and may
readily be removed by wet sCcrubbing. Dry scrubbing by sorption
on alumina is also an adequate means of removing HF from pot
gases, presumed that a 80-called actijve alumina with a large
Sorptive surface area is used, In a dry scrubbing process,
contacting pot 9gas with aluming is followed by a mechanical
Separation of solids from the gas phase, by means of cloth
filters.

Fluorides in dust originate from volatilization of the molten
salts in the bath, The process of formation of solid fluorides
implies that the grain size of soliqd fluorides is extremely
low and may even be submicron,

Analytical data on this subject are rather limited as measure~
ment of particle size distribution is rather difficult below
5 micron. Removal may be effected by wet scrubbing and dry
pProcess. Due to the limited grain size of solid fluorides,

wet scrubbers usually do not perform at extremely high
efficiency rates unless equipment with elevated energy con-
Sumption, e.g. a venturi scrubber, is uged.
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Total solids include alumina dust emitted during alumina

chargying to the cell, carbon particles from the anode and
fluoride containing particles from volatilization of the bath.
Particle sizes may range from submicron to 80 microns.
Limited data available indicate that the submicron part of
the dust, usually rich in fluorides, may amount to 40 - 50 %

of total dust, depending upon the type of cell operated (l).

C. Removal Equipment Efficiency

A vast varicty of equipment exists for removal of agaseous
flucrides, solid fluorides and total solids. It would be
beyond the scope of this paper to present data on each type
©f eq ipment commercially available. A limited selecticn had
to be made which is based mainly on equipment currently used
in Europe and the U.S. Further and more detailed information

riay be obt :ined from reference (1).

The selection of cleaning equipment tu t:icat ventilation air

is determined by the large voiume of air handled. For this

recason dry scrubbing is not appropriate. Wet scrubbers used |

are usually of the spray screen or floating bed type. Cleaning

efficiency for both types is high for gaseous fluorides,

90 - 95 % and about 45 % for Jolid fluorides (1). Total solids
may be somewhat higher, approx. 55 - 60 %.

Cleaning of pot gases from VSS Soederberg pots is normally

executed in two stages. The use of dry electrostatic pre-
cipitators or cyclones is common practice for removal of
particulates including solid fluorides. A cleaning efficiency
of 98 % may be achieved with dry electrostatic precipitators.
Removal efficiency of multiple cyclones is considerably lower,

about 50 % for total solids and presumably somewhat lower for

solid fluorides. Wet scrubbing by use of a spray tower is
frequently applied for removal of HF, achieving a cleaning




efficiency of 99 3, Floating bed scrubbers are reported ¢

achieve cleaning efficiencies of 97 for aaseous flucrides.

The venturi scrubber may be applied to vss Soederberg pot gases,
acting as a single stage cleaning unit be removing hydrogen
fluoride and solid fluorides simultanecusly. Cleaning efficicncy
again is high for gaseous fluorides, 98 - 99 4 and 1s sliaghtly
lower at 96 3% for solid fluorides. Dry scrubbing Ly alumina and
bag filtratijon may be applied to pot aases from VSss snederterqg
pots. Data reported (1), (2) for cleaning efficienc:es are

97 - 98 % for solid fluorides and 98 - 99 ; for qaseoys
fluorides. When applying dry scrubbing to vse Socderberg pos
gases, special care nust be taken in order to Salntalrn proper
Operation of the burners to prevoent fouling of t:, Ay oserabber

unit by excessive tar,

For HSS Socderberg ROt gases, the sclection of cqurpiert s

rather limited,.

Spray towers and floating bed scrubbers are frequently applied
to take care of both, gaseous and solid fluorides. The spray
tower is somewhat less efficient than the floating bed scrubber
with regard to both gaseous fluorides and solid fluorides,
Solids removal may, however, be improved by the use of a wet
electrostatic precipitator installed in first stage. Such
equipment frequently operates with a 98 3 efficiency on solids,

