
5*>

gt gmg^g; :gttcc> xcga(

lyAv iAepAlaAlaPheGl 1GI1

ATAA 'iCTCCGCGAAGCGCT'

spAen LeuAvgGluAlaLc nLyt Phe

epTyrLysPht GlyP

750 [
i ACGGTACTTACGAAAAG GCGAAAAAGTAf GATT'

\^>pG yThrTyvG'.uLys AlaLysLyeTv MspP)
225

_900
nAGGCAC/iuccuu^n iul.uuuuTGATGTGAGG(

'

;accctq|tt gtgccggatctggtc

1300

;tacggcgcctattttaccgaaacctttcgcggcgcc

iTyvGlyAlaTyrPheThvGluThrPheAvgGlyAlaPhe

1450

iATCGGCAATAACTGGCAGGTGATACTCAAA . CGA "GCG

y ' eGlyAenAsnTvpGlnVal IleLeuLy

16^0

iTTTACCACCGTTTCCAATGGTGTrr TGc

PheTkrThvValSevAenGlyVaA*

175 urf'sjj^^^
iCGCTGTGGCTGTTAATTTCATCGGTGGI?
"VivLeuTvpLeuLeuIleSevSevV ^

19Cf^j
TGGTGTTCTATTCGGGGATGTATAC

euValPheTyvSerGlyMetTyrThv ',«?

2050

fCGGTACCGCACGGTGAAATTGAAGCGGCA

rySe-rValPvoHi8GlyGlu.il eQluAlaA

2200

TGGCGTTTACCGCGACGGTGCCGGATT

e u>l Z. aPh e Th vA I a Th v Va I ProA e

2350 -\t .
GACGCTGGTTGCAGCACGTGTCCTCTAA -Jf4* 'GAGTAACA^. jATGT

2500

ATCGGCTCGTCCGGCTCCGGTAAAAGCAC

elleGlySerSerGlySevGlyLyeSevThffc

2650

GT TGGCCGTGC TAT, 'GTCTCGTt

IVa ~euAlaVzll ullei 'yLeuVat

1200

TTAACGTGGTGACCGATTCGCTC

euAsnValValTh vA epSe vie u

1350

AGGCGGCGACGGCCTTTGGTTTTACC

GluAlaAlaThvAlaPheGlyPheThr
125

1500

\GATGTCGTCAAAGCCACGCAGCTTGCC

epValValLysAlaThvGlnLeuAlQ

75 M protein
1650

"GGCCGATTTGTGATTGAGATCATTC

pgAlaAepLeuEND GluIlelleG
25 Metlle

1800

GGCCGCGTTTCCAGTAATAAATTCATCC

Gl yA vgVal SevSevA enLyePheIt eA
50

1950

TTAACGCGTTTTTCjCCiCAGCGGACTAAACTGTACCG
euAsnAlaPhe: , X . ^GlyLeuAsnCyeThvv

100

TCGCt m -fTATTTTGCCGTCGGCAT
rA rgC y 6 l fell eLeuPvoSevAlaL

150

2250

TTACCAGCCGTTTACCGCGTTTGGCATTG

J, vGlnPvoPheThvAlaPheGlylleA
200

2400

CACGTTATCGATTTGCAC&JpCGCTAC
HieVallleAepL^Hiig^JpAvgTyv

2550

ACCGAGCGAAGGCGCGATTATCGToHi
PvoSevGluGlyAlallelleValAen*
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APPROACHING

THE HEDGEHOG

Some of the immediate issues confronting governments in their efforts
to bring the world economy back to health are highly visible. Problems
arising out of the present pattern of exchange rates, and their volatility,

are evident. Equally visible is the broad need, after so many years of low
investment and decaying industrial structures, to raise the share of resources
devoted to capital expenditure in viable industries, old and new. There seems
general acceptance of the importance, to this end, of building on recent
progress and ensuring an epoch of low real interest rates, so far as this can be
done without jeopardising the attack on inflation.

But there is a wide range of less visible problems, both macro- and
micro-economic, confronting governments in the attempt to remove struc¬
tural impediments to economic growth. At macro-economic level, if invest¬
ment is to be raised, public expenditure and taxes must not be allowed to press
on the private sector, and governments have to guard against the danger that
high public borrowing crowds out productive investment when recovery gets
under way. But this raises the difficult problem of deciding how fast, in the
midst of recession, governments should seek to reduce their actual budget
deficits and/or their own involvement in the day-to-day economic process.

Equally difficult at macro-economic level, but imperfectly accepted by
electorates, is the need to reduce the pressure that inflexible real wages, and
high non-wage labour costs, exert on profitability.

At micro-economic level there is a real danger that industrial, regional,
manpower and other narrowly-designed policies will serve mainly to prop up
inefficient economic structures, thus blunting the forces on which, in a
predominantly market system, macro-economic policy depends for its
success.

International trade problems raise issues which are, unfortunately, both
highly visible today and of a deep-seated nature. It is too simple to conclude,
summarily, that current world trade disputes are purely the result of trade
policies which, from an economic point of view, are ill-judged. It would be
truer to describe these disputes as the symptoms - the legacy - of ill-judged
macro-economic policies in the past and of the structural rigidities that have
been allowed to develop.

This is not to say that restrictive trade policies must be allowed to take their
own course until the macro-problems and rigidities that cause them have
been corrected. On the contrary, trade restrictions and other defensive
measures are only likely to aggravate the macro-problems, adding to inflation
and tax burdens in a way that is often far from visible. But at the same time it
has to be recognised that if poor macro-economic performance is not reversed,
incalculable harm can be done to the world by reversing the whole post-war
movement towards an open trading system.

What is necessary is to make progress on all fronts simultaneously.
Governments have to attempt the extremely difficult task of achieving a
better convergence of macro-economic policies, including the avoidance of
excessive exchange rate fluctuations that can only exacerbate trade prob¬
lems. There is need to reinforce competition policies and to strengthen
domestic action to re-structure the industries currently facing particular
fundamental difficulties, rather than seeking simply to export problems
through trade policy. And the whole range of measures that governments use
to influence investment may merit re-examination.

The task of improving economic performance bristles with difficulties. But
it is less painful to lift a hedgehog with both hands than with one only. The
many economic problems of today are highly inter-related, and OECD's
governments have made clear their recognition that these can only be solved
by economic policy-making that is integrated rather than compartmental¬
ised. No one conversant with the machinery of government will underesti¬
mate the difficulties this involves.



The Promise of Biotechnology,
and Some Constraints

by Bruna Teso'

B iotechnology the group of sciences

and technologies which are based on

living matter - holds great promise.

Its potential impact and diffusion

throughout industry are so great that it is

rightly considered to be as revolutionary as
electronics.

Recent scientific discoveries in genetics

and molecular biology have raised great
hopes, owing to their frequency and

breadth of scope. Basically, recombinant

gene technology may help to understand

the real causes of disease and of genetic
disorders and may throw light on cancer-

inducing mechanisms. In practice, micro¬

organisms, cells and enzymes have already

made possible through genetic engi¬
neering and fermentation techniques

more efficient production of drugs and
purer antibodies, use of renewable carbon

sources (sugars and starches) for conver¬

sion into energy, proteins and chemicals,

the destruction of pollutants and exploita¬

tion of low-content ore reserves. The pros¬

pects have led to the creation of many new

industrial enterprises, throughout the

world but especially in the United States,

to translate laboratory findings into eve¬

ryday reality. Leading firms in the chemical,

pharmaceutical and oil industries, among
others, have been induced to re-channel

their strategy and research towards these

new technologies.

With the wave of interest in these

technologies has come a certain confusion

of language: biotechnology has been

identified solely with genetic-engineering
techniques, and forecasts have often been

taken for reality as if the transition from

laboratory to mass-production could be

taken for granted. The new technologies

have been thought to hold the key to all
society's ills disease, hunger and pollu¬

tion for example, but the efforts required to

develop them have often escaped atten¬
tion.

To offset excessive enthusiasm and the

one-sided or narrowly nationalistic views

embodied in many reports on the subject,
the three authors (see box) have tried to

assess biotechnology in terms both of its

potential and the bottlenecks encountered

Few newly developed techno¬

logies have aroused such

hopes as biotechnology and
yet given rise to so much mis¬

understanding and even an¬
xiety. A study prepared for

OECD, to be published
shortly2, is designed to re-eva¬
luate the facts so as to have a

more balanced and differen¬

tiated view of the pro¬
spects and constraints of this

advanced technology.

in the course of development. This re¬

appraisal is relevant at a time when several

governments are attempting to draw up a

biotechnology policy and seeking a

common language to clarify what is at
stake.

Semantic Chaos

The term "semantic chaos" was used by

the press to characterise a conference on

biotechnology held in Copenhagen in 1981

at which the numerous participants used a

wide variety of definitions. This is not

surprising since it is difficult to fix the

boundaries of a constantly expanding and

The report Biotechnology - Interna¬
tional Trends and Perspectives summar¬
ises the state of the art in this field. It

results from a multidisciplinary study
jointly conducted by Alan T. Bull, Pro¬
fessor of Microbial Technology at the
University of Kent, Geoffrey Holt, Pro¬
fessor of Genetics at The Polytechnic of
Central London, and Malcolm D. Lilly,
Professor of Biochemical Engineering at
University College, London. The authors
worked in consultation with an interna¬

tional group of industrial and academic

experts, chaired by Daniel Thomas, Pro¬
fessor of Bio-chemistry at the Techno¬
logical University of Compiègne
(France).

changing field of research. Not only the

general public but experts as well are

somewhat confused as to the scope and

significance of this domain. It was essential

therefore to agree on a definition that

would clarify the ambiguities and permit

the collating and exchange of information

as well as facilitate the gathering of inter¬

national data. Two extreme positions had
to be avoided:

an overly narrow definition often found in

the press which includes only genetic

engineering although it is but one of many

biotechnological techniques in use.

an overly broad definition which includes

all activities employing living matter in

particular the entire agrofood industry

rather than strictly biotechnological

activities (fermentation of beverages).

Although a single definition may not be

fully adequate or suit all countries, the

group of experts has proposed the follow¬

ing: "Biotechnology is the application of

scientific and engineering principles to the

processing of materials by biological

agents to provide goods and services. "

Research Prospects

"The ultimate success of biotechnology
is dependent upon advances in and support
for the fundamental sciences which

underpin it. Short-cuts, empiricism and

superficial attention to basic scientific prin¬
ciples are likely to lead at best to poor
performance and at worst to expensive

failures"; the authors of the report call

attention to the fact that biotechnology is
an inseparable amalgam of sciences and

technologies and hence progress must be

made on all fronts. They have tried to move
back to a comprehensive view of biotech¬

nology by stressing the importance of fields

such as microbiology, biochemistry and
biochemical engineering which have been

pushed into the background by the specta¬

cular success of genetic engineering and

biological discoveries. -

1 . OECD Directorate for Science, Tech¬
nology and Industry.

2. Biotechnology International Trends

and Perspectives, OECD, Paris 1982.
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Bacteria are used to extract copper from low-grade ore. Above: an open-pit copper mine in Utah in the U.S. Up to a million bacteria per gram of ore are
involved in the operation.

SOME APPLICATIONS OF GENETIC MANIPULATION

tan Health

Monoclonal antibodies (for purification techniques, assays,
tissue typing, in vivo tumour location, clinical diagnosis, therapy
including targeting of chemotherapeutic agents)

Interferon (possible use for cancer treatment, antiviral ther¬
apy, inflammatory diseases)

Vaccines (against e.g. hepatitis B, influenza, malaria, ence¬
phalitis, cholera, herpes, adenovirus)

Hormones (e.g. growth hormones, insulin, prolactin, relaxin,
gastrin, erythropoietin, thrombopoietin, chorionic gonadotropin,
menopausal gonadotropin, steroids)

Enzymes (e.g. urokinase, heparinase, alcohol dehydrogen¬
ase)

Other proteins (e.g. specific antigens, blood factor, albumin,
antithrombin, fibronectin)

Improved and new antibiotics, drugs, vitamins
Gene therapy for genetic diseases

Food, Agriculture and Horticulture

Enzymes (e.g. amylases, rennin, li-galactosidase, invertase,
glucose isomerase, pectinases)

Food additives (e.g. sweeteners, aromas, flavours, colouring
matter, thickeners and stabilizers, vitamins, amino acids,

antioxidants, preservatives, surfactants)
Additions for animal feed (e.g. new antibiotics)
Improved and new plant varieties (including enhanced yields,

crops specifically designed for particular land use, genes for
proteins such as casein introduced into carbohydrate predomi-

nt crops)

Pesticides and herbicides with increased specificity (e.g. use
of Bacillus thuringensis products, Verticillium, Baculoviruses,
parasitic nematodes, nematocides, protozoan pathogens, piper-
idine derivatives)

Vaccines (against e.g. diarrhoea! colibacillosis, foot and
mouth disease)

Plant growth hormones (e.g. cytokinins)
Fertilizers, microbial nitrogen fixation and manipulation of

symbionts

Diagnostic reagents for plant and animal diseases

Energy, Raw
Management

Materials, Chemicals and Environmental

Biomass from chemicals, wastes, residues and fuel crops

(including production of ethanol, methanol, methane an
single-cell proteins)

Enhanced oil recovery (e.g. xanthan gum, surfactants)
Improved algal cultures for use in photobioreactors (produc

tion of e.g. carbohydrate, protein, lipids, hydrocarbons)
Hydrogen and carbon-dioxide production
Chemicals and solvents (acetic acid, adipic acid, butanol,

isopropanol, acetone, furfural, glycerol, waxes, polymers,
alkene oxides and glycols, lubricants)

Metal extraction (e.g. copper, uranium, nickel, zinc, lead) from
low-grade minerals and recovery of valuable metals (e
mercury, cobalt)

Decomposition and detoxification of chemicals (e.g. oil spills,
Dalapon, pentachlorophenol)

Improved microbial systems for environmental control of air,
water and soil
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1. MARKET PREDICTIONS FOR PRODUCTION

RESULTING FROM GENETIC ENGINEERING PROCEDURES

How long will it take to replace current production procedures with genetic engineering techniques?
How large will the markets be? Answering these questions is a hazardous exercise.

