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I I

.1 OF THE STUDY

has

use at

debate on

st in

theissues

reason for s mount

awareness of the

also in the welfare of that

occur as a result of uncontrolled of so-called waste

the last decade,

become one of the

The pr

sues is the

as a

of the natural can

of allocat scarce natural resources

resources can be

whose do not pass

on these serv-

as a

between us the natural

as a source of other

, and the

s

markets, there

The

of

mutual exc

therefore be

among

of

these models are con­

the relat

of

of en-

such that s

In order to

value use. The fact that

cannot allocate re-

I have to carry out s func-

al resources has be-

the

choose the

level at minimum cos

decis models that

mental relat have been

divided into three

between and of

s to

the market

sources means that other

t , the al

come an field for

The lem for those

mental both

, and

di
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after
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natural , and a
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i.e. the concentrates on the

the
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number of econ-

such models

s and on the costs to

the mix of

, households, or ) of

those of

, has been at the center of

s. The reason for the

that accurate

of costs of reduction or of

the future ef-for assessaloads, can

of the

these res

fects

the

cost

of

control programs, and thus facilitate

cy measures.

t to the amount of

proces s that consti-

the of the

s of these duals.

from theobData for the

1.2 SCOPE OF THE STUDY
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res each of the

tute the process and to es

costs of or the

sion control investments. The subs

Board
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the agency to firms had to app sub­

scheme had

been set up simultaneous with the 1,

1,

iance with the

1n full

necessary for

for plants

up the

1969) as an

9, to

Protect Act. Thus, data have been obtained for

s that were

s-

1,

1, 1969.

for

out between

tence before1n

do not cover the total

those emission control

, and June 30, 1973,

Needless to say, these

control these industrial branches

eluded. The reason for

s were ex-control

is the fact that s

most emissFor

had

or

s

Board for a

s10n control

tIed to any subs

Protection Board for an

of total

were not

ons to the

any information about the costs of these meas-

new

no incentives to

ures either in

ons to the

Thus, cost data for

were ible to ob from these sources.
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paper
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sectors - the
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these two
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1) Another
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s ,
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, and the Act on Product
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of emission control

The ter

de s the charac
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the National ical

Hazardous to Man or to
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gram of subs

of

be-

a
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control in-ss

some

control investments undertaken
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ion of both the emiss
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tween
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vestments on both employment and total

The c impact of the on the iron &

steel and pulp & paper es 1n Chapters 6 and 7. The

these follows the same and both ters

start with short 10ns of the structure of the . Each

chapter also contains general of the of

the production processes and the raw residual loads as

these

ed.

toan

were

The a short

and the pass uses of the data and concludes

assess the degree to the obj of the
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CHAPTER 2

le IVITI E E

2.1 THE CONCEPT OF ENVIRONMENTAL

en-, the cultural environment, the

The standard

of

has made

texts. Thus, one talks not

about the

, etc.

to1are

elements of the natural en-

the sense that

therendered

goodsare

The

pay to more of them, i.e. are scarce to demand.

and

and raw

, therefore, those natural

valuable

lats ass

that render

These services

as well as

ces. For purposes of

or to man are termed natural There are two

of natural resources, renewable resources (flow

and non-renewable resources (stock In some form

of man's must be to these resources in order to en-

able man to benefit from From s fol-

be­

cal ad-

and

of so-called non­

but rather a

and

natural resources (thus

and more

the

an economi sense, not even the

man.

lows that

comes

vance

renewable natural resources

as a result of

a

al

of man's

natural resource

as the level and compos

the

If

of the flow of

of waste

of

or

can be as

these services. The term

the

, then, is



6

not neces synonymous and should there-

of en-

that there is

harmless)

effects

lead to a reduc

or

at the present moment.

cause

It must, of course, be

that even very small

fore be used only when

qual

always a certain

of res

that we are unable to

The need for an

(i.e.

and partly

and

effects on

has to

be used as

that the

changes are es

qual

under

the

partly on the

residuals

the

1

of social obj

a scarce resource, the use of

therefore the

be economized. The extent to

a recipient of res

management thus

capacity to

environmental quality

anthropocentric or biological) of the

on how the risks of undesirable

evaluated. A central

em will be discussed further below.

2.2 THE NATURE OF PRODUCTION AND CONSUMPTION SERVICES

Mankind plays a central role in the complex

the biosphere by the fact that has the ability to

the operation of ecosystems.
1)

In spite of his sometimes 1

of

living organisms and
related and

s between
these two com-

s is referred

1) The two main components of natural systems are
nonliving substances. These two components are
interact upon each other to produce an exchange of
living and nonliving states. Any area of nature where
ponents are interacting to produce an of
to as an ecological system or ecosystem.

Nonliving (abiotic) substances are the bas and
compounds of the , such as water, carbon dioxide, oxygen,
calcium, nitrogen and phosphorus salts, amino , and so on. The
living (biotic) components of an ecosystem are generally class into
three groups, namely ( producers, (2) consumers, and (3) decomposers.
The mechanisms regulating the storage and release of , the
growth of organisms, and the production and decompos organic sub-
stances are not yet understood every detail. A theme
the discussions on this subject ,however, the homeos character
of these mechanisms. tendency of ecosystems to approach a state of
equilibrium is often referred to as "the balance of nature". In modern
ecology emphasis is often put on the fact that mankind a of COmL

plex biogeochemical cycles and that man's abili to change and control
the operation of ecosystems has been increas faster than under-

cont.
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nat-

welfare.

, man makes

own

learned to transform

forms that matchsraw

of the resul

in order to

efforts, man has

use of

ural

In

forms.

the two laws of

to look upon so-called processes asmake

better than

The bas

of mass and energy andflow

of mass and energy as were 1n-

to the processes. Expect for the trans of small amounts of

mass to energy nuclear holds for all

cont.
The fact that man has the

ecosystems does not mean, however,
tion bad that all

In fact, many of the
of his
the

Thus, the

man.

of the results of such
power to the operat of
that all changes are
that are not man-made are good).
tems that man as valuable
made the sense that man has
order to welfare.

, a system
amount of energy, and
is of as the

meant, but rather
purposes. This

increase inof an

the
of energy.
that

of postulates.
the law of

a closed
energy

s
the same

of energy
second law of
One often-used

of
heat and other forms

branch of natural
be drawn from a

The t law
states that

but form of a law
may be stated
that no process

occur unless there
an

to the
from all others 11
therefore, when the second law of
law of the of energy, no
a loss the of energy

can



of

- unless

converted to out-all

processes, thus

constitute the

Forprocesses.

the energy or mass outflow

are "ideal" processes in

The flows no use

in these

reasons (to be

(at least to the in­

the

way

been

, the

producers) has

therefore their

discussed

at

ment.

, the process

has to be viewed

of the laws of

used by(the term

the

of

a similar way. The household sector may

or may transform these

from the

s ,

them in a

also become res

never

will

processes, but

sense. "Consumption

or

Thus, the processes of extract , and consumption should

srun, all

flows back to

il-

the

s , This

processes and

2:1.

the form of res

these processes will be balanced

asbe

flows

the

lustrated

If the flows between the sectors are measured mass,

a balance for the economy can be

+ + + + +

of such a

capac

renderedof the

If the

the

ment to the household sector ( 1 , recrea-

ferent time

This also holds for an economy which is closed (i.e. an economy
or of ei ther fac tors, , or

no net of stocks (i.e.
, consumer durables, or It

to note here that accordance with the law
forms of s treatment do not

a ical sense, their form.
treatment, the can be accounted for
returned to the processes,

to be



2: 1. A s balance

Product
sector

(

Res s
treatment
sector

(T)

L _

Household
sector

s: Raw s
G Goods
S Services

Labor
R == Residual

Subscr ::::::
2 Destination

, e t c , ) be reduced. The need for en­

the fact that there is

no ensure an flow of such en-

ser-

11 be the next
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2 .. 3 THE OF ENVIRONMENTAL SERVICES

2 .. 3 .. 1 The market

the naturalbetween us

the

of allocating scarce natural resources

From an economic point of

can be regarded as a

among competing ends. The

resources into the

of factors,

s or as a source of other

welfare ..

, and

markets that

(and where a number of other necessary con-

of

, as has been pointed out above, often ex-

functioning market system the problem of re­

the

the form of

If all factors,

are

ditions are

use which

source al

formation

ment as a

mental

s between

sector, there

flows of mate­

, however, are

, reverse flows of money.. The

Corresponding to the phys flows of

intermediate (production) sectors and the

rials from and back to the natural

are,

reflected by corresponding money flows (namely in the cases of land

rents and payments for non-common .. There

are three classes of exchange are not fully matched

) Private use of "common property" resources as to

processes .. use may also have an

of these resources.)

on the res

(2) Private use of the ass

ment to decompose or

capac

residuals ..

of the natural

( Inadvertent or unwanted material

processes ..

to con-

the

in a market on

of to the

of these resources, however,

, i.e. these resources cannot

These so-called

special character of these resources ..

titles (or

units, the use of which are

This means that these

of
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This is not

andaect to

, been transferred at zero

resources cannot

therefore,

because are not scarce to demand or because con-

and ex-

because there

these resources to be

to the user but

would

the market.

fer no

s

on others. In

to cause 11 L.<::::'-ULLV

resource does notThus, the user of a

account the costs he

the use of the resources

external not a new one

and the references to the as

as in the 1880's and the was

in 1920. A of

external a number of articles

dealt externalities

as si com-

markets and that they limit themselves to a discussion of

between two

In our , where and

pos

processes must

the framework of the

out that the

andof

balance

cesses. The external effects as

of these pro­

of such

sas a more or lessbe

no way cases that can be dealt ade-

fea­

affected

are, on the

Another

that the number of

features of the

ture of these externali

rather

and the lack of srn 1n the

therefore

4) London, 1883,

&
, R.,
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pol

1. for

of view) of a part of the

a

sion of external-

the efforts that have been made in

methods of the problem of

a broader framework.

thatso far, we have

of the natural

our

s

To

the res

a scarce resource (which seems to be a reali

then a decentralized vo process cannot be free of un-

serv-

and all

or (2)

ther of these

unless (1) all

of these resources must

d
., 6)

eC1.S1.on.

no res s

markets.

that all relevant

sh in the process of

external

be achieved through some mechanism of colI

compensated

are fully converted into

final outputs completely

property rights are so

can be

conditions hold in actual life, the

2.3.2 Publ

2.3.2.1

The that an allocation of common resources

not be achieved by voluntary exchange a market, means that some

other institutions 11 have to carry out function. In order to

be able to establish the objectives of

such a way that the resul

"social optimum", the

environmental

qual 1 represent a

need some kind of

is

levels

ts

andcosts of

of environmental qual as well as some measure of the

associated with these various levels.]) The general rule of

that resources should be allocated to improvements of environmental

measure of the

means of

than

quality manage­
intervention will out-

quality as long as marginal benefits are

soc costs. This problem of cho can be

a simple diagram (Figure 2:

6) In the following discussion of publ
ment, it is implicitly assumed that the
weigh the institutional costs of intervening.

The concept of cost is essentially an "opportunity con-
The social cost of some particular of resources thus

of the benefits given up in the most alternative
use of these resources.
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small reduc­

and

would,

of a small

cost of a small

costs and

level are

's welfare.

of

whereas the

should be

to

, however,

the

At

a loss of

for

, however,

re­

the

evaluated,

a number

for the

data costs and

of any

of

The extent to

an

of measures

has made necessary to tackle

of other methods.
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One possible approach to the

environmental

th

for such a

up to the level

assumed to have no cost, whereas

above that level are assumed to

resemblance to the

approach impl

Residuals

bears a

minimum environmental

It also worth

of a very particular

of a standard are impl

resulting

have costs.

An alternative to the

standards for the authori

of choos

to make es

mum costs of alternative levels of environmental and

thereafter let the "optimum" level be

choice process. Calculations of the costs of various

physical objectives are called "cost analyses". In order

to be of help in the choice process, however, such

must be extended to

to different values of the

a of costs

Thus, the

must compute the rates of change of the minimum achievable ect cost

with respect to each standard. Such computations indicate the costs of

that is

through the

or decreasing the standard,

valuable when the standards will be

decision process.

The major of the "standards"-approach 1

difficulties of determining the s of the

the

neces-

sary for complying with a given

due to the fact that our knowledge of ecological

is often insufficient for establishing with

standard. This

the be-

tween various emission standards and various environmental

1

therefore have to make

about theseas

standards. The

some simpl

8) "Merit wants" are wants considered so by the authorities
that their satisfaction is provided for through the publ budget, over
and above what is provided for through the market and paid for private
buyers.



rela-

, be expressed

em of expres standards terms of

not

uncer

could be es

of these means that etween various en-

vironmental tandards and tand-

author-

ards could be

the

s

thatreduc

tandards with

tence of

the costs ofcould

would meet different

gree of

Furthermore the

necessitates different fferent re-

sS1.on standards

iof a

if the authori

the

( to these should be

order to reflect erences 1.n ass

between

1.

the

standards, this would

with

not be

sk
the
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establi eml.ss standards.

, en-

best conducted at the sub-

Thus, by the very nature of some

quali

(i.e. the local, the , etc.) level. the

man-

A

is a

sions on publ

jurisdiction of the agency responsible for

should with the

suggested for collective

l.ssues which environmental

of tion. Even if

so as to ap­

tutions

is concerned.

jurisdiction could be

11 not suffice as far as environmental

governments of

the model of

The reason

seldom

of course that the j

to the

sdiction of these tu-

These boundary problems are indeed

tion suggested by E.T. Haefele, the

t to solve, but

levels of

the solu­

would

)

tions" for the levels of
11)

"boundary

led co

of

that make the

of the dIn

t themselves to

mental i standards into sion standards, cost-effectiveness

s can be a tool for decis in Sl. where

there are no measures of the ts associated with the

action under cons In cases where such measures do t,

however, an al tool of is is the so-called cos

Cost-benefit

The kind of problem for the solution of cost-benefit

can be a useful instrument can often be described as a

tof the purpose of a cosr-nonorusedA

is is: to enable the decis to choose that course of ac-

tion which the between the value of all

It is, of
would lude
This line of
schemes.

course, pos that an
differentiated

is often implicit in

1 Haefele, E.T.,
in A.V. Kneese &

and Method



ts a formula­

questions

related

be the is

of

How should be measured fica-

consequences be evalua-

are

of

relevant relevant

each

economy

the number of factors

if the purpose a to

an over-al timate of the consequences courses

1 be necessary to concentrate on some

the consequences. S there is no s for

of consequences, the t must estimate the s

makers' in this

Another

quences

1 that conse-

as t

, two

values.

to

and a flowflow

of the

future values are discounted

future flows and

therefore, these have to be

evaluate

values are

costs

that

In

scount

tments.

ts have recommended the use of a

to

( among other

there would be no

from oppor­

to

one

if notvery
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of

Some of the

result from

nature of

media, and some

the outcome

could be

the

tthe sac

some from the

of

the social and economic factors on

cr

One of many

discount rate is the treatment of

risks as

1n the ass

from

with risk have been

forA number ofI beectof a

deal

approach 1zes that no s

can the full range of possible al out-

comes a ri The ist

, however, ili dis are seldom known

short-

conse-

on how toany

easy to handle. Its bas

the

used method - the risk-discount method -

value of the discount factor

must be estimated on the basis of some more or less

detail. The most

has the of

that it does not

calculate the

method does not take account ofJ ........ ;:;,,'--111'--11

the full range

the

possibilities and their associated ities,

can just be that this method elements that are im-

le in sit­

and where

of anin an effective cal

As out above, cos

where vo takes

the resource allocat have to be made some

is com­

of social

the program, and

e

the agency

to use market costs asman

agency. The costs associated with such ects, or

system of ects, consist, , of the costs of the

costs. This, of course, necess

among one is that all markets are 1n

of

tive ibrium.

ways

In cos t can be measured in different

upon the character of the For

the

out above, to reduce the con-

in connection with

rule of choice is, as po

the re­

Thus,

as the

caused

thecosts ofexceed the

centration of residuals in the environment as

benefits (in this case the reduction in the
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used

of
know the

and the re­

should be stated

of

The most

funct

the

waystwodef

order to be able to an

reduct the dec

between various

suI

terms.

In conventional welfare

of a

in order

of the neces­

s sum should ac-

reduct

about whetherand says no

notbe

sary

ttial

amount of money

not to feel worse off as a result of

bas

measurements

ional ques

eff ient and

decis based exclu-

of the risk ofIn

of the

to handle

resources

t

t to achieve an

of

cosr- ..... OT"lO

The scope and

the

s

make

results, the responsib for the ion of

with

ts

how-

be borne

Thus, the evaluat

a

other respons

must,

of

ever useful the

ass process. The of

be

fact

for the of models has been ele-

Robert Dorfman:

is
Per-

ones.

fundamental trouble benefit-cost formulas that
, whereas the is ; not now

but because we all share the same ic
of us share the costs of controll it and the

clear for
have to include political consider­
that is

the law of conserva
laws are more absolute than ones;

deal more to overcome ical
very recent, models

ations. A
no better than one

s, and
at least we have
obstacles than social

1

the
of the t1r>r'\TnT"lOT"lC'

one takes the
son, one

and the



30

do to ect
will have to be done

A deal more

2.3.2.2

In order to overcome some of the ems faced s

cos been made to

of mass and

ive model for en-

models for

In the first or attempt to develop a

qual , the law of cons

energy was used as the po of departure for the construc of a

The short-

comings of

ibrium model of the Walras-Cassel

s first attempt as far as i was

concerned, ini a cons amount of research

at the development of quanti

framework.

models wi the

Most of the models so far st of three corn-

s :

processes

• These

, expl

forms of a res

s of selected

fic locationsactivities at

ly of the linear

between the three princ1

and consumpt

models,

the phys

(a) Models

i.e. airborne, waterborne or solid. These models also

among production processes, raw

choices

tion, s recovery, and changes, all of which can reduce

the total quantity of residuals The s

therefore not assumed to be fixed either in form or in

The models also allow for choices among treatment processes

and hence among the possible forms of the res s to be di of

t

Framework for
B.T. Bower (eds),

the Social Sciences.

, Interfaces, Vol. 3, No. 4,R. ,

, R.U. & Kneese, A.V., "Production, and External-
American Economic June, 1969, pp. 282-297. Ayres, R.U.,

and the Environment. A

15)

ities".
Kneese,
Balance

13)

1973, p. 7.

14)



some models, so among the loca­

One of the bas compo-

so-called process models.

and,

s can be

of the models

natural

at

nents

, and

the

and

models

the

natural

smog

true for mo-The same

of the

etc., does not seem 1 a

The lem is, however, that once

cal among res s

the models become vas

dels

or aes­

res

should

to the

humans or

ects or on such

theUu.Ula;;;;..... S

terms.

s to

be stated

and

set of

residuals the environment and the

result s, whether these are

t on

as In man has a

These funct

The second

set of as in-

The resul

are then used as

can be as

in a specific dis­

are

in the linear model and

of these models can best be

The first

on

the

between the

of the method

The

of the

the

In the next round of

used as effluent

to solve the

any restrict on the

cons the resul

to the models of the natural

on 1



of the

functional forms have the

e 1 converge to a local

and

ties. If the sact

for a new set ofthat model solved

treatment, and

is

s

of a

about spec

to the

In order to descr

the

notled

but also about what

the

models of

ected

le amount ofcons

after

the data needed for a successful of

models of s 1S useful to s the

of these models somewhat further.

a. Models of the sector

In the to construct general models for environmental

, considerable progress has been made in the of

models of the production sector. The purpose of such

models 1S to

, households or

the res

) and to calculate the costs to

economic

of their

of

the

, they are, as mentioned above, nor-

of

these cost models are

models for environmental

thos~

Some models are

between the

model. The

that for pur­

exist

of the

Al-

linked to models of the natural

econom1c , as, for example, in an

reason for the of product sector models

poses of choice, the

s and the estimation of the ini

costs of or this load are of tal

most of the models constructed so far have been

mal

constructed so as to reflect the market

models des to find the cheapest way to with exogenous

emission standards or amb standards, etc. much work based on

tables has not involved , but has rather had

The method of simulation can be very use­

by which to choose among the

outcomes.number of alvery

the character of s

ful provided there is a



33

ion-makers.

models are

and

basic cho

will have

ofthe

to

absence of

constructed so that selected can be

found. When such models are used for

of the consequences of alternative or ambient stand-

ards, on the costs of

a standard and the added costs

~he standards. The cho

or ambient standards on the nature of the

models linked to the lon sector models. In the

models that of res s to

standard have to

to , however, that apart from

there are a number of other lems that the model

to solve if the models are to be of

One the between stat and

of

t to

lS therefore

basis for

tools

icies and, at best,

and elements are

models and

that these models can never

should, rather, be

effects ofreveal someposs

models. Another

be able to

Stochast

handle

to

them.