Treatment for pot _gases from prebaked pots may be designed

48 a single stage or two stage installations. In the latter
case, dust is removed by use of dry electrostatic precipitators
or multiple cyclones. Multiple cyclones will remove dust at a
rate slightly below 80 §. The performance of dry electrostatic
Precipitators varies in a wide range (60 - 99 %), depending
upon various conditions, €.9. gas humidity and operating
voltage. Assuming proper design and operating conditions, an

average cleaning efficiency of 94 % for solids may be
eéxpected. HF removal is effected by wet scrubbers, Spray towers
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or floating bed scrubbers achieving 90 - 98 % efficiency are
frequently used. Single stage wet scrubbing installations are
usually designed as spray towers or float ing bed scrubbers.
Both types are high in efficiency, 94 - 98 % for gasecous
fluorides. Reported data for cleaning efficiency is 80 % for
the spray tower on solid fluorides and 80 % for the floating
bed scrubber on total solids. Dry scrubbing may be applied

to pot gases from prebake pots. Average cleaning efficiencies
of 98 ¢+ for both hydrogen fluoride and solid fluorides as well

as for total solids may be assumed.

A summary of cleaning efficiencies of various removal equipment
is given in table 2. The data compiled in this table have been
reported by references (1) and (2). They will be used for

model calculations following later in this paper.

D. Efficiency of Model Control Schemes

Based on the efficiency data compiled in table 2, the emissions
of a few selected models have been calculated. The selectjon

was made to demonstrate the various emission levels which may

be achieved rather than to qualify the performance of each
Cleaning unit. It should be borne in mind that besides the
models evaluated in this paper, a great number of further

possibilities exist for selecting adequate equipment .




Table 2 Cleaning Efficiencies of Various Removal Equipment

A R o b S

Fgas Fsolid Ftotal Solids
VSS
primary multicyclone 50 (n) 50
dry electrostatic 98
precipitator
wet electrostatic
Precipitator 95(n) 95(a)
spray tower 99 75
floating bed scrubber 97 97 78
venturi scrubber 99 96
dry alumina scrubber 98 98 98
secondary 8pray screen 88 42
uss
pPrimary spray tower 92 (a) 70 (a)
floating bed scrubber 98 78
secondary spray screen 80 42
re e
Primary multicyclone 78
dry electrostatic
precipitator 34 (a) ()
spray tower 94 (a) 80
floating bed scrubber | 98 80
dry alumina scrubber 9% L 1]
Secondary spray screen 80 25
Vent{lation
vithout spray screen 93 4 60 (p)
Primary floating bed scrubber 90 (a) 75
(a) average from ret. (1) (p) company information

(c) calculated from ref. (1) (m)

no detailed data available,

assumed
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The following models have been evaluated:

Pot type Brimary control secondary control
VSss none none

spray tower none

dry electrostatic precip. none

+ spray tower

dry alumina scrubber none
dry alumina scrubber spray
HSS none none
8pray tower none
spray tower spray
PB none - none
spray tower none
dry alumina scrubber none
dry alumina scrubber spray
none spray

Pot effluents were assumed as indicated in table
(2).

8Crocen

8Creen

s8Creen

8creen

1, reference

Various collection efficiencies have been included in the
model evaluation in order to demonstrate the influence on the

total emission exercised Ly a properly maintained collection

system.

Model emission values for gaseous fluorides, solid fluorides
and total fluorides have been compiled in tables 3, 4 and 5.
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Conclusion

The results obtained by the model calculation lead to the

.

following onclusion

with all pot types, the difference in emission between un-
controlled systems and systems with the best primary contiod
1s remarkably high. Even with gollection efficiencies of

10 , the reduction in emission amounts to approx. Hho - T e
witi ali pot types. Thus, even a system with a low stoiedard

of nalntenance is better than no system at all.

changes effected in the cleaning equipment of a primary system
for VSS pots do not necessarily result in a drastiv reduction
of the cnission. All primary systems for VSS pots cevaluated
vield about the same performance data, the main reason tor
th1s being the fact that the predominant fluoride comp:und
present in VSS pot gas is HF, which is readily removed by

water scrubbing.

contrary t« VSS pot gases, an improvement 1n emisslon may he
achieve i with prebake pot gases by changing to equipment with
a high ¢'-aning efficiency for solid fluorides. This is due

to the d.fferent composition of prebake pot gases.

- with VSS pot gases, a better overall control efficiency may

be achieved by ¢hanging to a higher collection efficiency.

- improving the overall control efficiency for prebake pot

gases may be achieved in two ways:

- changing to a more efficient cleaning systenm

|
;
:
1
}

- improving the efficiency of the primary collection system

Up to a collection efficiency of about 90 %, the effect of
upgrading the cleaning ejuipment i8 about equal to the

ef fect of increasing collection efficiency by 10 %.




