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This Report is addressed to the decision-makers involved in 'managing change’, seeking distilled, selective presentation of technoeconomic
intelligence and prospective alert on underdiscussed facets of a topic, rather than a deluge of data and encyclopaedic reviews.

This Report stands as the most visible indication of the commitment of the IPTS to Technology Watch, its main priority and mandate. In
this context. the Report aims to focus on issues of projected pertinence for the decision-makers. exploring prospectively the
socioeconomic impact of $/T developments. On the one hand, such exploration implies signalling on issues which are not yet clearly on the
policy-makers™ agenda, but can be projected to draw attention sooner or later. On the other hand it implies alerting actors about
underexplored aspects of an issue on the agenda, aspects which, though under-appreciated today may have substantial consequences
tomorrow.

The Report benefits from a validation process, underwritten by networks of renowned experts and Commission services, making this Report
a product of not only the IPTS, but also of its collaborating networks of Commission and external experts. The process of interactive
consultation guarantees the validity of the points highlighted, the relevance of the topics chosen, and the timeliness of their examination.

There are many publications excelling within their discipline. The Report takes the extra step, prospectively exploring interdisciplinary
repercussions, often drawing surprising connections. Moreover, sharing the Commission’s priorities, the Report is still the product of a
research institute, and can be 4 neutral platform for dialogue on issues of relevance and a nexus for facilitating debate.

The present 1ssue is the third installment in a seven-issue introductory series that will last unul September 1996. Throughout this period,
and with the feedback and comments of its readers, the Report will be shaped and fine-tuned. Both the brief notes, which aim to inform
and not analyse, and the longer analytical pieces, attempt to cover issues spanning a vast spectrum, in a balanced way. Instead of lamenting
having inexorably to deal with disparate topics, we make a virtue out of necessity, and cherish escaping restrictive tags. Nevertheless, we
attempt here to help orient the reader and ease navigation through the articles.

The alarming reappearance of infectious diseases that were once believed to be eradicated offers the backdrop for the first article. Unwise
prescription practices has fed microbes’ incredible ability to develop resistance to antibiotics. On the one hand this gives rise to health
preoccupations; on the other it presents a market underexplored by pharmaceutical companies, and underdiscussed in policy terms.
Policies and energy market liberalisation in particular, play a crucial role in the second article. In it the promising combined-heat-and-
power (cogeneration) technology is presented. It is argued that the impact of liberalisation on cogeneration technologies is not clear, and
would largely depend on local institutional factors in each country. Similarly unclear is the evidence of anthropogenic emissions as the
cause of climate change (as opposed to natural climatic variation accounting for observed changes). Nevertheless the third article reminds
us of other reasons to deal with anthropogenic emissions, such as fossil fuel depletion, the spectre of potentially catastrophic events
(regardless of the cause) etc. The fourth article examines the hybrid car (combining advantages of both combustion engines and electric
vehicles) as a useful development, paving the way towards an eventual zero-emission vehicle.

The fifth article also includes an environmental dimension, though it has a multidisciplinary approach typical of IPTS work. Pressure on
water resources in many areas of the world promotes wastewater reuse. However, the debate on microbiological minimum standards is
intense and reflects the different priorities and economic impacts of water treatment in wealthier and poorer countries. Significant
economic effects can also be seen in the reduction in European manufacturing emplovment over the past 20 years, accompanied by a
concentration in low-middle technological sectors, as explored in the penultimate article. However, niches within these sectors could form
strong economic growth nuclei. Finally, the last article discusses the way information technologies recast jobs under a new light: low-middle
level white-collar tasks may be more easily computerisable than some blue-collar tasks. In any case, creativity and flexibility will be key
elements for income and job security, and successful education and training programmes would take this into account.
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Sound, forward-looking policy is essential for

the future of Europé’s research and technologi-

Cal development effort. RTD policy over the last’

ten years has seen the establishment of the
Sramework programme as the main vebicle for
Community research. This has enabled betler

,caordmationyof research activities, facilh‘ated ,
the planning of all concerned, and produced

many sigm'f;icantf resulls. Community research
programmes-have yielded. the. first ever

Sequencing of a chromosome; the first produc-.

tion of significant fusion power, and many other
notable results. Research into the impact of the

" framework programmes shows that the partici-

pants derive real benefits from their collabora-
tion, not least the continuation.of this collabo-
ration after the end of the projects reported by
91% of those questioned in.one member siale.
In'many countries, too, the development of new
products or new-processes. results from over
50% of profects. But we can do better! There is

still no innovation culture in the European Un-

ion; the barriers to innovation - financial and

administrative = dare still too high. Scientists -

receive tbéz’r kudos from publication not
patenting or production.-Much of this. must
change if Europe’s goals are to be attained, .,

The innovation problem is addressed through

a Green Papen‘isszled last December, outlining
weaknesses and obstacles to innovation in the

" EU, and specific approaches to deal with them.

Another priority on the research agenda is im-

 proved focus. Mme Cresson, Commissioner for

For further information contact:

Research, Education and Training, together with
Inditstry Commissioner Martin Bangemann, and
Transport Commissioner Neil Kinnock, has es-
tablished task forces in a few, clearly-defined
areas - transport, information technology, and
biotechnology - whose.remit is to determine
how research can belp European industry lead
in‘these fields. Although research in other areas
isalso impoilant, we can expect increased con-
centration. of effort on a reduced number of
targets in the future. Improving coordination
between the research activities of the Commu-
nity and. the Member. States, and between the

“civil and military sectors, bas also been identi-

fied as a key goal. Indeed, the JRC (the joint
Research Centre of the EU Commission) includes
coordination as a major.part of its remit. The
Treaty on the European Union gives the Com-
mission the politically-sensitive mandate to

-ensure better coordination. CREST (the Scien-

tific & Technical Research Committe compris-
ing two government-appointed representatives
from each member state) is exploring appro-
prz’m‘é mechanisms, towards the achievement
of this goal.

What of the futuie? Towards the turi of the

- millenium, the Community’s Fifth Framework

programme for RID, currently in the early
stages of preparation will take over from the
Fourth. It will address the concerns being raised
today, and the policy it enshrines will be the
driving force bebind the technology of to-
morrow.

S. P. Gosden - DGXII, Information & Communication: fax: +32-2-295-8220
tel: +32-2-296-0079 e-mail: Stephen.Gosden@dg12.cec.be
DGXIl is-also.on the Worid Wide Web under EUROPA: http://www.cec.lu
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The increasing ineffectiveness of
antibiotics

A large number of antibiotics, formerly active
against bacterial pathogens, are now ineffective.
Although this is not a new phenomenon, what is
new is the rapidity with which resistant bacteria
can spread through patient populations through-
out the world. An antibiotic that takes a decade
to bring to market can induce resistance within
months of its introduction into clinical practice.
According to the 1994 report of the US Office of
Technology Assessment (OTA), in the USA alone
19,000 hospital patients die each year due to
hospital-acquired bacterial infections, treatable
until recently with antibiotics.

Over recent years there has been a general

resurgence of infectious diseases worldwide,
including outbreaks of cholera, malaria, yel-
low fever, and diphtheria. The difficulty in
controlling the latest tuberculosis (TB) out-
break in HIV-positive patients, as there is no

cure for some multidrug-resistant TB, is an
alarming example. :

It seems that microbes “mutate” faster than sci-
entists can produce new substances. Infectious
microbes, have a remarkable ability to evolve,
adapt and develop drug-resistance in an unpre-
dictable and dynamic way. The reasons for the
increase in incidence of many infectious diseases
are very complex and not fully understood.
Among them are population shifts and popula-
tion growth; changes in human behaviour; ur-

banisation; poverty; changes in ecology and cli--

mate; and inadequate public health infrastruc-

. ture. Resistance is fuelled by the dramatic in-

crease in the use of antibiotics in both human
healthcare and veterinary medicine; the emer-
gence of new pathogens; the increase in the
number of immunodeficient patients (HIV infec-
tion, cancer); and the mass migration of people
worldwide carrying infectious microbes across
borders with their human or animal hosts.