In of the number of ems fac the model

be useful to look a closer at some sector models

order to see how some of these erns have been treated.

a.l The Model

is of residuals man­

into

s

for an

It

model

model is des

three

The Rus

s

(models of natural

processes are used to transform di concentrations;

and ( in which these ambient concentrations are to

standards or evaluated a set of

age funct



The of the Russel model deals s

with the three or of residuals - waterborne,

and sol - and reflects not the ial

but also the 1 between var forms of mater and energy

as 1 s treatment alternat

open to from the trad costs of re-

siduals treatment and sal, of the model so

the non-treatment alternat for the level of re-

s Thus, the model includes for reduc the

of residuals subst ion, process , re-

circulation of res streams, and materials recovery

The 1 model of the sector can the

t ion be solved no res or on the

of residuals or with a set of effluent standards or

s kind of model can thus be used to calculate the

costs of s ion and

measures, is not, however,

the

economic

In view of the

effects oft

on

accrue. In

have

ies.

to whom the costs

the model in Russell and

sector model so as to

of both the costs and the

a matter of

order to

formulated the

the di

mental

The model can be seen as an

the itat framework to assist author-

s about res The

difficult of construct models that are the sense

that consider alII and all alternat are so well known

that it is unnecessary to them here. In order to reduce the

that the decision-maker draws the wrong kind of conclus from the

, it is to spec which of real are not

included. Thus, the as the

the Rus model are:

sector;of thedescramodel

do not

) that a 1

(2) that



( that time does not enter as a

sector model;

the

that the world and state;

occurthe

and

among res

of thelater

that no

(relaxed

( that can be expressed as funct of s res

so relaxed in later versions of the model).

to be

necessitated, as

The Russel-

the costs of re­

and

a very useful ana­

the

s

nor

The pervasiveness of

out above, a

, bas

now well

for one

was

of these

tool that

of necessary for the decis

research tasks can be found in each of the model's three

blocks. In the of the model, the task would

be to act the al ter-

for reduct of residuals to 1 these vectors

model. The need for research for the

models and funct

Whether the chal that

research task 11 be met or not

In

seen, however.

a.2

re-

of out-

all the other

and

of the

levels of

an

the

is bas a way of into account the

between the sectors of an economy. This

out of the fact that each sector 1n

of other sectors as

the level of each sector in terms ofthus

lat

sectors

the more
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the in-

and of the

the

and

have been made to

into the

and of

of external

over time. Some

models are able to re-

lat have some as well. Some of the

of the

is of the

icat

an

made in most

in connectsermethod are

s. The most 1 among these as are:

all

, i.e. in any process,

and the use

ion

the level ofof these

the models are based on

the

tive

will not be able to cons

as a method of

the use of alterna­

of res id-

uals.

of res( The

coeff

s

excludes the poss alterna-

s .

s control activities from bas

processes

siduals ion.

rules out many des affec re-

In the recent of

been made to both

of the so-called

sector models efforts have

elements. An
1s-Process-Product model

a.3 The s-Process-Product Model

The for the Materials-Process-Product model

exten-. e.

pro­

are broken down into a number

materials, where the

ical form of the materials

schemes of:

the

of the "solid, 1

cesses, in which so-called

detailed class

of class

sion and elaborat

See for : Leontief, "IN.,
Structure: An

t 1970, pp. 262-271.

,
B. T. Battler
the Social

and the
Economics and

A. . Kneese &
and Method in
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of process-elements or and ( ts,

are accordance Indus Classif

or code.

as se-

of the MPP model

into consideration all con-

the

processes could be des

of

process elements

The bas

is that all poss

quences of bas

however, a

es the tates

In a later vers of the model,

has been 19 In the

used.

upon the sequences of

theand

t the pos was

as a and the observed process iation was the result

sequences

laterenergy.

of possibilit

process. This

as a result of

cons

useand more

that macroprocess

would bas

the

of more or less random

rather than the result of some

of

of the model, contrast, takes the view that es tend to evolve

process represents

number

t macroprocess

utilization of

and that each

) choice from among

The way

shable Il spec

an

as

new sese Once a new s

e. . reaction has been , the process of

relat

zat

of

1 lead to the deve

and flow

b. models

sector model above can, po out, be
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solved on the I of not re-

sources but also on resources. Thus,

may

mod-

can

be of im-

I

I

and energy wh

of these

can be on the amount of res

be to the With the

eIs, the costs of

be determined. e the level of pr

dec

of

of

of the en-

For an

on the

models are

sres

Thus, these

models for environmental

the effects of var

rather the environmental services), however, these models

must be comb

eco

with models of the

systems. The connect

t of res

between indus

s d

models and

on

at some locations dies of res

through the use of

and watercourses. These models are constructed

has beenimental

models for the atmo

such a way that

can be translated into at some other loca-

divided

are re-

areIn these models, the var

a number of blocks within which environmental

as uniform. Each block contains a set of differential

where rates of flow of materials across the boundaries of the blocks

and the rates of b transformation of these mater

the blocks are described as functions of the conditions the

blocks. In those cases where ical, , or

actions among res in the environment are excluded, the

descr the transformation of residuals between d

locations can be expressed In linear forms for tate determinis-

conditions so that the can be made via

the use of models it is poss

to solve the indus models subject to d

is

Polic
Yorktown

Model for Dis­
Proceed­

Ecol"-,
B.C. Patten (ed.),
Bal timore, 1974.

for example: Teller, A.,
the Cost of Some Al
of the IBM Scientific

21)

solved Oxygen",
ASCE, Vol.

Model of Delaware
ion in Eco
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rather than to luent • S

the models are not limited to a s source of

can translate from mult sources to

at mul

a

models of

of

ments can

calculate

standard

some

The fact

are almost

on 1.ncome

in the

lems of measurement and

about the

that the

The

faces several

of a

~"~"'~~.~' however, both resource alloca­

are affected. The

character means that are

thout one person's

others. When the

a

groups of

of the

with the

the fact that

the

when

ex­

1.S a

tribu-

1.S

icated

elaborate

Such a system of pay-

form and

accrue. The

among consumers

ice markets. Even the dis-

the Pareto (i.e.

better off any ther

, 1.n , no way be sure

sum of incremental 1

to whom the

be

of

limited to

one

made worse

that

to

cep

matter of

of

ments

The use

that the

upon the natural

the

on the bas

cuss

that at

the

the ect to , the effects
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be expressed

level. In1ion of the

s

strili

of resreduct

in the

a

a

the case where

le outcome,

to attach a

of the

value to each pos­

would thus

allow the of the mathematical dam-

age. However, expected mone cannot be subst

for the unless the

to risk. In most of the

assumed that s are risk-averters and, therefore,

does not seem very realist to here that s are,

fac t , to

2.4 TECHNOLOGICAL OPTIONS FOR ENVIRONMENTAL CONTROL

ions bas to the

To summarize, en-were

sections a number ofIn the

of

as the level and flow of all

mental as rec of res s and the

In the sion of the nature of pro­

out that accordwasprocesses,duction and

raw

to the law of conservation of mass, these processes have to be

as trans processes out of which flow the same amounts of mass

ies that the desired

ized that

processes

the processes. It was alsoand energy as were

the non-existence of fI

constitutes a of the mass and energy outflows. Those

of the flows that have no use at st were termed

the

It

of the term explains

interest 1n them 1S their minimum cost

s ,res

If

. The
le

of bas two
ilities of the

The second
of the possible

be will to pay
matter how small) of

pub ic debate con­
s

For a survey of the recent
, see Maler, K.G. & , R.E.,

Their Est and Utilization

The of measur risk consists
first of is to estimate the
outcomes a spec course of action.
cons evaluation of the effects
the are risk averters
a high premium to eliminate the possibili
an outcome with effects. The

nuclear reactors is an illus
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was also po out that the cho between us the

ment as a of res or as a source of other

and s to

such a extent are non-market-ab

on the al have to be made

some process.

At to ~Ul~ua~ize the fact that there are

four bas for control

of the choice of ect

10n processes;

the rate of

andthe

These four

s and energy

24)

of mater

( alter the residuals so as to make them less to the

( choos the time, rate, and the of dis-

so as to the or ( the res s

ass capac of the forms of 1n-

vestments.

in

(

of

decreas

the technical

(

can be reduceds

s for

and energy

ished

A

The rate of

the overall level of

and energy

of and energy use, mater s recovery and

al the composition of

1

for pro­

ferent

would,

s d

of all since it

the rat

ished in any

most

of the poss

of

and energy

can be

to be

, reduce the level of

level ofa

A reduction of the overall level of economic

other

does not take any

of per

Decreases in the

ions could be set there are gener­

of almost everyfor

cons

number of possibila

ways. If

For a more
H.M., Haveman, R.H. & Kneese, A.

New York, 1973, and

available control measures is 1n
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, tech­

un-

of

occur as

also be used to

, be used by the as an

reason for not

processes , in

set of

methods of

in relat pr

exogenous or 11

could, in

too. Such

process. The bas

the result of

are concerned,

slDuld

s recovery and

and

As far as

the

s recovery,

The

is the

ion~ obstacle ma-

cost of recovery

s. If the ( costs

I upon the dis-

from the

lowers the cost of

of

s recovery and

to the value of the recovered

residuals into the

s, or if the pr of new

rises, or

will become economical

two

that are neces­

such

The

and energy

be

small amounts of s

at

the

pro­

As po

different s.

The second of for

control includes a number of pos ities for

form of residuals b , or

cesses so as to make them less to the environment.

out above, res s treatment processes all the law of



an, no residuals treatment processes result

of the res a sense. All that such

the form of the s.

of mass.

must be accounted for

processes or as If

as mate-

res s

(i.e. the t

ies.

at

of a

forms of

for each

so as to

fact that the ass

but also overvaries not

A

could lead to subs

low costs.

The fourth

uals assimilative

) measures to increase the

of water courses means of

etc. these measures may

of scale and s their benefits may have the

act the

2.5 POLICY OPTIONS FOR ENVIRONMENTAL CONTROL

sac

a chosen en-

to the

anlems of

The two bas

from the numerous

choice, there are

agency are

and to use the enforcement powers of the govern-

, or use to

iance i achieved The measures

these are referred to as

of

ment to ensure

such an extent that

used the

measures.

2.5.

such

of

standards,

measures

or

raw

term

(

measures asdifferent

of act



, and )

measures could be used to

standards.

a des

All these

reduction

of res s However, the amount of

order to achieve the des reduction of

the

the total

when the

of a

these measures 1S

s

of

the use

reduct

costs

treatment cost for

des

treatment ts s treat-

ment cost funct

, the

allocate the

must, order to be able to

the use of

of

that such

treatment costany of these measures, know the

all

can be collected a central there is

based on the use of

measures

It should, however,

allocat

noted that a

resources.

of

The same

were allowed to trade these

s to the

among themselves.

would sell these

result could be achieved if

A assoc 1n

enforcement. In fact,

, been underestimated 1n most

measures. This

have, 1n

measures in

of

enforcement

cuss

the use of

has been formulated in the fol way:

with the translation of
emission standards were discussed

mentis ass
fects in the second
other ) how
further ion of

and Prices.

assumed that not the "
sale are col-

are assumed
environment and

and resale
of the



1n­
not render such

them Pl'OP-

s
fines as

the controls, as the
waste-water treatment

take to presumean uns
so makes
Nevertheless, models that

controls presume and
duce the effects of those controls s
j rates to the levels. does
models valueless, that one is careful to

then tell how the controls would affect the
and wel , if were 100 per
often useful but should not

a forecast of the effects of the controls. To em-
it ude enforcement ems from

controls
are not.

tions and
bus

2.5.2 Economic

external effects,

imum could be

onf S

~~nL.~nsed whether or not

Ever s

a tax on the s or

has, however, been demonstrated

between the involved, either

to reduce will

to the

the absence of

on effluents or aa

that

serve to the minimum cost reductions

from an

are tied to

is
29)of

When

least when

a

are

, however, the authorities use to subs

the costs of different residuals treatment meas-

ures. cost subsidies are achieved favor-

able tax treatment to kinds of residuals treatment ies.

Direct subs consist of cash s var

to reimburse them for some of their ion costs. Even

ial effects on the income

ives facedthe economic

have someidies

distort

cost

Dor fman , R.,
1973, p , 5.

1 , Interfaces, • 3, No. 4,

the

purpose of
avo if

res s. New
wanted to enter
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re-burden of a

use of a system of effluent

of the

the total

for an opt

out above,

to

, as

are 1

duct of

A basic

sh a

The

the

process, the sum

s

es

of

would be

so was lower than thecost of

funct

of the treatment costs of all

In such a case, the

to the

would then reduce their res

of the

control.

are

know-

cost to the common

11 have the effect of

to choose the least-cost

for environmental

total

level of environmental

the shape of the treatment cost

each would be

The establ

(and

first three techno

Thus, l.n the case of 1

able to the

In the more realistic case where funct are not known

the

case, the use of res

to meet

can still be used,

known. Even in

and the policy

standards, residuals

treatment cost

uals requires less than the amount necessary for an

ment cost function cannot be determined without

treat­

about in-

standards. However, if theuse of

are concerned.

poltreatment cost funct

as far ashave no

charge would have to be relatively cor-

a 11

should also be noted that the effluent

standard could,

process. The basic

In this context

necessary to achieve a

, be

constraint is that the

and equipment, as well as any further

rect l.n order to induce the least-cost solution.

ust-

or error in

dec

durable

ial charge would be built into subsequentthe

invo

ments.

The bas conclus to be' drawn from this d sion of

measures that in the absence of suff ient

formation, the use of discharge standards will probably ensure that the

desired environmental level but at a cost

than whereas the use of residuals ensure that the
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not neces­

total costs.

po of

of

at

be noted, however, that from

res have some

effluent tandards. One of these

man­

the fact that

a way that does

of resources charac-

nance.

a1
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APPENDIX to 2

CLASSIFICATION OF ENVI NMENTAL CONTROL MEASURES



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I



51

FOR TMPROVING WATER

con-of

systems

wastes

Installation of

and collection of

Use of surface condensers in

densers

1000

11100

1200

11300

11400

11500

11900

s

Use of pumps and valves

losses

Not defined above

seals to

12000

12100

Process des

Use of or feed stocks

s

12200 Use of of batch processes

washwaters

s

and water

for recoverybas

use

Countercurrent use of

of

12400

2500

12600

12700

12800

12900

Mod

Not above

process

other processes

for others as raw

of

for reuse

of

Use of sale of res

processes

13000

13100

13200

13300

3500

13900

or reuse of water

Heat recovery

Not above



1

or

and

and incineration of

Local

Local14100

14200

ua1s

14300

14900 above

control

of manual process controls

losses

of waterborne re-control

Use of

Control of

15100

15200

15300

sidua1

15400

15500

waterborne res

programs

15900 above

TO REDUCE DISCHARGES OF WATERBORNE RESIDUALS

waterborne idua1s to treatment

faci ities

asswithto

to

to

to

Contract

16100

16200

16300

16400

6500

above

17000

100

10

for collect

treatment

waterborne res

incl.

Aerat

le

180

t above
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Aerated

proces

Not above

treatment

Ac s process

ter

Anaerob

17200

17210

17220

17230

17240

1 250

17260

17290

treatment

addition

Odor control

Not above

Chemical f1occu1ation

Reduction

17300

17310

17320

17330

17340

17350

17360

17370

17380

17390

processes

control

Wet ion

Combustion

17490 above

s

treatment

above

1S

ion

is and reverse

ec

Not

Other methods for collection of waterborne res500

17510

520

17530

17540

17550

17560

17570

17580

17590



MEASURES TO REDUCE CONCENTRATION OF WATERBORNE RESIDUALS AT
RECEPTOR SITES

18000 Measures for
treated water

and of s and

18100

18110

18120

18130

18140

18150

Fi tration

Vacuum 1

Press

bed

18170

18190 Not above

1 S li of s

1

1

aboveNot

18210

18220

18230

18240

18250

18290

Combus

above

treatment of sludge

Not

18300

18310

18320

18330

18390

Reuse

Not

Sea

Disposal of sludge

d

18400

18410

18420

18430

18490

and evaporationSurface

of treated water

Controll the of di

Di18500

18510

18520



18550

18560

Surface (

Ocean

Surface

Not d

Not defined above

MEASURES TO INCREASE THE ASSIMILATIVE CAPACITY OF

RECIPIENTS

Low-flow

In-stream

19100

19200

19300

19900

19000

20000 MEASURES FOR IMPROVING AIR

lec-

1

andInstal

tion of spec. s

ta of emergency

sealed pumps and valves to Ut.!.J'l.!.Ul.!.

Not above

21200

21300

21900

1000

21

22000

22100 react s and feed s

22300

Use

s

continuous processes

in des gn bas recovery i-

22400

22900 above

res

s for reuse in process

s in other processes

s as als for other

1

Use

23000

23100

23200



23900

recovery

Not defined above

losses

of

control

vs manual process control

Control of

24000

24100

24200

or dus

s

programs

Moni

Not def above

24400

24500

24600

24900

measures to reduce

25000 t for collec

25100 Col s force of of

25110 Use of baffled chambers

25120 Use of lectors

25130 Use of cyclones

25190 Use of other kind of collectors

25200 Col of res s , G &

25210 Use of lters th

25220 Use of filters th rous beds wool)

25230 lters with beds (sil or

25290 Use of lters with other kinds of filtermed

25300 Col of res s electrostat tators

tators

s or gases

precUse of dry e1ectrostat

Plate

Use of wet electrostatic

Use of other kinds of electrostat

of res by di 1

by 1 lms

Use of towers

Use of wetted wall towers

25310

25311

25312

25320

25390

25410

25411

25412

25400



57

20

21 Use of
chambers)

1

spray

25422 scrubbers (

Other kinds of

combus

c

thermal combus

25500

25510

25520

25530

25600 Col of adsorbers

25700 Other treatment methods for
&

25710

25711

25712

20

25730

25740

25750

Direct

Ind

treatment

Ozone treatment

ection of counterodorants

Odor

)

Not above

MEASURES TO REDUCE CONCENTRATION OF AIRBORNE RESIDUALS AT RECEPTOR
SITES

tate di of

26100 of stacks

and

above

26500

26900

Increas

Increas

Not

of stack gases

of stack gases

P Particulates
G Gases
A == Aerosols



CHAPTER 3

INCIPLES FOR OPTIMIZATION OF THE LEVEL OF EMISSION
CONTROL

ofA

level of

costs of an

In 2 it was out that the

mental i was reached when the

improvement were to the

the s control efforts beyond that level would add more to the

costs of treatment than would reduce

and would therefore reduce total welfare.

The simple diagram presented 2: was

based on the assumption that there was one harmful

res being di to the environment that all

It

a commonand expressed

these

residual in the

of residuals could be given

, and that the

on the

was also assumed that the effects (damage) of

of this were known and that mone

values on these effects.

the

ion control is

the

3:1.

the optimal

different way in

upward to the

between the concentration of the

The problem of

1n a sI

The curve

value of the A move-

ment to the the represents con-

centrations of the residual and The curve

upward to the left the total costs of

of the

en-

The level of emission control is that which

the total costs of residuals d sal. The total costs of res

.M. ,For a more te sion
R.H. & Kneese, A.V., The---------------------"-New York, 1973, pp. 80 ff.

to forms
should

residual treatment processes transform the
less to the , treatment costs

costs of le further treatment and
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3:1. concentra-

Concentration of res
or

Environmental i

the sum of and treatment costs and

3:1. total cost curve has

level and is

The of

the

~U"'U"'~UUIU at

control could, of course, also be

anda

the

lustrated

to the one used in 2 the difference

a movement the

and that 3:2 there-

fore the of 2:2.
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3:2.