Product category

Number

of

compounds

Current

market

value

($ million)

Selected

compound

or use

Time needed

to implement

genetic

production

(years)

Amino Acids 9
1,703 Glutamate

Tryptophan

5

5

Vitamins 6 667.7
Vitamin C

Vitamin E

10

15

Enzymes 11 217.7 Pepsin 5

Steroid Hormones 6 367.8 Cortisone 10

Peptide Hormones 9 268.7

Human growth
hormone

Insulin

5

5

Viral Antigens 9 n.a.

Foot-and-mouth

disease virus

Influenza viruses

5

10

Short Peptides 2 4.4 Aspartame 5

Miscellaneous

Proteins
2 300 Interferon 5

Antibiotics 4* 4,240
Penicillins

Erythromycins

10

10

Pesticides 2* 100
Microbial

Aromatics

5

10

Methane 1 12,572 Methane 10

Aliphatics

{other than methane)
24 2,737.5

Ethanol

Ethylene glycol

Propylene glycol

Isobutylene

5

5

10

10

Aromatics 10 1,250.9
Aspirin

Phenol

5

10

Inorganics 2 2,681
Hydrogen

Ammonia

15

15

Mineral Leaching 5 n.a.

Uranium

Cobalt

Iron

Biodégradation n.a. n.a.
Removal of organic

phosphates

* number indicates classes of compounds rather than number of compounds

Source : U.S. Congress Office of Technology Assessment; Genex Corp.

Breakthrough in genetics

There are sound reasons why genetic

manipulation, i.e. recombinant DNA me¬
thods and cell fusion have come to the fore.

These techniques have made it possible to
overcome in an efficient way the "species

barrier", that is to combine characteristics

of widely divergent organisms or cells. For
example, the human gene for insulin has
been transferred to bacteria to produce

human insulin. Likewise, the fusion of

malignant cells with lymphocytes (a type of
white blood cell) from mice has led to the

production of very pure and highly specific
antibodies which are used in laboratories

for the purification of substances and are
likely to revolutionise the prophylaxis and
treatment of disease. With the new tech¬

niques, proteins, vaccines and other thera¬
peutic substances having great commercial

value have been or will be manufactured,

though it is hard to say precisely how long

it will take to move into mass production or

how large the markets will be (Table 1.)

Although genetic engineering has al¬

ready been extremely successful in medi¬

cine and promises even more in future, the

long-term prospects for biotechnology are

perhaps even brighter in agriculture. Know¬

ledge of plant life is still very limited

compared to what is known about micro¬

organisms and animals. Little is known

about how to regenerate mature plants

from cells or tissue cultures and practically

nothing about the mutagenesis of plant

cells. But advances in agriculture and hor¬

ticulture improved output, new species

and nitrogen fixation would more than

make up for the efforts required.

So far there has been no research

breakthrough in introducing genes which

fix nitrogen into crops that do not do so

naturally. Such a development could in

itself be of incalculable value since nitrogen

is essential for increasing agricultural pro¬

duction. In order to meet nitrogen require¬

ments (estimated at 40 million tonnes per

year) through industrial fertilizer produc¬

tion, hundreds of ammonia plants would

have to be built, consuming several

hundred million tonnes of oil equivalent. A

biological solution to the problem would

both entail great economic benefits in view

of the high cost of oil and help to protect

the environment. The developing countries,
for whom the cost of industrial fertilizers is

The E. coli bacterium, here enlarged 34,000
times, is universally used in the lab but is not

considered economically efficient for industrial
production.



often prohibitive, would stand to gain the
most.

Present knowledge of genetics offers

many other prospects, even though major

obstacles remain: for example there are as

yet no appropriate vectors for transferring

genes into certain industrially important

bacteria, strains are markedly unstable

when mass produced etc. Progress in this

field has contributed to the flowering of

biotechnology more than any other scien¬

tific development. But the glamour of

genetic discovery has perhaps overshad¬

owed the other disciplines on which the

future of biotechnology will depend.

Microbiology a neglected field

Although the specific value of biotechno¬

logy lies in its use of biological catalysts like

micro-organisms and enzymes, only a very

small number of micro-organisms has been

studied, and these are not necessarily the

most suitable for industrial application.

One of the best known is Escherichia colt, a

permanent inhabitant of the alimentary

tract. E. coli\s universally used in laborato¬
ries for research but is not considered

economic in industry because it excretes

only a limited number of proteins and

separating its toxins from the desired

product is a complex operation.

Now there is growing interest in other

more efficient bacteria with properties dif-

frent from those of E. coli, slow-growing

organisms and salt or heat-resistant

microbes among others. But the experts

note that such species have been

neglected, although they could well be

used to improve crop yields, to farm

marginal land and desert areas and to

resorb pollution.

There is too little genetic information

about certain other micro-organisms. For

instance, Penicillum chrysogenum has been

used for the past forty years in the syn¬

thesis of penicillin, but its genetic makeup

has not been mapped in detail nor is the

number of its chromosomes known.

Microbial physiology the study of the

relationships between the metabolic pro¬

perties of the micro-organism and its envi¬

ronment has also been neglected. Bio¬

technology after all involves unstable living

- -

From the Petri dish (right) to the industrial fermenter (below) a difficult transition.



materials, micro-organisms, which cannot

easily be transferred from the laboratory to

industry. If laboratory conditions cannot be

exactly reproduced at the production site,

these micro-organisms will not be able to

manufacture the desired products or will do

so only in insufficient amounts. The vir¬

tually worldwide shortage of microphysio-

logists (Japan is an exception), in the face

of the huge demand created by the growth

of biotechnology, could seriously hamper

the progress of research.

Slow progress in engineering

It is no small engineering feat to scale up

from the Petri dish universally used in the

laboratory to an industrial fermenter. Here

too undue emphasis on biology has pro¬

duced a distorted picture of biotechnolgy,

glossing over the problems that will have to

be overcome if biological discoveries are to

be applied.

Biochemical engineering engineering

applied to biological materials and sys¬

tems covers the design of fermenters and

reactors, fermentation technologies and

processes for extracting and purifying pro¬

ducts. The biggest problem facing the

biochemical as opposed to the chemical

engineer, is that of tailoring equipment and

processes to the specific requirements of

living organisms. Major breakthroughs in

this field are rare, progress is slow and

research costly.

Engineering plays a vital role as it can

help to reduce the costs of the various

operations and hence make production

more economic and competitive. For exam¬

ple, if increasing use is to be made of

continuous and thus more productive pro

cesses, very rigorous and expensive steril¬

isation methods must be used to prevent

potentially serious contamination: the

Biotechnology applied to plants can bring
advances in agriculture which outweigh the
efforts required.

pharmaceutical industry is reluctant to use

fermenters of more than 200 m3 for pro¬
duction of antibiotics because of the heavy
financial losses entailed should contamina¬

tion occur in large-scale production facili¬
ties.

Likewise, in order to exploit the huge

potential of micro-organisms or immobil¬

ised enzymes, it would be essential to

improve the design of industrial reactors

and gain more experience with them, but at

present there are insufficient industrial-

scale facilities to conduct the necessary

experiments. Finally, as any biotechnolog¬

ical process must be carried out in an

aqueous medium, special attention should

be paid to the difficulties encountered in

recovering (extracting and purifying) pro¬

ducts from fermentation. It is no good

engineering a micro-organism with a view

to producing a given substance if the latter
cannot be extracted from the fermentation

broth or if it contains too many impurities.

These downstream operations are likely to

remain the stumbling block for biotechno¬

logy, because of their inefficiency and high
cost.

Hitherto neglected by researchers be¬
cause of the difficulties involved, particu¬

larly in product recovery, engineering must
be studied in depth on a permanent basis

since progress here has been slower and
less spectacular than in other fields.

The "perpetual" biocatalyst

Micro-organisms, enzymes or cells used

as catalysts in industrial processes are far

more effective if they are "immobilised" on

a given support or material. Immobilisation
extends the duration of the reaction and

Three methods of enzyme immobilisation: * by adsorption or chemical bonding to a solid carrier such as cellulose

permeable polymer * by encapsulation in a spherical semi-permeable polymer membrane.
by entrapment in a lattice of

a
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Pour la Science, n° 49, November 1981. Copyright "Scientific American"



enables the enzyme or cell to be re-used,

thus improving yields and facilitating pro¬
duct recovery.

The already extensive use of immobilised

catalysts for chemical synthesis, medicine,

food processing and effluent treatment

shows that there is scope for progress in
this field.

Development of a "perpetual" biocata-

lyst would be the ideal way of ensuring
highly effective and economic biotechno¬

logical innovation. Immobilised cells could

have a much greater economic impact than

immobilised enzymes because of their high
productivity. With immobilised cells it is

possible, for example, to manufacture
three times as much acetone and butanol

as in traditional fermentation with non-

immobilised catalysts, and to reduce the

production cost of aspartic acid by at least
40 per cent.

The Raw-Material Constraint

Assessment of the potential of biotech¬

nology often omits one essential element:
the development of a large-scale industry

will require large quantities of raw mate¬

rials from a variety of sources. The authors
of OECD's report therefore paid special
attention to the resources that would be

required if biological discoveries were

applied to the production of energy and
chemical raw materials to save scarce oil.

They recall that one of the much-vaunted
advantages of biotechnological processes
and products is their ability to use renew¬
able resources. Thus, biomass constituents

mainly sugar (from sugar cane, beet and
sorghum), starch (from cereals and cas¬
sava) and lignocellulose (from trees and
waste) might replace oil, with revolutionary
effects on the world economy.

The report presents statistics on the
biomass resources available worldwide for

producing energy and chemicals: the total

supply of biomass is a hundred billion

tonnes a year, most of which is lignocellu¬

lose, with smaller quantities of starch

(1 billion tonnes) and sugar (100 million

tonnes). However no process has been
developed as yet for converting lignocellu¬
lose into a fermentation substrate. More¬

over cereal-growing now accounts for

75 per cent of land under cultivation; in
view of the food deficit in developing

countries predicted for the mid-1980s,
demand for agricultural land is bound to
increase, leaving little space for production
of biomass for conversion to energy or

chemicals.

Biotechnology will no doubt help to

improve biomass production by increasing

yields and permitting desert and marginal
lands to be used for production of biofuel.

Nevertheless, the potential for producing

energy or chemicals from this source,

2. BIOTECHNOLOGY

PRODUCT VOLUME AND VALUE

Category Activities

High volume, Methane, ethanol

low value Biomass

Animal feed

Water purification,
effluent and waste

treatment

High volume, Amino and organic
intermediate acids

value Food products

Baker's yeast
Acetone, butanol

Polymers
Metals

Low volume, Antibiotics and other

high value health-care

products

Enzymes
Vitamins

whether in developed or in developing
countries should not be overestimated. In

the former, biomass would make a rela¬

tively small contribution, given the limita¬

tions to biomass growth in temperate

zones and insufficiency of lignocellulose

(even if an effective conversion process
were to be developed). In the developing

world, the use of biomass for producing

energy or chemicals is by no means a

straightforward matter: in Kenya, for

example, the quality of the biomass is low

due to poor quality land and lack of

experience in cultivating this type of crop. It

is also difficult at present to find outlets for

the by-products of ethanol production for

example, not to mention the fact that land

used for purposes other than subsistence

farming in economies already suffering

from food shortage would aggravate an

already serious problem.

Water raises a two-fold problem as it is

both too abundant and in short supply:
abundant in the sense that biological mate¬

rial has a high water content and, since

fermentation and enzyme reactions pro¬

ceed only in very aqueous solutions, pro¬

duct concentration is usually very low. In
ethanol or citric acid fermentation it totals

at most 12 per cent. Product recovery

requires the removal of large quantities of

water, invariably an expensive operation

especially for high-volume products with a

low or average economic value such as

animal protein or baker's yeast.

At the same time, however, water is a

scarce commodity, and large quantities are

required for all chemical and biological

industrial processes (cooling etc.). It is also
essential for the agricultural production on

which biotechnological processes rely. The

shortage and resulting high cost of water

may hinder the growth of biotechnology as

it already has in Israel. In other countries

where the salt content of water hampers

agricultural and industrial activities, bio¬

technology offers great potential: in Aus¬

tralia, for example, if salt-resistant photo-

synthetic micro-organisms were used to

produce biomass and other products, it

would help to overcome fresh-water supply

problems.