An antibiotic that
takes a decade to
bring to market can
induce resistance
within months of its
- introduction into
'~ clinical practice

Microbes quickly
develop drug-
resistance, due to their
remarkable ability to
evolve, adapt and
mutate

© IPTS - IRC - Seville, 1996
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Antibiotics have been
the victims of their own
SUCCess

Table 1: Consumption Pattern Of Antibiotics In Four European

Countries, 1992

Defined Daily Dose per 1000 inhabitants per day
ANTIBIOTIC TYPE GERMANY | FRANCE ITALY U.K
Tetracyclines & combinations 3,66 3,34 0,47 3,51
Chloramphenicol & combination;s 0,00 0,04 0,01 0,00
Penicillins broad spectrum &
combinations (except for
Tetracyclines chloramphenicol,
aminoglucosides and
sulphonamides) includes
amoxycillin, ampicillin andderived
products 1,71 11,35 6,10 4,50
Cephalosporins 0,46 3,41 1,38 0,80
Trimethoprims & similar formulas 0,97 0,66 1,18 1,35
Macrolides & similar products 1,23 3,99 2,88 1,54
Fluoroquinolones 0,60 1,76 1,38 0,36
Penicillins {(non -broad spectrum) 1,91 1,07 0,07 1,21
Aminoglycosides & combinations 0,01 0,15 0,11 0,01
Carbenicillins 0,00 0,00 0,02 0,00
Rifampicins, rifamycin 0,00 0,00 0,17 0,00
Others 0,00 0,47 0,20 0,01
TOTAL 10,56 26,24 13,97 13,29

Source - ECO-Santé, OECD Credes, OECD 1995

Antibiotics have been the victims of their own
success. About 40% of the Streptococcus re-
sponsible for pneumonia are resistant to peni-
cillin. Of particular worry is Staphylococcus
aureus which is now resistant to all current an-
tibiotics except one, vancomycin, a drug with
serious side effects. In the past vancomycin was

usually used as the ‘last chance’ drug. In 1989 a
strain of Enterococcus faecium also acquired
resistance to vancomycin and has now spread
around the world. Some scientists are worried
that if this antibiotic resistance spreads in the
near future to other organisms, it may facilitate
the reappearance of diseases that until now were

© IPTS - JRC - Seville, 1996
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considered to be eradicated, creating a major
public health problem. Still, the frequent, irra-
tional use of antibiotics is one of the main fac-
tors in the development of microbes’ resistance.

The current world market for antibiotics is esti-
mated to be worth US$ 18 billion. So-called beta-
lactams (eg. penicillins, cephalosporins) have

the largest share of the multi-billion dollar in-
ternational antibiotic market.

Italy and France have the highest shares of the
European antibiotics market, where antibiotics
take up about 10% of the national drugs market
(Figure 1). Italy has the most antibiotics products
on the market (289) but each is commercialised
only in 2 distinct forms. By contrast, in the UK and
Germany, for each antibiotic there may be up to 6
different commercial forms of the same product.

Figure 1: Total Antibiotics Consumption in Selected European

Countries 1992
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Source : ECO-Santé OECD Credes, OECD 1995

Table 2: Consumption costs of antibiotics in four European

countries, 1992

MEASURE Germany France Italy UK
-Units (per 1000

inhabitants per . ‘

day) 55.8 116,4 79,4 110,8
DDD ( per 1000

inhabitants per day) 10,6 26,2 14,0 - 13,3
Dispensing costs

(FF per 1000 inhabitants

per day) 78,8 280.4 241,2 88,4
Average price (FF/DDD) 7,4 10,7 17.3 6,7

Source : ECO-Santé, OECD Credes, OECD 1995

The world market for

antibiotics is currently
estimated to be worth
US$18 billion

France seems to be
the largest antibiotics
consumer in Europe

© IPTS - JRC - Seville, 1996
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In some EU countries
data 15 not collected
systematically, but is
often the result of
specific surveys by
interested parties

The problem of
antibiotics’ resistance
will probably remain
confined to hospitals
for the immediate
future

Although there are
many antibiotics under
development, these are
mainly variations of the
160 existing drugs

In terms of “Defined Daily Dose” (DDD) per
1000 habitants consumption, France seems to
be Europe’s largest consumer, with a consump-
tion about twice as high as in Italy and the UK,
and two and a half times that of Germany. Al-
though consumption in Italy is only half that in
France, the overall expense, calculated in DDD,
is similar due to greater use of more recent, and
more costly, antibiotics (see Table 2).

When considering the high prescription rate in
France, an explanatory factor could be the average
duration of antibiotic therapy in hospitals, which
varies between countries, ranging from 6 days in
the UK to 11 days in Italy. Even for serious infec-
tions such as meningitis, patients in the UK receive
an average of 6 days of treatment while in France
the average duration of therapy is 24 days. A deeper
analysis of these differences in medical approaches,
for the same diseases, would be very interesting.

In France it was also demonstrated that con-
sumption of antibiotics is much higher for chil-
dren, compared to other countries. This then
decreases in adulthood and again picks up
slightly towards old-age. Doctors tend to pre-
scribe antibiotics in order to treat their young
patients more quickly. Apparently this
“antibiomania” corresponds more to parents’
demands, especially when both parents are
working. For sure this is not exclusively a French
phenomenon. Also, sending children at an early
age to nurseries, when their immune system is
still not completely developed, favours the diffu-
sion and repetition of infections to them. Added
to parents’ desires for quick recovery, it seems
that social phenomena may, at least indirectly,
influence this important health issue.

Thus, according to available data and the stud-
ies of antibiotic consumption over a long period,
it has been shown that age, epidemics, impor-
tant infectious diseases, economic differences
and differences in medical approach, all influ-
ence the prescription and consumption of anti-
biotics in different countries.

This analysis is based only on available data: in
several EU countries there is no data available
partly because there is no official body mandated
to collect this kind of information at an EU level.
Data is not systematically collected, and when
collected it is often the result of a specific sur-
vey, requested by an interested party at a certain
point in time, and follow-ups are rare. The ab-
sence of such information does not facilitate
policy-makers’ work which needs scientific evi-
dence for the definition of future strategies.

Future perspectives

For the immediate future the problem of antibi-
otics’ resistance will probably remain confined
to hospitals, at least in developed countries
where it can be kept largely under control by
rigorous infectious disease control. Nevertheless,
in the growing cities of the developing world, and
in those parts of the population in the developed
countries faced with infrequent access to health
services (i.e. poverty, immigrants), it can only
be a matter of time before there are serious out-
breaks of untreatable diseases.

Although the answer to maintaining effective
long-term use of therapeutic agents at present
lies in a2 more prudent and rational use of anti-
biotics in human and animal healthcare, new
antibiotics need to be discovered. There are
more than 160 antibiotics on the market today
with many more in development, although many
of the new drugs are variations of existing ones.
Some pharmaceutical companies, mainly in the
US, are looking for entirely new classes of anti-
biotics with encouraging results. It has been re-
ported that nearly a dozen new antibiotics show
promise in controlling drug-resistant organisms
(Table 3).