With prebake pots, the emission control for total fluorides

Achieved by a Spray screen for ventilation air alone is aboat

the sane as with g primary system including coderp dry
scrubbing and operating a 70 ¢ collection «fficicncy. The
eriission control for gaseous fluorides obtained Ly a
secondary spray screen is even better and oquals the [ =
formance of todays available technology for DEIrary equpment,

Alone when operated at g collection efficicney of 95 |

This fact is of primary importance when considering the
prevention of any possibloe damage to areas being used for
farming., As already mentioned gaseous fluorides arc¢ far

more hazardous to plants and animals than solid fluorides.

A marked emission reduction in all systems may b acliieved

by combining a primary and a secondary cleanir: systern,

However, it is unlikely that the installation of such
sophisticated systems will be necessary for primary aluminium

plants built in developing countries in the next fcw years,




ITT. <COST OF MODEL CONTROL SCHEMES

A. _ Cost structures

Information on costs of cleaning equipment is rather scarce

and only limited data are available.The only extensive compilation
of cost data known today has been published in reference (1),

This study, however, refers to U.S5. conditions. Major deviations
may be encountered when applying these data Lo conditions in

the developing countries. For this reason, the data developed

in this paper using base data given in reference (1) shculd be

used for comparison rather than to determine actual costs.

All costs given refer to 1970 prices and are based on US § at

1970 rates.

The costs data used for model calculations are listed in table
6. They have been converted to US $/annual metric ton Al and

rounded off to the next decimal,

The cost elements given in table 6 are based on the following

assumptions:
The pots to be counsidered are of the 100 000 amps. type.

The volumes of pot gas and ventilation air to be cleaned are:

850 m3/h-pot potgas for VSS Soederberg pots (= 3.1.x10‘ m3/t Al)

5 100 m3/h-pot potgas for HSS Soederberg pots (= 1. 9»10 m3/t Al)

4 250 m3/h-pot potgas for prebake pots (=1. 56x10 mJ/t Al)

42 500 m3/h-pot ventilation air for prebake (=1. 56x10 m3/t Al)
pots

59 500 m3/h‘pot ventilation air for Soederberg (= 2.2x106 m3/t Al)
pots

Investment costs include purchase cost, direct installation costs

varying with the type of equipment installed and indirect in-
stallation costs amounting to 30 § of the sum of purchase cost

and direct installation cost.




Table 6 Cost Elements for Various Pollution
Abatement Equipment

Invest. Opcrat.
US $/mtpy | us $/vtpy

— e e}

Equipment

Erimary

primary collection

spray tower

dry electrosta‘ic rrecip.

dry alumina scrubber
water treatment
secondary

spray screen

water treatment

Erimarx

primary collection
spray tower
water treatment

secondary

spray screen

primary
primary collection 25.00 7.50

spray tower 7.10 2.60
dry electrostatic precip. 19.00 5.50
dry alumina scrubber 39.90 13.20 (b)
water tresatment 3. 40 1.80
secondary
Spray screen 40.90 14.30
water treatment 6.30 2.60

(a) Average of two systems, varying approx. 6 %

(b) Average of two systems, varying approx. 11 ¢ for investment
and ¥ 15 % for operating costs
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maintenance, power, water, chemicals and royaltics, where
applicabie. Depreciation, anterest, taxes and administration
ire Lot oat 23 ot the capit ol oconts,

ot fiLflif' A potoemissaon as 1ndicatoed rno tably §, reterence
s msuned, Collection ctfrcrencies appliied 1o the
caleulations were B0 ¢ for VsS pots, and 90 - for prebake
pots. Fluorides were estitiated at U8 $ =055 per kg F, Costs
were catcialated tor the roodels as used in tabie 3, 4 and o,

and arce comparled in o table 7.

b. Vonclusions

Relating the model costs for investment and operation ot

alr poilation abatement installations to total invest-

nent oloprumary aluriniue stelter nlant and the unit price

for alwanian respectively, is rather difficalt for the

folluwing reasnns:

The capital cos s for o prinary alumainium smeltor vary
Jrtnirn o wide range, depending upon the capacity of the

stelter as well as the prodact mix produced in the casthcuse,

= Plants with an oxtended product mix ("sophlisticated plant")
Will require investment costs of US $ 1000 - 1600/mt Al

capacity depending upon capacity.