Other Issues

Owing to the diversity of sectors con¬

cerned and its highly scientific and techno¬

logical nature, biotechnology raises many

other problems.

Co-ordination and financial support

In any policy for promoting the develop¬

ment of biotechnology, government will

have a major role to play. Some applica¬

tions involving low-value, high volume pro¬

ducts, especially in agriculture, heavy

chemicals, energy and waste management

(see Table 2), will be difficult to develop

without government aid. For other applica¬

tions such support will not be necessary: in

the pharmaceutical sector for example,

high-value, low-volume products have

attracted capital investment from private

industry. Governments will also have the

difficult task of co-ordinating the work of

various ministries since biotechnology cuts
across several sectors.

Training

One of the major prerequisites for imple¬

menting policy for the advancement of

research the training of research workers
and technical staff. In most countries there

is a shortage of biotechnology experts,
which takes on the dimensions of a "brain

drain" in nations without a well developed

biological industry. What kind of training
will future research workers need? Since

biotechnology is an inter-disciplinary field,

should biotechnologists be experts in all

the disciplines? The general feeling

nowadays is that it is not necessary to

create a new university discipline called

biotechnology: sound training in one of the

component disciplines followed by post¬

graduate specialisation in some other

aspect of biotechnology is thought to be

more suitable for building up a pool of

qualified research workers than superficial

training in many different fields.

In the United Kingdom, manpower requi¬

rements for biotechnology in the next ten

years have been estimated at about 1 ,000

graduates and 4,000 technical support

staff. It is assumed that one professor can

train five undergraduates and less than two

doctoral candidates a year at most. Any

country wishing to develop this new field
will have to take into account the need to



train research workers but also avoid the

danger of training too many narrowly

specialised people at a time when it is not

clear what the future requirements of the

industry will be.

Industry and university - some con¬
flicts

As a result of recent biological discover¬
ies, university researchers have been facing
a rather novel situation. Discoveries have

come in very rapid succession and seem

likely to open up extremely interesting
commercial opportunities. New discoveries

are quickly marketable (a strain developed
at a university can be put on the market

within a very short time) hence they have
attracted a sudden inflow of private capital

just at the time when public funding of
university research has been cut down. As

a result, very close links have grown up
between academic researchers and their

industrial counterparts, especially in the
United States. While continuing to teach at

university, researchers are playing a
greater and greater role in industrial firms,

even becoming members of their boards of

directors. Conversely, industry is investing
risk capital in university research.

The dangers of "privatising" academic

research and creating an excessively busi¬

nesslike mentality on the part of research
workers have been the source of much

concern. If researchers have to keep their
results secret because their research is

financed by industry, this may harm the

cause of fundamental research in the long
term and jeopardise the full dissemination

of knowledge which has traditionally been

the special province of the university. Even
if such problems are ironed out after a time,

as they likely will be, legal and institutional
solutions must be found if serious conflict in

the university-industry relationship is to be
avoided.

Possible risks

The definition of biotechnology given in

the report excludes consideration of the

ethical and moral problems relating to

manipulation of human genes. Neverthe¬

less such problems must be thoroughly
examined.

The authors did examine the hazards of

genetic manipulation in the laboratory and
concluded that current regulations effec¬

tively limit such risks. The fears of scien¬
tists on this score which were aired at

length during the 1970s are now consid¬

ered exaggerated, and a degree of con¬
sensus has been reached in a number of

countries including the United States.

While concurring with this view, the
experts ask whether such fears may not be

more justified when genetically engineered

micro-organisms are produced industrially.

Some of them, including a number of

industrial specialists, consider that, while it
is possible to avoid leakages in 1,000 to
1 0,000 litre fermenters (albeit at consider¬

able cost), 50,000 litre and larger fer¬
menters pose greater problems. When the

mass-production stage is reached, it will be
even more important to ensure that the

micro-organisms themselves are harmless

than that the equipment is leak-proof.

The need to protect the public, the

workers and the environment is para¬
mount. Caution however is not synono-
mous with strict bureaucratic regulation
which might hinder biotechnological pro¬
gress. The authors also recall that even

without special regulations, there have
been no biological accidents in industries

where biotechnology has been used for

decades (waste management, beer manu¬
facturing, sewage-water treatment).

OSSIBLE STRATEGY FOR

HARMONIOUS

DEVELOPMENTI
Recommendations to

Governments by the Group of
Experts

I

common definition of

as proposed in the

To adopt a

biotechnology

report.

To support research, especially in
plant genetics, microbial physiology and
biochemical engineering. To study new
organisms other than E. Coli, such as

anaerobic, photosynthetic and thermo-

phylic bacteria, filamentous fungi and
yeasts.

To increase specific skills in the inter¬

disciplinary context of biotechnology at
university level and above.

To investigate possible legal and insti¬
tutional solutions to the problems raised
by industry-university links so that trade
secrecy does not prevent the dissemina¬
tion of information.

To improve and fund microbial culture
collections.

To evaluate raw material needs and

costs and examine the competitiveness
of biotechnology compared to ofl
technologies.

To undertake a serious study of the
long-term economic impact of biotech¬

nology and to examine any ensuing
changes in international trade.

To investigate and compare the var¬
ious patent systems of OECD countries
with a view to making them more
suitable for the new realities of biotech¬

nology and possibly achieving harmoni¬
zation between the various countries.

To study the problems connected
with the dangers and regulations gov¬
erning the use of biotechnology, espe-

lly at industrial level.

Industrial property and biotechnological
products: a new challenge

As with the links between industry and
university, the advent of biotechnology has
added a new dimension to standard prac¬
tice in the field of industrial property.
Providing legal protection of living material
cannot easily be dealt with under current

legislation which is chiefly designed to
handle the inanimate inventions of physics
and chemistry: the newer science does not
lend itself to strict or clear-cut rules.

Unlike inventions involving inert mate¬
rial, where applying for a patent simply
requires a clear and reproducible descrip¬
tion of the invention, biological discoveries
require that the organism itself be depo¬
sited: it is impossible to describe living
material in precise terms, since even the

best known micro-organisms are only par¬
tially understood. Nor can a living invention
be reproduced if the basic material, the

micro-organism itself, is not available. Yet,

since the micro-organism will be deposited
in a culture collection, as laid down in the

1977 Budapest Treaty, any competitor
wishing to obtain the organism for verifica¬
tion could apply it even before the patent is
granted to its inventor.

As a result of these difficulties, some

industrialists have asked whether trade

secrecy might not provide the only effec¬
tive protection. This approach would not be

satisfactory, however, as it would impede
the dissemination of information and thus

exacerbate conflict between university
researchers and industry.

The report also warns against the danger
of universities retaining patent rights on
their inventions (as in the United States).

The patent procedure prevents research

findings from being published promptly and
may threaten advances in fundamental

science.

Patent issues should be discussed at

international level. Current work on the

subject within OECD was considered to be

necessary and extremely important by all
the experts.

The industries based on biotechnology,
such as food, pharmaceuticals and waste

treatment, are closely linked with the

world's major problems of malnutrition,

disease and environmental pollution. The

solution to these problems will depend,
among other things, on the continued

successful development of these indus¬

tries, not only within OECD Member coun¬
tries but elsewhere as well. This conclusion

is the basis on which governments should
study the recommendations of the report
and assess their relevance to the specific
situation of each country.
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Education and Work:

the Views of the

Young

The diminished promise of educational credentials

What are the needs and expecta¬

tions of today's youth? How does

the educational system respond to

them? These were the questions
that OECD's Centre for Educa¬

tional Research and Innovation

(CERI) tried to answer when

launching a project two years ago
on "Educational Responses to the

Changing Needs of Youth". Des¬
pite the limitations inherent in the

nature of the material available1,

the report, which is about to be

published, provides a realistic ana¬

lysis of the views of young people
on education and work which

could be useful in the conception

of youth-oriented programmes
and policies. The following article
focuses on the problem of youth
unemployment.

The often-expressed view of young

people as intensely dissatisfied with

and alienated from adult society is,

according to the study, an oversimplifica¬

tion. Rather, a cliché-free portrait of youth2
shows that a majority express to varying

degrees pride in country, a strong desire to

learn, a willingness to work, and a firm

belief that harmonious family ties are

essential to satisfactory adulthood. There

are few signs of large differences in basic

social values between generations.

The study also reveals youth's dissatis¬

faction at the tremendous gap between

school and the workaday environment.

Young people find school to be an isolated

world where they learn little about real life.

Vocational guidance is too brief, too super¬

ficial, and inadequately aimed at those who

need it most drop-outs, truants, under¬

achieves. Guidance and placement ser¬

vices rarely present a realistic or relevant

image of employment opportunities.

For many of today's young people, the

diminished promise of educational creden¬

tials as a key to greater social and eco¬

nomic mobility makes planning for a pre¬
dictable outcome in the labour market

increasingly difficult. The dynamic feeling

that hope brings to human endeavours has

been gradually replaced by the anxiety

even the apathy that marks the actions

1. This CERI report is based on an exhaustive
review of literature available in OECD countries;

for references see the study.

2. i.e. young people between the ages of 15

and 24 who will comprise over 1 7 per cent of

the population in OECD Member countries by
the mid-1980s.
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of those who have come to believe that

they have lost control over the conse¬

quences of their own efforts. "Hard work is

not rewarded" was one of the three most

often-heard complaints among young

people in a 1 978 world survey by the Office
of the Prime Minister of Japan.

Youth and the Labour Market

The widely prevalent belief of the 60s

and 70s, still accepted today, that young
people reject work, is a false one. More¬

over, their attitudes, far from becoming
more critical, have become less so. While

job interest, pay, and chances for advance¬
ment - in that order- remain the factors

which most concern young people, now

they may be over-reacting to highly publi¬
cised and alarmist comments on unem¬

ployment and consequently willing to
lower their job expectations in the interest

of security.

In OECD Member countries, between 70

and 85 per cent of the 20 to 24 year old
age group are employed, as against
between 20 and 55 per cent of their

counterparts in the 15 to 19 year old

group. Though girls tend to have higher
rates of employment than boys in the latter

group, by the end of the 1970s a marked

and steady decrease was evident in the

number of employed of both sexes. In the

20 to 24 year old group, although labour
force participation is lower for women than

for men, it is on the upswing for women,

while that of men is declining. Nonetheless,

countries record higher levels of unemploy¬

ment for women than for men, in degrees

ranging from almost none (Japan) to 8 per
cent (France). The picture which emerges
shows that, while differences between

male and female employment are minimal,

younger youth and girls are less likely to be

in the labour market and more likely to be
unemployed when they do seek work than

older youth and boys.

None of the above data, however, illus¬

trate youth's perception of their situation,

their satisfactions and frustrations, their

investment in work, or their means of

making choices about work.

Personal network

Evidence is lacking to show how young
people in Member countries arrive at the

decision to seek employment, but an
absence of formal external assistance in

the implementation of this decision is

almost universally evident. A 1976 inquiry
reveals that 64.5 per cent of young Bel¬
gians find employment by personal initia¬
tive, 25 per cent with the assistance of

family, friends and acquaintances, 7 per
cent through the school and 3.5 per cent

through a placement agency. Similarly, a
1 975 French survey finds that the top two

positions in the list of "helpers" were

occupied by the informal support group

parents and friends (50 per cent of

respondents) and personal applications

(25 per cent); only 5 to 10 per cent of those

surveyed responded to advertisements, or

used placement centres or the school. The

Italian youth surveyed in 1977 indicated

that their search for employment was

based on contacts and personal initiatives,

ranking eight times higher than either

classified ads or job placement agencies.

Mismatch between school/work

Once in the labour market, young people
are struck by the employers' failure to

provide reception arrangements or work
initiation: employers, in turn, expect the

school to have prepared young people for
working life. Whatever the difficulties

encountered by both in this transition,

young people tend to remain at their jobs.

High turnover rates of 4 or more job
changes in a year are usually limited to very
unskilled positions and to certain countries

such as the United States and Australia.

Despite complaints about "early rising,
travel, heavy physical work, monotonous

work or pressure on the job", and overqual-
ification, young people seem surprisingly
positive even about jobs that most outside

observers would rate as poor ones. They

The need for a sense of control over one's destiny

'
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consistently express satisfaction, in the

context of work versus school experience.

The "exercise of autonomy", the "strong

positive feedback to self", the "good feeling

of being part of a team whose work is

recognised and appreciated", even the

"enjoyment of learning" are often men¬
tioned.

But this may be in part due to the

immediate reward of mastering a job as

opposed to the developmental aspect of

school-based education, and to the much

appreciated transition from a "child's

world" (school) to that of an adult (the work

place). Since the overwhelming emphasis

of studies in this field has been on the very

early years in the labour force, the fact that

feelings of boredom and alienation may

follow this initial positive attitude has

scarcely been noted; therefore, conclu¬

sions about youth's perceptions of employ¬
ment should be treated with reserve.

Lower expectations

On the contrary, the belief, once preval¬

ent, that jobs lead somewhere both in

money terms and in terms of the quality of

working life and prestige may no longer be

as widespread. With the general deteriora¬

tion of the economy and the growth of

unemployment, doubts have emerged: the

pattern of an "upward career chain" may be

breaking down. The consequences may be

alarming, both in terms of behaviour and

attitudes to employment. A society that

fails to provide opportunities to exploit
one's talents and holds out little or no

prospect of doing so in the future is hardly

the best environment for nurturing involved

and responsible citizens. Gathering more
data on these matters would allow verifi¬

cation of such tentative conclusions.