According to researchers at Upjohn, for exam-
ple, among the most promising new substances are
the oxazolidones which have a new chemical struc-
ture that is different from current antibiotics and
which stop the growth of drug-resistant organ-

© IPTS - JRC - Seville, 1996
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Table 3: New Antibiotics

Company Compound Target

Upjohn (US) Oxazolidones Protein synthesis

Rhéne-Poulenc Rorer(FR/US) | Streptogramins Protein synthesis

Parke-Davis (US) Boxazomycin Protein synthesis

Roussel-Uclaf (FR) Ketolideas Protein synthesis

Eli Lilly (US) LY 333328 Cell wall formation

Bristol-Myers Squibb (US) New B-lactams Cell wall formation

Abbot Laboratories (US) 2-Pyridone DNA replication

Pfizer (US) New fluoroquinolones | DNA replication

Wyeth-Ayerst (US) . Glycyclines Protein synthesis

Cubist Pharm.(US) Inter.-based inhibitors | Protein synthesis
Source: Science, Vol. 270
isms. A series of novel peptide and steroid anti-  increased dramatically in recent decades mainly
microbial agents discovered in sharks and frogs  because of the increase in immuno-supressed pa-
have attracted attention at the US biotechnology tients. The increased use of anti-fungals and anti-
company Magainin Inc.. Schering has reported  virals, as with the increased use of antibiotics, has
that another new anti-microbial agent, also induced resistance in a number of species.
eerninomicin, isolated from soil bacteria, is
active against Gram+, Saphylococcus, Entero-  Public health officials and researchers consider
coccus, and strains resistant to multiple antibi-  that, in order to improve the efficacy of future
otics seem promising. Other researchers are  products, pharmaceutical companies should tar-
screening and retooling old compounds, by  get research to a “narrower” spectrum of anti-
slightly changing the chemical structure of ex-  biotics, limited to certain diseases. This sugges-
isting antibiotics, in order to inhibit microbes tion could limit pharmaceutical companies’
resistance mechanisms. (e.g. Eli Lilly:'new’ van-  profit margins and may reduce their incentives
comycin and Rhone-Poulenc: streptogramins).  to develop new drugs. Bacterial diseases were
Research is also under way to develop a drugto  not a concern for many companies for several
block isoniazid-resistance in Mycobacterium  vears, due to a small market for new drugs. Ac-
tuberculosis, the microbial agent responsible for  cording to an OTA report, a drug effective, for
tuberculosis. At least six more compounds are  example, only against MRSA (methicillin-resist-
under development. Several companies have pre-  ant Staphylococcus aureus), would currently
ferred to shift their focus from the crowded an-  have a market of ‘only’ about US$60 million a
tibiotic ‘arena’ to the anti-viral and anti-fungal  vyear, well below the US$100 million benchmark
arenas where competition is limited: the inci-  used by the industry to decide whether or not to
dence of serious viral and fungal infections has  invest in research in a particular area.
© IPTS - JRC - Seville, 1996 9
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Although international
efforts must be
coordinated to prevent
pandemics, disease
survetllance is still a
national responsibility

“The saga of microbial
resistance to antibiotics
demonstrates how little
scientists understand of
the forces of change
and adaptation in the
natural world What is
clear is that microbes
have been around for
3500 milhon years and
will probably still be
around before, if ever,
the book on infectious
diseases Is closed”.
(Financial Times,
Oct.95)

It will, however, be a long time before the indus-
try brings the new antibiotics to the market. It
takes 5 to 15 years for these drugs to find their
way through the clinical trials necessary to dem-
onstrate their safety and efficacy, and there is no
guarantee any of them will make it that far. The
long term consequences for public health need
to be considered and a strong research and train-
ing effort must be sustained and strengthened in
order to avoid the undesirable phenomenon of
a reappearance of ‘forgotten’ diseases. The cur-
rent level of support for research and training
in laboratory and field work on infectious dis-
eases, other than AIDS and TB, is very limited in
both Europe and the US.

As the US seems to be the current leader, for the
moment, in the development of “new” antibiot-
ics (especially biotechnology-derived products),
the EU should support pharmaceutical innova-
tion by establishing priorities and co-ordinating
European research efforts in antibiotics. Mean-
while effort should be made to educate profession-

Keywords:

als and consumers alike about their rational use,
according to accepted medical practice.

Efforts at an EU level for collection of compara-
ble data by an appropriate body could become
systematic. Information technology is revolution-
ising communications worldwide and such tech-
nology can be applied to disease control pro-
grams. Member States, in co-operation with the
World Health Organisation (WHO) could develop
their surveillance network through health min-
istries, hospitals, national laboratories and prac-
titioners. Although international efforts must be
co-ordinated to prevent global pandemics, dis-
ease surveillance is above all the responsibility
of each sovereign nation. To ensure that an unu-
sual outbreak is reported when it occurs, efforts
in national disease surveillance must be sup-
ported and encouraged. The development of a
sense of shared responsibility and mutual confi-
dence needs to be developed in the global effort
to combat infectious diseases. j&

Antibiotics, drug resistance, drugs, drug consumption, pharmaceuticals
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Combined Heat and Power Technology:
Technological opportunities and regulatory frameworks
Matthias Weber '

. c ,
The disputed advantages of should be kept in mind when looking at these tei%ir:)?;ano(gH P
cogeneration data. The comparative advantage of CHP depends 9y

allows simultaneous

Cogeneration technology can be defined as the
simultaneous generation of power and useful
forms of heat, in the same process. In principle,
cogeneration can transform the chemically-
bound internal energy of the fuel into electricity
and useful heat at up to 90% efficiency. This
is an obvious advantage compared to traditional
power-only plants which allow efficiencies of
typically up to 40% (large coal-fired power sta-
tions), and in best cases (combined cycle gas
turbines) up to 55%. CO, emissions can be re-
duced by a similar order of magnitude, or - de-
pending on the input fuel - even higher. How-
ever, 2 couple of additional considerations

on the specific conditions used in the analysis.
For example, CHP can typically only be used to
cover the base-load of an individual site, so,
where heat and power loads vary significantly
from the base-load, cogeneration needs to be
supplemented by conventional technologies. This
represents a significant constraint for the use of
CHP. Other factors relevant for the environmen-
tal comparison of CHP with other supply options
are the level of optimisation of system operation,
heat and power transmission losses and the fuel
transportation chain. A comparative reduction
of CO, emissions in the order of 10-20% should
be regarded as a realistic value.

generation of power
and useful forms of
heat, with high
efficiency and reduced
emissions compared to
traditional power-only
plants

© IPTS - JRC - Seville, 1996
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Small-scale CHP has
advanced enormously
n recent years

Notwithstanding these considerations, experts
are agreed that CHP allows substantial increases
in the fuel efficiency of our energy supply sys-
tems, and a comparable reduction in CO, emis-
sions. Its wider diffusion therefore represents a
desirable goal for our medium-term energy fu-
ture.

Recent and future technological
developments

A great variety of technological solutions apply
the principle of cogeneration, each adequate for
particular types of applications and heat require-
ments (e.g. steam or hot water). Systems based
on engines (gas and diesel), on gas turbines, on
steam turbines or on combinations of the latter
have been realised on a wider scale. Steam tur-
bines and combined cycles are typical for large
district heating and industrial schemes. The
small-scale systems have a power range of up to

a few megawatts per unit, corresponding mainly
to engine-based solutions or small gas turbines.
They can be used in large individual buildings,
group heating networks, and on industrial sites.

Small-scale cogeneration technology has made
enormous advances in recent years (see Box 1).
These developments are expected to con-
tinue over the next few years, complemented
by a substantial price drop due to standardisa-
tion and series production. Furthermore,
whereas in the past CHP has mainly benefited
from spin-offs from other industries, the grow-
ing size of the CHP-market has led to more tar-
geted development efforts. One of the most
promising medium-term hopes for CHP-technol-
ogy is, nevertheless, a rather general power tech-
nology, namely fuel cells. However, at present
prices these are still prohibitive, and reliability
needs to be further improved.