Concentration
or

residual

3.1 DATA FOR OPTIMIZATION OF EMISSION CONTROL LEVELS

the

measures

as a concentra-

was

to the costs

were to use

imum control

the

should be

the

of

If the

value of reduct

these

In the

terms of the level of

of

that the value of reduct

to ensure the desired reduct

ever,

in the concentrat

would be necessary to restate the

s , how­

criterion in

of the

such a It

terms of rates of

2,

the relat

suI

between rates of

of the s in the

and the re-

upon

a number of many of vary over
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to

Both

three

the rela­

s and treatment

the

referred to

order for the dec

model for

must be able to

, he must be able to

in residuals

and

order to be able to use

, the

are necessary

treatment costs as a

The final of , of course, the re-

between the concentration of residuals and the as

Thus,

level.

lat

between reduct

costs. The second

between

of

levels.

and of the of

ies. The most

s this

that do not pass

recorded for them. How­

does not exclude

above. It should be

standards

a

Needless to say, both the

data above are faced

task is to the

of the value of

markets and, , do not have pr

ever, the lack of of the

the poss il the model

out, , that the use of

s, as was out above,

s and concentrations

In fact, are

s. Thus the to

is of data on costs of spe­

the formidable diff

of data on

of the

t task

and

the

cult

relat

to

of

known

is therefore to

that could be used

to obtain treatment cost data in such a form

the of model described above.

3.2 THE OF

the re­

of that residual

above it was assumed that there

s could be

control model

some common and that we

between in the

In the

was

and

lat
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the and treatment costs. The lack of data on the rela-

between the rate of discharge of res s and the concentra-

of residuals the environment (i.e. on transforma-

This

the

the

to anstudy to I

reduct

motivated the

of the costs of

of the scope of the did not, however, el

with the high level of

above.

1

model

vest

out above,As

the fact that mostoriginates

more than one

One of these

processes

differs

the with discharges of the

not known in All we know

s

to make it impossible simply to add the various

order for the authorities to be able to the ob-

emiss control policy, have to be attached

residuals. 3) That such a weight

J

to the

Thus,

the fact that

Needless to

is reflected

between

imp1

do d

takes place (explic

standards

relative damage associated with each residual.

say, the of weights reflects the deci 's views on the

the environment's

assimilative capacity between regions, the

maker would have to use different sets of weights for

In view of the of finding the "correct" sets of

weights, a question of importance to the present study is to what ex-

tent it is poss le to avo this problem by an

the level of for the analysis. If the

choice of

was con-

ducted at the plant level, obtainable cost would in most cases

refer to reductions of discharges of more than one

a set of weights it would be impossible to determine the treatment

costs per kg of reduction - the relevant cost for

the type of model discussed above. This problem can be partly over-

come an analysis at a further disaggregated level. Thus, the

3) In his theoretical study in environmental economics, K.-G. Maler
assumes that the (the environmental protection agency)
has determined the prices on all environmental services (including the
prices on residuals disposal). Maler points out, however, that "in
order to make sense, the prices on residuals must in some way reflect
the damages to the environment they can cause". See Maler, K.-G.,
A Study in Environmental Economics. .D. dissertation, of
Stockholm). Stockholm 1972.
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com­

to

broken down

, our poss

process at

the treatment costs for res s sub-

due to the fact that at the

level of

rated far more real

that there one res gene-

Needless to say, there are many sub-

In

means,

reduction. In

residuals,

level

of several

1 neces-

In many cases, how­

s level are

does not

for

the

to have the treatment cost data

set of

was found to be the

the necess

level •

terms of annual costs per

s s some

sary in order to allocate the J costs.

Thus, the of the level of

processes more than one res

ever, treatment measures at the

to reduce the

that the

those cases where treatment measures reduce

was

expressed

the absence of an

the best level

rather than the

. 3 COST CONCEPTS

.3.1 The costs of control measures

for

of resources

2, the relevant cost

allocat

out

to

As

of cost expresses the cost

al­

costof

, however, the

the

of the most

use these resources. Even

from a

of estimat

ment of resources in terms of the

In standard welfare shown that the ions under

costs 11 coincide

The as

costs are those of com­

made in

of absence ofas

external effects.

literature, external ies were, as

such standard

as well as

In earl

and rel­

an other-

as

anomalies l.n

theout



flows of ma­

s of the flows of re-

by

the

of resources. The more recent

have, in contrast, taken the view

al

to

that for

s and energy, and for

costs have to

use of resources do not

, these

costs of some

costs to

and energy are common property resources, external

as rathermust be

When the

reflect the

en-

to collect data

, however,

reflect the

of market

etc. makes such an

costs made

sectors affected and then

a

but also

of al

cannot be answered in a

does not mean, however,

cost

control measure

costs. In such

The most common method of

costs l.n the var

some way or

costs of an

assumed that factor

costs. The well documented

factor underemployment,

quite unreal Thus,

manner will be not only

control measures

way by such cost es

assume that the sum of these

the

be es

the

on the

factors'

that such have no value at all but rather that the value

upon the use to which they are put.

3.3.2 The of annual cost

To an individual f the costs of an control measure

should be measured as the between the value

that

of

necessary to use other

d

make

or without the control measureof the production cost flows

paribus). However, the

adequate data for such

methods.

Characteristic of most environmental control measures

they require substantial capital expenditures. Capital

for the purpose of reducing residuals discharges include all traditional

expenditures such as design; purchase of land, equipment, and materials;

site preparation; construction and installation; plus any

expenditures identified as being required to the chosen treatment



4)

to arrange related

for

and

halts re­

should also be

(

control

(

to

, and any losses due to down

necessary

sub

When control measures take the form of of treatment

of the , one can the

However, the measures will, as above, some-

take the form of process In such cases, 1.S

the of the total

that refers to s

into the model above (and to allow com-

t to

for the process

In order to

other cost items in the s account es of

two

should be

costs wil

reduct

of annual

the costs of

form. The

of costs,

the
to reduce

becomes
for

also have to
that

order
context

tment to choose as a bas
could be calculated

s have been in
have been incurred anyway ­

Some cost, however, will
If

the

should be
the burden of
1 sector rather than a
Furthermore, order to be able to

that would be necessary for
data on the ial

in
levels from

In
be made for
follow from
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cos ts ,

and costs.

costs cons

control, co~

the stock of used up over

cost of

for purposes of

to reflect the rate at

1

When

ment should be

are

the

cons 1

than the 1 because of obsolescence and the of re-

duced future demand for The shorter

allowed for tax purposes affects the tax cost of , but

relevant for cost purposes.

ofthe rate ofto

not the

Thus,

rate of

rate for tax purposes should not be

the manager's

of the

the effects on of

control costs, the opportunity cost of tal should

the more factors

of rate are the

and the 1

In order to be able to

reflect all factors 1

is available

to affect sell borrowed

because

tends to the cost of cap-

for on borrowed

on the , and an amount to cover taxes on the

to the amount of borrowed and

on

used. In , if company does not to recover all of

is affected
costs of

relevant in s
e funds had not
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these addit to not the

not to say, however, that

of

the

asamong

in

cost of

branches due to

market structure, taxes, and other factors.

The

well as among

return to anyone company or re-

cost. One way to handle

average cost of taxes,

the return

cult to establ

to use the

and for all

The tax cost of s control purposes

may some cases be reduced as with the average tax cost of

on the allowance of more for such

than for other In such a case, the annual tax

should be considered as an offset to the tax cost of

Other reduct costs may low loans the

rates,that result in lower

tment subsidies that reduceAs withetc.

tures, tax or in with emiss con-

should be tend to

reduce upon cost

possib but not sac costs.

In the case
control
subs
annual
tion for
culated to reflect the rate
rather than

the
have calculated
costs
ment

seems to
statements
awkward to
that

s

motiva­
cal­
up

that
for



control

and main-

sThe second of the costs of

measures cons ts of all costs

control equipment. These costs

of sol re­

be accounted for net

of

, taxes,

should as far as poss

result from the

on labor, s,

, etc. and

of any revenues that

to

program

costs are as the

of a control at des

scheduled

1

ofof

to

about future volumes and amounts of re-

the cost func ected

the costs of a level of

costs of

reasons to

not the amounts of res

but also the costs of reduc

The es of standard cost

of res

amounts of res

treatment. Such

s there are

alter

of

and proper of

costs must be on the bas and under-

of control system , and should be expressed as

average annual values over the useful 1 the

Such a of course somewhat art s

th the age and wear of the

In order for these cost es to be of any to the de-

should, at least in an way, reflect the

One way to at such cost

actual costs the past, ( establishest

standard cost

( make

the

control

rel-

of

, be lowered

process itself.

not on

in process

and

the

11, however,

but also on

of

process



, etc. shorter the

the smaller the

res

order to be

costs of

one has to know the

and

time of

that a 11 choose to

uals treatment tal of the

able to make accurate est

of

standards

not eas

standards. It goes that such

even

The

techno­

years. In

con-

the

1 be lowered

An extens

whether or not future costs of

further the of better process

more methods for and residuals.

necessary for and new process

amounts to between ten and

a somewhat shorter

for the cost es-

s (at least in

methods process

ions to

1 common use.

i cns of

Thus, if the

of

and treatment

to

reasonable of

and res s treatment

3.4 METHODOLOGY OF THE STUDY

the costs of between

so between

, it is,

vary

process but

for thesethe

as out above, necessary the processes

The estimation of standard

treatment-cost functions ~s, therefore, carried out in the

way:

the pro-

at

are
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from the

, and

of the levels resul

of each of the treatment and

nal

of the

levels.

costs of to

the proper ana­

scheme

of

code are

and the last two ts are used for a

code

of the

steel

The d

s

processes the

of the production process was out

lines. Thus, the processes were

a number of ses where each was de-

by the of phys change of the raw

products). For example, the process of steel production was

d raw s (s,

, the class

In order to enable a s

found at most indus

to accomodate up to 99

of the six-digit code developed were used to de-

processes

system was made big

the

s

For each

techno

there are, in , several

available. Some of these have very

as far as the generation of residuals concerned. The

fact that a change of process technology in some cases

the best emission control measures made it to the clas-

s scheme so as to enable an identification of sub-

process technologies. By the third and fourth represent

proces the scheme was made to enable the

of no less than 99 technologies of each sub-process.
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casescode were used

of several

from

two ts

under

a few were

The

of

a sub-

the

taken as an

or

the recovery of

, and

can

process there are

as

proces

the

from the numerous

process 11 have to

The class close co-opera­

the

col

ap-

the appar-

treatment processes

some order

and to dess

to it was

ent chaos of the data used for

te

then used as

of the res

and treatment processes the

vectors of code numbers. These vectors

for res where the

as

paper

1

steel and

kind treatment

others

the re­

somewhat less harm-

of res , the

it was possible

ss of

the format used for or-

as

to

treatment does not

into

the amounts

A s

found in

in the columns for

of

entr

that

cess as

positive

and the

accurate

control measures.

the data

The class

are

the

but

fu1 the

amounts

3.5 CHARACTERISTICS OF THE USED IN THE PRESENT STUDY

Act - came into

scheme was set up as an

at that date up the

with the

,la subs

Infor

taneous

force on
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con-

were

the co-

to

to any subs

the costs

Board for

Board

for

to

of the

tments neces

made

those

1,

the Act.

Board - the

for the subs - the subs

the s The data covered

tments that were out between

,1973 plants in before

, the data do not cover all tments for

trol Swed the

sion control

had no

of these measures

a or in

for an

new

new

were excluded in the s the number of

under

ex-

the fact thatwas created

before

were very

A s

a

the The

s-

of course,

tIed to any sub­

reduced

, meant that the base

calculate the sub-

This ustment was

Board were

usted for

des

ion control measures undertaken these

to handle the amount of res s

However, the d to the

scheme, it was stated that control measures

from new would not be

The fact that the control measures

from the old and the new

on the

s , had to be

capac-:

than

tal

the

formula where

as actual

between the new

must be smal

were

square root of the

case of a

was

usted

to es .......1110. .......sS

the total

to use the

were some-

of reference.

control purposesfor
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what

seem to

than the

cate.

in 5, 6 and 7 would

For a

the

lable were

) the amount

Thus, order to be able to cal

costs, it was necessary to choose a

t rate. In accordance the so-called ect

was a bas control poss l-

and paper to use

and a 10 % t rate for all

In order to s the calcula-

tal costs were calculated as an to

the

i

a

of

expected

the control

annual

and an

ex-in

costs were not

and costs of

these cost were eSLLjlU=L~U

data. to the fact that the

on gas or water flows to be treated, these

te accurate. Most cost were

0.1627 of

The fact that

, meant that

In those cases where data on

s control costs were

the of standard

data included

es could be made

the 1972 level.

ek t . 19



APPENDIX to 3

CLASSIFIC ON OF PROCESSING STEPS IN I N AND STEEL

P D CTION





PRODUCTION OF IRON AND STEEL: 37 10 10

of pan

of ect

of ect

of ore concentrate

of ore concentrate

Other

3

Other

Hand1

Iiand1

21

Band

Pre-treatment of raw
for the reduction process

Pan

Code

1 3

01 00 00

01 01 00
01 01 01
01 01 02
01 01 03
01 01 04
01 01 05
01 01 06
01 01 99

01 02 00
01 02 01
01 02 02
01 02 03
01 02 04
01 02 05
01 02 06
01 02 99



PRODUCTION OF IRON AND STEEL: 37 10 10

shaft furnace

of ore concentrate

or ore concentrate

3

Operation

Sintering
Cooling
Screening
Other

Ball
S
Cooling
Screening
Other operation

2

Pellet

Technique

Pellet

Pe11

s

1Code

1 2 3

01 03 00
01 03 01
01 03 02
01 03 03
01 03 04
01 03 05
01 03 06
01 03 99

01 04 00
01 04 01
01 04 02
01 04 03
01 04 04
01 04 05
01 04 06
01 04 07
01 04 08
01 04 99

01 05 00
01 05 01
01 05 02
01 05 03
01 05 04
01 05 05
01 05 99



PRODUCTION OF IRON AND STEEL: 37 10

Code 3

lU.L ..C>..L1JlJ;::, wi th

32

01 97 00
01 06 00
01 07 00
01 98 00
01 08 00
01 99 00

t furnace
of raw

low-shaftEl

of
of
of

Production of
Other
Other

01 01

97 01

01 00

02 02 00

02 97 00

02 03 00
02 04 00
02 05 00
02 06 00
02 98 00
02 99 00

02 00 00



PRODUCTION OF IRON AND STEEL: 37 la la 00
o

Code 1 2 3

1 2 3

03 00 00
03 01 00
03 02 00
03 03 00
03 99 00 of

raw iron
03 00 01 Tapping of

raw 1ron
03 00 02 Mixing of raw
03 00 03 Production of

04 00 00 Process of
raw steel

04 01 00 LD
04 02 00 LD-AC
04 03 00 Ka1do



PRODUCTION OF IRON AND 37 10 10

Code 1 2 3

1 2 3

steel

with oxygen

of raw steel

oxygen converters

thout oxygen
with oxygen

oxygen
oxygen

arc furnace
of serap

Other
eleetr arc furnaee with oxygen

of scrap

Bottom-blown
Thomas
Other
Bas
Basic

04 00 01

04 11 01
04 11 02

04 12 00
04 1:l 01
04 12 02

14 13 00

04 14 00
04 15 00
04 16 00
04 99 00

04 04 00
04 05 00
04 98 00
04 06 00
04 07 00
04 08 00
04 09 00
04 11 00



PRODUCTION IRON AND STEEL: 37 10 10

Code 1 2 3

1 2 3 Operation

steel

)

UHB-method
E1ectronbeam furnace
ESR-method
VAR
Furnace
Other

ladle
Covered ladle
Ladle furnace
Ladle furnace
Ladle furnace Witten

vacuum-treatment the RH-method
Only vacuum-treatment the DH-method
Only vacuum-treatment by the Bockum-methoq

Adjustment

05 00 01

05 01 00
05 02 00
05 03 00
05 04 00
05 05 00
05 06 00
05 07 00
05 08 00
05 09 00
05 10 00
05 11 00
05 12 00
05 13 00
05 14 00
05 99 00

05 00 00



PRODUCTION OF IRON AND STEEL:

Code

37 10 10

1 2 3

1 mould cas
mould casting

1

06 00 00
06 01 00
06 02 00
06 03 00
06 04 00
06 05 00
06 06 00
06 99 00

3



PRODUCTION OF IRON AND STEEL: 37 10 10

Code 1 2 3

of

Ro1
Water

with emulsions as
substance

with oil as cool
substance

Hot roll

3

07 01 01
07 01 02
07 01 03

2

07 01 00

07 02 00

07 03 00

07 04 00
07 05 00
07 06 00
07 99 00

1

07 00 00

08 00 00
08 01 00
08 02 00
08 03 00
08 04 00
08 97 00
08 05 00
08 06 00
08 07 00
08 08 00
08 09 00
08 10 00
08 1 00
08 12 00
08 13 00

of surface

of surface



PRODUCTION OF IRON AND STEEL: 37 10 10

of

32

Lubr
Other

furnace
Electrical heated
Gas heated
Oil heated
Other

s

1Code

1 2 3

08 14 00

08 15 00
08 16 00
08 17 00
08 99 00

09 00 00
09 01 00
09 02 00
09 03 00
09 04 00
09 05 00
09 99 00

10 00 00
10 00
10 02 00
10 03 00
10 99 00

11 00 00
11 00 01
11 00 02
11 00 03
11 00 04
11 00 05



PRODUCTION OF IRON AND STEEL:

Code

37 10 10

1 2 3

1

98 00 00

99 00 00

2

98 01 00
98 02 00
98 03 00
98 04 00
98 05 00
98 06 00
98 07 00
98 98 00
98 08 00
98 09 00
98 99 00

3

Other

s Operation



APPENDIX 2 to 3

CLASSIFIC ION OF P CESSING EPS IN P LP AND PAPER

PRODUC ION





34 11 11

)

saws

or steam
te

(Na

3

beam crosscutt
slashers
band saws

21

Pretreatment of or
Pretreatment
Pretreatment in
Pretreatment ln

03 00 01
03 00 02

00 03
03 00 04
03 00 05

04 01 00
04 02 00
04 03 00

05 01 00
05 02 00
05 03 00
05 04 00

00 00

Code

1 2 3

01 00 00
01 01 00
01 02 00
01 03 00

02 00 00
02 01 00
02 02 00
02 03 00
02 04 00
02 90 00

03 00 00

05 00 00



MANUFACTURE OF MECHANICAL OR

1

knot s

in separators
ect pulp (knots)

pulp)

09 00 01
09 00 02
09 00 03
09 00 04

10 01 00
10 02 00

08 01 00
08 02 00
08 03 00
08 04 00
08 05 00
08 06 00
08 07 00

1 2 3

06 00 00
06 01 00
06 02 00
06 03 00
06 04 00
06 05 00

07 00 00 Coarse
07 00 01
07 00 02
07 00 03
07 00 04

08 00 00

10 00 00

09 00 00



MANUFACTURE OF 34 11 11

Code 1 2

1
1

of

1

Press

32

11 01 00
11 02 00

14 01 00
14 02 00
14 00

12 01 00
12 02 00

1

11 00 00

12 00 00

15 00 00

13 00
14 00 00

16 00 00

17 00 00

18 00 00

16 01 00
16 02 00
16 03 00

17 01 00
17 02 00
17 03 00
17 04 00

of

Manufacture of

recovery
recovery
recovery

Cross-recovery
alcohol

the STORA-method
the 1erud-SCA-method



OF MECHANICAL OR SEMI-CHEMICAL PULP: 34 11 11

Code

19 00 00

2

19 01 00
19 02 00
19 03 00
19 04 00
19 05 00
19 06 00
19 07 00
19 08 00
19 09 00
19 90 00

Heat recovery
Product and process control
Other of

flows



MANUFACTURE OF SULPHATE PULP: 34 1 12

)

1n

saws

3

in beam
slashers
band saws

wet drum barkers
drum barkers

1e1 barking

2

Pretreatment of (
Pretreatment in hot water or steam
Pretreatment in chemicals

1

03 00 01
00 02

03 00 03
03 00 04
03 00 05

04 01 00
04 02 00

Code

2

01 00 00
01 01 00
01 00
01 03 00

02 00 00
02 01 00
02 02 00
02 03 00
02 04 00
02 90 00

03 00 00

04 00 00

05 00 00 t

06 00 00

05 01 00
05 02 00

06 00 01
06 00 02
06 00 03
06 00 04

Coarse
in knot

)