The Experience of

Unemployment

The positive way young people grab

onto employment suggests that having a

job is not simply a way to earn a living but

an element essential to their psychological

well-being and their sense of recognition

and acceptance as legitimate members of

the community. Lack of employment can

then be expected to damage individuals in

far more than strictly financial terms.

Young people are increasingly expected

to be free of family financial responsibilities

and committed to school rather than work;

employment and unemployment should be

of little consequence to them. But, in fact,

many youngsters are in the labour market;

many provide income for their parents,

brothers and sisters, others for their own,

families. Because the attitudes and behav¬

iour of youth are, by definition, still taking

form, unemployment can lead them to
become disillusioned with work, or instill

erratic work behaviour likely to be indivi¬

dually and socially destructive in adult¬
hood.

Member countries concern over youth
unemployment as a factor undermining a
positive transition to adulthood has

become especially prominent for three

groups of young people: unskilled and early
school leavers, middle class school

stayers, and especially girls.

Unskilled school leavers

Unskilled young people (however de¬
fined) are consistently identified as the

priority concern in discussions about and
policies for unemployed youth. The cate

gory is not synonymous with but overlaps

other categories: "young people who are

hard to employ", "unemployed youth from
low socio-economic status families", or

simply "disadvantaged youth". The atten¬

tion of policy makers has focused particu¬

larly on these youngsters both because of

their high visibility in unemployment statis¬

tics and the serious threat to social stability

they are supposed to represent.

Unskilled young people often lack both

technical and general literacy skills. They

face a dearth of available jobs and bring to

the labour market assumptions and behav¬

iour that inhibit job opportunities. For

example, notwithstanding the heavy em-

Young people are surprisingly positive, even about seemingly low-level jobs.
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ployment handicaps of certain geographic
areas, the majority of young people from

low socio-economic status families quite
often refuse to move more than a few miles

to secure better employment. Most of
those interviewed in a recent Australian

study reported that they were unwilling to

travel long distances to work: many did not
want to travel beyond the local area, while

few were prepared to travel further than

the city metropolitan area or make more

than one trip on public transport. In another

study, 80 per cent of young French

workers said they had confined their job
search to the nearest areas, and similar

attitudes were found among Italian, West
German, and United Kingdom youth. Their

reasons are not clear; some may see the

situation as temporary or may believe
themselves helpless to do much about it.

The latter assumption may be correct.
Many unskilled school leavers lack clear

career plans when they leave the educa¬

tional system. Their employment expecta¬
tions are those of their parents a lifetime

of unattractive jobs which reinforce the
social and economic circumstances that

make them the unfailing occupants of the

lower levels of employment, the persév¬

érant tenants of unemployment registers.

Apathy and acquiescence accompany

these youngsters as they respond pas¬
sively to their experience of unemploy¬
ment. Why take initiatives when one has

little self-confidence and still less the

impression of controlling one's existence?

Where can one find the strength to over¬
come impediments when there is little in

the surrounding community to inspire it?

The irony is that many young people

perceive the problem of unemployment to

lie in themselves; having or not having a job
does not change the assumption that what

you get is what you deserve. In discussing
their situation, jobless youth in Sweden

described it as hopeless and meaningless,
but about 48 per cent saw themselves as

the ones to blame, in contrast to 22 per

cent who felt society to be responsible and

about 32 per cent who perceived the

responsibility as a shared one. Similarly,

unemployed West German youth surveyed
said unemployment was a consequence of

individual failure, that whoever really looks

for work will be able to find a job. In another
large-scale survey, although West German

youth expressed the belief that employers
and public authorities could solve the

problem of unemployment better than the

jobless themselves, 37 per cent of the

respondents thought that the unemployed

could greatly contribute to resolving the

problem, and 48 per cent thought they

could contribute at least a little. Only
15 per cent of those interviewed felt that

jobless youth could do nothing at all to help
themselves.

For the unskilled unemployed, the irony
is that acting on the belief that one can

shape one's destiny undoubtedly heightens
the likelihood of finding a job, yet the

individualistic ethic does not seem strong
enough to lead to sufficiently dynamic
action in the labour market.- Indeed, pas¬
sivity is pervasive. The belief that one can

ameliorate one's situation leads neither to

group efforts to demand jobs nor to indiv¬
idual efforts to break the barriers of unem¬

ployment.

Middle class school stayers

Many signals warn that, of all youth,

middle class school stayers are most likely
to react "badly" to the current economic

situation and to become actively anti¬
social. Yet policy makers have done little to

improve the employment prospects of

these youngsters, whose educational qual¬

ifications and middle class origins no longer
shelter them from unemployment. A recent

American study shows that the number of

years spent in education which differen¬

tiated the employed from the unemployed
in 1959 (a median of 12 years against
9.9 years) had become meaningless by
1971 (a median of 12.4 years against

It is ironic that many young people perceive
the problem of unemployment to lie in
themselves.

12.2 years). Unemployment statistics of

all OECD countries include a significant

number of upper secondary and further

education graduates, and some countries

such as Italy show alarming levels of

unemployment, even among holders of

higher education degrees.

Although systematic data are not yet
available, some evidence suggests that

serious problems, such as increasing drug

consumption among the post-compulsory
school population, are the result of unem¬

ployment among these young people in

several countries. Advanced degree
holders have been found in German statis¬

tics on "anti-social behaviour". A recent

Japanese survey shows that the criminal

juvenile offender in 1977 was more likely
to be a lower or upper secondary school
student (72.4 per cent) than an unem¬

ployed - most frequently unqualified -
youth (10.4 per cent).

Middle-class school stayers generally

belong to social classes encouraged to
subordinate immediate gains to the prin¬
ciple of "delayed gratification". The

promise of social mobility and a guarantee

into (at least) their class of origin sustained
many of them during their advanced edu¬

cation and deferred responsibilities. The
current economic crisis has confused their

situation immeasurably, for if extended

education and training are no longer certain
to produce positive results in the labour

market, what is the rationale for staying in
school or delaying various gratifications? In
short, for the first time since the War,

youth from the middle classes are increas¬

ingly faced with feelings of powerlessness
and lack of control over their lives that have

been an aspect of lower socio-economic

class life for a very long time. Faced with

the unfamiliar and stress-provoking situa¬
tion of unemployment, or with the frustra¬

tion of having achieved uselessly high
educational levels for the phenomenon of

underemployment is a growing reality
these young people might well react in

ways society cannot afford.

Girls

Because of traditional attitudes, society

attaches less of a stigma to jobless girls, if

it does not dismiss female unemployment

as altogether unimportant. Some indirect

data suggest that the adult community

exerts less pressure on girls to find employ¬

ment than on boys, and a number of girls

still perceive the traditional roles of wife,

mother, or simply a help in the parents'

home as perfectly legitimate alternatives to

employment. Paradoxically, finding oneself

unemployed may be the result of such sex

stereotyping by families, schools, and

employers, which encourages downplaying

the importance of unemployment among

girls.
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The labour-related decisions of girls,

whether in education or in the job market,

remain by and large "feminine". An

Australian author recently indicated that

families' reluctance to see their daughters

registered as unemployed was one of the

reasons behind the increasing upper secon¬

dary school enrolment of Australian girls, a
rise which contrasts with the trend for

Australian boys since the early 1970s.

Lack of parental empathy for girls' employ¬

ment in West Germany has at times

influenced girls to give up jobs or apprenti¬

ceships because "they were needed at

home to look after younger siblings". Tra¬

ditional sex stereotypes which prove signif¬

icant barriers to women's employment

often tend to be shared not only by

employers and parents, but by boys and

girls as well. Manpower statistics show

that women are more likely than men to

take on part-time employment, and female

occupational plans are often shaped early

by domestic expectations such as child

rearing, whereas boys' are not.

At this point, one can only draw ambi¬

guous conclusions from such evidence. The

persistence of "feminine" choices in

schools and work may imply that a

woman's well-being is less employment-

oriented than a man's, but then girls define

themselves as downright "unemployed"

not as "househelp" when deprived of

work. Moreover, women's participation in

the labour force is steadily rising in most

OECD countries, suggesting that many are

establishing working identities.

In part, investigators claim, because girls

are difficult to approach and less likely to be

in public places, pubs, recreational areas,

or in the street, few researchers have

consistently questioned them as to their

attitudes about employment. Were they

consulted, the CERI report speculates that

their portrait of joblessness would

resemble the boys'. A few of them would

view unemployment as a justification for

inactivity, but unemployed girls, like unem¬

ployed boys, are not likely to convert social
isolation and loss of self-esteem into a

defence of the culture of leisure. The

majority would evoke depression at feeling
useless and rejected by society, the dis¬

turbing feeling of being different from
others, and the anxiety of not finding work

or having money.

The financial losses, the possible mate¬

rial and psychological impairment to subse¬
quent working careers, the debilitating
effects of being considered less worthy
than others, the false hope in youth which

inevitably inspires disillusion are all serious
concerns of OECD countries confronted

with the problem of youth unemploy¬
ment.

The Impact of
Minimum Wages on
Young People's Jobs:

the French Experience

What is the impact of changes in

the minimum wage on youth
employment and unemployment in
France? This is what a recent

OECD study tries to find out by

adapting and applying to the
French situation1 econometric

equations which have performed

reasonably well on North American
data.

The SMIC2 is an hourly wage guaran¬
teed to full-time workers aged 18
and over. On 1 st March, 1 982 it was

set at FF 18.62 per hour compared with a
rate of FF1 5.20 on 1st March, 1981, i.e. an

increase of almost 23 per cent over the

twelve month period. The SMIC includes

the value of any benefits in kind received by

the employee; it is defined pre-tax and
excludes transfers.

The level of the SMIC is set by the
Government taking into account the opin¬

ions of a joint employer-trade union advi¬

sory body (Commission supérieure des

conventions collectives). Every year a new
value for the SMIC is established which

normally takes effect from 1st July. The

SMIC is indexed to take account of changes
in the cost of living: the law provides for the

minimum wage to be raised whenever the

consumer price index increases by at least

2 per cent above the level prevailing when

the previous value was set; it is then raised

by the same proportion as the rise in the

index. The law also provides that, by

decree, the government can raise the SMIC

to a level greater than would be justified by

the automatic indexation procedure alone.

This avenue of revaluing the SMIC has been

used on many occasions.

Statutory coverage of the SMIC is uni¬

versal and there are no regional differen

tials but, for apprentices, youth and hand¬

icapped workers some relatively unimpor¬

tant differentials do exist. On average over

the period 1974-80, 4.6 per cent of the

work force in industry, commerce and

services were paid at the SMIC rate. In

1981, this rose sharply to 8 per cent in line

with a 10 per cent increase in the SMIC

(relative to its March 1981 level) which

came into effect on 1st June.

The SMIC typically applies much more to

females than to males. For example, in

June 1981, 13.9 per cent of female

employees in industry, commerce and ser¬

vices were receiving the SMIC compared to

only 5.1 per cent of male employees. Not

surprisingly, the proportion of blue collar

workers receiving the SMIC is much greater

than that of white collar workers: 1 1 .6 per

cent compared with 3.8 per cent
(June 1981). The areas most affected are

personal services, mainly cleaning and
hairdressing (48 per cent of workers),

clothing and footwear (30 per cent),
leather goods (29 per cent), and restau¬

rants and hotels (18 per cent).

The law forbids indexation of other wage
rates to movements in the SMIC. However,

some adjustment does occur in line with

revisions to the minimum wage even if this

is not an economy-wide phenomenon. This

process of SMIC-wage spiral has been

1. Effects of the Minimum Wage on Youth
Employment and Unemployment in North
America and France by John P. Martin, Central

Analysis Division, Social Affairs, Manpower and
Education Directorate to be published late in
1982. The first part of the study which
reviewed the main findings from the vast North
American literature on the subject was sum¬
marised in an article in the last OECD Observer

(N° 117, July 1982).

2. Between 1950 and 1970 the minimum

wage was known as the Salaire minimum

interprofessionnel garanti (SMIG). Under new
legislation passed in January 1970 its title was
changed to the Salaire minimum interprofes¬
sionnel de croissance (SMIC). The data in this

article refer to establishments employing ten
workers or more.
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A. NOMINAL VALUE OF

THE MINIMUM WAGE, 1962-1981
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studied by INSEE, the French statistical

agency, which concluded that an increase

in the SMIC of 2 per cent typically was

associated with a rise in the overall wage
level of 0.1-0.3 per cent.

Changes in the Nominal and
Real Value of the Minimum

Wage 1960-81

The nominal value of the minimum wage
has risen more than eight-fold over the past
20 years (Chart A), whereas its real value
- once allowance has been made for infla¬

tion - has evolved at a much slower pace
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French youth employment and unemployment seem to be independent of changes in the
minimum wage.

(Chart B). In the chart, two price indices
have been used to deflate the nominal

values of the SMIC: a consumer price index,
and the GDP deflator. The former was used

to represent changes in the real purchasing

power of the SMIC while the latter shows

how the minimum wage has moved relative

to the price of national output.

In the context of possible substitution

between minimum wage workers and other
workers, it is useful to examine movements

in the SMIC relative to the average hourly

wage of manual workers (Chart B). Three

distinct sub-periods can be distinguished.