Box 1: Main improvements of small-scale cogeneration

technology

Development of small gas and diesel engines down to a size of about 5 kW
per unit, although the limit of economical viability is still around 50 kW.
Gas-turbines are now available at much smaller sizes than a couple of years

. ago (down to 50-100 kW per unit) with good economic performance of units

in the range above 500 kW. In addition, the average electrical efficiencies
have been improved considerably.

Considerable reductions of the comparatively high investment costs due to
the onset of series production, especially in the range of 0.2 to 1 MW engine-
based systems. ‘

Higher reliability and lower maintenance costs, achieved through the
development of sophisticated on-line control systems to monitor and optimise
system operation.

Ancillary equipment to optimise system operation, e.g. by combining CHP
with absorption chilling systems for higher load factors in summer, or heat
storage systems to buffer daily variations of heat load.

improvement of the combustion process and the development of catalytic
systems in order to achieve higher environmental standards.

Considerable learning effects in the area of system integration, providing
well designed and fitted components and “packaged” solutions.
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Figure 1: Share of cogeneration in European electricity

production in the early 90s
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Barriers to diffusion in Europe

Diffusion patterns of cogeneration technology
are rather diverse in Europe, ranging from a neg-
ligible contribution to power supply in France
and Ireland, to about 30% or more in Denmark
and the Netherlands where market saturation ap-
pears to have been reached (COGEN, 1995).
Overall, CHP supplies about 7% of European
electricity production. Whereas large-scale dis-
trict heating is stagnating, industrial applications
are growing moderately in most countries. All
countries with a non-prohibitive regulatory
framework have witnessed a fast growth of small-
scale CHP applications since the mid-80’s, al-
though starting from a very low level. The most
dynamic markets for small-scale and industrial
CHP can be found at present in the UK, Italy, Spain
and Germany.

The technical and cost developments, as well as
the recent diffusion patterns, seem to promise a
bright future for CHP. However, the opportuni-
ties of CHP at the lower end of the power range
should be regarded with caution. One of the main
difficulties of CHP is its complexity: it is much
more complicated than a heat-only boiler plant
and 2 connection to the electric grid, hence re-

quiring specialised skills and knowledge
for plant design and operation. In addition, CHP
needs to be adapted to the specific conditions of
the site. Consequently, although in principle the
technical problems at the low end have been
overcome, and economically viable solutions
been realised, the successful implementation of
CHP still depends to a large extent on the com-
petencies of local operators and planners. New
arrangements like contracting could alleviate
these difficulties but have not yet fully entered
the small-scale market. In addition, a higher level
of standardisation of equipment would be very
helpful - both with regard to economies of scale
and to simplified operation.

Another obstacle for CHP has been gradually
overcome in recent years, but is still relevant in
many Member States: the regulatory and or-
ganisational framework. Differing consider-
ably among the Member States, these frameworks
are often just not compatible with the require-
ments of CHP and have been set up to suit 2
power infrastructure based on large-scale power-
only plants. Due to the constraints on heat trans-
mission, CHP inevitably implies a decentralisa-
tion of power supply, and the combined produc-

Diffusion patterns in
Europe are diverse

Regulatory
environments differ
across countries, and
are often not
compatible with the
requirements of CHP
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Various electricity
taniffs, fuel costs, and
equipment cost
determine economic
viability of CHP

Whether liberalisation
will help CHP depends
on local institutions and
ability to coordinate

Investors’ short term
criterra may undermine
CHP prospects

tion requires horizontal coordination of supply
chains. In several countries decentralisation
of organisational responsibilities and hori-
zontal coordination of supply chains would
therefore be required in the energy supply in-
dustries in order to match the technological char-
acteristics of CHP.

The interface between users and the electric utili-
ties is of crucial importance for the feasibility of
CHP-plants, i.e. the different electricity tariffs
applied (for supply, back-up, stand-by and sur-
plus power) and the technical conditions for grid
connection. Together with the fuel prices and the
additional investment costs for CHP-equipment,
they determine the economic viability of a
project. The prevailing type of electric utility has
a double-edged interest with regard to CHP.
Whereas utilities do not usually have any incentive
to support independent power plant projects, they
are often quite interested in operating CHP-plants
of their own, or at least in participating in
projects, especially if they are horizontally inte-
grated suppliers of electricity, gas and heat.

Reforms of the electricity supply systems
have led to a significant increase in CHP-capac-
ity in some countries, backed in some cases by
financial incentives (e.g. in the Netherlands). In
others, the situation has been helped by the re-
moval of administrative and institutional barri-
ers (Germany, Italy), or the existence of a reli-
able long-term energy policy conducive to CHP
(Denmark) (OECD/IEA). Liberalisation of energy
markets is often seen as helpful for cogeneration
because it removes the barriers put up by the
utilities to protect their monopolistic positions
against independent power generators. Further-
more, a variety of specialised services can
emerge which facilitate the planning and opera-
tion of independent power projects. On the other
hand, liberalisation undermines the long-
term coordination and system integration
function fulfilled by monopolistic utilities.

For potential CHP-investors the situation is
equally ambiguous. Large electricity users, ex-
pecting a drop in power prices due to competi-
tion, perceive CHP as unpromising. Others, like
small companies and commercial users, who
usually do not count on price reductions, iden-
tify CHP as an opportunity to become more in-
dependent from the utilities. However, these two
groups of investors will apply very strict payback
criteria for non-core investment - typically two
to four years. The third main group of investors,
power generating utilities, who usually apply
longer time horizons for their investment (up to
20 years), are also forced, in a competitive
framework, to apply much stricter investment
criteria. Although from an environmental point
of view, CHP may be the superior solution, they
lose the flexibility to take these aspects implic-
itly into account - as has happened frequently in
the past. Hence, unless environmental exter-
nalities are integrated in the cost-benefit
calculations for energy supply projects
(e.g. by taxes), the commercial logic will
dominate investment decisions at the cost
of the environment.

In the UK and Spain, the enabling effects of lib-
eralisation seem to have prevailed, and the mar-
kets for CHP have grown rapidly over recent
years. Before liberalisation the potential was al-
most completely blocked by fierce resistance
from the utilities. The release of natural gas as a
fuel for power generation has also triggered the
growth of gas-fired plants. The examples of Den-
mark with its cooperative though monopolistic
energy policy framework, of Germany with its
strong local utilities, and of the Netherlands
where a combination of liberalisation and finan-
cial incentives has been applied, show that the
diffusion of CHP is not just a question of
whether the overall framework is “mo-
nopolistic” or “liberalised”. Rather it de-
pends on the organisation of incentives
inside each of the frameworks, and how
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far coordination and system optimisation
can be achieved. There is little evidence that
liberalisation by itself would improve the condi-
tions for CHP. The national histories, institutions
and structures determine whether a liberalised
framework would be helpful or not.

CHP and liberalised energy
markets in Europe

Based on the preceding analysis, the effects of a
liberalised Internal Energy Market in Europe on
CHP can be expected to differ considerably
among the Member States, and could be both
positive and negative. In particular, where coun-
tries already have a conducive framework for
CHP, liberalisation could have a damaging effect.
Until now the proposals to liberalise the grid-
bound supply systems for gas and electricity have
had two major consequences. Firstly, they have
created a lot of uncertainty among potential
investors and the utility companies regard-
ing CHP. This has led to a delay in the diffusion
of environmentally-beneficial investment in CHP,
at least until more stable and reliable planning
conditions prevail. Secondly, they have stimu-
lated preparatory adjustments of the na-
tional frameworks in those countries with un-
favourable institutional settings (e.g. Italy and
France), thereby opening up new opportunities
for CHP. However, given that long-term invest-
ment in energy supply requires a stable and
reliable framework, a decision on the future
European energy supply framework is required
as soon as possible. If no decision is taken, the
present window of opportunity to switch to a

more decentralised and efficient energy supply
trajectory - based on a larger share of CHP -
could be missed simply because of the uncer-
tainties of the regulatory framework.