MANUFACTURE OF SULPHATE PULP: 34 11 12

Code 1 2 3

2

Fine screening on centrifugal screens
Separation of t in vortex
Fine of ect pulp

ect pulp (see 06 00 04)

on lters
Washing pulp

in batch d
continuous

Washing 1n diffuser
Fine screening

Pulp washing

08 00 01
08 00 02
08 00 03
08 00 04

07 07 00

07 01 00
07 02 00
07 03 00
07 04 00
07 05 00
07 06 00

07 00 00

08 00 00

liquid

sieb-cylinder

Manufacture of

b

Chlor-alkali
09 00 00

09 00
09 01 01
09 01 02

09 02 00
la 00 00 Pulp

la 01 00
10 02 00

11 00 00 Pulp li
11 01 00
11 02 00

12 00 00 Press



MANUFACTURE OF SULPHATE 34 11 12

Code

1 2

13 00 00
13 01 00
13 02 00

3 03 00
14 00 00 of

soda recovery

the
the
the

the
the
the

black 1

of black
Other method of

Caus
Caus
Caus

Black 1

Treatment of
of

15 00 00
15 01 00
15 02 00
15 03 00

16 00 00
16 01 00
16 02 00
16 03 00

17 00 00
18 00 00

18 01 00

18 02 00
18 90 00

19 00 00
19 01 00
19 02 00
19 03 00



MANUFACTURE OF SULPHATE PULP: 34 11 12

Code 1 2 3

and backwater

process
of levels and flows
of process water

of energy and heat

res1n

Bark

Heat recovery
Product and process control
Other kind of

s
Manufacture

2

22 01 00
22 02 00
22 03 00
22 04 00
22 05 00
22 06 00
22 07 00
22 08 00
22 09 00
22 90 00

1

20 00 00
21 00 00
22 00 00



OF SULPHITE 34 11 13

)

in

beam crosscutt saws
slashers
band saws

drum barkers
drum barkers

1e1 barking

in

Batch

Batch
Cont

(
Pretreatment in hot water or steam
Pretreatment in chemicals

te: 1.5-2; : pH 4-6;
6-9)

base

Pretreatment of

2

Code

05 01 00
05 02 00

05 03 00
05 04 00

1

01 01 00
01 02 00
01 03 00

02 00 00
02 01 00
02 02 00
02 03 00
02 04 00
02 90 00

03 00 00
03 01
03 00 02
03 00 03
03 00 04
03 00 05

04 00 00
04 01 00
04 02 00

05 00 00

01 00 00



34 11 13

1

Code

2 3

knot

separators
pulp (knots)

ect pulp
06 00

Batch

Batch

Two

Pressing
Washing on
Wash

base

Coarse

Annnonium base

Fine

Pulp washing

06 00 01
06 00 02
06 00 03
06 00 04

08 00 01
08 00 02
08 00 03
08 00 04

05 05 00
05 06 00

05 09 00

05 07 00
05 08 00

07 01 00
07 02 00
07 03 00
07 04 00
07 05 00
07 06 00
07 07 00

07 00 00

06 00 00

08 00 00



34 1 13

Code 1 2 3

1

1
1

Ch1ora1ka1i b
Manufacture of b

of

Press

3

09 01 01
09 01 02

2

09 01 00

13 01 00
13 02 00
13 03 00

1

00 00

09 02 00
10 00 00

10 01 00
10 02 00

1 00 00
11 01 00
11 02 00

12 00 00
13 00 00

09 00 00

16 00 00

15 01 00
15 02 00

16 01 00
16 02 00
16 03 00



:MANUFACTURE OF SULPHITE PULP: 34 11 13 I-'
o
o

and backwater

process
of , levels and flows
of process water

of energy and heat

recovery
recovery with STORA-method
recovery th 1erud-SCA-method

Other method of recovery
te alcohol

Bark

Heat recovery
Product and process control
Other kind of

Manufacture of

2

Code

17 01 00
17 02 00
17 03 00
17 04 00
17 05 00
17 90 00

19 01 00
19 02 00
19 03 00
19 04 00
19 05 00
19 06 00
19 07 00
19 08 00
19 09 00
19 90 00

18 00 00
19 00 00

17 00 00



OF PAPER AND PAPERBOARD: 11 20

press rol s
press rolls

press rolls
press rolls

press rolls

lIs

or Mordenrolls)

bales)

th kaolg.

hollander rolls
conical rolls

crushers

In

In

in

press with
press solid
press th

reverse press with
dual press th suction

fluted press
with other kinds or presses

Press
Press
Pres
Press
Press
Press
Press

Beat

Pres

Code

1 2 3

01 00 00
01 01 00
01 02 00

01 03 00
02 00 00

02 01 00
02 02 00
02 03 00

03 00 00
03 00 01
03 00 02
03 00 03

04 00 00
04 01 00
04 02 00
04 03 00

05 00 00
05 01 00
05 02 00
05 03 00

06 00 00
06 01 00
06 02 00
06 03 00
06 04 00
06 05 00
06 06 00
06 90 00



MANUFACTURE OF PAPER 34 11 20 t-'
o
N

32

Drying in multi-cylinder machine
Drying in Yankee-or MG-machine
Drying in fan dryer

handling
of mater s process

of concentrations, levels and flows
of process water

Generation of energy and heat
Recovery of and backwater
Heat recovery
Product and process control
Other of

1

Drying

Winding with tambour-cyl
Winding with electrical
Winding with other kind of winder

Final preparation
Rewinding
Cutting and sheet-laying

Code

1 2

07 00 00
07 01 00
07 02 00
07 03 00

08 00 00
09 00 00
10 00 00
11 00 00

11 01 00
11 02 00
11 90 00

12 00 00
12 01 00
12 02 00

13 00 00
14 00 00
15 00 00

15 01 00
15 02 00
15 03 00
15 04 00
15 05 00
15 06 00
15 07 00
15 08 00
15 90 00



HANUFACTURE OF 34 11 30

saws

creen
screen

or cutterdust

beam cross
1ashers

in band saws

Fine

3

Coarse

03 00 01
03 00 02
03 00 03
03 00 04
03 00 05

06 00 01
06 00 02

Code

2

01 01 00
01 02 00
01 03 00

02 01 00
02 02 00
02 03 00
02 04 00
02 90 00

04 01 00
04 02 00
04 03 00
04 04 00

05 01 00
05 02 00

1

01 00 00

02 00 00

03 00 00

04 00

05 00 00

06 00 00



MANUFACTURE OF FIBREBOARD: 34 11 30

ion

of ect
ect pulp

Other kind of

Polishing (or
Perforating

screw water extractor
in water extractor with roll

Heat treatment
Oil treatment

Wet press
Dry pres

of board
of board in
of board in

Drying (insulation fibreboard)
Press drying

Code

1 2

06 00 03
06 00 04

07 00 00
07 01 00
07 02 00

08 00 00
09 00 00

09 01 00

10 00 00
11 00 00

11 01 00
1 02 00

12 00 00
12 01 00
12 02 00

13 00 00
14 00 00

14 00 01
14 00 02
14 00 03
14 00 04
14 00 05

15 00 00



MANUFACTURE OF FIBREBOARD:

Code

2

16 00 00
16 01 00
16 02 00
16 03 00
16 04 00
16 05 00
16 06 00
16 07 00
16 08 00
16 09 00
16 90 00

11 30

process
of , levels and flows
of process water

of energy and heat
Bark hand1
o~,~nC>ru of fibres and backwater

Heat recovery
Product and process control
Other of





MANUFACTURE OF FIBREBOARD: 34 1 30

1

16 00 00
16 01 00
16 02 00
16 03 00
16 04 00
16 05 00
16 06 00
16 07 00
16 08 00
16 09 00
16 90 00

s in process
, levels and flows

and backwater
Heat recovery
Product and process control
Other of



I

I

I

I

I

I

I
I

I

I

I

I

I
I

I

I

I

I

I

I
I

I

I

I

I

I

I
I

I

I

I

I

I

I
I

I

I

I

I

I
I

I

I

I

I

I
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I

I

I
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CHAPTER 4

ENVIRONMENTAL POLICY IN

4. THE ENVIRONMENTAL PROTECTION ACT

SFS

:388

1,1969. The

terms

, and

Act (SFS

and the

Protec

:782, SFS 1973:

th s Act - the

with SFS 1972: - came into force on

Act also referred to as the states very

the under real estate (i.e. land,

can be used for such

The

of the Act, a

cannot be undertaken

Board or

Under the

that

the

cause turbances, or to the

The turbances referred to the Act are e.g.

of waste water, sol matter, or gas, and any other use that

may lead to a of 1 Under the Act,

are such

or other such

number of

unless has been

sk of

stated

Board

of the concerned.

of the Act that any turbances of the

the Act should be to the

to cases where there is a

Furthermore, it

that

must be chosen so that the purpose of

th the least to en-

thout the costs In

the Act that the

ration of

the ac

has been

or to the

The

referred to

extent. The Act

a

the

measures that

the

, (

The five

control measures

the

the Act

that should

that should be cons

ssof

order to

must be
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(3) the extent

) the

out,to be

to result from the activities,

which the

of the

of area

ts of the ac and the costs and other

consequences of ss control measures.

as a frame of reference for the

In

the EPA must

formulation of the s 1 rules,

author The statements of the EPA are c the

stheProtec

to be taken the concerned authori

The EPO also clauses

of the EPA and which may not be put

ts from the The

tare

ther, un-

to

may not be erected

has been

obl

less an

Admini

also 1 ts 33 other

food pro­

fuel power genera-

ion, pulp and paper

and foss

iron and steel

, manufacture of

by the Board for En-

to a court

to a court

concerned and,

In order to enable other

rules of the FB states that the Board must

and

status of

conduct a s

of law and the

sion. The

consult the

to express on the matter, the must be ished

the lQcal newspapers or some other manner be to

The is for a of 10 years -

must a covered in the and,

of course, all the cond t The de-

can be to the Government. The

affected

that has

that theon all

the EPB. Aand

It should be noted that a to engage
to environmental

for, even when there is no obl



the stated the t, there that the

ected to other terms than those

A the EPA can also

to

the FB and an

is not

and can be

from the

In contextt.

no way

the EPA. In the

with the EPB in order to es

under which the appl may start or cont

between a dec

EPB that the latter decis

valid further

so Another

to the EPB for an

se Board for a

however, that an

to

the

obl

The

of

the EPB in

n~n~'~~10n does not

of the

to

s fact that it 1S cons

than the process of a

deci the control measures

be demanded , the in co-

with the concerned has established a system f

s standards. These standards are based on the

feas il

set of emission standards wasThe

less

In order to fac

that can

source

s ,

a new set of

and

These standards

and no

for waterborne

t 1973, the EPB

about the "

control measures.

the

1970. In

the latest

il of

to res

standards have so far been establ

the case of waterborne

the

standards

on a basis where 1n ass

are among the more of the factors considered.

4.2 NATIONAL PHYSICAL PLANNING

stra-

as hous­

has been

cross­

ixties.thewas notsectoral

is no new

tion and has been used such sectors of

road construct ,etc. However, most

of the short-run and the need for national,
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in-taken by Parl

: (1)

The framework for national 1n Sweden does not

have the form of an Act which general clauses are Instead

the Parl 1972 passed a of

for future land-use Sweden. The dec

clude ines of two

1 should be handled

the at and local levels, and ( geo-

for of natural resources

parts of the The geographical guidel cover

above all the coastal areas, but also the areas and

at

Parliament s

was

upon10n

of the guidel

ion of the

covers three

The

the

for

The new

, (

of

ions for locat

The of the Government to order the of

master was established in order to ensure that the for

the are followed in the process of

and municipal The Government may the or

of the plan if is deemed necessary in the

As far as the rules for compensation and acqui are concerned

the of the previous lation (i.e. the Build Act and

the Nature Act) entitled the landowner to if

land use was restricted in such a way so as to substantially lower the

value of the land. This rule applied to

on building Part actual or

entitled the landowner to demand that the local ac-

the land concerned. This to compensation or

could also apply to values which were solely referable to anticipated

in the value of land.

In connection nationalphys planning by means of master

or directives under the Nature Conservancy Act, the Govern-

ment has stated its intention to strengthen the pub1 in rela-

to landowners. Thus, the pol adopted the Parl



11

to cons

must be held

, the local

to be

land use.

of a

for central Government to make

of

of

Before

author-

that

of

assessment of the

is made, however, consul

~~(~U'L'L~, the FB and the

to overall

cases of "grave obstruct

new rule

a

labor market

any

the Government.

the

as

a for

Act. The location

the under the Pro-

se Board not sanction an cases

been ected the

must be sanc

trade

The Government s

under the

where an

Government.

the Board

However,

to

ment a

under the EPA - after

the Government. In fact, the

made on the

an to the

the

se Board.

Under assessment for

for

) cement factories.

for reproces

a power

of fertilizers;

, the new assessment to the establish-

iron steelworks, metal works, and ferro-al works;

wood Is and and paper the pro-

refineries; nuclear

of nuclear fuels;

500

ment of

duct of

power stat

fuel power

a
the

these matters.



4.3 THE ACT ON PRODUCTS HAZARDOUS TO MAN AND TO THE ENVIRONMENT

in 1973ParI

to be harmful to man

Act

poisons and

, and

s was

due to their

are known or

The Act on hazardous

refers to s

and handl

or to the In the

four groups of hazardous t: (

substances, PCB and PCB

other hazardous As far as the f group of

concerned, the states that or

are necessary for manufacturers as well as s to use or to sell

such As for , the Proclamation

to and use. The also

states that PCB and related s may not be or handled

a The fourth group of s all

that or have been hazardous substances and the

Proclamation states that the sale of any such t is

The the rules for

handl ,importing and s covered the Act that

the 1 take such and observe such

precautions as may be necessary to or to human

or the This means that the must

acquire full of the compo lon of the product, assess the

hazards with use as far as scientific at any

time permits, and be to all this to

the

The main responsibil

s Control Board

of s Act rests

consists of of var

ions, and This Board

assoc with the EPB which has the sory

power at the national level. On the and local levels, this

power rests th the Administration and the Publ Health Com-

the

4.4 GOVERNMENT SUBSIDIZATION OF EMISSION CONTROL INVESTMENTS

Act came into force on 1,

s and but also to

Prot

not only to new

When the



before date. Under the of the Act,

were also obl to 1 and

take other in order to reduce the r of a

of cotmnents accom-

the Act, that it , both

and to reduce s-

from old would be justified to allow these s some

t for ustment. In order to to undertake the necessary

for

in-

to sub-

to

, the Government

control

on Government Subs

tments for

and

In the 1969 Proclamat

s

control measures as soon as poss

Water and Air Protection Measures, was stated that

could for a subs of an amount not 25 of the

cost of the control measure. The subs ion program was

of

years. The amount of

to 50 mil

of f

was to be the res pons il

purpose was 1

ion for a

for

of the subs

to be

money annual

S.Cr. The a1locat

the EPB.

Furthermore,

had to be

was stated that

, thefor a subIn order to be

to theof

were existence

for a to make the cost of control measures JUS

from an Subs so to cover

of an exist with the local sewage

treatment It was also stated in the

could to f for

In the

of

of 1971, when the Swedish economy

to use the subs

to show s

for emiss

1
accord-

sewage treatment
subs was made

, and the
of the

therefore vary between
this interval was raised to

November 1, 1971 - June
the

of a total amount of 824
S.Cr. were allocated
rates.

The
force 1, 1968.

upon the of treatment
the of treatment, the
cost covered the subs
30 and 50
55-75 for
1972 and
years from
S.Cr. was
ance
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control to the econom1C 1n and

the rate in icular. Thus, the period from No-

vember 1, 1971, to June 30, 1972, could apply for cover-

up to 75 % of the investment costs of control measures.

A these ed was that the

work should be completed to at least 60 % before June 30, 1972, and

1 were set for the procurement of and other

In order for the work not. to be held up, the EPB and the

were to allow the work to be started

on even the's

ss control had not been settled. In all other s

the same condit as for the 25 % subsidy app1 A total amount

of 300 S.Cr. over and above the funds made

for the 25 % id, was reserved for the purpose. Due to the un-

usual 1 recess the of sub-

s for the 1, 1972 - 1973.

funds of 100 mill S.Cr. were made and

the subs covered up to 50 % of the for work started

during that from these s, the were

with those of the period.
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CHAPTER 5

1551
I,

I

JUNE I

IN I 1

A of the

to the EPB between

for

and June reveals that

will here

S Cr. ( current

1, and June 30, 1973

The amount of subs to these

ion S.Cr.

of

was about 592

were allocated

of the

be

control

In the

and

, and over

on

among indus

the effects of these

be cussed •

and the subs

two

total

. 1 DISTRIBUTION OF EMISSION CONTROL INVESTMENTS AMONG INDUSTRIES

Between 1, and June 30, 73, the of the

have taken

and steel

control

s

and paperthe

can, to a extent, be of total

s

was

and for close to

and paper

ofof total

In 1969, for
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20 of total The and steel

and

the

of subs

accounted for 20 % of total of

for about 5 % of total ions. The

from these two

as a whole. An

the fact that these

the 1971-72 recession.

and the subcontrol

Table 5:1.shown

here than for the

factor can be found

of the

has been

t

The

suffered from severe

among industries

5.2 DISTRIBUTION OF EMISSION CONTROL INVESTMENTS AMONG REGIONS

to a

rate. The

Y, Z, AC and BD

the

S, W,

use of so-called"

for two 1

countso-called

As out 4, the

the 1971-72 recess led to the

subs to

The of

extent reflects the

per-

about 20 % of the

control

rate of 3.6 % in 1971

In 1972 the

5:1 had an average

2.3 % for the rest of the

were 3.8 % and 2.4 %

Even these counties accounted for

total work force, 43 % of total

of

This

&

are shown in Table 5:2.

were allocated to these

by the fact that the

(i.e. pulp

and subs

unemploYment and

rates and the

extent be

located in these

had both

to a

The

control

ments and 45 % of all subs

of the

steel

5.3 DISTRIBUTION OF EMISSION CONTROL INVESTMENTS OVER TIME

thewas to

ion of the increased subs

by

theThe

.for

1, 1971) led to acost subs

control

and thereby affect the rate

5:2 and 5:3 can be seen that the

1n

of these

From

of the 75 %

very



.9

3.0

6

6.6

1.8

0.9

38.0

6.5

9.8

25.9

Share of
total

100.0

control Share of
% total

, of total t- control in
1973 ment 1970-1973 Subs of costs

32,168 2 1 2 5 15,423 47.9

96,579 3.5 7.7 39,061 40.4

, and
23,120 3.0 1.8 10,804 46.7

15,359 0.7 1.2 5,471 35.6

472,000 7.6 37.4 225,166 47.7

86,151 2.1 6.8 38,431 44.6

116,437 11.3 9.2 58,218 50.0

* ,473 8.5 24.3 153,277 50.0

67,750 0.7 5.4 29,106 43.0

45,981 n a. 3.6 17,867 38.9

1 262,018 .0 592,824 .0

tries

and paper

Other

Table 5: 1.

Stone and c

Wood

Total

Iron and steel

Food

(surface treat

* the

Source: EPE ion Protoco1s up to 1, 1973.
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5:2. Distribution of emlSSlon control investment over time 1969-1974

S.Cr, current s)

Subs
Thousand S.Cr.

340,000

300,000

260,000

220,000

180,000

140,000

100,000

60,000

20,000

o



1,300,000

1,200,000

1,100,000

1,000,000

900,000

700,000

600,000

F

5: . idies accumulated over time 1964-1974

1969 1970 1971 1972 ]973 1974
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5:2 and 5:3,

Under the

over the

However,

are,that

the second half of 19

are accounted for at the date of

est of the

5:2 and 5:3

between the subs

over­

the EPB and the

have

somewhere1t

of

to

complet

that the

of the

with any exactness the

up the start

the data seem to

between 1 and 2 years.

5.4 THE EFFECTS ON EMPLOYMENT OF THE EMISSION CONTROL INVESTMENTS

UNDERTAKEN DURING THE PERIODS OF INCREASED SUBSIDIES

of the

effects of the

• As

of thean

the al

the

should be

was

to the EPB

a result, the EPB

In the

creased subs

An of these showed that in certain

in the un-

& paper, 1ron & steel, stone & and

effects of

have been to a 20-30 % reduct

)

. e. the

vestments

Table 5:3.)