First, up to June 1 968, there was a steady
decline in the relative value of the SMIG in

terms of the average hourly wage. The

SMIG was linked only to the consumer

price index and, as wages rose faster than

prices over the period, this produced a

growing gap between the minimum wage

and average earnings. The result was a

sharp fall in the proportion of wage earners

paid at, or close to, the SMIG rate in

industry, commerce and services: from

7.3 per cent at the end of 1959 to only

1 .4 per cent by the end of 1 967. Second,

the increase of 35 per cent in the SMIG in

June 1 968 reversed this decline. While the

value of the minimum wage continued to
rise faster than the average hourly wage
through 1969, this trend was reversed

over the subsequent two years. Between
July 1972 and July 1974 the value of the

SMIC rose more rapidly than the average
hourly wage. From 1974 to 1980 the

relative value of the SMIC was very stable
before it rose again in 1981 reflecting the
10 per cent increase introduced in June.

Demographic Composition of
French Employment and

Unemployment

The unemployment rate is the traditional

indicator of labour market performance but
the recent North American literature has

tended to supplement this with the

employment/population ratio as an addi¬

tional indicator of the state of the youth
labour market.

Chart C shows unemployment rates dis¬
aggregated by age and sex since 1962.

Several significant patterns are apparent
from the data. First, unemployment rates
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are negatively correlated with age: the
highest unemployment rates are consis¬

tently recorded among the youngest age
groups. Second, there appears to have

been an upward shift in the entire group-
specific unemployment rate structure since

the early 1 970s. Finally, female unemploy¬
ment rates are generally higher than male

rates for all age groups.

When one compares the behaviour of

these unemployment rates over time, espe¬
cially the upward drift since the early

C. AGE-AND SEX-SPECIFIC

UNEMPLOYMENT RATES,
1962-1981

MALES FEMALES

1970s, to the time-path of the SMIC in

Charts A and B, one point stands out: the
rise in the real value of the SMIC, whether

deflated by an index of consumer prices or

the GDP deflator, considerably predates

the period of rapid growth in unemploy¬
ment rates.

Movements over time in the employ¬

ment/population ratios for the same age

groups are shown in Chart D. While the

overall employment/population ratio has
remained relatively stable over the past

two decades, this masks some diversity

among the individual group-specific ratios.

For example, the ratio has been declining

for young males and young females while it

has risen sharply for females in the 25-49

age group. These phenomena are by no

means recent but clearly reflect long-run

trends. Further disaggregation of the data

on the 1 5-24 age group reveals that, while

there appears to be some secular decrease

in the employment/population ratio among
20-24 year olds, most of the decline in the
youth employment/population ratio has
been concentrated among teenagers.

This decline has been accompanied by a
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rise in the proportion of teenagers

remaining in school: their school enrolment

rate increased from 60 per cent in 1 968 to

77 per cent in 1981. Economic factors

clearly played a role in young people's

remaining longer in formal schooling, and

the raising of the school-leaving age from

14 to 16 in 1968 effectively reduced the

number of young people seeking employ¬

ment since it removed many 15 year olds
from the labour force.

Econometric Results

When a standard two-equation model,

which has been widely used in the North
American literature3, was fitted to data on

French youth employment and labour force

participation rates over the past two

decades, the results suggested that
increases in the SMIC had virtually no

3. Mincer, J., Unemployment Effects of Min¬
imum Wages, Journal of Political Economy,
August 1976. This model was selected in view

of the good results it has produced when
applied to the North American situation. It is

described in detail in the study.
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discernable impact on the French youth
labour market.

Apparently significant minimum wage
effects on French youth employment over
the period 1962-81 vanished once the

statistical analyses took account of the

trend element in the minimum wage vari¬
able which was mentioned earlier. Gener¬

ally, a similar pattern emerged when the
employment equations were estimated

over the period 1968-81 though the
results for the shorter sample period did
indicate some disemployment effects for

male teenagers. These were very small: the
estimated minimum wage elasticities of

-0.2 and -0.4 suggest that a 10 per cent
increase in the SMIC would give rise to a

loss of 8,000-16,000 jobs for male teen¬

agers out of a workforce of that age group
of some 400,000 in 1981.

How do these results compare with the

picture emerging from the many North
American studies? The conclusion has to

be that evidence of significant disemploy¬
ment effects for French youth arising from
changes in the SMIC could not be found

with any precision from time-series data on

French youth employment over the past
two decades. This is in contrast to the

typical finding in the vast North American
literature which shows that increases in the

level and coverage of the minimum wage
have led to small, but nonetheless signifi¬
cant, job losses among teenagers.

The same instability in estimates of the

minimum wage effect was apparent in the
labour supply equations once trend terms

were added. For the period 1968-81 an
attempt was made to model the school-

work decision, assuming that changes in
the SMIC would be one of the factors

influencing the decision on whether to

remain longer in school or not. The results

suggested some small positive minimum

wage effects on the labour supply of young
females while the effects were negative for
teenage males.

Unemployment rate effects were derived

in two different ways. First, the "basic" set
of equations were estimated with the

unemployment rates of the different age-
sex groups as the dependent variable.

Second, the few apparently significant
employment and labour supply effects for
male teenagers were combined in order to

derive elasticities of youth unemployment.
The econometric results suggested that
increases in the SMIC had practically no
impact on French youth unemployment
rates. This contrasted with a previous
study which found very signficant effects
not only on youth unemployment but also
on total unemployment4.

4. Fourçans, A., L'impact du SMIC sur le
chômage : les leçons de l'expérience, Revue
d'économie politique, no. 6, 1980.

The Steel Market

The steel industry in the OECD was

one of the sectors worst hit by the
slowdown in economic growth that

followed the first oil crisis. Steel consump¬
tion, mostly dependent on the production
of investment goods, reached an all-time
peak in the OECD in 1 973; in the next two

years it declined by a total of 19 per cent
and, since then, it has never fully recov¬
ered. Net steel exports from the OECD to

non-OECD areas increased up to 1974.
They are still substantial, but there has

been no further growth. This is because,
while in most developing countries steel
imports are still increasing, in a few of them
steel capacity has begun to expand rapidly,
so that they have recently come close to

self-sufficiency or even become net export¬
ers. Thus, OECD's steel production, which

in 1 974 reached an all-time peak of almost

458 million tonnes, has since ranged
between 384 and 433 million tonnes.

Given the lower production levels, total

employment in the OECD's steel industry
fell by 400,000 or 20 per cent, between
1974 and 1981. With regard to steel
capacity, the latest survey by the OECD:
"The Steel Market in 1981 and the Outlook

for 1982",1 a report prepared in the con¬
text of the work of the OECD Steel Com-

7. This report also contains a special supple¬
ment showing key steel statistics for the period
1961- 1980 for the world and 45 regions and
countries.

mittee, shows that only 69 per cent of
OECD steel capacity was used in 1 980 and
1981, implying a gap of about 1 1 5 million

tonnes between actual and potential pro¬
duction.

The outlook for 1 982 is no better; on the

contrary, the report indicates that world

steel over-capacity problems continue to
worsen. Steel production in the OECD,

declining in 1981 by almost 2 per cent to
392 million tonnes, was expected to fall by
a further 9 million tonnes in 1982, and

latest data available suggest an even
greater decrease. Most of the decline in

1982 will occur in the US and, to a lesser

extent, the EEC, while for most other OECD

countries little change was expected. In the
rest of the world, steel production in 1 982
is expected to be little different from 1981.

Even in developing countries, with the

economic recession, growth will be mini¬

mal. Steel capacity within the OECD will

remain largely unchanged, but in devel¬
oping areas it will further increase, thus

rates of utilisation are expected to fall in
both areas.

Taking account of the fact that the

substantial surplus capacity is at the basis

of present problems in international steel

trade, the OECD Steel Committee con¬

tinues to lay very great stress on the need

to accelerate the efforts for restructuring in

the OECD steel industry.

A fully automated plate mill of the Japanese steel producer, Nippon Kokan.
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Country Problems and Strategies

Japan: Balance of Payments
Surplus, Budget Deficit

It was already apparent a year ago that

the Japanese economy had successfully
overcome the adverse impact on infla¬

tion and the balance of payments of the
second oil shock. This was achieved

through an appropriate adjustment of fiscal

and monetary policies, through the willing¬
ness of the workforce to accept moderate

wage increases and through the structural

adaptation of manufacturing and the imple¬

mentation of technological advances. As a

result, GNP growth had been maintained in

the 3 to 4 per cent range, albeit largely
thanks to the strong growth of exports
since domestic demand had remained

weak.

The official policy objectives for 1981-

82 centred mainly on consolidating the

reduction of inflation and securing a steady
recovery in domestic demand to stimulate

the level of activity. The government has

not been entirely successful in achieving
these aims, however. Although consumer
price inflation has been brought down to a

year-on-year rate of 3 per cent - the
lowest in the OECD area and the balance

of payments has moved into modest sur¬

plus and unemployment remains very low

(2.2 per cent), the growth of economic
activity has slowed down because export
sales growth has flattened out and

domestic demand has not expanded as

strongly as expected, despite a consider¬

able relaxation of monetary conditions and

the adoption of measures to encourage
public works.

One particular feature of Japan's present

situation is the persistently low exchange
rate of the yen. The fact that it has not

appreciated in line with the improvement in

the "fundamentals" of the real economy is a
source of concern to both Japan and her

trading partners and is largely due to

capital outflows attracted by high interest
rates elsewhere. Japanese interest rates,

although historically high in real terms, are

nevertheless significantly lower than those

prevailing in other industrialised coun¬
tries.

The weakness of domestic economic

conditions in 1981 was reflected particu¬

larly in a fall for the third year running in

residential construction and a sharp drop in

the volume growth of business fixed invest¬

ment, from 6.5 per cent in 1 980 to 1.7 per

cent in 1981. Real private consumption

managed a rise of 0.7 per cent, and then

only thanks to a fall in the saving ratio since

real disposable income declined as a result
of an increase in the tax burden. But total

government expenditure on goods and

services rose by 4 per cent in volume in

1981, compared to a decline of 1.7 per

cent the year before. Industrial production
increased by 3.1 per cent, roughly in line

with GNP growth, but the improvement
was concentrated in the export-oriented

machinery industries (plus 10.5 per cent)
whereas in other industries output actually
declined.

Tightening the Fiscal Stance

Monetary policy has been considerably
relaxed since the summer of 1980 with

successive cuts in the discount rate, reduc¬

tions in compulsory reserve requirements

and an easing of "window guidance" ceil¬

ings on bank lending. Exchange rate con¬
siderations have been a constraint on

monetary policy throughout 1981 and the

early part of 1 982. As a result, real interest

rates have remained high and have prob¬

ably been a depressing influence on the

level of economic activity. However, recent

surveys carried out by the Bank of Japan

suggest that companies' financial difficul¬

ties have eased considerably over the past

12 months or so, a trend which is also

borne out by the fall in the number of

bankruptcies.

Fiscal policy has been primarily aimed at

reducing the budget deficit while at the

same time avoiding any unnecessary defla¬

tionary effects on the immediate economic

situation. A public works programme was
frontloaded in the first half of fiscal 1981

(April 1981 to March 1982) in the hope of
stimulating domestic demand. But since

the growth of activity failed to come up to

expectations, the budget deficit was

greater than expected.

Since 1975, there has been a rapid

increase in the amount of government

bonds issued to finance the public sector

deficit. These issues reached a peak in

fiscal 1979, when they accounted for

35 per cent of general account expendi¬

ture, or 6. 1 per cent of GNP. This develop¬

ment primarily reflected the impact of

decelerating growth on revenue, the diffi¬

culty of cutting expenditure and the discre¬

tionary measures adopted by the govern¬

ment to support activity in the wake of the

second oil shock. To counteract this trend,

fiscal policy was given a new priority in the
1980 budget: the government announced

a medium term commitment to reducing

the budget deficit, fearing that the high

level of public sector deficit might begin to

crowd out the private sector borrowing and
restrict its room for manoeuvre on the fiscal

front.

The intermediate objective, announced

during the preparation of the 1981 budget,

was to stop issuing deficit-covering bonds

by fiscal 1984. To this end, it was also

decided that the growth of general account

expenditure should be kept in line with that

of nominal GNP and that central govern¬

ment taxation as a proportion of GNP

should be gradually raised to 13.8 per cent

by 1984.

The process began with the 1981

budget which raised the rates of corporate

tax, liquor tax, stamp duty, security trans¬

action tax and some commodity taxes.

Current revenue was thus budgeted to

increase in 1981 by 21.9 per cent, while

central government general account ex¬

penditure was planned to rise by 9.9 per

cent. As a result, it was hoped to reduce

central government bond issues by 2 tril¬

lion yen to 12.3 trillion yen, so that their

ratio to total spending would fall from

33.5 per cent in fiscal 1980 to 26.2 per

cent in fiscal 1981. Tax revenue fell short,

however, as a result of lower-than-

expected GNP growth - and may actually

prove to be even lower than official esti¬

mates suggest and government bond
issues had to be increased to 12.9 trillion

yen, amounting to 27.4 per cent of total
expenditure. While that should have a

stabilising effect on the economy, it reflects
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the difficulty of reducing the budget deficit
in conditions of weak domestic demand.