Conclusions

CHP is widely recognised as an attractive option
for improving energy efficiency in the short- to
medium-term. Although small-scale CHP has pro-
gressed considerably in some Member States in
recent years, future prospects remain uncertain.
Further technical improvements can be expected
over the next few years, increasing both the tech-
nical and the economic potential. However, the
successful application of CHP is still confronted
with obstacles at the user level. These could be
overcome by the development of more “user-
friendly” technology and the dissemination of
further information to potential users. Stable and
reliable regulatory frameworks are also neces-
sary to provide a solid planning base for long-
term investment in energy supply systems like
CHP. The question of whether a liberalised frame-
work is conducive to the use of CHP cannot be
answered in general. In fact, it is likely to have a
double-edged impact on CHP, depending on the
specific organisation and history of energy sup-
ply in each Member State. In countries where
utilities are still in a position to prevent invest-
ment in CHP, liberalisation appears to be a help-
ful solution. However, introducing strong competi-
tive elements in countries with cooperative organi-
sational patterns in the energy supply sector could
endanger the further diffusion of CHP.

There is @ window of
opportunity for a more
decentralised and
efficient energy supply
trajectory
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Decisions in a Climate of Uncertainty:

Addressing the CO, issue
Astrid Zwick

i

introduction of modern technologr
. of concern about CO emtssmn an

‘ ;Issue. Decision- makmg under s entm‘ ]
latest assessment re port'of the:f tergove

Decision-making is prompted by a perceived
need for action. This perception results from a
change in our natural environment which, if suf-
ficiently intense, will have a significant impact
on the world’s ecosystem and on human welfare.
The perceived change in the global climate is one
of the issues that needs to be addressed.

There is a striking correlation between the
increase in anthropogenic CO, emissions
(about 7Gte carbon/year), the increase in
atmospheric €O, concentration (about
30% from pre-industrial to industrial
times) and an observed increase of tem-
perature of about 0.3°C to 0.6°C during
the last 150 years. However, uncertainties arise
when comparing this to the natural climatic os-
cillation pattern, since this observed tempera-
ture increase still lies within the range of natu-
ral variability. In the scientific community, there

is a growing awareness of natural climate
changes due to external factors such as Jong-
term solar abtim’ty ¢ycles, predominantly the 80
year solar sunspot cycle, that might have an im-
pact as large as the changes in CO, concentra-
tions (Cubasch, 1995). Usually this external forc-
ing leads to internal escillation modes, like oce-
anic circulation changes that, in turn, result in
further feedback mechanisms forcing climate
to change apparently irregularly. In addition, the
natural warming may be reinforced by the effect
of anthropogenic greenhouse gas emissions.

Given the scientific uncertainties, why should we
react? While we have to wait for scientific answers
about the extent of climate change and its possi-
ble causes and impacts, decisions based on these
results may arrive too late. The argument in fa-
vour of prompt action is supported by our un-
derstanding of the causes of past climate

The observed
temperature increase
still lies within the
range of natural
variability

Anthropogenic
influence can
drastically reinforce
small-scale natural
oscillation leading to
disproportional climate
impacts
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Reqgardless of cause,
action may be justified
due to the potential
effects and impacts

Depletion of fossil fuels
by itself justifies efforts
towards energy
efficiency and
alternative sources of
energy

There 1s an opportunity
to avord developing
countries being locked
into fossi fuel
technology from the
start

changes, revealing that only small environmen-
tal perturbations can easily change the whole pat-
tern of the atmospheric circulation. Over the last
10,000 years the climate has been unusually sta-
ble suggesting that, in the longer term, a more
prominent change is likely. Indeed, scientists have
detected natural climatic oscillation patterns of
timescales shorter than those originating from as-
tronomical forcing. These small scale oscillations
could be reinforced by anthropogenic influence
and, thus, may have substantial effects on the world’s
ecosystem and human welfare. Against this back-
ground precautionary measures are justified.

Possible impacts of climate
change

Apart from an increased desertification in cer-
tain areas and recurrent flooding in others, sce-
narios of the future greenhouse world foresee a
rise of the global sea level of between 0.3m and
1.0m by the year 2100, if the greenhouse gases
alone are considered (IPCC, 1995). This, of
course, affects small island states worried about
their existence. Even though the extent of the
anthropogenic contribution to global warming
remains uncertain, sea level is expected to rise
due to natural climatic fluctuations. Whatever
the cause, action is required.

Other possible, and important, impacts of cli-
mate change include precipitation changes and
a shortage of water resources. This would affect
agricultural productivity and thus the food sup-
ply, and possibly threaten the economy of those
countries relying on the export of agricultural
goods. Another burning topic is the increase in
catastrophic weather events resulting from glo-
bal warming (IPCC, 1992). However, weather
extremes due to global warming are statistically
not vet significant, again revealing the lack of
confidence in probabilistic assessments of cli-
mate extremes (Hasselmann, 1995).

Climate change uncertainty and
energy supply - looking for a
compatible approach

The scientific uncertainties lead to different in-
terpretations of the issue of climate change. From
a fatalist’s point of view, the issue is considered
to be completely out of human control. Certain
industrialists believe that there is no real prob-
lem, unless proven otherwise, while some envi-
ronmentalists believe that the earth is on the
verge of disaster. The hierarchist’s view is that there
is a limit to the extent that the environment can tol-
erate human activities and we are (usually) com-
fortably within this limit (Paoli, 1994). This latter
view comes closest to that of today’s Western gov-
ernments, cost-benefit analysts and many scientists.

There remains another possible approach to this
problem. While environmentalists are primarily
concerned with minimizing greenhouse gas
emissions, this can be linked to addressing the
problem of the depletion of fossil energy re-
sources, as the combustion of fossil fuels is a
major source of CO, emissions. It is expected that
most of our fossil energy resources will be depleted
within the next century, demanding a re-considera-
tion of our conventional energy sources and a
switch to energy efficient and alternative tech-
nologies (Peet, 1992). In addition, the start-up time
for a new technology needs to be considered, given
that it could take several decades before a new tech-
nology becomes fully commercialized and competi-
tive.

Thus, it is time to work out strategies that ad-
dress both the problems related to the threats
of climate change and meeting future energy
demand. The latter is important since it is doubt-
ful whether social behaviour can be drastically
changed in terms of energy consumption habits.
Moreover, the largest share of greenhouse gas
emissions will soon come from the developing
countries. These countries have a growing de-
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mand for energy and it could be wise to intro-
duce modern energy efficient or alternative tech-
nologies at an early stage, to save money on
energy consumption in the long term (Hess,
1994). However, high investment costs would
require some financial assistance from the de-
veloped world. Given the global relevance of
greenhouse gas emissions, developed countries
also stand to benefit from this investment.

Options and costs

There are several categories of potential strate-
gies which would enable us to deal with the ap-
proaching limits of the natural environment and
the depletion of our fossil resources (GAO,
1990). Apart from being inactive, adaptation
may be a solution. This would involve adjusting
to the environment, or our ways of using it, to
reduce the consequences of a changing climate.
The range of responses include avoiding the de-
velopment of unprotected coastal areas, devel-
oping more heat-resistant strains of crops and
using water more efficiently.