Est made the EPB of the effects

(i.e. the other sectors of the economy by the

orders of re s treatment equipment) that these

effects were about twice as as the effects, or 7-8,000

overesta

effects, the data seem to that

did have a s effect on employment

of the 1971-72 recession - in the

theseman-years. Even

t of the total

the increased subs

the later

and paper

5.5 THE EFFECTS ON DISCHARGES OF THE SUBSIDIZED EMISSION CONTROL

INVESTMENTS BETWEEN JULY 1, 1969 AND JUNE , 1973

In 1969 the from as a whole were est to

1,950 tons The and paper industry accounted for



Table 5:3. control



The control

1, 1969 and 1, 1973

of 447 tons

1,850amount or

of

87 %,or 390 tons

and paper

of amounted to

of which were attributable to the

of

of

total

tons

23 %.

undertaken

have resulted a

95

es in 1969 to be

The

of these

50 % of

(

to 1972/73

these four years

Almost

and

(

s

the stone and

the and steel

were about 1,350 tons/

or 555

the four fiscal years

s

reduct

stone

dur

have led to a reduction of

around two thirds of the

reduct was

and about 28 %

In 1969, total

from foss fuel power

and paper accounted for

ions. The control investments

have resulted an 8

92 % of reduct

paper

1n

tmentsof s control

/70 to 1972/73 are

The total effects on

the years

Table 5:4.

5.6 CONCLUSIONS

of the effects of the emission

of sub-

of the subsidiza-

undertaken

remarks on the merits and

In view of the

control

s some

can be made.

of

some

fact,

the later

for

the

s

recession. There also seems to be some

ion control investments were

time is to

be estimated to be of the

the

that the use of

effect on the

of the 1971-72

the

subs

any ion but

1-2 years.

The data as

to the

have a sub



Me- & emu1- Ammo-
Ha1o-Ac subs t. u l ates

car-
s bons COgenes

22.5 0.1 7 0

34. 2

&
leather ind. 6.6 0.4 0.2

8. 1.5 2.0

and
paper ind. 390.3 320.0 110.7 0.7 51.3 102.4 1 2.5

6. 0.6 17.1 1. 5.5 5.5 0.5 10.1 .0 3.9 1.3 6,8

and
ind. o. 230.8 o. 0.2 103.5

Iron and
tee1 Lnd , 40. 5.1 .0 0.5 59.1 7.3 0.1 .6

Manufact.
ind. (surface
treat of
metal 1.8 0.2 0 1 .4 .8 2.4

Other
0.8 .2 30.3

Total 447.1 385.7 110.7 .70 5 5 564.1 114.4 21.2 .4 3.0 9.3 103.5

Source: Subs to the EPB

Table 5:4.



26

in this

be

to the

made

the and to

In fact, the

the

s full scale tests of new solut

positive results achieved in this so far have

EPB to a of the subsidizat

direction. Thus, for the year 19 /75 subsidies

to firms that want to try new

s~on control lems.

However, the use of subs also had some

effects partly offset the posi effects referred to above.

The 1 the increased subs led to a

~n the demand for residuals treatment Due

to the 1 production of the producers of such

increase demand led to certain price The short

allowed for investments eligible for subs

resulted in some investments necess remodell

later on. The t s also favored the instal of con-

ventional treatment at the of the of pro-

and the could therefore not al-

ways be made a of the ' long-term control

Thus, to a certain extent the have

served to maintain old equipment It also

poss le that some order to take of the

subs postponed other s so that the net effect on total

was nil.

However, in some cases, the increased subs

for the EPB to demand measures
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6. FACTS ABOUT THE SWEDISH IRON AND INDUSTRY

6. .

of steel

26

of so-called answers to a

in October 1967, steel

teel

73

Furthermore,

1n

.e. basic oxygen furnaces

were used

and

three

open hearth furnaces, and

substantial Actual steel

between processe for the

es

would

and 6: .

rate of

19teel ion

Thus the actual

83

between the furnaces shown

Table

s

in the

and steel

has, as

for the

and

manufactured

of steel

some

feature

steel

Whereas the

. S., the . K.

and the structure

the or steel

15-17

wil

A

the

electric arc furnaces

made furnaces



Table 6:1. Swedish steel I-'
N
co

1968 1969 1970 1971 1972 1973

T.tons % T.tons T.tons T.tons T.tons % T.tons

Basic
Furnaces 1,726.2 33.9 1,781.7 33.5 1,941.1 35.3 1,947.6 37.0 1,935.6 36.8 2,143.6 37,9

Open Hearth
Furnaces 1,380.7 27.1 1,351.6 25.4 ,274.5 23.2 1,182.1 22.4 1,100. 20.9 1,151.6 20.3

Arc
Furnaces 1,988.4 39.0 2,188.9 41.1 2,281.4 41.5 2,141.7 40.6 2,221.3 42.3 2,368.1 41.8

5,095.3 100.0 5,322.2 100.0 5,497.0 100.0 5,271.4 100.0 5,257.0 100.0 5,663.3 100.0

Source: Svensk Jarnstatist 1973 , 1974), tabe11 5a.
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129

ses

1963-1973

Percent of
steel t

l.on

80

70
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c arc furnace
hearth furnace
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Basic oxygen furnace
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Source:
, p , 40.

197 , SOS, Stati ti . Stockholm



Table 6:2. and number of

furnaces 1971-1973

1971 1972 1973

Number
T.tons/
year Number

T.tons
year Number year

arc

Thomas
converters 3

hearth
furnaces 16

hearth
furnaces 13

160

499 15 525 15 592

878 12 795 13 857

2,354 62 2, 60 2,551

225 35 230 41 23336

63

Bas oxygen
furnaces

and

Other converters
and

8 2,140

6,001

9 2,500 9 2,735

2 165

6,097 6,858

* furnaces in the
Source: Svensk Jarnstatistik , tabe1l 15.

The smallness of the

and steel can be seen from Table 6:3 shows the

of world steel 1964-1973.

6.1.2 stribution of

at

as a whole this pro-

were

, the Swedish iron and steel

In 1968, almost 90 % of the total number

and steel

For the

of

of

more than 500

From a national

was around 30 %.

Another characteristic of the Swedish iron and steel

accounted for 64 % of total

In 1968, the three

1on. For the

isthat

t this share was 73 %. The size-d tribution of the Swed-

ish steel in 1968 and 1973 shown in Table 6:4.
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Table 6:3. of world steel

D.S. Canada Sweden

1964 26.5 19.1 25.2 9.2 1.9 1.0

26.1 18.9 25.0 9.0 2.0 1.0

1966 25.8 18.0 23.4 10. 1.9 1.0

.5 18.4 23.4 12.7 1.8 .0

1968 22.6 18.7 23.7 12.7 1.9 1.0

22.5 18.8 23.2 14.4 1.6 0.9

1970 20. 18.4 23.1 15.7 1.9 0.9

1971 18.8 17.8 22.0 15.2 1.9 0.9

1972 19. 18.0 22.1 15.4 1.9 0.8

1973 19.6 7.6 21.6 17.1 1.9 0.8

Source: Svensk Jarnstat tik 1971,
, tabe11 1 .

World prod.
tons

434

456

472

528

570

595

582

629

1972, 1973,

Table 6:4.

and 1973

1968

Total
Number

1973

Included in the
Number

1973

3

2 1

1 2 1

31 31 24

25

75

76- 300

301- 500

501-1,000

>1,000

7

7

14

3

8

3

5

2

5

11

3

1

2

24
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As

are small

number of

out above, ap­

cons ted of

steel was around 7-8 in the

10 % in the U.S. and

The fact that Swedish steel

standards can be

so-called special steel.

of sh steel

steel. The share of spec

and

can

s (i.e.

steel-

steel

of the

to raw

the

a

was of decisive

of course no

the same year.

The

be

were establ

forests and

s

2 and 3 of

an

the last

are all located on the

of steel

are located what

be overcome

var

process as a whole.

be followed sect

s

level - i.e.

rather than the

the that

of a lant and the three or

50 years (i.e. Oxelosund, and

coast. There is, however, st 1 a

the central of Sweden and 24 out of 31

known as the The locat

shown 6:2.

In view of the fact that the and steel

small standards and that structure sub-

from that of other it is difficult to draw

conclus data. As po out

6.1.3 of total

Even

s

reflected a

The 1969 enactment of a ~on for

(i.e. the Environment Pro

of the fact that unl

cause severe some unl

lation

called for some emission control measures in most , these

measures were, in from an environmental

of In the ions the enactment the EPA,



6:2.

The are
proportional to
the ' 1968
stee

crude tee1

steel.)

133

and steel

Source: Svensk indus infor 970-talet. 1969



134

the need for a of exis was often

sized. The subsidization scheme set up in

the enactment of the must, therefore, be seen that

background. In order to an idea of the

and the size of the efforts made the

the total level of 1969 and 1~73 are for three of

the most inportant

devoted to a study of the costs

s from the iron and steel

Section 3 of

theseof

6:

Table 6:5.

Emiss Emissions Reduction
1969 1973 1969-73

tons 103 tons 103

57 4 53

S02 62 60 2

Suspended sol 43 12 31

6.2 TECHNICAL CHARACTERISTICS OF IRON AND STEEL PRODUCTION

In the context of economIC

from the one used chemis

the definition of

Chemically pure is found

In nature and is also of importance for industrial purposes.

Iron for industrial use generally contains a number of materials

bes pure iron. These materials can either be added on purpose (in

) or be as

s or the processing In most

which case they are called

from the raw

qual of industrial Iron small amounts of carbon, silicon, and

manganese remain. s like phosphor, sulphur, hydrogen, copper,

zink, t and oxygen are general regarded as undesired elements, i.e.

Various types of special steels are produced

s like chromium, nickel, wolfram, molybden, cobolt,

titanium, aluminium, lead, nitrogen, copper, , and bore



1

upon whether the carbon content lower or

than between and carbon are

as steel or cast asturn, can be class

steel.or

Steel,

steelunal

2. General

can be used for

dustrial purposes takes a number pro-

are: raw

Raw iron Raw steel

and of steel The of these

are shown in 6:3.

6. .1. ion of raw s

The first into three ore

out at the

and

used as fuel and

process

the absence of air

of non-carbon coal ( .e. matter water,

and driven of the coal

In the most common method of

carburated process, amounts of gas

process, the coke

. g. tar,

coke, the

order to remove

metal

treatedoven

eitheroven gasThe treated

as fuel or sold as

1,

used elsewhere

are

t furnace. The pur­

of the ore con-from an

process, the fine

can be

the

thepose

into a porous

The

11
recovery

concerns.

gases
coke and

these shave
are motivated
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centrate, to burn some of the

concentrate. The machine 1S a

the ore

of

ore concentrate, coke dust, and lit gas flames.

In order to

to take

the

sucked

necessary for the

the mixture the of

fans.

6.2.1.2 Raw iron

raw is s Each

ton of raw 1.6 tons of con-

iron

, the

under

the form of iron oxide and order to get raw

oxide must be reduced. reduction is ished

in the blast furnace. The carbon needed for

the is added the form of coke. In order to the

necessary for the reduct of the oxide and the

in the iron ore

of the metall

One of the or

air blown the furnace.

the is

method of

and if some

the

has a very

from the furnace were not

furnace would 1 up with ashes and become This

the addition of 1 s, at the

of the furnace, the lime the silica to form a low mel

called The molten than the melted

and, therefore, floats on of the iron. As the iron from

is blown

off. Molten

from a few hundred

the

1,

times each De-

tois that when air

the bottom of the furnace, the

and s drawn off from the furnace

upon their size, b l as t furnaces

thousand tons of raw per

What ins the blast furnace

to

the furnace from the bottom, burns and forms carbon

carbon monoxide

combine with oxygen.

the oxygen of the

passes the

the process since it

comb

gas

the

Part of the carbon

For Swedish blast
iron have been est

per ton of raw
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can

of theThe gas 1 the

carbon

this

it must be cleaned before

ts of carbon monoxide (25-30

load of

and forms carbon

blast furnace

(17-19

gas has a

be used as fuel elsewhere in the of the blast furnace

of the raw iron ~~~.,+therefore considered a normalgas

process.

The use of coke as fuel and in the blast furnaces

leads to a high content of the iron.

For iron that to be used for the of so-called

steel, this is an undesirable property. In order to reduce the

content of raw iron intended for such use, the raw

with burned 1 ~n ladles.

6.2.1.3

The molten the blast furnace has a content of carbon

for the con-

, manganese,

at

amounts of s

the carbon content to between 1.7 and 0.03 %.

undes

of steel there are spec

The process of steel manufacturing

and reduc

and also.5

and

these

For the

tent of carbon as well as the of

In the production of steels, elements that con-

to the des of the steel are added.

The three types of steel furnaces in common use are:

(a) The open hearth furnaces, The basic oxygen furnace, and (

The arc furnace. For ~on of al steel of extra

i , so-called furnaces induction

are also used.

The open hearth furnace process

in an open hearth furnace is a

duction. The furnace consists of a rather shal

old method of pro­

1

are

of ex­

burners

someof air and (

are either fuel

at both ends. These

of preheated and

le gas. Underneath the furnace there are

chambers for

acent to these

room with

used for

haust gases.

or inlet

four

gas.
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the stee fuel

lS blown the furnace from one end for es.

The exhaust gases leave at the other end of the furnace and are led

two of the brick chambers where heat the After

15 es the ion of the flow is reversed and the heat of the

the of

the whole cycle.

it is

the furnace.

t

The bas oxygen furnace process

In the basic oxygen furnace proces of melted and

steel scrap blown pure oxygen, a water cooled

lance. The converter can be either st LD proces or rota-

(the Kaldo proces Unlike the open hearth and the e arc

furnace processes, no heat source is

sourcesof heat are the heat in the hot metal and the heat

reactions between the oxygen and metal the hot metal. The

Kaldo process has a somewhat better heat economy than LD process

allows t to use a lon scrap. The Kaldo process

also use lron th a re content, some-
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1 hr vs. 2

cess

cess

not poss

a somewhat shorter

1n the LD process.

cycle

However, the LD pro­

than the Kaldo pro-

arc furnace, the

s melted and

e electrodes pos

the so that

stance of the metal

arc melts thefrom the

( The electric arc furnace process

In the th method of steel manufac

process, a cold of steel scrap

power as the source of heat.

above the cold t current

the heat re

nation

im-

cat

needs a

arc furnace, f are

just as 1n the other

In the

added to the

basic furnace

The electric arc furnace process can be used to

the common of low-carbon steel from scrap or be

al s to steels such as s steel

or tool steel. Electric furnaces are also used for 10n of the

are the al elements for these special steels.

In order to reduce the process t hrs), oxygen can be lanced

the bath a of 15-30

The raw steel from the steel furnaces

final adjustment order to meet

The at this

carried out under vacuum. For this reaction st

means,

of the bath 1Senergy needed for

ied gas

The st

small and can be

induction.

6.2 .. 4

The convers of raw steel from the steel furnaces into

for industrial use takes ace in three

) Hot , and (c)

Cast

The most common method of 10n of molten raw steel for further

process has been to pour the steel into molds,



ts

stee

the steel

blooms,

(roll

s

and sol cool

transferred to the pr

the stee to

from the molds

for a

and slab .

a newer process called cast

water-cooled, copper

pas copper mold, cool

steel shell with a 1 center. As the llet, b or

s emerges from mold, it enters spray area water is

on the steel to cool it further. The stee

billet then pas a cutoff where it lS cut

mechan--t

s ,

the method of continuous cast

of airborne res s.

the semi-finished pass

In most cases the tion lS combined with

lon. At this

lon

of surface

thes

reduces the

After the cast

some

the

flame scarf

used ofs the mostused.

for surface

are the most

have been reheated

are further in the hot

the

SSlon

the progres­

pass

thecons st

the surfaces of

the space be

hot

the

on of the

the

pressure

ed on the

the fini

lS used

t

the

s
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steel between flat or contoured dies. The work on the steel

the process results products that have the desired me-

cal and metal es as well as the desired s and

The on process, used where is d t to

by other processes. Hot extrusion consists of enc

a heated ce of metal a chamber a at one end an

an

, and

end of the chamber.

and

also terminated

for cold

shed sect

well

process is general

of the desired f

tic metal through the oppos

of the

pressure to the

This process

process

The hot

spec and surface

and chemical are appl

where

to the shed

gen-

, the

sthe steel

In this

are subjected to a number of different

referred to as the

shed steel

Manufac

step In the process of

eral

The

process Ions aimed at the

les. The most among these

s certain desired

are cold rol

the usual mechanical,

is

from

, surface pre-

Various forms of surface

ical, and chemical

ly also included in this proces

, and press

e

wi.re

step sometimes also include electro-

application of non-metallic (i.e.

or, paintetc.) by means ofpaints, enamels,

6.2.2 Raw res loads In the sh iron and steel

As indicated in 6:3, various kinds of

at each step of the tion process. The

s s at the various process

s are

and amounts of re­

upon a number

of factors of which the ity of the raw s , the of pro-

duction equipment, and the type of final product are among the most

, it IS not possible to express the raw

ual loads from the different ons s



subst

3

then

to

res

of

rborne res

1

and

ton of
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6.2 2.2 Raw-----------.....;:::..
The of the blast furnace gas ch a normal of the

raw 'process) means that under

le amounts of residuals are

that gas stream. Thus, the res ln connec th

raw are iculates from the

The range of variation for the raw load of residual is 0.1-0.6

kg/ton. From the ladles ch should, , be

regarded as of the raw steel manufac step rather than the

raw the raw load of particulates amounts to

ln the blast furnace

The water240

tween 0.1 and 1.0 on.

The water used for gas purposes contains

1.0-5.0 of solids, 0.3-0.4 of , 0.1-0.2

ton of ammonia, less than 0.1 kg/ton of flouride, and less than

0.05 of and The of the gas c water

ranges between 7 and 11.

The

used ln connect s is also

solids and various chemical The amount of sus-

so between 1-2 ton of raw iron and the amount of

chlorides between 0.3 and 0.8 kg/ton. This water also con-

tains between 0.3 and 0.4 on of s and less than 0.1

of

at

re-

re-

of the gas

and

water are normal

, al ...... ,Ju.... u

ln some areas th limited

cooling waterof

exceeds SoC.

used as a first

ates per ton of iron areprocess, 20-30

solid residual.as a

blast furnaces are

s, volumes of coo

Most plants use once-

circulation of cool water is

water supplies. The

moderate, however, and

Since

h

6.2.2.3

The open hearth furnace process

The airborne residuals the process of steel-



open hearth furnaces are:

( dust and

s

from of raw s, and

from the

, lead, and manganese

In the furnace;

from the of the fuel the furnace.

handl

the

of the latter

stee

the furnace the

on whether oxygen is used or not.

, the amount of

and 5 kg/ton steel thout and between 5

and 20 The use of oxygen also reduces

the s of the s so that most of the 1 be smaller

than 0.1 ~m. the oxygen , the concentrat of

ulates in the exhaust gas times than the rest of

the

The re s by the raw

are genera difficult to collect and treat

feas way. However, the amounts of res

these processes are small to the amounts

furnace, low to the reduct

of these

The amount of

from the

In order to from

at least

use fuel (i.e.