- Plants with a limited product mix will require capital
costs of US $ 750 - 1250 ("unsophisticated plant").

- Reference (2) quotes a capital investment of US $ 1000 -
1100/mtpy for a 100 000 tpy plant.

- Soederbr: 4 plants may required a somewhat lower capital in-

vestmei the reason that the anode baking and rodding
facilities included in the prebake plant layout are not
necessary. This reduction however is partially equalized

by higher investment costs for the Soederberg pot.
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- Relating the operating costs of gas cleaning plants to the
price of aluminium again is difficult. The unit price of
aluminium again depends upon capacity and product mix of the
plant. In addition, price of labor, power and raw materials

may vary depending upon the location of the plant,

- An"unsophisticated plant’ may produce aluminium at a price of
US $ 425 - 530/metric ton Al produced.

- In a"sophisticated plant’, production costs will vary within

the range of US $§ 475 - 600/metric ton Al produced,

- Reference (2) reports production costs of S $ 530 ~ ©l0/metric

ton Al.

- It is unlikely that in the near future, plants with an extensive
product mix will be built in the developing countries. There-
fore, an investment of !UUS $§ 1000 per metric ton Al capacity
and a price for aluminium of US $§ 475 per metric ton of Al
produced is assumed. It is also unlikely that water treatment
installations will be included in the control equipment at

first instance.

Bearing in mind the above mentioned, the following conclusions

may be drawn from the cost analysis of the selected models:

With VSS pots, a control efficiency of approx. 78 % may be
achieved by investing between US § 25.- and US $ 40.- per
metric ton capacity, excluding water treatment. This equals

a rate of 3 to 4 Vv of the total investment. The corresponding
operating costs amount to roughly 2 &0 3 % of the price of
primary aluminium. Highly sophisticated air pollution control
equipment achieving 95 % overall cleaning efficiency is unlikely
to be installed in plants which otherwise have a low degree of
mechanisation. However, for comparison, the respective rates
may be assumed to be approx. 9 § of investment and 6 ~ 7 %

of production costs. The credit for fluoride recovery would




amount to ¢ % thus leaving net operating costs of 4§ -~ 5 y of

the price of aluminjium.

With HSS Soederberg pots, pollution contrnl of a similar per-

formance level (77 %) is slightly more expensive. ‘apital cousts

would amount to 5 % of total investment and operating costs would

total about 3 % of the price of aluminijur. Including a secondary

cleaning system and thus achieving an overall control efficiency
of 88 % would raise the investment to approx. 11 + of total in-
vestment and operating costs to approx. 7 ¢ of the netals cost

price.

Emission control from prebake pots at a level of approx. 80

may be achieved by an investment rate ol about 3 - 4 ¢ of the
total investment. The effect of operating costs upon price of

primary aluminium will be in the range of 2 - 3 4,

Upgrading the emission control to 85 - 90 % will require an in-
vestment rate of 5 - 7 % and affects the price for aluminium by

4 - 5%, Credits of 1 - 2 3 may be achieved by fluoride re-
covery, decreasing the net operating cost to 3 % of the aluminium

price.

Best available technology, achieving 94 % overall control
efficiency, which againis unlikely to be installed in an other-
wise unsophisticated plant, would cost about 1] % of the in-
vestment, operating costs would be approx. 7 % of the aluminjum
price. The credit for fluoride recovery of 2 % would reduce net

operating cost to approx. 5 % of the aluminium price.

Installing a secondary cleaning system only would require
approx. 4 & of the total investment and would affect the price
of aluminium by approx. 3 §.

Table 8 gives a summary of the above mentioned.
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Tab'le 8 Influence of Costs of Cleaning Installaticns
on Total Investment and Price of Aluminium
Pot Approx. Overall Invest. as % Net operat. costs
type (Control Efficiency 'of total In- as * of Aluminium
vestment price
s ¢ — - e d
Vss 7o - 4 d - 3
95 4 9 I -5
HSS 77 ¢ 5 3
88 ¢ 11 7
[T ,,_,_..+
PB 80 3 -4 2 -3
85 - 90 5 - 7 3
94 11 5
second. 69 4 ]
only
| -

i il




, STANDARI

N ENVERONMENTAL CONTROL I v LUFING U UNTRIES

buring t. srtoekho m conference, ovidence WAas 1pvey
problems of vhviroenment al control ogr. Ly no e

tn the deve loping countrijes and an oardigtry g

Highly industrializ..] Areas, run the risk of by conert by

eftects of furan AV Y G as pollution o 4y, WA g
s01l. To prevent this, leqgal Preseriptions and standar g ire
carrent ly being 19sucd gn such areas, in orior o, Drotyoce

the quality of 1)t

Centrary to thais, an Hany of the developing Countries

quality ot life which 1s endangered but rather prese

Lite 1tsclt. Environment al problems are related +.