Volatile Current Account

Since the early 1970s, Japan's balance

of payments has been characterised by

large swings in the current account balance

coinciding with a highly volatile exchange

rate. The current account position has

swung between surplus and deficit in

cycles of around two or three years and the

difference between the peak and the trough
has widened from around $1 1 billion in the

early 1970s to as much as $27 billion
towards the end of the decade. In relation

to GNP, though, the fluctuations have

tended to diminish. More recently, the
current account balance shifted from a

record deficit of $10.7 billion in 1980 to a

$4.8 billion surplus in 1981, as a result of a
jump in the trade surplus from $2. 1 billion

in 1980 to $20 billion last year. Mean¬
while, the traditional deficit on invisibles

has been widening, to reach a record
$15.2 billion in 1981.

The yen has been especially volatile

since it was floated along with most other

currencies in 1973. The sharpest move¬
ments occurred towards the end of the

1970s, when the effective exchange rate

of the yen appreciated by 46 per cent in the

21 months between January 1977 and

October 1978, and then depreciated by
nearly 26 per cent in the 15 months from

November 1978 to February 1980. Des¬

pite these fluctuations, the yen has

emerged as the fourth most widely used
reserve currency after the dollar, the deut-

schemark and the Swiss franc, accounting
for 3!/2 per cent of world reserves at the
end of 1980.

The balance of long-term capital move¬

ments has usually been negative, in¬

creasing significantly in recent years as
controls on outward investments were

relaxed. Direct investment abroad was

limited up until 1969, but as a result of a

series of liberalisation measures since then,

it has expanded rapidly ever since. This

reflects Japanese industry's need to secure

stable supplies of raw materials and to

expand overseas sales of its products.

Most recently, a primary consideration of

Japanese companies has been to increase

production of their products in foreign
countries to reduce trade frictions and

avoid protectionist measures against Japa¬

nese exports.

The wide swings in the external account

over the past decade can be attributed to

three main factors: cyclical fluctuations in
domestic demand, external shocks and the

interaction between changes in the current

balance and the exchange rate. These

factors have been reinforced by the struc¬
tural composition of Japan's international

The wide swings in Japan's external account over the past decade have been reinforced by the
dependence on imports of fuels, raw materials and agricultural products ('above) financed by

m

trade its heavy dependence on imports of

fuels, raw materials and agricultural pro¬

ducts, financed by exports of manufactured

goods.

The level of domestic demand is an

important determinant of the level of

exports insofar as when internal demand is

depressed, manufacturers have a greater

incentive to export. And as that is likely to

coincide with a reduction in import volume

arising from weak internal demand and a

low level of activity, the current account

tends to be in surplus. This adjustment

mechanism has remained operative

throughout the 1 970s and into the 1 980s,

since export prices have tended to rise

more slowly than wholesale prices in the
domestic market when activity is slack.

Japan's phenomenal "export drive" has

frequently been attributed to the high

proportion of fixed costs in industry, stem¬

ming from the lifetime employment sys¬

tem. But, in view of the flexibility of wages,

another plausible explanation is Japanese

industry's heavy reliance on external debt

financing and the persistently high, albeit

declining, debt/equity ratio of Japanese

companies.

Two new factors have exacerbated the

volatility of Japan's external position since

the early 1 970s namely the two oil price

shocks and exchange rate fluctuations. The

two rounds of sharp oil price rises not only

had a direct impact through a deterioration

in Japan's terms of trade but also an

indirect effect contributing to a readjust¬
ment of the imbalance. The immediate real

income loss resulted in a weakening of
domestic demand which in turn led to a

decline in import volume. In a subsequent
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structural composition of Japan's trade: heavy
exports of manufactured goods (below).

phase, a rise in exports prompted by the
rapid build-up in unused capacity and

surplus stocks took place, and was then

reinforced by an increase in export prices
(which helped to improve the terms of

trade) as higher oil prices worked their way
through the economy. Finally, export

volume was also stimulated by a surge in
demand from oil-producing countries.

Interaction between the current account

and the exchange rate has tended to be

mutually reinforcing. Movements in the
exchange rate have reflected the normal

J-curve effect - an appreciation of the

currency resulting in an immediate boost to

the value of exports, and vice versa. But

Japan's dependence on imported energy
and raw materials led to a fall in the value of

the yen after each jump in oil prices,

although on each occasion the yen had

been appreciating just before the oil price
shock. Hence, in the immediate aftermath

of each oil shock, the Japanese economy

was affected by three adverse factors: the

higher oil price itself, the lagged volume

effects of the earlier yen appreciation and

the J-curve effect of the subsequent depre¬

ciation of the currency. In a second phase,

though, a rapid improvement in the current

account took place as a result of the

weakness of domestic demand, the posi¬

tive volume effects of the yen depreciation

and the J-curve effect of the subsequent

appreciation.

Japan's export performance during the

1970s was a result partly of its price

competitiveness, reflecting the continuous

adaptation of Japanese industry and its

efforts to cut production costs, and partly

of non-price factors such as Japanese

companies' dynamism in developing new

products and markets in response to

changes in the pattern of world demand

and their emphasis on the quality of their

sales and marketing operations in foreign
countries.

At the same time, the strong cost/price

competitiveness of Japanese industry has

made it difficult for foreign competitors to

penetrate the Japanese market. While the

comparatively low import penetration of

manufactured goods from advanced coun¬

tries may be partly explained by non-price

factors and non-tariff barriers, the rapid

growth in imports of manufactures from

developing countries suggests that price

competitiveness is an important factor.

Imports rose particularly rapidly in 1977

and 1978, when the yen was appreciating

sharply, but that was predictably more

favourable to price-sensitive products like

mass-produced clothes, in which devel¬

oping countries have an undoubted cost

advantage, than to the more sophisticated

products exported by industrialised coun¬

tries which require a more sustained mar¬

keting strategy.

Uncertain Outlook for

Domestic Activity

Economic activity is forecast to recover

in the second half of 1 982, after remaining

weak in the first half. Real GNP growth is

expected to accelerate from a rate of

1% per cent in the first half of this year to

4% per cent in the second half of 1983.

Export growth is likely to increase, as

Japan's export markets are forecast to be

growing at an annual rate of 4'/2 per cent in

the second half of 1982 and 7Vè per cent

by the second half of next year. Real private

consumption should have accelerated to an

annual rate of 2!/2 per cent in the first half

of this year and should continue to accel¬

erate, to reach 31/2 per cent in the second
half of 1983. This is mainly due to an

increase in household disposable income

amounting to 5% per cent in 1 982 rising to
7 per cent in 1 983. A pick-up in residential
investment and in business fixed invest¬

ment should also contribute.

Given the technical assumption of
unchanged exchange rates, the current

account surplus is forecast to widen pro¬
gressively to an annual rate of around
$25 billion in the second half of 1 983. This

reflects an anticipated rebound in export
volumes during the second half of 1982,

following some decline in the first half,

while imports should follow precisely the
opposite trend before settling down to a
period of moderate growth next year.

These forecasts remain subject to ser¬
ious doubts about the likelihood of the

built-in assumptions to materialise. The

projected recovery in world trade is one

area of great uncertainty, for instance, and

even if it does take place, Japan's export

prospects may be inhibited by restrictions

on export growth. But supposing Japanese

exports expand rapidly nevertheless as a

result of their strong competitiveness, this

would probably lead in time either to an

appreciation of the yen or to heightened

trade tensions. All in all, therefore, exports

may not rise as fast as OECD forecasts

suggest, and if that is the result of trade

restrictions rather than economic forces,

the deflationary impact on the domestic

economy would be greater than that arising

from an appreciation of the yen, which

would at least bring a benefit in the form of

an improvement in the terms of trade.

If the Japanese authorities are to ensure

a satisfactory growth in economic activity,

therefore, some adjustment in economic

policies might be considered desirable to
counter the likelihood that domestic

demand growth might falter towards the

end of this year. However, scope for a

reorientation of policies is rather limited.

Monetary policy has already been eased

considerably and, given the external con¬

straints, there is little room for manoeuvre.

As for fiscal policy, the government's

commitment to a medium-term strategy

designed to eliminate the deficit on current

budgetary transactions by 1984 did not

prevent the budget deficit turning out

greater than expected in 1981 as a result

of the revenue shortfall. The same might

happen in 1 982 if real GNP expands less in

fiscal 1982 than officially assumed in the

budget, which is a real possibility. In such

conditions, it would not be appropriate to

try to offset the operation of automatic

stabilizers by cutting expenditure. There

are evidently difficult problems of financing

the budget deficit. Their solution could be

facilitated by relaxing administrative con¬

trols over some interest rates and by

introducing mesures designed to enhance

the flexibility of the financial markets.
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Cleaning up Coal Pollution
Costs and Benefits

by Ian M. Torrens]

Smoking factory chimneys, unsightly black pyramids of mine waste on
which nothing can grow, gaping wounds in strip-mined hillsides, dead or
disabled miners, household furnishings soiled with soot these are the
powerful negative images which were the legacy of more than a century
of coal production and use during which the environment was subordi¬
nated to the imperative of industrial development. Thanks, however, to
the awakening of environmental and public health consciousness over the

past few decades, these negative images are now to a large extent a
thing of the past. We have learned how coal may be produced, handled,
and used in a manner which assures an adequate degree ofenvironmental
protection: technological improvements and better management have
greatly improved mine safety; smoke and gaseous pollutant emissions to
the air during coal burning can be reduced to a small fraction of their
uncontrolled level; mine waste and coal ash can be disposed of in ways
which are both environmentally and aesthetically inoffensive.

There remain some problems of course, and the prospect of a large
increase in the contribution of coal to the energy picture in Member
countries which has been foreseen by the IEA2 arouses public concern
that such an increase should be accompanied by measures which ensure
that the environment and quality of life do not suffer as a result.

The main focal points of governmental

and public attention from the envi¬

ronmental perspective are now in the

combustion and waste disposal parts of

the coal fuel cycle. These are also the most

controversial, involving issues like acid

rain3, increasing concentrations of carbon
dioxide in the atmosphere (the greenhouse
effect), heavy metals and other toxic mate¬
rials in the environment, as well as the land

use problems posed by the sheer volume of

waste arising from coal production and
use.

The question of environmental protec¬

tion, with regard to coal as in other facets

of industrial society, is an economic as well

as technological one. Economic, energy
and environmental objectives have to be

balanced, and the costs of protecting the

environment weighed against the benefits

to be gained from doing so. Assessing
where this balance lies is far from simple:

inadequate knowledge of the nature and

magnitude of environmental impacts ren¬

ders their quantification difficult, often

impossible. But at some stage a judgment

has to be made as to what degree of

environmental protection is cost-effective,

in order that regulations and standards

may be formulated.

It is principally the economic aspects of

coal and the environment which underly

OECD work in this area. They were recog¬
nised in a 1979 Recommendation of the

Council on Coal and the Environment which

provided the framework for ongoing work.

At present this work centres on the costs

and costing methods for coal pollution

abatement, it being evident that control

costs are a significant factor influencing

control strategies, and that the whole topic
of costs has been to some extent shrouded

in mystery, with estimates covering a very

wide range.

New Information on

Environmental Control Costs

In the context of this work, it was

thought desirable to obtain as up-to-date

as possible a picture of available control

technologies and their costs. Accordingly,

the decision was taken to organise an
International Symposium on the Economic
Aspects of Coal Pollution Abatement Tech¬

nologies, involving both government and
industry from OECD countries as well as

other international organisations active in
this area4. The economics of environmental

controls on all stages of the coal fuel cycle,
from mining to waste disposal, were exam¬
ined. Some of the main results from the

Symposium follow5.

The production stage

The chart depicts the fuel cycle stages
and main environmental problems involved

in both coal production and use. Some cost

ranges for various environmental protec¬
tion measures at the production stage,

taken from OECD work and from papers

presented at the Petten Symposium are

given in Table 1(a). Two main points are

worth noting:

1. Head of the Resources, Energy and Envi¬
ronment Division, OECD Environment Directo¬

rate.

2. Coal Prospects and Policies in IEA Coun¬

tries: 798 7 Review, OECD, Paris 1982.

3. More correctly termed acid précipita tion or

deposition, this is caused by sulphur and

nitrogen oxides and other acid precursors

emitted by natural and man-made sources and

undergoing chemical transformations in the
atmosphere before returning to earth as rain,

snow or dry deposition (see OECD Publication
Economic and Ecological Interdependence,
1982).

4. This Symposium was hosted by the
Netherlands under OECD patronage, and held in
the Netherlands Energy Research Foundation's
Research Centre in Petten, on the North Sea

coast northwest of Amsterdam, on 24th-28th

May 1982. It brought together some 150
participants from 18 different OECD countries,

who contributed some 50 papers on various

aspects of the subject. Keynote speakers were
Dr. Ulf Lantzke, Executive Director of the

International Energy Agency; Mr. Ralph Bailey,
Chairman of the company CONOCO; Mr. Jim

MacNeill, OECD Director of Environment; and
Professor Hans Schneider, Director of the

Institute of Energy Economics in Cologne.