On the average, 90-95 ters

used in an open hearth furnace process,

between 0.7 and 6.0 • The

the process between 45 and 100 th

, and between 90 and 120 on without.

hearth furnaces also use it of water for cool-

water does not contain any amounts of

oxygen

The In the gases

of the fuel oil used in the furnace.

the and the

among OHF stee

S < 0.5 the

of fuel oil per ton of steel

and the amount of

formation

reO.LUU.Q,Ls.

due to the

Because of the

oxygen furnace process

of s the BOF process IS

pure oxygen the furnace.of

The bas

The
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Since lime is used as a flux

the

dust.

upon

to a

different amounts

oxidrect

the area where the

lS

ture formed

bath surface,

and the ratio of hot metal to coolthe not metal composit

i.e. scrap or 1 dust is also blown out of the furnace

with the exhaust gases. The lime.dust is found the

, the gases con­

of the

of

small,isof the

smaller than 1.0 ~m and 50 % smalle

of the raw loads of

the later

and manganese

The s

cal compos 10n of the dust show that

sts of iron

85 % of the

than 0.5 ~m. The range of

first e of oxygen

most of

in BOF st process 30-33 As far as

is concerned, there are no such ss from the BOF process. The

raw loads of s

steel.

from the furnaces vary between 85 and 205 of

s of the BOF process itself refer to

flows

any

water for the furnaces

The water

the cool

closed systems, this water will not be

The elec arc furnace process

The pressure the furnace when the

is

also

the

s

lted for

the process

or

upon factors such as

and

also varys

opened for

of

arc furnaces

(i.e. the

rate, the furnace

, and the extent to

when the furnacetake

The amounts and

of stee ln elec

the ion of the

s ) , the mel

state of the f

used. The amounts of

heated, melted, and refined causes the ss

around electrodes, spouts, doors etc.

that

the first half

theculates

phase. Itand the mel

of the process. The rate of emissdifferent

oxygen

75 % of all emissions take

of the process cycle. The raw load of

c arc furnace process s from 3 to 8 kg/ton steel

out oxygen and from 5 to 15 of steel th oxygen lanc



7

The e of the les between 0.1 ~m and 2.0 ~m 95 %

of the < 0.5 ~m. Around 60 % of the dust sts of

11. There

1S around 10 %.

land

whether or not

content) can be reused. The concentra-

of magnes

of

progress to

metall

programs

whereas the concentrat

are at

dust

low

The amount of

of steel. Thebetween 65 and 90the EAF

dioxide the exhaust gases

and the raw load the range 0.1-1

water for the EAF does not any s.

ustment of raw steel

of the raw loads of

of the raw steel is

used, the raw loads can be as low as

The range of

the

upon the

0.1 ton and as as 16.0 of steel.

amounts to 40-60

6. .2.4

process

, and

the mold

the

amount of

the mold

The

the

ton

The range of for

of the

residual load

before the

be-in amountsroll

tween 0.5 and .0

Cont

The cont method does not airborne residuals to

.5

are

the

the amounts of par-

elthe same extent as the mold cast method.

t and

The waterborne

6-1.6 oil .9-1 0
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Hot

The amounts of rborne s the process

for .5-3.5 between 1.

and .0 The waterborne res s

sof sol

.5-1.

8-10

and

and waterborne resto these

(1.0-2.

cales per ton of steel.

Rol

between

between 1 0 and

the fuel oil

as sources of

s4.0

The rol are re

re Thus, the amount of

0.4 and 1.0 and the amount of

the furnaces.

The water used for cool the lers and , for

and for scal the hot roll mills account for about 70 the

waste water of an iron and steel

of the scale 15-35

this water still contains sol an amount

0.5-4.0 of ro led stee. The content of oil t from

the off of the cants cool of the rol

the waste water ranges between 0.2 and .5 4)
in

The airborne re s associated the steel

ucts are primari the various mechanical surface prepara-

load of

, bIas

between 2 and 16

etc.

The amount of

raw

varies from 5 'to 15

the
the

roll included
waterborne residuals wil

process.

in
be

The of scales scale pi
The recovered scales are

for reprocess

is a normal of the
returned to the



elec

waste water:

s

and

processes

of the waterborne

the

orThe

s, for

water from

the waste water are

total

amounts of

for

ofand

stee1.

5

stations are

power plant lers and

sources of airborne res and

1

handled

fficult to measure

1-3

for the raw

amountest

The range of var

.0 ton steel

dust

, sinter, etc.

6. . .

eel

for the

in the

loads

of variation

refers,

and st

the

.3 sSlon control lron and

ronmental control lS i new

of idual were force be-

Protect

s

be the effect

some

fore the

most 1 1 plants had

before that date. In order



Table 6:6.

and steel

Hydrogen

cyanide

lids

20-30 Gas cleaning

(24 ) part of process

Solids

200-240

(220 )

120-205
(j 20)

(0.1)

Hydro- Sulfur
ther

carbons comp.

Airborne residual

30-33
(30.0)

rudel S 'fides

Amm, Phe Sul

0.1-0.2
(0.:2) (.

0.3-10 0.7-5.0 0.8-2.5 0,4-5.0

(0.3) (0.7) (n.a.> (n.a.)

Waterborne residual

Metals Acids Oil

2.0-7.0
(3.4)

Basic oxygen
furnace (LD)

Ra~-7 iron Blast
mauufacturin furnace

Sub­
processes

Sintering

85-205
(200)

2-20

0.t.-1.O 1.0-4,0
(0.5) (4.0)

30-50
33.0)

c 0.3 4-40

( ... ) (na.)

traces.

02-0.5
(0.2 )

0.9-1.0
(o.g)

1.0-1.1

(1.0)

Elec me arc
furnace

Basic oxygen
f. (Kaldo)
Open hearth
furnace

Continued

Raw steel
manufac­
turing

Manufac­
turing

Adjustment Ladles
of raw steel 11

Mold
casting

Service
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6

thecu1atet

e, and the

cu1ates

coke to 1.

5 6 to

residua1s

any treatment

ton.

16.5 ton.

reduced i

waterborne i

thi

25

.3

1,

steelr

were

and
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The oxygen furnaces, on the other hand were all

electrostatic an average ency of over

some gases escape roof lanterns, the

oxygen furnaces werefrom the bas

However s99

p

reduced from 1 33. to 1.3 /ton of steel, i.e.

about 15 of the e1 c arc furnaces were connected to

any control In all of the cases, the of

of steel. The

sions fromicu1atesused was venturi scrubbers. The

these furnaces after treatment were 1.5

level of ss from electric arc furnaces was 4.9 ton.

In most of the plants where e

scrubbers, sedimentat

arc furnaces were

of the scrubber water was also

cede

6.2.3.4

Most of the cast had for treatment of

used were

culates from the

s for

most

ions of

on. In the

led. The

ions amounted to 2.0

and scrubbers. The

residua1s

surface were common use, and the an dis-

after treatment was 0.2

from the recovery of scales, the waterborne res s gen-

the neutrali or regeneration of s 1

6.2.3.5

In Table 6:7, the median levels of residua1s dis from the Swed-

ish and steel

reduct (in

1, 1969 are presented. The per­

to raw residual loads) lm-

plied these emission levels is also indicated in the table.

raw

could
several

5) In s context it must be ized that the
residual loads and refer to normal
Malfunctions or breakdowns of process or treatment

i raise raw dual loads and di to level
those indicated in Tables 6:7 and 6:9.



Table 6:7.

O. 4
(- )

information not available; traces.

200
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waterborne res

, very few1,that before

for control

te

anywere

Table 6:7 shows

arc furnaces, the open hearth furnaces,

Measures to reduce

sources except at the

and the ladles.

emiss were undertaken at most

6.3 TECHNICAL EFFICIENCY AND COSTS OF EMISSION CONTROL MEASURES

UNDERTAKEN BETWEEN JULY 1, 1969 AND JUNE 30, 1973

6.3.1

ss control measures undertaken at the

ss

more

(in-

fans for

an 89 % re-

of tar

th

of a scrubber

for treatment of the

of the ovens. These ovens

charge reduction to 92 %

section 6.2,

This measure

ions and a 95 %

The effects of the added measures were to

ted of the

of scrubber

the

of

were, as

so-called

duc

to the

the total

1n

res

, from 0.4 ton of coke to 0.2

from 0.3 to 0.1

and tar

The )

annualized costs of these measures amounted to 269.0 thousand S.Cr.

to

The govern-

10 % to 243.5 thousand S.Cr.costs

to

was 25 % of thement subs

the annual

O.

pro-

control costs

for theHowever, there was only one

cess, it pass to ize about

for s part of the process.

6.3.2

tons

are

11

of

7.9

undertaken measures for

accounted for

tal

of

1n fourteen different

The three

culates

Theof total

The

19

35



Table 6:7.

: n.a. = information not available;------



that before 1, 1969, very few plants

for control waterborne res

emiss were undertaken at most

arc furnaces, the open hearth furnaces,at the

ladles.

sources

and the

were any

Measures to reduce

Table 6:7 shows te

6.3 TECHNICAL EFFICIENCY AND COSTS OF EMISSION CONTROL MEASURES

UNDERTAKEN BETWEEN JULY 1, 1969 AND JUNE 30, 1973

6.3.1

more

to

so-called

duc

to the

the total

were, as

res

Emission control measures undertaken at the sh

in of the lation of a scrubber unit (in-

of scrubber for treatment of the

the of the ovens. These ovens

6.2, fans for

This measure an 89 % re-

emissions and a 95 % of tar ssions

The effects of the added measures were. to

of discharge to 92 %

from 0.4 of coke to 0.2 and tar

to 98 % from 0.3 kg/ton to 0.1 kg/ton). The

annualized costs of these measures amounted to 269.0 thousand S.Cr.

(corresponding to S. Cr. 0 of The govern-

ment subs was 25 % of the

the annual costs by 10 % to 243.5 thousand S.Cr.

0.35 of

for the pro-

control costsabout

one

process.

poss to

However, since there was

cess,

for

6.3.2

(approximately 7.9 llion tons in

s , of are

The three undertaken measures for

ons accounted for

of

1n fourteen

with steel s.

The

19

35 % of total sinter The tal tures assoc
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th these measures amounted to about 13.7

or fromaround 22

11 S.Cr. Two

However, s

of total costs, the re-for about 20

costs was

s sum were

tal costs accounted

on of the total annual

11.1 11 to 8.7 1 S.Cr.

11 lead to

of the treat-

range

these three plants resulted

6,500 tons or

of 85 As can

a of the

the treatment costs

ed between 1.12 and 2.52 S.Cr. A

of the data is that an

range to the 90

from the

reduction

three obs

per

The control measures

a of

19.5 tons

be seen from Table 6:8

of

le

ment from the 80-85 %

would be around .00 S.Cr. Another inter-

at a

, whereas the costs per

set of treatmentof

untreated

reduct

costs around 2.50 S.Cr. per

est that can be made from Table 6:8 is that

the EPB ss

one of

out,

meas­

re­

per ton

er lant,

to O.

It should be

the fall of 1973

from the

l.ons from the

ffuse dust

ates per ton ofof

ures to reduce the

the total

however, that the Oxelosund

re­

also worth

Table 6:8

the treatment cost per

8.20 S.Cr. The cost per

however. It

connection that the emission levels

These addi onal measures

l.n

of

ton of s

duct

refer to normal Thus, order to account for

the actual level of

or breakdowns of the treatment

tored under IT

ofthe

conditions) will have to be 30 % under the ine

level in order ensure on

are

11.5

of

was

seven

furnaces two plants.

of waterborne from the gas

of raw

6.3.3 Raw------------"'-
In 1973, the Swedish

tons. Blast furnaces were

included the present s

Measures for di



Table 6:8.

%

Red. in
annual.
costs
due to
sub-
s

Annual
costs
per
red.

S.Cr./

Annual.
costs
per
ton

Cr S. Cr./
ton

Total
annual.
costs

%

In­
vest­
ment
expen- Sub­

s

ton

After
reduc­
tion

ton

Before
reduc-Resi­

dual
Gas­
flow

hour

of
treat­
ment

ment

Total

BF*

MUC

ESP
BF+
ESP

3,010

P
SM

BF
MUC
ESP Electrostatic

140 Part. 1.61** 1. 0.21 75 401.8 0.53 2.52 .4

670 Part. 2.16** 0.94 1.22 4,550 50 4,139.1 3.07 2.52 9.1

750
Part. 7.68 1.20 6.48 84.4 7,700 75 6,539.1 7.27 1.12 28.5

3.67 1.13 2.54 13,675 66.711,080.0 3.68 1.45 21.7

* old t
** treatment
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Half of the capital ex-

forsthreeons were undertaken

of total raw

of 10.1 mi 1 S. Cr. was for sub-

meas-in character between

treatment costs could to a certain

21 The range of

per ton of raw was .98 to .6

between 0.90 and 3.5 S.Cr.

cost

per ton

in the

the

ch reduced the total annua1ized costs from 3.

S.Cr.11

S.Cr. The net cos

The

extent be

3 0

for the gross annual

ures undertaken. Thus, two of the cases the control measures con-

and

Oxelosund

ions ofteof

mentation units, whereas the measure undertaken at

cons of an add ion of a cal The

costs per ton of raw iron for a complete treatment unit seem to

in the 3.50 to 5 S.Cr. range. An installation of a

S.

would seem to result in treatment costs

of raw 1ron.

around .00

the 10n of treatment for waterborne

at the blast furnaces, the

were reduced

upon the

5,200

of treatment,

reduction vary between .50

of the ef-led

of SS-dis

a deand 2.00 S.Cr. Table 6:9

and ts of the em1SS1on control measures undertaken at the

furnaces gas c

6 3. Raw steel

are: 10 basic oxygen furnaces, 13

luded in the

ion furnaces,

the plantof steel furnacesThe

arc furnaces, and 24 open hearth furnaces. As can be seen

son with Table 6:2, thi i a very of cover-

10n furnaces. This can be the fact

46

from a

age

that most of the

which s not

furnaces are to be found in the ferro-al

the present

the of sub idization basic furnaces,

25 electric arc furnaces, and 10 open hearth furnaces were connected to

emissi control Total capital iture amounted to 69.8



Table 6:9.

Red. 1n
of Emiss In- annual.

Type treat- vest- Annual. Annual costs
of Pro- ment Before After ment Total costs costs due to

Name of pro- duct equip- Water- reduc- reduc- expen- Sub- annual. per per kg sub-
plant cess capacity ment flow dual tion t Reduction diture costs ton red. sidies

3 3 kg/ton 3 % Cr S. %10 tons/ Wo6r % 10 S.Cr S.
year ton ton ton

Hofors 160
CFL

420
SS 2.55 0.25

2,000 50 739,8 4.62 2.01 24.0CED 0.02

Lulea 600 SED 1,450 6,840 50 2,022.6 3.37 0.72 27.6
WRC h2S 0.03 0.03 99.0

Oxelosund 1,090 SFL 1,800
SS 2.36 0.53 1.83 77.5

1,100 50 1,075.0 0.98 0.54 8.20.04 0.04 99.0

Total 1,850 3.25 0.45 2.80 86.2 10,140 50 3,837.4 2.07 0.74 21.3

Abbreviations: CFL Chemical flocculation ... = Traces
SED
WRC =



.Cr of 55 was subs The

total zed costs of ss control measures amounted to

25. S.Cr were reduced around 24 to .0

S.Cr.

talabout

zed costs were lowered

control measure undertaken at the ____....r:...;.=:...._ssThe

furnaces

two were

avai relevant talk about a range of on

for the treatment cost per ton

measure undertaken at the Domnarvet

view of the fac that

sted of an

ment of the exi ter rather than allat a new one.

A further for a correct ion of the treatment

s basic oxygen furnaces is the fact that the

fors c arc furnace connected the same

that serves the oxygen

The emission control measures undertaken at the

furnaces resulted in a reduction of emiss

oxygen

approx-

5,600 tons around 16

s seem to

conclus s somewhat

the of the data. data for the two

s be found Table 6:10.

for

arc fur-The emission control measures app ed to the ---------
naces accounted for about 60 % of the total tal

ss control purposes at steel furnaces or for ion

es financed ca 55

llion

- re-of these

(i.e. from 15. to 11.8around 25coststhe

S.Cr. Government sub

S.Cr. Two were used - scrubbers and

s usfor the four

.94 S.Cr. The range

ters was substants us

ss cost per ton of

between 6 87 andscrubbers

ters.

cost variation for the s

than for ants (i. . 5. to .6 .Cr. . The treat-

ment cost per reduct varied between .80 and 3.61 S.Cr.

Due to
not used

energy
rates

are



reduced roughly 6,300 tons

from the

or

arc furnaces were

18.9 tons

sof

costs for these measures were

With thethe

, the total

for emission control at

accounted for around 21.7 S.Cr. 60 % of

of

were

t treatment cost was

reduced from 6.7 to 4.6

of variation for the

S.Cr.

11 S.Cr. or by 31 %. The range

7.00 to 16.00

The of s from open hearth furnaces

to a dai

of

corre

cost per

Four of the

amounted to approximately 4,375

on of about 13.1 tons. The

reduction was between 0.59 and 3.00 S.Cr.

cluded seemed to be able to comply with the EPB

for units.

The total effect of these control measures on s-

sions from the raw steel process was

of an 85 % capaci on) a reduction

tons per year which is to 48.8 tons per

16,300

Since the

control measures undertaken during the of

were concentrated to the furnaces with the , the

level of emiss was lowered from 4.9 to 0.8 kg/ton for electric

arc and from 3.8 to 1.9 kg/ton for open hearth furnaces. A

full description of the ency and costs of the

measures undertaken at Swedish steel furnaces between

control

1, 1969 and

July 1, 1973, is Tables 6:10-6:12.

6.3.5 Casting

ch

for re­

tal

ions

were6.2.3, most of the cast

investigated equippedthe

outAs

at the start

duction of particulate Thus, two

expenditures totalling 1.0 million S.Cr in order to reduce

further. Government subsidies financed 17 % of these

reduced the total annualized costs from 528 to 500 thousand S.Cr. or by

5.4 %.



Table 6:10. of measures to reduce furnaces at



Table 6:11.

Red. in
0 In- annual.
treat- Emiss vest- Annual. Annual. costs

Pro- ment ment Total costs costs due to
Name of of duction Gas Resi- Before After expen- Sub- annual. per per kg sub-

process ment flow dual reduc- reduc- Reduction diture costs ton red. s
tion tion

% 3 % 3 S.Cr/ S.Cr/ %10 S.Cr 10 S. Cr
year hour ton ton

orne- EAF(
3.6 0.6 984 328.1 7.29 2.43 6.0(1) 90 VS 11.3 Part. 3.0 83.3 13

ofors EAF(l) 20 BF 21 Part. 20.2 1.2 19.0 94.1 928 50 302.8 15.14 0.80 24.9

Bofors
EAF (3)

71 VS 25 Part. 6.4 0.7 5.7 89.1 2,448 35 744.5 10. 1.84 18.6+HF(2)

Ki1sta EAF 73 VS 25 Part. 8.0 0.5 7.5 93.7 1,748 50 501.6 6.87 0.92 26.8

EAF(3) 125 VS 35 Part. 6.0 2.3 3.7 61.7 3,955 75 1, .9 10.94 2.96 35.3

EAF 174 BF 88 Part. 6.6 1.6 5.0 75.8 6,500 50 1,852.9 13.52 2.70 26.9

Ha1mstad EAF (2) 195 BF 100 Part. 5.7 0.3 5.4 94.7 2,841 50 1,156.3 5.93 1.10 .2

Domnarvet EAF(2) 250 BF 150 Part. 7.2 0.8 6.4 88.9 7,200 25 2,950.4 11.80 1.84 9.9

Avesta EAF( 150 BF 500 Part. 7.4 0.8 6.6 .2 7,000 75 3, .6 23.80 3.61 25.4

52 BF 750 Part. 16.5 0.44 16.1 97.3 7,000 75 2, .9 40.67 2. 40.4

Total EAF( 1,250 6.84 0.91 5.93 86.7 40,604 55 14,777.0 11.82 1.99 .7
HF(

A-SKF(l)

ions: EAF Arc Furnace VS = Venturi Scrubber
HF = Furnace BF =

A-SKF = ASEA-SKF Furnace



%

9.9

24.0

Red.
annual.
costs
due to
sub-
s

2.00

S.

Annual.
costs
per
red.

0.59

Annual.
costs
per
ton

.Cr S
ton

288.3 16.02

766.9 7.30

Total
annual.
costs

%

25

50

!earth Furnaces of Swedish steel

In­
vest­
ment
expen- Sub­
diture

8.0 95.2 700

12.3 .2 2,335

ton ton

0.4

0.8

After
reduc-

sions

Before
reduc-dual

Part. 13.1

Part. 8.4

to reduce

15

55

Gas
flow

hour

ESP 64 1 Part. 8.4 0.4 8.0 95.2 2,640 25 884.8 12.12 1.52 12.1

ESP 92 Part. 5.8 1. 4.7 81.0 9,000 60 2,499.3 14.12 3.00 35.3

ESP 150 Part. 15.6 0.3 15.3 98.1 7,000 75 2,252.9 14.08 0.92 37.9

10.62 o. 9.65 90.9 21,675 61 6,692.2 12.56 1.30 30.7

BF
ESP

ESP

BF

of
treat­
ment

ment

Pro-
Name of

s

year

Sand-
CHF 18

CHF( 95e- + +
backen EAF( ) 10

Sand-
OHF( 73

Ha11e-
fors OHF( 177

Hofors OHF( 160

OHF(
Total + 533

OHF =
EAF =

Table 6:12.



to

from the

1,200 tons

oftotal

amounted to

3.6

6.3.6 Hot

s control

s of 19.4 1

sol and

of

Is.

sub­

costs was close to

The annual cost per

0.50 and 7.00

were

and the resul reduct

25 % or from about 7.0 to 5.3 11ion S.Cr.

ton of processed between

S.Cr.

the of subs

vestments, ten steel s made

S.Cr. order to reduce the

1 the water from the scale

These

from

around 5,900

approx-

were reduced

{1.9 tons

of

of

As a result of these

sol

were lowered to 0.5 and o.
and costs of the measures to reduce the emioo.Lv."o

from the hot are Table

The

tons

the

The

of waterborne

6:13.