food, 1nsufticrent water supply systoms, aboeg, - [
Installations and preservation of agricultural ot Videat oo,

the 80il rather than ta environmental poliutiom, Pollatqen
control, for this reason, is of minor IMportance to thoge
countries and the rolease of legai prescriptions and standards
18 not considered to pe Necessary at present. on the contrary,
the environment js considered as a “natural resource” and use
should be made of jt. Disadvantageous effe¢~tg should b« pre-
vented by reasonable planning, which on the other hand should

not adversely affect the development of the Tountry.,

In addition, consideration must be given to the fact that in
many instances, technology offered to the developingy countries
includes means for environmental control. Thisg supplemental
technology regarded as being superfluous, by many authorities
is considered to unnecessarily increase the investment thus
deteriorating the competitive situation of the country in
question,

A minor number of developing countries often already in the
pProcess of industrialisation have {n the recent pist attempted
to legalise enviromental control. However, it has also been
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clearly stated by such countries, that environmental control

standards should by no means delay the economic development.

The number of developing countries with established standards
or legal prescriptions is small. For the reasons explained

above, it is rather doubtful whether this number will increase

significantly in the course of the 10 years to come.




V. PERSPECTIVES OF AL=PRODUCTION INCREASE ANl
POLLUTION ABATEMENT AT THE PLANTS

A, kstimated Production Increasce

In the past, the production of primary alumirium has cont 1nuously
Increased. Limited data on world production for 1960 - 1969 and
world capacity 1970 are available from reforerco (1), These datay

include a number of assumptions for communist countries,

During the period 1960 - 1969, world production increased by an
annual average of approx. 8.5 % and was close to 9. x lO6 mt
in 1969. The corresponding figure for the western world was

7.5 x 106 mt. During the period of 1963 - 1969, thte production
of the western world accounted for approx. 80 « of world pro-

duction.

From the 1969 production of the western world, approx. 91
(- 6.8 x 106 mt) originated fraom industrialized areas ‘Furope,
North America and Japan) and only approx. 9 % (= u.67 x 106 mi)

were produced in areas with a lower level of industrialization.

The 1972 production of the western world amounted to approx.

9.2 x 106 mt Al. Assuming an annual growth rate of 9 %, the
production figures for the western world as compiled in table 10
may be anticipated for coming years.

A break down of capacity expansion in the western world for
the period 1969 - 1974 is also quoted in reference (l1). This
information, reproduced in table 9, has been slightly modified
in as much as Japan, originally included in Asjia has been
separated and capacities have been distributed between Japan
and Asia. This distribution was based on company information.

The distribution of the 1969 capacity is similar to production
in that year with approx. 90 ¢ of the capacity installed in
highly industrialized areas and approx. 10 % situated in areas




HISTS i!fw;‘d!l‘T.f‘ﬂ}iirl I table 9w« peb o g, 197400,

oSt ol by i, AL ross s e e, R O A PRSP
In the rocseng Past has ot heon t Rer ot e At Por ot
reason, the ahgolye, values for CAPXCLLY ncrcase gyve L
tavle Y wyj; Probab ly be somewhat bLigh, However |y b

Portional distribut yon Ay stiil be assured o g, COrrect

According to table 4, the CAPACIt Y ancrease g North Amcry e,
1s aluost evenly distributed between piant Xransion 4.

And tiew plante 55 L 1y Lurcpe, about 30 . of the capacity
InCrease is attrlogtag to plane SXpansions and aboat 7o Cto

New plants,

The averaye ratio .51 dreas with a high level of Industrigg-
l¢ation 15 approx. i° . I expansion of already eX1stiny plants
and 65 4% in new bPlaits. Similar values apply for areas with .

lower level of lndusrrializatxun.