5. The proceedings of the Symposium are at

present being prepared for publication by the
OECD.
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These environmental costs are built into

the price of coal delivered to the users.
It is often rather difficult to attach the

label "environment" to these costs. For

example, after being brought out of the

mine, coal is usually cleaned or "benefi-

ciated" to remove impurities, increase its
heat content and lower its ash content. To

assess what fraction of the cost thereby
incurred should be labelled "environmen¬

tal" would at best be arbitrary.

This second point merits a small digres¬

sion. Not only for coal but for environ¬

mental protection in general, it is clearfrom

the Environment Directorate's past and

present work that environmental controls

are most effective when they are fully

integrated into the process concerned (as

distinct from being a separate process or

piece of equipment designed to clean up

the pollution). Examples are the recycling

of waste products or the use of waste heat

for process or space heating: both of these

contribute to reducing the amount of pol¬

lution created. Paradoxically, the integra¬

tion of pollution control invariably makes it

more difficult, if not impossible, to assess

what part of the process cost is taken up by

protection of the environment.

The combustion stage

The costs of environmenta

The environmental problem involved in surface or "strip" mining (above at an Australian
mine of the Utah Co.) is land reclamation.controls
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1. SOME INDICATIVE ENVIRONMENTAL CONTROL COSTS

a) in Coal Production

Type of Control 7982 US$/tonne of coal

Mining Reclamation of surface mines

Waste disposal from under

$1-5

ground mines $1-2

Occupational health (15 per cent of cost of
mined coal for surface mi¬

ning, 20 per cent for under¬

ground mining)
Preparation Washing and mechanical clea

ning $1-4

Note: All of the above costs are included in the price of coal delivered to the user.

b) in a Coal-fired Power Plant

Capital Cost Total Cost

$/kW
installed

capacity

1982

US$/
tonne

of coal

as % of

total cost

of electricity

generated

Sulphur Oxide Control

FGD (entire flue gas stream) 130-180 15-25 10-18%

Nitrogen Oxide Control
Low-NOx Burner 5-10 1- 2 under 1%

Flue gas denitrification 35-45 6-12 4- 8%

Particulate Control

Electrostatic Precipitator 10-30 2- 3 1- 2%

Fabric filter 25-40 3- 4 2- 3%

Water Pollution Control

Chemical water treatment 5-10 1- 2 under 1 %

Solid Waste Disposal

(including fly ash and FDG wastes) 15-30 2- 4 1- 3%

Total Environmental Controls* 165-260 21-36 14-25%

* Representative case includes FGD, Low-NOx burner, electrostatic precipitator, chemical water
treatment and solid waste disposal.

Source: OECD and papers presented at the Petten Symposium.

during coal combustion vary over a wide

range. They depend essentially on the

amount and complexity of the hardware,
and on the financial conditions. As to the

former, some types of control equipment

are fairly standard, working on simple

established principles, and their costs are

not onerous. An example is waste water

treatment plant; another, despite the

impressiveness of its physical dimension, is

the disposal of coal ash. Other types of
equipment require heavy investment in

complex processes: the classical example
is an installation for desulphurisation (or

"scrubbing") of flue gases (FGD), which in
fact is a small chemical plant in itself.

Financial parameters, such as the inte¬

rest rate, influence the cost of controls

mainly via the amortisation time assumed

for the plant, but also through the time it

takes for construction, and indeed through
the load factor of the plant when it is

operating. The way in which capital and

operating costs are built into the calculated

cost of electricity generated is a significant

factor: different methods of doing so (such

as "discount cash flow" and "levelising")
can yield differences of 1 0 or 20 per cent in

the contribution of an FGD system cost to

the total cost of generating electricity by a

coal-fired power plant in its first year of
operation. A part of the OECD work in this

area is oriented towards providing a better

understanding of the reasons for diffe¬

rences in cost estimates and thereby faci¬
litating international comparisons.

This being said, it is useful for the

non-specialist to have an order-of-magni-

tude feeling for what it costs to control

pollution from a coal-fired electricity plant.

The most recent information available,

including data provided by participants in

the Petten Symposium, is summarised in a

simple form in Table 1(b). Here the costs

are presented in dollars per (metric) tonne

of coal burned in the plant, which is

assumed to be a new base-load generating

plant. The table confirms the well-known

Dust-free mine: coal is never left out in the air in

enclosed conveyer belt.

2. EFFECT OF COAL POLLUTION

ABATEMENT ON COAL'S

COMPETITIVE POSITION

VIS-A-VIS OIL

7982 US$/
metric

tonne coal

equivalent

Fuel cost of coal1 35- 70

Pollution control costs2

during combustion

stage 21- 36

Coal fuel + control costs 56-106

Fuel cost of oil 120

Cost advantage of coal
with environmental con

trols 14- 64

7. Lower figure is cost of coal to a mine-

mouth plant.

Higher figure is representative European or

Japanese cif. cost after rail and ocean freight.

Both costs include pollution control during

production and transportation stages.

2. Representative case of Table 1.
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this coal mine in Bergkamen, Germany. It is stored in a spotless tower and transported on an

fact that sulphur oxide control is easily the

most expensive item on the list, though flue

gas denitrification (currently practised in
full-scale units only in Japan) is also more

costly than other types of control.

What do these environmental control

costs imply for coal's competitive position,

for example, vis-à-vis oil for power genera¬
tion? A thorough comparison would be

complex depending on total power plant

costs, on whether the project is to replace

an existing oil-fired plant by a new coal-
fired one, on the nature and costs of

pollution controls on the oil-fired plant. But

it is possible to make a greatly simplified

comparison by simply looking at the cost of

Coal fuel plus pollution controls, as com¬

pared to the fuel cost of oil for power

generation. Table 2 makes this compari¬

son, showing that there remains a signifi¬
cant margin between coal and oil, even

when all the costs of coal pollution control

are brought into the picture.

The predominance of FGD in environ¬

mental control costs explains the intense

degree of international interest in appro¬

priate strategies for controlling sulphur

oxide emissions, which have been shown

to be an important contributor to long-

range transport of air pollution and acid

precipitation. The environmental regula¬

tions in different countries, particularly

with regard to sulphur oxide control, are

the principal vehicles for implementing

these strategies.

Environmental Regulations

and Coal Quality

The case of flue-gas desulphurisation

may be used to demonstrate the important

influence which emission regulations have

on the cost of pollution control. Regula¬

tions may require the installation of "best

available control technology" on a new

coal-fired power plant. This essentially

means scrubbing the entire flue gas stream

and thereby removing upwards of 90 per

cent of S02 from it. The cost of doing so is

likely to fall in the range shown in Table 1.

However, it is important to realise that

the regulatory environment in many

instances provides for other options. These

can include the choice of low-sulphur coal,

the degree of coal cleaning or beneficiation,
and the desulphurisation of part of the flue

gases rather than the entire stream.

Indeed, a given SO2 emission standard may

be complied with using one or a combina¬

tion of these options the choice

GLOSSARY OF TERMS IN

POLLUTION CONTROL

TECHNOLOGY

Flue-gas desulphurisation (FGD) in¬
volves bringing the waste gases in con¬
tact with chemicals (such as lime or

limestone) which selectively react with
sulphur oxides. FGD processes are clas¬
sified as regenerable or non-regenerable
depending on whether sulphur com¬

pounds are separated from the absor¬

bent as a by-product or disposed of as a
waste. Non-regenerable FGD wastes
take the form of a sludge, which can,
however, be oxidised and dewatered to

form gypsum. FGD can remove up to 95
per cent of SO2 from the flue gases.

Low-NOx burners make use of boiler
configuration and staged combustion

processes to minimise the quantity of
oxygen available to combine chemically

with nitrogen in the air and in the coal.
They can remove up to 60 per cent of
N0X which would be generated in a
conventional boiler.

Flue-gas denitrification involves
bringing the flue gases into contact with
ammonia in the presence of a catalyst.
The process is known as selective cata¬

lytic reduction, and can remove up to 80
per cent of NOx from the flue gases.

Particulate Control

Cyclone collectors use gravity or
centrifugal forces to separate particles
from the flue gases. Their efficiency is
80-90 per cent.

Electrostatic precipitators consist
of large flat plates between which dust

particles are electrically charged so that
they stick to the grounded collection
plate. They are then mechanically dis¬
lodged into hoppers. The efficiency is
usually greater than 99.5 per cent.

Wet scrubbers use water or other

liquids to "rain out" the dust particles.

They are not widely used in power plants
except when the coal is low-sulphur
(which reduces the efficiency of elec¬
trostatic precipitators).

Fabric filter baghouses involve fil¬
tering the flue gases through fabric bags
suspended vertically. Efficiency is
greater than 99.9 per cent, and this
method is the most effective one for fine

particulates. Bag replacement is a major
maintenance cost, but newly developed
fibreglass bags are making this method
more attractive to utilities.
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depending on the comparative econom¬
ics.

As the coal sulphur content decreases,

less (or for some low-sulphur coals, none)

of the flue gas has to be treated, thereby
allowing substantial reductions in the

capital cost as well as in raw material

(limestone) and operating costs. An added
benefit is that, following scrubbing, the
cleaned flue gas may be mixed with the

untreated fraction before sending it up the

stack, thereby avoiding the energy cost of

reheating the scrubbed gases. Partial
desulphurisation can result in considerable

cost savings while still meeting acceptable

emissions standards. In this case, the

competitive position of coal shown in Table

2 can be still further improved.

Pollution Control in Industry

Pollution control, particularly sulphur

oxide control, in smaller boilers of the size

used by industry, is at a considerable

economic disadvantage to that in large

power plants, due mainly to economies of

scale. Thus, some industries which might
wish to convert to coal could find it difficult

to meet environmental regulations for new

combustion systems. The environment is

of course not the only obstacle to such a

conversion, often not the primary obsta¬
cle.

Some new technological developments

could help to control air pollution from
coal-fired industrial boilers without the

need for elaborate add-on flue gas cleaning

systems. For example, the atmospheric
fluidised bed combustion (AFBC) now on

the verge of commercialisation permits

removal of up to 80 per cent of sulphur

oxides in the combustion chamber through

injecton of limestone along with the coal.

The lower combustion temperatures in this

process substantially reduce the formation

of nitrogen oxides by comparison with
conventional boilers.

Another promising technology for indus¬

trial use is low-calorific gasification of coal

with combined cycle cogeneration of heat

and electricity. Some technical problems
remain to be overcome, but the technology

is interesting from an environmental view¬

point, as the main pollutants could be
controlled during the gasification process

and clean gas piped to surrounding industry

for use in gas turbines to provide heat and

electricity - the industrial energy park con¬

cept.

Some preliminary conclusions may be
drawn from the information and data pre¬
sented at the Petten Symposium and these
are summarised below.

The environment and coal

Coal can be produced and consumed in

an environmentally acceptable manner.

Reliable technology exists and new techni¬

ques under development show consider¬

able promise.

The precise balance between costs and

benefits is difficult to ascertain and likely to
remain so. Decisions on the amount of

control must therefore be made under

uncertainty.

More investigative work is needed on the

major issues like acid deposition, atmos¬

pheric C02 build-up, and trace metals

emissions, in order to provide a better

insight to policy makers.

Atmospheric fluidised bed combustion in Grimethorpe in Yorkshire, U. K. permits the removal of up to 80 per cent of sulphur oxide during
combustion and also reduces nitrogen oxide fumes.
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Facility for scrubbing (or desulphurising) flue gases. Above: flue gas desulphurisation at
the Matsushima Power Co. in Japan - a small chemical plant in itself. Flue gas deni¬

trification is also a feature of some Japanese power plants.

Control technologies

Control of nitrogen-oxide formation

during the combustion process, and flue

gas treatment for sulphur oxides and par¬

ticulates removal, are now definitely

"state-of-the-art" technologies. The sys¬
tems available commercially work reliably
when they are properly installed and main¬
tained.

Into the 1990s, the predominant tech¬

nology for new electricity generation and

large industrial steam-raising is likely to be
pulverised coal boilers incorporating elec¬

trostatic precipitators or bag filters, low
NOx burners, and non-regenerable FGD.

Other promising coal-burning techno¬
logies from the environmental viewpoint,
particularly for smaller boilers, are atmos

pheric fluidised bed combustion, and com¬

bined cycle gasification.

New environmental control technologies
such as regenerable FGD and flue gas
denitrification are being developed.

Costs of control

Environmental control costs for coal are

significant.

For a new coal-fired power plant, the
cost of an effective level of pollution control
is some 20 per cent of the total cost of

generating electricity from coal.

Of this, the most costly item is flue gas
desulphurisation, which accounts alone for

some 15 per cent of the cost of electricity
generated, or about $20/tonne of coal
burned.

Parth' FGD to achieve compliance with

specified emission standards can also be an

option, with correspondingly lower costs.
Flue-gas denitrification, now in use on

some coal-fired electricity plants in Japan,

costs some 5 per cent of the total elec¬

tricity generating cost.

For power generation, an adequate level

of pollution control does not usually under¬
mine coal's competitiveness vis-à-vis oil.

The economics are more marginal for
industrial boilers, which cannot benefit

from economies of scale in pollution control

systems.

A future downward trend in the real

costs of environmental control is possible

as a result of technological innovation and

competition among suppliers of equip¬
ment.

The regulatory environment

The amount and nature of environmental

regulations are important influences on the
costs of control: cost estimates should

therefore specify the relevant aspects of
the regulatory system.