6.3.7 MANUFACTURING

the of the

ected to any advanced forms of treat-

of the under scrut there were

that these could cause severe to

efforts were made to reduce the concentration

the waste water from of the process.

1, 1969 to 1, 1973 capital

S.Cr were made order to reduce of water-

sect Government subs financed

tures and the total annual costs of these meas-

reduced from 11.1 to 8 6 mil ion S Cr. i e. approx-

The range of the t treatment cost22

ures were

The waterborne re

steel were

ment at the

res

45 % of these

the

of

Thus,

of 33.2



Table 6:13.

Red. in
of In- annual.
treat- vest- Annual. Annual. costs

of Pro- ment ment Total costs costs due to
Name of pro- duction Water Resi- Before After Sub- annual. per per sub-

cess ment flow dual reduc- r educ- s costs ton red. sidies
tion tion .Cr S• S %

year hour ton ton

Vikmans- HR 10 SED 120 SS .32 3.68 2. 61 26 .5 5.35 4.OS Oil 0 01 0.23 95.8

HR 18 SED 120 SS 0.9 0.1 0 8 88.9 158 25 78.0 4.33 9.2OS Oil 3.1 0.1 3.0 96.8

Boxholm HR 70 SED 190 SS 2.7 0.34 2.36 87.4 1,300 50 492.8 7.04 21.4OS Oil 0.23 0.01 0 22 95.7

HR 75 SED 135 SS 3 3 1.3 2.0 60.6 450 50 154.2 2.06 25.2OS Oil O. 0.22 68.8

Willefors HR 140 SED SS 3 2 0.6 2.6 81.3 ,885 75 659.5 4.71 34..a.

Bofors HR+
150 25 25 .5 .6o. 0 5 0.3 .a . )

,

Hofors HR 645 SED SS 1.8 1 900 .2 0.48 35.4

Hofors HR 230 SED 380 SS 3. 0.5 .7 84 ,300 50 442. 2. 16.9

CFL SS 2.6 0.2 .4 92.3
e- HR 655 SED 1,200 2,820 75 1,153.2 1.76

backen FLT Oil 0.12 .04 0.08 66.7

Domnarvet HR 1,100 ,000 SS 5.6 9,000 50 ,829 3 . 57 25 .
SOP Oil 0.7

Total 3,093 SS 3. t~6
18,990.0 55 6,764.2 2.19 25.6Oil

Abbreviations: HR Hot SED CFL Chemical f1occu1ation *
l-'= 0"1

CF Cold OS FLT Flotation V1

HYC SOP of ** After treatment
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can to a extent be the of the control

measures undertaken

the

appl

of

also reflected in the ways

effects of these measures were reported the

, it was impossible to a clear

The

the

6.3.8

for

and steel

S.Cr. or

S.Cr. Close to 51 % of these

the total

21 %.7)

1, 1973 the

the Swedish

178

were financed by subs

zed costs from 74.8 to 58.8

Between 1. 1969 and

s control purposes

amounted to

The emission control measures undertaken the and steel

resulted an average cost of an order of tude

of 13.2 S.Cr. per ton of raw steel. By means of the sub

the average cost was lowered to 10.4 S.Cr. of steel. In

e amounted to roughly 1.1 %. A summary of the costs and

comparison

cost

th the 1973 average per ton of steel, the gross

effects of the emiss control measures undertaken at the sub-

processes is given in Table 6:14.

6.4 ANALYSIS OF EMISSION CONTROL COSTS AT THE PLANT LEVEL

ses in the

In

2 of this ter, most of the

process more than oneiron and steel

As shown in s

3 it was ed out that order to the

purposes, the treatment costs should be S.Cr per of

reduction. The disaggregation of the production process

As

could be

control

section, such a cost althecould be seen

components was an attempt to allocate the emi

costs of the individual plants between the

well achieved only for particulates. The costs for

7) It should perhaps be pointed out that the 16.0 million
of annual costs affects gross profits. Under the assumption of
an average corporate tax rate of 60 h, the effect on net profits will
be only around 6.4 million S.Cr.



steel

brackets

undertaken

1969 andbetween

of costs and effects of theTable 6:14.

1

o 46
1.99
1.30

°

Cost
reduc-

S.

.0
26.8
2.1

117.3 0.4
117.3 0.4

645. 22.9

15 5
64.8 0.

6,598 5 19.8
,/... 12.5 22.2

5,143.5 15.

1, .2 4.2

3,742 5 11
2.1

,330. .0
,700. (5.

,323.4
8,922.5

711.4

sol

Tar

S.
ton

2.19

5.94

3.68 Part

Costl
ton

6.95 Metals

13

2.43
11.82
12.

°

.3

.2

.8

.5

269.0 0.39

1,

3,837 4 2.07

6,

S.Cr

11,083.4

Total
annual
costs

%

Cost re-

%

due to
Sub- sub-
s s

expen-

Pro-

year

530 630 25.0 9.5

3,010 13, •7 21.7

1 850 10, 50. 21.

Raw steel BOF 1, 6,375 37 1 12.
manufac- EAF 1, 40,604 55.0 23.7

OHF 533 21, 61 ° 30.7

Cas 89 1,010 17.3 5.4

Hot 3,093 18,999 55.0 .6

1,594 ,206 ° 22.3

, etc. 31, 42 ° 21 1

Total 5,647 177, 50,6 21.4

Proces
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the sol

taneous reduc

could be

of and

re­

as

s

a zero

and steel process

of all, the sub-

illustrated the fact that

can be carried out separate plant

for one

of the treatment measures under-

of "simpl the data

that some of

even at such a level

be

treatment) processes.

not pas here, the

control costs are to be expressed S.Cr.

is for the author to attach

such a set of s would

about the

be done for the

Some of these

of the

s.

other

At a

seem

processes are eas

most of the

, the

are

taken

J

of

a further

, respec-

control costs ex­

s of the

and oil). In

one ( and the

Tables 6:15 and 6:16,

(i.e.

will be

zero (0). Thus,

culates and

to the plant level.

these tables data on

S.Cr. per of scharge

tables does not lead to particularly

therefore to make some remarks forward the tables.

The remark concerns the distribution of the total re-

ductions between the plants. As far as suspended sol are concerned,

the plants for two of total steel pro-

duction) account over 80 % of the total but for

less than 50 % the total costs. The reduct of particulate

charges are more distributed and the three biggest account

for only 42 % of total reductions. The second remark refers to the fact



1

re­

treatment

between the

of an upward s

Tables 6:15 and 6:16.

notThus, the

is not

that has not been s to any

treatment and the treatment cost per of

cost

A on of the impact of the ss control efforts on

cost re-

costs. There

1n the

connnon

control, one

table. As can be

resulted

s could take as

costs of the

of scale

to show up

, however, of any

the total

ofi

to assume

such scale

the table, the

between 5 and 34 % of total

seen

the

prac

would

are no clear

Table 6:17

control measures are

Neither are there any clear evidence that

the smaller older?) have been more than

the

small

more modern ones and that the

obsolete?)

have been serv-
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Table 6:15.

Annual costs

(7) (8) (13)

I 15 15.5 7.2 1.3 59 •3 6.83 1 •

I 50 20.3 20.3 0.3 400 302.8 15.04 0.76

I 45 24.2 19.0 1.2 17.8 801 .2 20. 1.13
I 90 13.7 2.2 1.4 0.8 180.5 3.17 3.96
I 130 4.7 4.7 2.4 2.3 161 49.9 0.71 0.31

I 71 34.4 9.6 3.4 6.2 440 7 .5 10.49 1.69

I 120 48.6 31.2 5.1 . 1 2 5 2 .3 .50 1.09

Ki1sta I 105 105 12.8 11.5 2.5 9.0 945 983.8 9.37 1.04

Sura-
hammar I 150 200 25.7 21.7 0.9 120 251.5 1.68 0.08

Avesta I 160 195 45.8 22.6 .0 1,376 3,457.6 21.61 2.51

Ha1m-
stad C 180 245 18.2 8.2 1.7 6.5 1,170 1,156.3 6.42 o.

I 186 260 43.6 41.7 4.4 .3 6,938 709.6 14.57 o.

I 191 320 14.9 12.7 1.3 .4 2,177 3,680.0 .27 1.69

backen I 288 355 8.1 6.0 0.8 7.2 074 1,700.3 5.90 0.82

Hofors I 295 340 52.7 16.4 6.7 9.7 2,862 2,297.9 7.79 1.16

Ha11e-
fors I 310 340 9.3 7.6 0.5 7.1 2,201 3,079.1 9.93 1.40

I 325 525 42.2 3.9 1.9 2.0 650 574.7 1.77 0.89

C 900 1,900 189.4 6.3 1.3 5.0 4,500 2,982.2 3.21 0.64

Oxe1o-
sund C 1,200 92.5 7.2 2.0 5.2 7,644.8 8. 1.

Domn-
arvet I 1,300 1,500 49.4 11.3 2.9 8.4 6.37 0.76

Total 5,684 8,006 68.9 2.5 8.5 ,551.4 7.66 0.90
4

I=in1and
C=coasta1 location

QJ
"'0

8 Plant



and

steel

Table 6:16. Annual
------------:::::.---~----~-----------------

Annual costs<U
'ij
o

U Plant

(1)

I 10 15 6.6 6.6 2.0 53.5 5.35 1.16

I 20 50 4.5 4.5 0.8 74 195.7 9.79 2.64

I 45 6.9 6.9 0.4 6.5 293 n.a. n.a. n.a.

fors I 6.5 6.5 1.0 5.5 330 1,090.4 18.17 330
Boxho1m I 70 130 3.9 3.9 0.4 3.5 492.8 7.04 2.01

Bofors I 71 2.4 2. 0.0 2.4 170 1,811.7 25.52 10.

I 91 120 0.9 0.9 0.1 0.8 73 .0 10. 12.

I 105 9.9 3.0 0.6 2.4 252 .3 3. 1.

I 2.9 2.9 1.9 1.0 .2 O. O.

I 288 8.6 5.9 0.3 5.6 613 1,251.1 4. 0.78

Hofors I 340 8.1 8.1 0.5 7.6 2,242 3, .8 10.63 1.

Ha11e-
fors I 310 340 10.3 3.1 1.8 1.3 403 659.5 2.13 1.64

C 1,900 19.2 19.2 1.2 18.0 ,200 3,497.1 3. 0.22

Oxe1o-
sund C 9 1,200 4.1 3.1 0.7 2.4 2, ,075.0 1. 0.48

Domn-
arvet I 1,300 1,500 6.7 6.7 2.8 4.9 6,370 5, .6 4.11 0.84

Total 4,681 6,506 7.7 1.4 6.6 30, 20,052.7 4.28 0.65

*Roll I -=
1 C = coastal
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Table 6: 7. at

1973

Percent of

(lJ
Total

"0 sub- of annual
0
u Plant costs

%

(10)

I 10 109 40 121.8 12.18 5.3

Bfors I 20 1,678 512.4 25. 26.7

I ,599 489 904.2 20.09 8.8

SBderfors I 57 1,826 1,087 758.9 13.31 23.2

I 60 5,178 2, 2, .9 34.67 18.0

Boxho1m I 70 2,559 1,139 1, .8 16.30 16.2

Bofors I 71 4,958 1,929 2, .2 .00 12.3

I 80 1,951 9 579.5 7.24 22.

Ka11 C 834 7 .3 8.58 9.9

Ha11sta-
hammar I 85 350 175 154.2 1.81 18.5

I 9 ,364 7,855 4,257.7 46.79 30.0

105 1,534 287 422.8 4.03 .0

sta I 105 3,514 ,799 1,354.5 12.90 21.6

Surahammar I 150 532 331 505.0 3.37 10.7

Avesta I 160 2,591 7,992 5,195.5 32.47 .0

Ha1mstad C 180 2,600 1,300 1, .3 6.42 18.3

I 186 ,380 3,190 3,710.3 19.95 15.

191 6,240 5,875 5,365.5 28. 17.3

ebacken I 288 6,501 3,954 2,951.4 .25 .8

Hofors I 295 18,350 9,413 6,102.8 20. 33.9

Ha11efors I 310 13, 7,947 4,244.2 13.69 30.5

ta 325 1,741 706 628. .93 16.9

900 19,001 10,513 6,572.7 7.30 25.2

Oxe1Bsund 930 10 370 6,952 8 .8 9.38 24.4

Domnarvet 1,300 31,432 2,451 ,086.1 10.84 14.2

Total 177,753 90,005 74, .5 12.27 21.

* Roll location
C = coastal
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7

B I,
IN I

AND JUNE ,
AND INDUSTRY

7.1 BASIC FACTS ABOUT THE SWEDISH PULP AND PAPER INDUSTRY

7.1.1

The 7.6 tons

53 % where-

as and both accounted for about 19 % of total

In 1973, the share of to about

59 % whereas the share of and mechanical had decreased

to 11 and 15 % Actual and

between the of shown for the

con-

and

the

to a extent

75-80 % of total

markets. Western

more than 90 of

60 % of these

to

market and

accounts for

of

Table 7:1.

and paper

Thus,its

paper

stitutes the

and paper

and among the

most

The

years

.1.2 s

sts

of

Is

In the be-

of the

and paper

must be seenconcerned,

standards the

of small plants. Thus

over 300,000 tons of per year

Swed shown in Table 7:2.

As far as the

of the

shed, the most

number of new were

of loca-

of desired

routes for raw to and

for from the stence of an



1

Table 7:1.

1969 1970 1971

tons % tons % tons % tons % tons %

Mechanical 1, 18.8 1, 18,9 1,448 18.5 1,201 15.3 1,313 14.7

Sulphite,
unb1eached 612 8.0 617 7.6 605 7.7 568 7.2 661 7.4

Sulphite
bleached 849 11.1 871 10.7 827 10.6 351 4.5 333 3.7

Sulphate,
unb1eached 1,936 25.4 2,138 26.3 2,037 26.0 2, 27.5 2, 27.5

,
bleached 2,132 28.0 2,317 28.5 2,298 29.3 2,410 30.7 2,836 31.7

Semi-
338 4.4 4.2 334 4.3 355 4.5 397 4.5

325 4.3 314 3.8 285 3.6 806 10.3 937 10.5

Total 7,627 100.0 8,142 100.0 7,834 100.0 7,854 100.0 8,934 100.0

Sources: Marknadsoversikt 1971, SCPF, and I 74:36, Sta-
tistiska

Table 7:2.

1n Sweden 1973*

Production in 103 Mechanical and
tons Sulphate te Total

< 25 7 (2) 1 (-) 4 (1) 12

26 - 50 9 (5) 3 (2) 11 (3) 23 (10)

51 - 75 4 (2) 4 (3) 7 (2) 15 (

76 - 100 1 (1) 2 (-) 6 9

101 - 150 6 (5) 5 (4) 1 12 (10)

151 - 200 7 (3) 1 (1) 8

201 - 250 2 (2) 2 (1) 4

251 - 300 1 4 (2) 5 (3)

> 300 2 (2) 4 (4) 6 (6)

wi thin brackets indicate the number of plants in each size category
are included the study.



to

, these

the northen

powater, and

the water.

of lake Vanern. However, the

thewere best met

the northen

of

coast and

the last decades ne­

the south of Sweden

was made

of new means of

and paper

the use of the raw

of demand for

as well.

as well as

The

shown

of

s treatment

of the

process

and

7 1.

of raw

7.1.3

one of

Sweden.

and paper

s

and paper

of the

the

in

sources of

therefore

alone accounted for over one

As

undertaken between

:3, the 1973 levels of

re­

The pur-

s to the cost of

there are any con-

control that can be drawn

As can be seen from1,

these

pose of the next two

the

of

and to

the costs of

from these cost data.

Table 7:3

630 480 150

210 80

80 63 17

225 191 34
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7:2 TECHNICAL OF PULP PAPER PRODUCTION

ses

theprocesses

s

of all

the wood from one another.

7.2.1

The

are

processes.

processes, the

or

In the

most of the

extracted.

the use of an

of or

are heated

the presence of water. The

of more or less ful

on a

a sheet.

By the

are matted

of ted

processes, wood

so-called

(i. e. thewood's

the

result of

metal net, the

made out of such

In the

an or of

, (

and

of a number of

Whether all the

of

paper

turn, cons t

7:2.

These s

that are shown

sare:

or sodium). The process, or the

process and the sodium, and processes are character-

of recovery and reuse of the chemicals whereas

process, no reuse of stakes

In addition to these two of processes,

there are a number of methods that elements of

of processes. These so-called processes basical

the same as the processes, the

that the wood are and that the

therefore needs sk

The or paper takes a

number of

are

of the

at the

and on the of

on the



Paper

SS
(Fibres)

SS
BOD

SS
BOD

Black

Odorous

of

White

I

+
SS Bark

BOD

+Saw
dust

residuals

Odorous
gases

•
Partic- SS

BOD

o -+ Raw materials"

Waterborne residuals

residualsSol
I
I
I...
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7.2.1.1

The be

cros , and of

con-

of the wood

upon the

, the can

ected to a number ofor

the

the subsequent

theused

In cases where the of the

drums, the are cut before the rather than after.

For of, some of the elements the

bark are undes and, therefore, the have to be ected to

before process between 10 and 15

of the of the or

methods.

The next

of the

water or

the

areIn some cases the

order to the

7. . .2

The second proces can also be four ses,

sto have the

the

The purpose of the

react the in the wood

of From a

that the as fast as poss and that the cellulose

affected as as pos se-

of a release of

the process. the rate of release of should be

controlled to make sure that the

The pressure and at

and can be

de­

In the

In

takes

, the

disc refiners after the
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some small amounts of ,the or of the

the are recovered and returned to the

In the case of of

way of and the

therefore burned, to 1

the water.

s

process.

there

to enable a recovery

from the released

can be on lters,

or so-called wash-

In the of up to 99 of the

can be recovered. The f for the pro-

of on a soluble base between 95 and 97 per-

The

of

cent.

, are undertaken

from knots, bark , etc. The

of knot catchers, screens,

or ofvortex cleaners, ect

The

order to the

7.2.1.3

level ofof a

ected to

The fact that many paper

necess that the

of

in a number of s The con-

are

ope­

of the

ofof

the same.

is the so-called

tried in

of

sequence used

-D-E-D sequence, where C

H

of the

the C-E-H­

for caus

The most

C-E-D-E-D.

but the

The latest

oxygen process,

full scale at a few

the reduced an

oxygen under pressure and at a

process are

E
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caust soda per ton of treatment, and

of

that the effluentprocess

the other

, theto

elements are reduced subs

of the

extent can be reused

One

water to a

Furthermore,

and

loses

7 .. 2 .. 1 ..

from

web of

the face a heated

a

to meet the des

of

that are not

There are two

purpose - the

transform the

hot or

used for

These

paper,

In

the

The

These

can be met

have very water

Also, these

of

have excellent

waste water for

the

before the vacuum

Excess water can be usedheadbox ..

the case of a

control of stock after

could use excess

or,

The

that all water

the

a

should

Before a stock pre-

to remove sheet pro-

Both of these

The effluent stream from the at a

of than one and could not be of at this

A would be to pump effluent water to the knots

and or to The

tends to the level of the
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water and may

ished.

the amount of can be ac-

7.2.1.5

lime

also

the

and

lead

used for

the

The process

The recovery of process chemicals a sulphate takes

four ,namely: (a) of black 1

ineration of liquor, (c) causticizing, and

s In addition to these steps there

some process of like soap and res

The purpose of black liquor

the black so that this 1 can be

recovered. The evaporation takes

where fresh steam supp1 only to the

and where all the other s use the vapor from the

The vapor from the last step of the evaporation

surface condensers where the vapor's heat

water.

water

Before the black liquor from the pulp the

ion unit, amount of

liquor so that the consistency is increased to roughly 20 %. When

the black liquor passes the fifth step its consistency around 35 %.

evaporation takes place in steps one and two of the

and the cons of the black liquor to

60-65 %.