The following Fartitice. has been appltied 1n Lrder ., determine

the distribution "t production increase;

Highly industrialized areas: 85 % of total product on

increase

Areas with lower loved Of

) , . . 15 % of tota] roductilon incre e
1ndustr1a112ut10n: pProd; v 1ncreas

This distribution Mmay be applicable for the immedjate future
but May gradually be changed in favour of the areas with q

The assumed capacity and production increage in developing areas
has been compiled in table 10.
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Table 10 Assumed Capacity and Production Increase in

Developing Areas 1972 - 1980

Estimated Pro- |Increase to Production Increase|Estd. Prod.
duction Western|Previous in Areas with Low In Areas witl;
Year lworld (a) Year Level of Industri- [Low Level of |
alization (total) Industrialis.
103 mt py 103 mt py 107 mt py 103 mtpyi
1972 9 200 830 :
1973 10 006G 800 120 950 !
1974 10 900 300 135 1 085 ,f
1975 11 900 1 000 150 1 235 ;
1976 13 000 1 100 165 1 400 !
1977 14 200 1 200 180 1 580 |
1978 15 400 1 200 180 1 760 |
1979 16 800 1 400 210 1 970 |
1980 18 300 1 500 225 2 195 \
(1985) (28 200) (2 300) (345) (3 680) ,

(a) Includes areas with high degree of industrialization and

developing areas
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B. Air Pollution by Production Increase

There is very little information available with regard to
todays' pollution control by primary aluminium smelters in
developing arcas. Dry scrubbinag units are known to be in
Operation in one plant 1n Brazil and another one in Mexico (5) .
Contrary to this, there are a number of plants known to be

in uperation without any air pollution contrel installatjons

at all,

An overall control efficiency, based on a 1971 model of the
US primary aluminium industry, of 74.3 % has been published
In reference (1). It may be expected that similar values
would be achieved in other areas with a high level of in-

dustridlization.

A further assumption must be made regarding the type of pots
which are to be installed in new plants. Between ]95a and
1970, 6 new plants were commissioned in the US out of which
only one was a Soederberg plant. In addition, out of another
4 plants under construction during 1971 and 1972, one was a
VSS Soederberg plant, all others being equipped with prebake
pots.

Plant expansion during the period 195] - 1969 favoured
Soederberg pots in 6 out of 9 cases.

Following the US trend for new plants, the assumption was made
that future plants would be equipped with prebake pots,

Table 11 contains estimated Ft- emlasionsper year at various overall
control efficiencies based on present production and estimated
future production increase.
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The following conclusions may be drawn from this table:

~ Assuming an overall control efficiency average of 30
for plants operated in developing areas ared 75 - gy plantsg
in industrialjzed areas, todays Pt-pollutlun inodeveloping
areas would account for APProxX. 22 4 of the to,4,] Py
pollution in the western world. Ry 1980, this rate would he

changed to approx. 28 i,

Under the same assumption, todays Ft-pollutinn In developing
areas would be increased by approx. 165 3 until 1980. For
industrialized areas, todays Pt-pollutxun would be roughly
doubled.

To maintain today's assumed Ft-pollution of 9.3 x 19° mt/year

in the developing areas, the overall contro] efficiency
would have to be raised to 60 % by 1976 and t- 70 by 1979,
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VI, FECHNICAL ASSISTANCE REQUIREMENTS OF THE DEVELOPING
COUNTRILS

Ir a nanber of developing countries, new primary aluminium
srelter plants have been ervcted in the recont past or are

dnder study to be realized in the secend half of this decade.

In r.ost cases, public bids are put up either by governments
“r private companies, and a partner is selected by ovaluation
of the quotations. Most likely, future quotations for a new
primary aluminiw. plant will at least include two different
designs with regard to environmental control: on the one side
4 basic plant equipped to meet the minimum standards of
pellution abatement and designed for further addition of
abaterient equipment as necessary at a later date, and on the
other side a more sophisticated plant which will meet en-
vironnental control stardards as of the start of operation.
The selection of the appropriate plant design will strongly

depend upon local conditions.

In general, the primary aluminium industry is in a position

to offer many services within a wide range of possibilities.