Regulations and procedures concerning
the environment need to be designed in a
flexible manner so that industry or electric
utilities can select the most cost-effective

method of compliance with environmental
standards.

Environmental regulations need to take

into account the fact that pollution does

not disappear: air pollution control pro¬
duces a solid waste which must be dis¬

posed of properly if it is not to lead, through
leaching, to a water pollution problem.

Frequently, environmental control costs

are made to seem a burden, by implication

not entirely necessary, which is hung
around the neck of productive industry by
overbearing governments. An easing of
environmental regulations would, it is

sometimes stated, improve productivity
and help to combat recessionary trends.
This is altogether a much too simplistic

view of the world. In fact, there is no way to
avoid the real costs of controlling pollution,

from coal or from industrial activities gen¬
erally. If these costs are not borne by the
industry concerned at the source of the

pollution, they will be borne by the tax
payers or by the environment in the form of

avoidable damage. The policy question is
not so much whether such costs exist as

who should bear them and in what form. It

is not an easy question, and policies in this
field typically have to be made under

conditions of uncertainty. Information on
the costs of different levels of environ¬

mental controls for coal, and on what are

the principal determinants of these costs,

will help the policy maker to develop

effective strategies for environmental pro¬
tection. These should enable coal to over¬

come the negative environmental image
which history bequeathed it but which it no

longer really deserves.

27



Control of PCBs:

Implementing an OECD Decision
by Brendan Gillespie1

ADecision by OECD's Council - Pro¬

tection of the Environment by Con¬
trol of Polychlorinated Biphenyls

(PCBs) - marked a watershed in the devel¬

opment of chemicals control in OECD

Member countries. Adopted in 1973, the

Decision was the first attempt to control by
internationally concerted action the envi¬
ronmental hazards associated with an

industrial chemical. Moreover experience

with PCBs served as one important catalyst
for the enactment of a new generation of

chemicals-control laws which placed em¬
phasis on anticipating, rather than res¬

ponding to, harm caused by industrial
chemicals.

OECD's Environment Committee has

recently prepared a report on action taken
to implement this Decision2. It illustrates

how concerted action can be an effective

way to protect the environment and at the

same time to minimise economic disrup¬
tion. It also exemplifies the dilemmas which
the environmental decision maker con¬

fronts when evidence of potential hazard
accumulates on a useful chemical.

PCBs: Benefits and Costs

During the rapid post-war expansion of

the chemical industry, efforts were made to

apply chemicals such as PCBs syn-

thesised before the war to a variety of

uses. Because of their chemical and phy¬

sical properties particularly non-flamma-

bility, high dielectric constant and thermal

and chemical stability PCBs were used

for cooling and insulation in electrical

equipment such as transformers and capa¬

citors; as a hydraulic fluid in mining equip¬

ment where non-flammability is a critical

consideration; as cutting and lubricating

oils; and as plasticisers of products such as

paints, copying paper and printing inks. In

these uses PCBs have been able to prevent

explosions and fire, make many processes

safer and more efficient, lengthen the life

and improve the quality and finish of a great

many products. Moreover, these benefits

were achieved at a low direct cost to

users.

Ironically, the environmental problems

What are OECD countries

doing to implement a 1973
Decision by the Organisation's
Council to control the hazards

associated with use of PCBs?

associated with PCBs were caused by

some of the very properties which made

them so commercially valuable in partic¬

ular, their chemical stability and solubility

in other organic liquids. The stability of the

molecule meant it persisted in the environ¬

ment for a long time without being broken

down. Transport of PCBs through air and

water distributed PCBs throughout the
world.

Once in the environment, PCBs did not

rest inert. Their solubility in other organic

materials, especially fats, led to their being

taken up by organisms and eventually
entering the human food chain. The con¬

centration of PCBs in organisms generally

increases with successive steps in the food

chain. Through this process of bioaccumu¬

lation, PCBs came to lodge in the tissue of a

wide variety of wildlife species and, signif¬
icantly, in the tissue of human popula¬
tions.

The presence of PCBs in the environment

had been detected by scientists in the
1960s at a time when the adverse

effects of other persistent chemicals, such

as the pesticide DDT, were coming to light.

As is frequently the case in environmental

affairs, it was not possible to prove with

certainty that PCBs were causing damage.
There had been no previous experience of

an industrial chemical causing environ¬

mental harm when used normally. Pesti¬
cides might have a greater potential to do

so; but this was not surprising since they

were used specifically for their ability to

destroy pests. So why restrict the use of
PCBs and lose their associated benefits

when the evidence was uncertain and

experience provided no precedent?

Two incidents brought the debate to a

head. In 1968 in Yusho, Japan, PCBs used

as a heat-transfer fluid in a rice-oil plant

leaked and contaminated the oil. As a

result, people who consumed the oil suf¬

fered severe skin disease, blindness and

gastro-intestinal illness. In the United

States, a leakage of PCBs contaminated a

large quantity of chicken feed and led the

Food and Drug Administration to order the
destruction of several thousand chickens

and eggs considered to be health
hazards.

While these incidents involved acciden¬

tally high exposures to PCBs, subsequent
examples of environmental contamination

from normal use of PCBs also gave rise to
concern: for example, PCBs detected in

milk from cows given food treated with
PCB-diluted herbicides or stocked in silos

coated with PCB-based products; PCBs in

chicken wrapped with plastic; PCBs in food

wrappings made from recycled copying
paper. In other incidents PCBs were impli¬

cated in reproductive failures in several

wildlife species.

As the evidence accumulated, discus¬

sions took place between government and
industry. By 1 972, five of the six manufac¬
turers of PCBs in OECD countries volun¬

tarily reduced production to levels sup¬
porting a few approved uses. At the same

time several national authorities took steps
to restrict the use of PCBs.

1973 Decision

OECD Member countries, then and now,

comprise the major producers, consumers

and traders of chemicals generally. Produc¬
tion of PCBs was concentrated in a few

firms, largely based in OECD Member

countries. Accordingly, internationally con¬
certed action within OECD was seen as a

means of controlling environmental con¬

tamination by PCBs. Such concertation

would also minimise negative economic

7. Chemicals Division, OECD Environment

Directorate.

2. Report on the Implementation by Member
countries of the Decision by the Council on the

Protection of the Environment by Control of
Polychlorinated Biphenyls, 7982. Obtainable
from OECD's Environment Directorate.
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effects because costs would be equitably
allotted among the countries.

But what form should concerted action

take? How were PCBs to be controlled in a

way that took account of their benefits and
the accumulated evidence of hazard?

The basic problem was that, once PCBs

got into the environment, they tended to

stay there, to bioaccumulate and, appar¬

ently, to produce subtle, unwanted effects.

Member countries agreed that the best
course of action would be to minimise and

ultimately prevent the escape of PCBs into

the environment. To this end, "open" (to
the environment) uses of PCBs, such as in

paints and paper, were to be phased out as

quickly as possible.

Essentially PCBs were to be restricted to
four "closed" uses where the need to

ensure non-flammability outweighed the

need for environmental protection in

transformers, capacitors, heat-transfer

systems and hydraulic equipment. The

need to ensure that PCBs did not escape

before, during or after these uses was also

emphasized.

The Council Decision also provided for an

annual exchange of information on imple¬

mentation of the Decision. This exchange
has allowed OECD's Environment Com¬

mittee and its Chemicals Group to follow

countries' progress.

Legislative Control of PCBs

Most national control measures taken

since 1973 have been given a statutory

basis. Some countries relied on existing
legal instruments but others discovered,

when they came to implement the PCB

Decision, that they did not have a legisla¬

tive framework allowing them to control

such chemicals. Frequently laws existed to

control pharmaceuticals, pesticides, food

additives and poisons but not general

industrial chemicals and particularly not

their actual or potential environmental
effects.

As a result, PCBs have been closely
associated with the enactment of a "new

generation" of chemical control laws

emphasizing an anticipatory approach to

the problem. Rather than responding to

incidents where damage has been done

and costs incurred, the stress has been put

on predicting, and where necessary prev¬

enting, harm from occurring. This is being
done in some Member countries where

industrial chemicals must be systematically

tested and assessed before they are put on

the market. Thus, general systems of

control have replaced ad hoc, case-by-case

responses to problems.

Work in OECD has paralleled this shift in

emphasis. Efforts have focussed on har¬

monizing the new generation of chemicals-

control laws and their implementation. As

in the case of PCBs, protection of the

environment is being sought in a way that

minimises costs to industry and avoids
non-tariff barriers to trade.

Production, Trade and

Consumption

In annual exchanges of information, pro¬

duction, trade and consumption were mon¬

itored. Since there were frequently large
fluctuations in these indices, the annual

exchange helped to correct misleading

impressions which might arise from an

examination of data for a single year.

The data supplied by Member countries

indicate that the potential for further dis¬

persal of PCBs in the environment has been

markedly reduced, in line with the objective
of the Council Decision.

Production of PCBs has fallen sharply

since 1973. By 1980, it had been reduced

by more than 60 per cent (from 44,276
tonnes to 16,586). Most of this decrease

(80 per cent) was accounted for by the
United Kingdom and the United States

which, like Japan, ceased production of

PCBs altogether despite high levels of

output in the past. Production of PCBs is

now restricted to France, Germany, Italy

PCBs are still being used in some trans¬
formers and capacitors two of the four

"closed" uses allowed by the OECD Deci¬
sion.

and Spain among OECD countries (it has

not been possible to determine the extent

to which PCBs might be produced in
non-OECD countries).

Data on imports also suggest a fall in the
potential for PCB contamination of the

environment despite statistical gaps which

make it difficult to identify stable trend

patterns: in the period 1973-80, total

imports seem to have fallen by about 70
per cent for the 19 countries where suffi¬

cient data is available.

With the cessation of Japanese, United

Kingdom and United States production,

France and Germany have become the

major exporters to both OECD and non-

OECD countries though the level of their
total exports to OECD countries has not

increased. Italy is also a major exporter,

while Spain exports none of its domestic

production.

Apparent consumption of PCBs was

calculated by adding together production

and import figures and then subtracting
exports: no account was taken of con¬

sumption from stocks though there has

been some. For the eighteen countries
where sufficient data is available, con¬

sumption of PCBs fell by more than 80 per
cent (from 37,582 tonnes to 6,010). In ten

Member countries there is no consumption

of PCBs at all, or virtually none.

The picture becomes even more striking

if the sources of consumption are exam¬

ined. There seems to be virtually no use of

PCBs in the open applications proscribed

by OECD's Decision nor in two of the four

closed uses permitted by it: use has vir¬

tually ceased in heat transfer systems and

hydraulic equipment. It seems that the use

of PCBs is now essentially confined to the
two other closed uses: transformers and

capacitors.

Economic and Technological
Factors

A range of substitutes are replacing

PCBs in their various applications according
to information on technological change
which has emerged from OECD's annual

exchange. A fully adequate comparison of
PCBs with substitutes however would

require information on relative perfor¬
mance, relative hazard and relative cost.

Such information has not always been
available and, to the extent that it has, its

interpretation is sometimes open to ques¬
tion.

Examination of the economic impact of

the Decision was also hampered by lack of
data: but on the basis of what was availa¬

ble, costs do not appear to have been

unduly burdensome for Member countries.

There have been benefits moreover, mainly

prevention of damage to health and envi¬
ronment. -
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"Largely through the actions of Member

countries, the potential for escape of PCBs
into the environment has been markedly
reduced" the recent report has concluded.

"Although actions had been taken by gov¬
ernments and industry before the Council

Decision was adopted (and probably others
would have been taken in its absence) there

is no doubt that the Decision gave impetus
to such efforts, and stimulated and co¬

ordinated others at the international level.

In addition, the Council Decision provided a
framework within which national control

actions could be taken and non-tariff bar¬

riers to trade avoided."

However, the report provides no

grounds for complacency. Monitoring has
not yet revealed a clear-cut reduction in

environmental levels of PCBs. This may be
explicable in terms of the persistence of
PCBs already in the environment at the
time control measures were established,

the ability which PCBs have to accumulate

in food chains, and the escape of PCBs from

continued handling and use. Current levels
of PCBs in the environment indicate the

need for further monitoring and for con¬
tinued vigilance in their control.

Waste disposal is one activity where
PCBs have a significant potential for escape
to the environment. Large quantities of
them are being stored in Member countries

pending the establishment of national dis¬

posal facilities or transport of the waste to

other countries. The problem is not techno¬

logical: destruction of PCBs by incineration

was a recognised technique as early as
1973, and some chemical techniques
recently developed in the United States

show promising results. It seems, rather,

that the problems are economic, political
and administrative in nature. The cost of

establishing a destruction facility, of finding
an acceptable location and of arranging for

the identification, collection and transport
of articles containing PCBs are problems
faced by most Member countries - and not

only for PCBs, but for hazardous chemicals

in general.

The Dutch authorities have recently
offered to host a seminar on PCBs to review

some of the outstanding problems. In

addition to environmental monitoring and
waste disposal, it is likely that the scientific

understanding of PCBs will be thoroughly
reviewed. The risks associated with PCBs

are better understood now than in 1 973 as

the properties of the group, which contains
200 chemicals in all, have been disentan¬

gled and the possible significance of impu¬

rities in the commercial product recog¬
nised. This shifting knowledge base serves

to underline the complexity and uncertainty
with which the environmental decision

maker must live.
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