A second option, moving beyond the passive ap-
proach, would be the implementation of limi-
tation strategies to control or stop the growth
of greenhouse gas concentrations in the atmos-
phere, thereby reducing the anthropogenic in-
fluence on climate change. Limitation strategies
would also slow the rate of fossil fuel exploita-
tion. Significantly, slowing the rate of the
anthropogenically-enhanced global warming
would make it easier for society to adapt to
changes. However, while limitation strategies re-
quire worldwide cooperation, adapting to the con-
sequences of global warming do not.

There are a range of actions that could be im-
plemented within a limitation strategy. On the one
hand, ‘no regret policies’ (encouraging low key
changes in lifestyle and energy consumption pat-
terns) could be beneficial in terms of energy sav-

ing and reduced social costs; on the other hand,
draconian measures, such as ecotaxes and traf-
fic regulations, may have a more immediate im-
pact but prove more costly. Another possible strat-
egy involves reducing our reliance on fossil fuels,
which currently provide over 75% of the world’s
energy, by increasing energy efficiency, or by re-
placing fossil fuels with alternative energy sources.
A more controversial solution would be to reduce
atmospheric CO, concentrations through the stor-
age, disposal or sequestration of CO,. However,
the economic viability of such technologies is in
question.

The latest IPCC report proposes an immediate
reduction of CO, emissions by 50-70% in order
to stabilise atmospheric concentrations at their
present levels (IPCC, 1995). However, the sci-
entific justification for such drastic and costly
action is questionnable as research has shown
that natural carbon sinks are able to increase
their uptake capacity as they absorb CO, This
also demonstrates the importance of reliable pre-
dictions and detailed observations of climate
change for the development of effective controls
on greenhouse gas emissions and adaptive meas-
ures.

Previously proposed international policy instru-
ments, such as country-by-country targets, car-
bon taxes, and tradable permits, face major dif-
ficulties as stand alone proposals. The use of
tradable emission permits, for example, could
lead to a control of CO, emissions via the world
market (Klusmann, 1995). They would be dis-
tributed according to each country’s economic
situation and using the principle of burden-shar-
ing. Over time, the number of permits could be
reduced and the tax rate increased if improved
scientific knowledge so dictates (Harvey, 1995).

Recent negotiations for voluntary CO/energy
taxes in an EU framework have broken down and
will not be revived in the short term. However,

Strategies include
adaptation of, for
example, water
resources and coastal
zones.. .

..and limitation of
greenhouse gases
emissions

Tradeable permits
could help reduce CO
emissions, but their
initial distribution is a
source of discord
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Although our approach
needs to be informed
by scientific evidence,
there are other
dimensions to the issue
which call for action,
and do not depend on
a definttive scientific
answer

they were considered to be a viable option for
the control of CO, emissions (Europe, 1995).
The debate centres around the use of harmo-
nised CO,/energy taxes after a four-year volun-
tary period, or a ‘pure’ CO, tax. The EU Member
States have not yet come to an agreement. The
carbon tax would encourage the use of less car-
bon-intensive fossil fuels, a switch to renewable
energy sources, and more efficient use of energy
more efficiently. Notably, recent calculations sug-
gest that tax implementation would only result
in 2 5% reduction of global CO, concentrations,
and thus lead to 2 0.8% reduction of the increase
in temperature (Bottiger 1995).

Estimating the costs of global climate change is
controversial. In the latest assessment report of
the IPCC, estimates showed that the costs of re-
pairing damages caused by climate change, such
as catastrophic weather events, are less than the
costs of implementing strategies to reduce green-
house gas emissions (Masood, 1995). These es-
timates were made on the assumption that the value
of a life in a developing country was about one-
fifteenth the value of a life in the developed world.

The development of environmental policy needs,
therefore, to assimilate massive conflicts between
different assumptions, values and, last but not
least, costs. The need to control CO, emissions
and safeguard our energy supply appear to be
two different problems, but they are in fact com-
patible. Since both issues may be a threat at the
same time, it could be wise to react in thinking
about economically suitable measures for all
possible events. Any international agreement
made in response to the possible and serious
environmental threat is now based upon the pre-
cautionary principle. However, it must be flex-
ible and capable of adjustment as new scien-
tific results become available, since the scien-
tific facts do not yet provide the right grounds
for implementation strategies. While scientific
uncertainties concerning the climate system and
its behaviour create a nice “shopping list” for
future research, there are compelling reasons
for decision-makers to address the CO, issue
now. Technical solutions are not able to stop cli-
mate change but they can delay an anthropogenic
contribution to global warming and reduce the
pressure on our fossil fuel resources.
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Contradictory demands
for vehicles that are
environment-friendly
AND offer high-
performance

could be met by
hybrid vehicles
combining
characteristics of both
internal combustion
engines and electric
vehicles

Toward the Zero Emission Vehicle:

The role of the hybrid car
Hector Hernéndez, Patrick Canarelli

Ay i -

: lssue. Automotwe techno|ogles need to adapt to meet, the contrad!ctory, .
démands of, on the ohe hand, market expectations of higher perfbrmanceand ‘
- on the other hand, publac concern for more envuronmentaﬂy—fnendly vahxcles

‘ Relevance‘ Fierce compet:tion between exnstmg technolegues and altematxve .
ones that should meet tighter requ;rements is likely to reshape the aubomobile, ‘
" industry over the medium to Iong term. In this context, hybrid vehicles may have
‘an |mportant role to play in pavmg the wayxowards the cleaner car.

The hybrid concept

The automobile has to adapt to contradictory
demands resulting, in particular, from public
requirements for more environmentally-friendly
transport and ever higher vehicle performance.
In this context, a large range of options are being
explored, yet dogmatic positions hinder the debate.

On the one hand, the currently dominant vehi-
cle, powered by internal combustion engines
(ICE), seems to offer some room to decrease fuel
consumption and emission of local pollutants,
but does not appear to be the required solution
for the long term. On the other hand, the zero
emission vehicle (ZEV), such as the electric ve-
hicle (EV), is strongly limited by the low, present
and foreseeable, capacity of on-board electrical
energy storage systems.

A third option is the hybrid vehicle (HV) which
attempts to combine the advantages from both
the ICE vehicle and the EV. Hybrid vehicles have
been studied extensively over the last decades

but recent progress in energy storage systems,
electrical devices and control electronics seem
to make them more practical today. Besides
offering a large potential for providing an
ultra-low emission vehicle (ULEV or be-
low), the hybrid vehicle may actually help
the eventual introduction of EVs.

The main idea behind the hybrid concept is to
combine the internal combustion engine with
another power source so that it operates as close
as possible to the optimal conditions. For rea-
sons of versatility, efficiency and compactness,
the most suitable associated power source is an
electrical system comprising an energy storage
system, typically batteries or flywheels (see /PTS
Report N°00, December 1995).

Depending on the configuration of the two power
sources, two main types of HVs have been devel-
oped, namely serial and parallel, as depicted in
Figure 1.
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Figure 1: Description of hybrid vehicles
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Serial hybrid vehicle

In the serial version, the ICE only drives an alternator which charges an electric
storage system (e.g. a battery pack), which in turn powers the wheels through
one or more electrical motors. Because the engine runs at a fixed regime, it can
be operated close to its minimal emission and highest efficiency levels. Results
reported so far indicate that the serial HV may achieve emission levels weli below
the ULEV limits.

An important drawback of serial HV concerns a lower electrical transmission
efficiency (including the storage system), which may, however, be compensated
by the higher efficiency of the optimised engine. In addition, the HV has a narrow
range of optimal operating conditions and a high performance sensitivity to the
respective‘importance of the ICE and electrical system. Thus, multi-purpose usage
HV appears to be difficult to achieve. For instance, in order to cope with high
power demands, an oversized electrical transmission is necessary, thus affecting
vehicle efficiency.