A contract may be specified in such a way that conceptional

design only will be supplied. This would include flow sheets,
general and detailed layouts and a list of necessary equip-
ment. Conceptional design would also include the supply of
technical descriptions related to building and equipment. The
delivery of conceptional design alone will strongly depend
upon the availability of local engineering firms familiar
with the specitic problems of building a primary aluminium
plant,

Such fims not being available, the contractor could also be

engaged to furnish general engineering. This would include
the set up of technical specifications for tender documents




as well as the issue of tender documents and cvaluat1on of ternders,
General engineering would also inelude CXpert advice on o contractg
for the delivery of all kind of goods, checking ot suppliers!
documents, tssue of shop drawings on Special itens, edition of
operating and maintenance manuals and finaily t e stthieduling

and progress control.

If necessary, local engineering ray also be vrovide t.y the

contractor. This added service would mainly consist of adjusting

tender and supplicrs' documents to local ¢ aditions, supervising

]

construction and erection and issuing terms of dolivery gnd

¥
installations. Quality control of all goods and controer of pay-
ment would also be included in local engineering as weel 1 as

the initijal start-up of the plant.

Finally, a contractor may offer to supply a turr key plant. 11,

this case the contractor would not only furnish oneeptional
design, general and local engineering, but would also bear the
entire responsibility and all risks involved in plant erection

and injtijal start-up.

In most cases, a contractor will not be limited to providing
the technical know-how for building and initial starting up of
a4 primary aluminium smelter plant. Most likely the parties will
agree upon a contract arranging for further technical assistance
to plant operation. Such assistance may include the training

of key personel in the contractors' own plants and the dispatch
for a limited period of time, of experts to the new plant., In
addition, technical assistance may include a long term
continuous advisory services contract On operation and super-
vision of all equipment. Under such terms, general information
on production of Primary aluminium and related items will be
made avajlable to the new plant and assistance in operating

the plant will be granted. If hecessary, certain key positions
of the management may be filled by the contractor for a limited
time.

Technical assistance demonstrated above refers to primary alu-
minium smelting 1nvgenera1 but may obviously be interpreted
accordingly for environmental control,




Vil CONCLU S TONS

Porsyectives Coloarn PULAry  aluriiniwn sl teru in developing
3 I

Codntries vay be concluded as 01w

In fiighiy 1ndustr, tlized areas, consid Fations rolatying 0 o=
Vironmental controloare beconing awore and nore iwportant, here-
Tore tho possibilities of locating privary aluminiw stvlters n
densely populated areas are limited, over wher constdering teo
el suych plants with sophisticated onviron ent gl contrel taci-

Iities.

Most ot the developing countrivs hiave large unused nataral re-
ssurces, such as labour pctential, enerdy and unharmed cnviron-
slental conditions., In addition, very often there s d frercetul
Interest of such countries to attract basic industries, and
therefore ot s lite natural to carefully evaluate the poss ) -
bilitics of erecting new plants in developing countrivs. When
aralyzing production and capacity increasc forecasts for the
tmnedrate future, the trend to disiccate primary aluminiur

stelters to developing countries is not obvious at first sight,

However it must be expected that as from the end of this decade,
4 growing part of the capacity increase will be 1nstalled in

developing countries.

Plants to be built in developing countries may be designed in

two different ways:

A plant with a very little or no environmental control facilities
may be put up and operated. Environmental equipment may be added
48 necessary, either depending upon legal requirements gradually
released or to prevent damage to areas with agricultural utjili-
zZation. However, care should be taken that such plants are
designed in such a way that environmental control installations

may be added at a later date without excessive costs.

]
|
_i
|

> s o




As a second POsSsiblity, a plant may be built wiep initial
environment g control facilitjegy of 4 CoMparatively higk
Standard, Thig plant would hot encounter any difficultjes
with meeting fatur,. legal requirenents, pe might possibly

tind some trouble with reqgard to the COMPet it jye situating,

Average Cnvironient 4 control may he achieved by modest
Capital investment g Anount ing ¢ APProx, 3 - 5 4 of total

Investment, Such contro] would affect the price of alumingp
by 2 < 3 4,

Installing ¢laborat e environment g1 control may redquire n-

Vestients 1n the range of 5 - ) of total Investment ang

WOuld increase metal producton costs by 3 - 7 4,

As alroady lient ioned, the decision reforrinq to the degree

of vhvironment al cont rol to pe achieved wi]] prodomihantly

determined by leqaj requirement s, However,

Carefully considered before taking any decision,
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