The condensate in the t not

with any residual and can therefore be used as feed

water. The condensates from the other step contain cons amounts

of different alcohols (with a high BOD7-10ad) as well as a number of

odorous sulphur compounds.

In the production of sulphate (kraft) pulp, the condensates

the and of the condensates can be sub-

jected to external treatment. The major part of the con-

densates can be used the production process and only a small amount

of the condensates are discharged into the water.

The incineration of thickened black liquor and the subsequent

recovery of alkali takes place in the soda house. The black



the soda recovery

form a smelt

and mixed weak

the gases from

of gas

a

the trans­

solver to

between

from

, cer-carbonate

burned and transformedcarbonate

green

also forms an

the white

for white

The

amounts of alkali and

The

res and the

the weak

from the

After

allowed to

upper con-

odorous gases

process.are

In the

process

of method there

and burned.

the of

are recovered ways

process. In these cases,

serves the purpose of re­

the

used

as well asprocess

the

no reuse of

the water or,

In the case where a soluble base

some of the process

the

black



ab­

of

is

the

the

scrubber water.an alkal

The most common method of

the gases low (i.e. O.

ate. The kind of used very

of the process. The

gases absorbed a scrubber

the

In the process, the

of the black liquor form a smelt of and sodium carbon-

to the soda recovery

of the exhaust

scrubber water.

I the

hydrate substances of

can

absorbed

are

of the gases

case, therefore,Inthe black I

be recovered.

When --=-------
extracted

and sulphur dioxide. The

com­

into alcohol.

above,

a solution of water and magnes

In connection the digesting of

and transformed into

might then be fermented and

In addition to the various process

and

of heat. Most

out.operat

are

ion of process water, and

also a number of

the most important of these

there

transport,

of the necessary heat is

some plants of the necessary heat

of dewatered bark.

of fuel

the

In

7.2.2 Raw res the Swedish

7.2.2.1

The source of residuals in the raw s

the wet barking operation. The amount of res by this

operation varies depending upon the type of wood used and the way

which the logs were transported and stored before barking.

20 % of the bark's dry weight cons of compounds eas soluble in

water. This means that the discharges of degradable
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amounts

the wet method.

amount of bark

wetconvent

when the

per ton of The

from the process

erated to heat or In both cases necessary to

reduce the water content of the bark and bark is therefore

of the process. The waste water from the

subs amounts of

be

Thus, the amount of

to between 2 and

beforeof the

method has a 40 %

amounts of

The total amount of bark

between 130 and 250 per

ton of and smaller amounts of

The bark by the

content and can therefore be

Small amounts of water can be used for

and after

sol and BOD7

as anresuse

amounts of sol

upon the of the saw blades,

amounts to between 0.5 and .0 of

are

the volume of saw dust

the volume the Some

to the process.

ton of

In the

7.2.2.2

The waterborne s the and

ton

10 to

the

8 to 15

substances are concerned,

upon the

of condensates a

substances. The raw

process than

number of al

, the range of

per ton of

sol

ranges from 10 to 80

for the raw loads of

and

As far as

sol

tion from

The range of

ton the

The res

cons of odorous

are condensable. The range of

, less than 50 of

for the raw load of these



the

The

1.0 to 4.0 kg/ton batch and 0.5 to 1.5

The major airborne residual

the sulphite process sulphur

load ranges between 2.0 and 20.0 ton.raw res

for

7.2.2.3

pro­

upon

of

, as pointed out

substances the

knots, etc. The volume

from around 90

/ton the

waste water

are:

The purpose of the process

7.2.1, to reduce the concentration of

These substances

of waste water from

the process to

cess. The of

a number of factors, the most

the the unbleached

the extent to the pulp has been washed,

s used,

, etc.).

•g.

at

between 1

ton for 1~F-t....~ ..........

In the few

a 35-50 %

of the

loads from

Is vary between 12 and 18 for

solids, between 40 and 50

ton of substances.

has been used,

and a 50-70 %

The raw

and 5 ton for

and between 145 and 170

cases where oxygen b~~'~~LLLLL~

of

of substances.

con-

raw res

15 to 60 as far as

solids, 10 to 40 ton

substances.

are

process, the

of

units, the

gases. Under normal

should not const a

In the

loads from b

3 to 5

LMULU~, and to 70

At chlor-alkali

small amounts of

however, these s

7.2.2.4

, theFor

handl

moderate amounts of res

The
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from 0 to 5 ton whereas the amounts of

vary between 0 and 3 ton of

substances

cons

amounts of waste

These res

and

substant

(i.e.sol

water

1,

can be

externalor

closure

the

substances the

ways. The

substances

The second method

breakdowns

of waterthe

substances. These reS4~UU4~

closure of the paper

order to the

backwater. Thus, at an and paper

of substances the paper back-

extent on the in the sec-

s control measures undertaken the

and

reduced

treatment.

Measures to

however, also

rat of

of

barkwater and can be solved

to reduce the

the s

to add

of the paper

1, the

water

have a d upon the

the paper

upon the extent to control measures of

have been undertaken, the raw loads

vary between 2 and of paper for and

ton for substances.

the above

from the paper

8 and 35

7.2.2.5

the

s gener-

between

amounts of

and odorous

of the recovery process,

black , sub

Thus, the raw load of

per ton of and the

s are

and 90

7.2.1. the recovery of

takes in four The res

of these, i.e. the

the second

out in

between

As

ated at the

of condensates

substances



re-

and fourth

the 1

the

to these res , small amounts of

can somet be found the

ton. In

exhaust gases of the soda recovery

The of

of the recovery process (i.e. the caus

are

4 and 12

odorous

and

In those cases where the gases and condensates at

are ected to treatment, the s from condensates

can be reduced by 75 %. The condensates are

reused the process or transformed into s.

The treatment method to the odorous gases at the

and cons

At the

to the total

and

and 70-80

not recovered and the

waste water

between 200 and 420 ton of

between 100 and 130burned

are

of per ton of

The 1 at a soluble

base th a recovery of (s

valuable and means that the exhaust gases

are ected to treatment in or electros pre-

alkal scrubbers. The are there-

reduced to less than 1

tween 10 and 30 ton of

ton of and the to be-

7.2.2.6

s,

of the

loads from the

All

and paper mills

and amounts of re­

processes de-

the most of

the

at of

factors.

of the raw

the

The ranges of for the raw res

processes are therefore often

on raw res loads at

s

upon a number of

these factors are (

of

uct(

As

Tables 7:



Table 7:4a.

n.a. information not available. traces.



Table 7:4b.

(Figures in brackets are median values)

n.a. • information not available.

Including
of

unit

130-250

075.0 )

115-235

<160.0 )

Solids

Slag ludgtl Solids

2-20
(4.0

na ,

n.a.

ri.a.

n.a. n.a. n.a

3- 5 10-40 65-70

(4.0) (30.0) 1(68.0)

10-30

( 20.0)

(20.0)

Susp ignine Colour ACIds Oil
solids

3 -18 5-30

(5.0) (10.0)

Wet

Process
techno

Sub­
process

Service (bark
incin., etc.)



Table 7:

Sub­
process

n.. • information not available
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7.2.3 Base level of control

the genera­

and cer-

date, the

as

at an

before the

Beforeforce on

, the

were

control measures were

and paper

Act came

In the

of

whereas no

of waterborne res

as far as the

the Water Laws

of

In order to

were concerned.

at least a of the effects on

t.

1,

was

control

that were

of

and1,

the level of

from the soda recovery boiler

half of the soda recovery

to

and the bark and of

waste water. Depending upon the of

s from sources are reduced by

and at the end of

control measures of the

of the period

necessary to

of the

1973 it

at the

The emis

stalled at the

ment for

black liquor

of

used, the

around 80 %

process

of scrubbers (withsome

for S02-reduction), the total

were 40 % lower than the raw load.

At the of the period of

Is were equipped

waste water. At the end of the

s were equipped with such basins. The effic

to reductions of the of

and paper

of these basins with

half of all

basins for

80 % of the

(fibres) between 75 and 90 %.

It must be emphas , however, that many control

measures in the pulp and paper industry take the form of process

rather than an installat of residuals treatment

It must also be out that, in some cases, subs

to for improvements of existing treatment

were
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7. 3 TECHNICAL AND COSTS OF EMISSION CONTROL ,LU... ..-Cl.VU,I.\.J.:.l ....

UNDERTAKEN BETWEEN JULY 1, JUNE 30,

7.3.1

of the

In two

method (i.e. from

of the bark dewater­

of the water from the

closure, and one case

The

bark

of

control measures undertaken at

process were concentrated to the

Cases the measures of a

wet to cases of

one case of

one case of water

of 85 %,

AO. S.Cr.

the bark

Under the

the total

of an average

of of sol

26.7 tons The total annual costs for

these measures amounted to 1. S.Cr. The

subs reduced cost to 665 thousand S.Cr. or The

treatment cost .e. the cost per ton of was

of the effects and the costs of

measures is found Table 7:5.

7.3 2

of the

of theThe control measures undertaken

process were concentrated to the

The three or measures undertaken were

of

and

for about 75 of the

costs were reduced

Due to the

a more

scattered data seem

tween



Table 7:5.

.3

30.9

28.6

.07) 38.7

An- An- Red.
nua1.nua1. ~LU,LU~>~

cost cost costs
per due to

0.81

0.93

10.7

52.7

.9

·4 75 159 0 0 71 (0 58 . · . ·
·0 34 75 8 0 39 03) 6. · . ·n. .

1·9 74 1 0 ) 7.. · ·n. a.

·7 3·8
n ·a . n·a· n·a

10·0 3. 3 6·7n.a. n. a· n·a .
11· · 6·0

BOD 8 6
SS 16·5 ·2
BOD n. .
SS 3·2
BOD ·a n a · n·a .

.7 6·0

DW

150

1,230

SAB

SAB

GRB

SA

SIB

Bure

Korsnas

Husum



ofthe

range between small

the

measures. In fact,

to

be

the

ments

some cases

and the soda recovery

the

7.3.3

were for

costs were lowered from

close to 23 %. The range

s from the

there were

very to draw any

and costs of controll

However, the total

amounted to .8

51 of these

the total

S.Cr.5.5 to 4.2 mill

for

S.Cr.

Measures to reduce

were undertaken

of measures

conclus about the

the total

the

costs of measures to

at

The

waterborne

are shown Table

treatment costs

in the character of the measures.

of an 85

amounted to

The treatment costs per

between 0.25 and .92 S.Cr. and were

.00 In to theunder

reduce

of

of the

Under the

.3.4

~U~LUlL~.~~S recovery

were

from

undertaken

Measures to

ment

of these

amounted

soda 51



Table 7:6.

.92 21

0.25 .4

5.

. 5 0.60 .8

9. 26.

6.10 1. .4

213.

7

5

15

40

75 1,

620

1,700

(1,

41.8

75.5*
5.1*
5.4

88.9
85.
68

2 3
12.
7.1

18.7
0.5

22.5
62.6

8.1
4

n.n.a.

9.
24.9

9 3
25.3
73.4

.6

ROD

WSC

ORL

ORL
60

90
157

SIB

SAB
GR
SIB

SIB

SAB
:::IB

Stromsbruk

Ha1

Gruvon

707 0.93 22.6

(



S.er. on new recovery on treatment

gases and condensates

on treatment gases from

, and

control measures among for approx-

mos

costs of these measures amounted

subs resulted a

The total annual

cost or 26

these control

s of the

at least

due the

reduced

The

measures were

data. However,

at t

18,350 tons

at least ,865 tons

.1

the

extent be

measures

these range from

recovery

concerned was

cost was around 37.00 S.Cr

The average t

.00 S.Cr whereas the

The of the

.00 to

.73 S.Cr

columns,

was

the

thethe

s a somewhat er range

27 6.70 S.Cr.), and the average cost for the four

was as low as 2. • per

the four undertaken measures for treatment of

condensates t treatment costs in the

.50 S.Cr. The average cost four was

e

Three

odorous gases

range

6. S.Cr.

The range of for the treatment

treatment of the gases from the soda recovery

but there seemed to be a

6.00 S er. The average cos t for the

The range of

, can be



8

S.Cr.

cost of 2.61 S.Cr.

of and

cost 6.

control costs between the

recovery shown

a

the

Thus, the average

fornot be very

more real

range. The

processes

Table 7: 7 •

of the

. .5

theatof the most

of heat.

the

has

order to

fuel oil in

amounts of

the bark

fuel in

and reduce a

dewatered bark

common

of treatment

gas

The most used of

The range of for the unit costs

was small (i.e. between

S. Cr. ,

these

to 2.

costs of the

for

were close to

costs were reduced from 4.

the

the

38

sub

0.30 and 2.40 S.Cr.

were re-S.Cr., or The

duced at least 8,100 tons (24.3

The two most used methods for

of waterborne res s from the

closure, and

Between

made

the subs

to 21.9

of

reduced from

tion

case be the of

measures.
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SI

SA 080

575 7

5,

from soda



were reduced

.0 tons

sol

at least

Total

tons

7.3.6

for

and paper

amounted to S.Cr. Close

from 116.

of 8.

conrrol purposes betweenthe costs

and

13.1 S.Cr. per ton of

crease

about 9. S.Cr. per ton

the

Table

costs,

the different

7.4 ANALYSIS OF EMISSION CONTROL COSTS AT THE

In on the control

was that

well as most of the treatment processes) of

are the and steel was

It that however, there were,

, some the

control costs between

and paper , which

of control costs is even more

of

In the

of the

process

between

Thus, for sub-

nor the character-

of, a

and paper

and treatment processes.

the amounts of res

As

processes,

processes,

and there

the



Table 7:8. measures undertaken

Sub- annual ofdue to costs
S.Cr./

.Cr. ton

1 t910 9,440.9 66.3 1, .5 0.76 9,800 26.7
>5 t 790 >17,4

. wash. ) 3t554 65, 30.8 13 t603.5 3.83 >25t500 .5
BOD 7 >12,270 "'36.8

707 14,843.0 51.0 22.6 5,456.8 7.72 5,000 15.0
5,200 15,4

)!>8 t650 '>26.0
>27,350 ?82.0

,530 146,347.0 .0 25. 40,815.4 7.38 Part .,.3 t700 >11..1
::>18 t 350 >55.1
>l t865 .,. 5.6

3 t453 16,251.9 38. 29 7 4 t073.9 1. Particu1ates >8,100 >24.3

118,240.8 50.3 24.3 28,918.0 7 . >32t400 >97.1
>14,300 "'43.0

measures 31,729.2 10,106.0

7,1 .0 45.8 104,433.1 14.65 :>81 t350 >241.3
>64 910 >194.6
"'11,800 '735.4
>18 t350 "55.

>1 »5.6



to overcome the

s ar~the

of other

reduces the

cost

draw

to what extent

at

process.

to

smallest

As can be seen

between the

If the

of substances

been allocated between

le, there clearcut

ment the

the average treatment costs per

.Cr.

and almost

and the actual reduc­

approx­

thousand

from the

of

the

the

and paper

121 thousand

tons of

wood indus

The

s accounted for f

that

and

and that the cost

for the

There are also some

and steel

Is.

effects

other

paper

reduc

than for

the total 48 % of the total

of the fact that these mills accounted for more than 62 of total

mill accounted for

37 % of the total and of the total

In a table, Table 7:10, the total annual costs of

control measures undertaken in the and paper

are allocated between The table also

of total capital and subs

the subs cost
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rate

costs per

however, that

for

% of

for thewas somewhat

of 100,000 tons

, the

an annual

that smaller (i.e. an annual

under 100,000 on the average have

ton than the ones. The data also

of the fact that the ten

of total

subs

53

of subs A::l 48.7

subs

than for those

rate ~ 43.7

a

seem to have had

the

, however,

over

of the subs were

the small s

than in the

the smallest

, the

of old

and paper

the oldestalso those

led to a

reduc

subs

of



Table 7 Annual costs

S.Cr
S Cr. ton

Annual costs

Ohs SIB I

6 2 .39

10 I 25

1 Rockharmnar GR I 27 33. 4.93

1erud I 82.08

14 GR I 20 14 25

SIB I 86.31

17 GR 18.

t 40 51 .

40 181 .6 4 .
I 45 ,077.7 46 17



7:9, cont.

Annual s

S.
year ton

29 Backhammar SA I 60 125 176.0 2.93

32 GRB C 65 127.3

33 SA I 70
BOD7: 17.1 17 1 14 9 2.2 154 640 1 9.14

01shammar SAB I 6 110 53

35 Va11vik C 1,333.5 12

36 SIB I 65 80 .26

2, .1 19.33

38 Hornefors SIB C 90 3 336.2 07

39 Stroms bruk SIB C 90

Ho1mens b ruk GR C 110

45 Bowater GRB C ,001 .1 0 5



Table 7:9, cont.

N
o
0\

<l.l
'"0
o

U Plant
of

year year

Raw

load
ton

48 C 21 ·80

51 C 20

Gota GRB I 115
599 ·3 4·

53 SAB C 2 ,486 7·
Korsnas SAB C 150 500 3 ,490 2 23 27· ·

60 SAB C 200 255 3 ,032 4 15 16· ·
0 SIB C 225 194 8, ·

63 I 210 8GR " ·
C 70

SAB C 320

I 70 5 .43

71 I 142.4
250 153 5 10 ,116 .5 31.13.



2,560 8

2 636 5

1,

5 1

240

c

I



Table

and June 30

Percent
reduc­

of
annual
costs

6 GR r 2 513

25 37·2

11 Rockhannnar GR I 26·6

SIB I 3, 6 11 ·85 30·9

14 GR I 1, ·50

15 Lessebo SIB I 10 , 3 *'13

Fors GR 2, 8· ·7

SA I 10 .3

22 Clemensnas GR 1, 1, 11 ·
24 6, 7· 46· 18·5

25 SIB I 6, 4, 3 20 51 85 4

27 SI 4, 1 ,779 14·59 33 ·1

Backhannnar SA 551 139 ·1 3· 12·3

30 Boksholm SIB I 5 ,640 26·61

32 Bure GRB 590 ·35

e 2,464 1 , ·6

34 Ohlshannnar SAB 10 , 36·53 39·
35 Vallvik SAB 68 5,475 21· 30·4

36 SIB I 70 32 , ,055 5 , ·0 30·4
37 GRB

I 8 213 3 053 2,030 25 24 5SIB , , · · ·
38 Hornefors SIB ,000 ,750 6, ·5 71·81 37 1

39 Stroms bruk SIB 90 12 ,240 ,200 3,207 35·64 48·2

44 Holmens b ruk GR 675 294 ·9 1·35 23·3

Bowater GRB C 115 122 61 67· 0·58 14·8

8 0
SIB

C 55 15 500 5 040 2 893 9 21 44 28 0GRB 80 , , , · · ·
49 SAB I 11 , 3,682 2,616 ·3 8· 26·0



7:10, cont.

(IJ
'\j

8 Plant

Prod. Total

expen- Total
subs

S.Cr.

Total annual
costs

S.Cr.
S.Cr. ton

Percent
reduc­

of
annual
costs

51 SA
C 9, 3,155 2,470.3 .04 20.8GR

Gota SI
I 2,237 1,128 621 .8 4.GRB

SAB C 9 ,350 4,675 ,681.0 18. 28.

Korsnas C 150 18,300 6,853 ,502.1 23.35 31 .9

SAB C 7 10.002 2,878 2,05 .44 19 .
SAB C 200 14, ,246 .9 16.45 30.9

Munksund SA C 5 ,353 3,467 ,950.6 9 . 28.

0 SIB C 17, ,090 5, 23. 7 26 2

SIB
I 9,040 2, ,210.8 .6 .3

GR 130

C 180
3, 1,99 ,351. 3 5.41GR 70

SAB C 9,971 34 44 .
GR 1,285 .1 5.43 5

71 SIB
17, 10,480SAB

GR C 11,500 5,625 .6

Skutskar SIB C 9,500 7,125 2,301 .8 6 .4SAB

Lovho1men SA C 350 6,453 1 ,678 .6 6.16 .6

Kvarnsveden GR 325 2, 1,128 1 .56SI

Ha1 GR .9 10.SIB 60

Husum SAB C ,957 9 , .9 9 62

Gruvon GR
I 11,089 ,910 7 .04 1

SAB
.

Total 14.65
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