Parallel hybrid vehicle

The parallel hybrid vehicle is configured in such a way that the ICE and the
electrical motor work simuitaneously in parallel. The combination of the power
sources can be arranged in several ways. A possible configuration is to place the
electrical motor on the mechanical transmission line, before or after the gearbox.
Then, a strategy to use the power sources is devised according to the desired
characteristics (e.g. to provide average and peak power demands).

In principle, the parallel configuration offers a higher overall efficiency of the
transmission chain and the possibility of mechanically transmitting a higher power
to the wheels, yet, at the price of potentially higher emissions (ETH, 1995).
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Design must aim to
benefit from the
advantages of ICE and
electric vehicles while
avoiding their
drawbacks

Production costs are a
concern, but not

Comparative characteristics of
hybrid vehicles

There are many common features to both types
of HVs. Their arrangement covers in principle
the range from pure ICE vehicle to pure EV. It
allows, as in the case of pure electric vehicles,
the recovery of braking energy which can, par-
ticularly in urban driving conditions, substan-
tially reduce fuel consumption. Furthermore,
HYVs have the potential to gain from the re-
spective advantages of both power sources.
Yet vehicle optimisation is critical, and badly de-
signed HVs can, on the contrary, lead to the draw-
backs of both ICE vehicle and EV.

From past experience, it is known that this im-
portant issue of optimisation has no single solu-
tion: it is, to a large extent, dependent on vehi-
cle requirements. Optimisation can be carried
out at conceptual and operating levels. The type
of vehicle usage (e.g. trip pattern) determines,
in particular, engine and electrical motor sizes,
and the electric energy storage capacity. This has
important consequences for refuelling time and
for vehicle performance such as range and ac-
celeration capabilities. Concerning vehicle
optimisation during operation, there is a need
for greater use of “intelligent” controllers and
for electronic management systems generally.

A common drawback of HVs is obviously their
production cost which would be substantially
higher than today’s ICE cars. However, compared
with EVs the cost is not significantly higher, due
to the need for a smaller (cheaper) electrical
system which compensates partially the ICE cost
(SAE 2, 1994). In addition, costs could be par-
tially offset by lower running costs and particu-
larly by a higher durability of the engine.

The main differences between serial and paral-
lel HVs are in the extent of optimisation of fuel
consumption and emissions. The serial HV of-
fers a higher potential for engine efficiency and
emission optimisation, yet at the price of a lower
electrical transmission efficiency which may have
negative impacts on fuel consumption. On the
other hand, the parallel HV enables a potentially
lower fuel consumption, but with higher emis-
sion levels.

In comparing the respective benefits of hybrid
vehicles, ICE vehicles and EVs, a large set of cri-
teria have to be considered. A qualitative com-
parison of these technologies, with regards to
technical performance, is summarised in table
1 for a typical case.

significantly higher Table 1: Qualitative comparison of hybrid, ICE and EVs
than EVs Assessment relates to a four passenger car under urban driving conditions
Energy consumption Local emissions Range Acceleration
ICE vehicle -- - ++ * o+
HV serial - ++ +
HV pa.rallel 0 ++ ++
EV: 7 -10 ++ - -
Note: scale in progressive order of performa’née: - 0, +, ++
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The broader perspective

Besides technical considerations, there are
broader aspects that need to be examined. Dif-
fusion of technology is both dependent on and
influenced by several factors outside the purely
technical area. Thus, diffusion of hybrid vehi-
cles would, on the one hand, only be possible if
certain criteria are met and may, on the other
hand, result in some important changes in the
area of individual transportation technology.

It goes without saying that any significant diffu-
sion of hybrid vehicles will require widespread
user acceptance. Such acceptance would even-
tually induce interest from the car industry and
then result in mass production. Although the
acceptability of new car technology is de-
termined by a large number of criteria,
some need to be absolutely fulfilled: low
cost, high performance and convenience.

The cost of hybrid vehicles is strongly depend-
ent on the volume of production - which under-
scores the importance of the regulatory frame-
work, especially in the early introductory stages.

Performance concerns, above all, range and
acceleration. The very principle of hybrid vehi-
cles allows for a range comparable to that of ICE
vehicles. Because HVs can cover the full range
from ICE vehicles to EVs, the acceleration capa-
bilities are largely variable. Thus, other draw-
backs apart, the HVs’ performance should not
be too far from that of conventional vehicles.

The convenience of vehicles relates especially
to their “freedom” (range) and ease of refuel-
ling. Since HVs can, in principle, be refuelled
either with gasoline or by recharging their elec-
trical energy storage system, convenience will be
boosted by the possibility of using the existing
high density network of petrol stations.

Thus, it appears clear that their greater ac-
ceptance gives HVs a chance of substan-
tially higher diffusion than EVs. Important

consequences would then be induced with sig-
nificant impact on the EV itself, relating particu-
larly to the issues of fuel infrastructure and tech-
nological investment.

With the growing diffusion of HVs, electric utili-
ties would have large incentives to initiate adap-
tation of the electricity network to fulfil their
developing recharging needs. This adaptation
would especially concern the setting up of home
and public overnight recharging facilities. This is,
indeed, an example of how a hybrid concept can
be used to overcome technology lock-in, and en-
able the eventual transition to a different technology.

Car makers too would have incentives to invest
in hybrid vehicle technology as the niche devel-
ops, and with it competition within the car in-
dustry. Although requiring some specific R&D
effort, related in particular to combining both
power sources (e.g. with controllers), HVs are
largely a2 mix between traditional (ICE vehicle)
technology and EV technology. Investment in HV
development would thus probably be of benefit
to both. In addition, investing in a dual technol-
ogy transport means might, as an important con-
sequence, offer reduced risks associated with
technological development.

Hence, the dual fuel and dual technology sys-
tem that is inherent in hybrid vehicles may be an
efficient way of solving the “chicken and egg”
problem related to technological development
and fuel infrastructure. HVs may help ease the
acceptance and the subsequent introduction of
pure EVs, in particular with the help of private
investment.

Toward cleaner cars

It seems that the automobile will evolve inevita-
bly toward a zero emission vehicle. The most rep-
resentative option to date, the EV, appears far
from being ready for wide diffusion. Thus, a tran-
sitory solution can be envisaged for shortening
the delay by which more environmentally-friendly
automobiles will become available.

Non-technical aspects
are important for
technology diffusion

The hybrid nature
facilitates refuelling,
thanks to the existing
network of petrol
stations

but also increases
incentives for the
creation of a network
of recharging stations,
and thus improves
prospects for pure EV

The dual technology
of HV reduces the
investment risks
related to technology
development
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This is the role that may be devoted to hybrid  of EV technology. A third positive aspect arising
vehicles. Besides being an elegant and smart  from investing in HV technology would be the
technological option, HVs offer important advan-  reduction of development risks inherent in any
tages. Firstly, even if they are not actual ZEVs,  dual technology product.
they significantly reduce two drawbacks of
present cars related to energy consumption and  Thus, the hybrid vehicle and the electric vehicle
emissions. Secondly, they have the potential for  should no longer be considered as mutually exclu-
easing and shortening the eventual introduction  sive options. Instead, the HV could actuall}ave
of pure EVs thanks to the resulting build-up of  the way to the cleaner car of tomorrow.
fuel infrastructure and the general speeding up
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Transport technology, electric vehicles, hybrid vehicles, zero-emission vehicles, energy

consumption, energy storage, dual technologies
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Wastewater Reuse:

Ever more a resource for the future

Laurent Bontoux

. Issue: Due to the incréasing pressure on water resources in many areas of the
© world, issues of rehablllty of water suppl ies are becoming acute. As a consequence
wastewa‘tef reuse is bemg devgloped mamly for |mgatnon.

Rclovam* Inspite of the fact thatxtechnology exists to make wastewater reuse
afe the development of was‘tewater reuseis raising pubhc health concerns and |
generatmg hot debates about mrcroblologlcal quahty standards, Many
developmg countries-do. not have' the know-how nor the financial means to .
" apply this technology systematlcally Differences in standards and’in the practlee
“of wastewater reuse in different countries create distortions in its acceptanCer
This raises a number of issues ranging from the publx health of local populations,

i

' to international competition for tourism-or' exports of fruit and vegetables.

In spite of being sufficient on a global scale to
satisfy human needs, freshwater resources are
unequally distributed in time and space, creat-
ing local difficulties in water supply. Addition-
ally, in the last few years, and besides the occur-
rence of local droughts, a combination of in-
creasing irrigation to satisfy the food needs of a
growing population, economic growth and in-
dustrial demands have created acute water short-
ages in many regions of the world. In industrial-
ized countries, while drinking water treatment
is becoming more and more expensive due to
pervasive pollution, the quality of wastewater ef-
fluents is steadily improving, sometimes exceed-
ing the quality of the receiving streams. In this
context, as existing natural water resources reach
their limits or are polluted in an ever-larger
number of regions, wastewater reuse is becom-

ing one option to make ends meet. This raises
the issue of the reliability, quality and public ac-
ceptance of water supplies.

Wastewater reuse applications

Wastewater reuse applications are essentially of
five types:

Agricultural and landscape irrigation
Groundwater recharge
Industrial water recycling
River flow augmentation, aquaculture
and other ecological uses; and

e Reuse as potable water.
Wastewater reuse can also be entirely control-
led (“pipe to pipe”) or occur after blending with
non-reclaimed water (e.g. after groundwater re-

Population, economic
growth and industrial
demands are creating
acute water shortages
In many areas of the
world
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Europe faces local
water shortages,
environmental
constraints and
pervasive pollution

Treatment technologies
exist to reach any
desired water quality

Process reliability, public
acceptance and trace
pollutant issues have so
far imited potable
reuse to extreme cases

charge). All applications require wastewater
treatment prior to reuse and each may need to
meet a variety of quality requirements.

In industrialized countries, the increasing cost
of water and wastewater treatment due to perva-
sive pollution, coupled to ever higher quality re-
quirements for wastewater treatment, make the
treated effluents increasingly attractive for reuse.
In developing countries, wastewater reuse
presents the triple advantage of preserving wa-
ter resources, avoiding pollution and avoiding
adverse public health impacts. Thanks to this,
and to its high reliability as a water supply,
wastewater reuse is now joining the mainstream
within water supply strategies.

Irrigation: the main form of
wastewater reuse

Serious research on wastewater reuse is being
carried out in places as diverse as the USA, Aus-
tralia, the Middle East (especially Jordan and
Israel), the Maghreb and Southern Africa, to cite
only a few. Due to its generally abundant water
resources, Europe has so far not invested heav-
ily in this issue. However, this general situation
hides very diverse realities as the recent acute
drought in Spain is reminding us. Besides local
water shortages, increasing environmental con-
straints and pervasive pollution everywhere in
Europe are generating renewed interest in this
practice. Because irrigation accounts for by far
the largest use of water in the world, and the
quality requirements are among the easiest to
achieve along with a few industrial uses, it is the
largest reuse application in terms of volume. In
the future, because of an increasingly urban
world population, its proximity to wastewater, the
existence of suitable technologies and the gen-
eral increase in the quality of wastewater efflu-
ents, potable reuse could become increasingly
popular. However, this raises issues such as its
now apparently high cost, process reliability and

public acceptance. Other reuses now appearing
in cities are non-potable household uses through
secondary water distribution piping networks
(e.g. toilet flushing, car washing, garden irriga-
tion,...). Examples exist in Tokyo, St Petersburg
and Florida (USA).. This type of application is
limited by the costs of installation of a double
piping network and the dangers of cross-con-
nection to the drinking water supply.

Secondary non-potable water distribution net-
works are being tried for the domestic reuse of
treated wastewater but the installation costs are
high

Quality requirements

Since wastewater reuse is usually practiced as a
water supply strategy, the reuse application dic-
tates the required water quality, which in turn
will determine the treatment technology needed
(and the associated cost). Treatment technolo-
gies exist to reach any desired water quality.
Wastewater reuse is exceptionally carried out for
sanitation purposes, mainly in Europe.

Therefore, every type of wastewater reuse calls
for its own quality standards. Industrial reuse
specifications are non-controversial since the
necessary water quality is determined by the in-
dustrial process requirements. The economics
of the operation are industry specific. Potable
water standards are not very controversial but
process reliability, public acceptance and trace
pollutant issues have so far limited potable re-
use to extreme cases. Because groundwater re-
charge also provides a form of water treatment
that has been shown to be efficient, discussions
around recharged water quality remain usually
limited to nutrient levels (phosphates and ni-
trates) and pesticide residues requirements in
the case of percolation. Direct injection recharge
has higher quality requirements because of po-
tential clogging of the installations.
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Microbiological quality relationship. Additionally, immunity build up and
standards variability of sensitivity between human
While wastewater is an attractive source of wa-  populations render results difficult to extrapo-
Debates on

ter for irrigation thanks to its fertilizing capac-
ity, the microbiological quality standards appli-
cable according to the type of irrigation practiced
and the type of crop irrigated are currently hotly
disputed. The issues are essentially confined to
“unrestricted” irrigation (vegetables that can be
consumed raw, sports fields,...). Many industri-
alized countries, especially the USA (led by Cali-
fornia), and providers of technology usually pro-
mote a stringent stance (comparable to drink-
ing water), confident that the most expensive
technology provides safe enough water (i.e. free
of enteric viruses and parasites) for those who
can afford it. However, developing countries with
severe water shortages call for epidemiological
studies to defend existing, less stringent WHO
quality guidelines. Viruses are difficult (and ex-
pensive) to monitor. Therefore, the WHO guide-
lines, prepared with the needs of developing
countries in mind, only prescribe a limit for fae-
cal coliforms (<1000FC/100ml) and eggs of
intestinal nematodes (<1/litre). Faecal coliforms
are used as indicators of the potential presence
of viruses. As a consequence, the whole argu-
ment revolves around the validity of such limits
as a sufficient guarantee of safety for the water
used in irrigation. One must also realise that in
the cases where raw wastewater is directly re-
used, the WHO guidelines are already a major
step forward. For example, while not covering
viruses nor faecal streptococci, they are more
stringent than the European standard for bath-
ing water on faecal coliforms (<2000FC/
100ml).

Epidemiological studies are notoriously difficult
to carry out and their results difficult to inter-
pret. Besides the strictly statistical questions they
raise, it is always extremely difficult to single out
a parameter to determine a clear cause/effect

late or transpose.

Economic and social aspects

These questions are very relevant and the stakes
are high for four main reasons:

1. In many developing countries with water
shortages, the direct reuse of raw or poorly
treated wastewater for irrigation is common (e.g.
Morocco). This is causing serious public health
problems weighing on the well-being of local
populations and on the local economy. A high
rate of morbidity decreases productivity (e.g. di-
verts resources to take care of the sick) and gen-
erates healthcare costs.

2. The tourism sector is increasing worldwide
and becoming more international. Developing
countries are attractive destinations and inter-
national tour operators take advantage of
favorable local conditions to establish hotels and
vacation villages which can often be 2 significant
source of income for the host countries. In their
large majority, tourists come from industrialized
countries where water quality is good. If diseases
spread in their holiday destinations due to low
water quality and contaminated fruit and vegeta-
bles, they will not return and will generate bad
publicity. Thus, the economic stakes can be high
both for the tour operators and the host coun-
tries.

In sunny areas of industrialized countries, which
are often short of water in the summer, the prob-
lem is rather different. Water demand is highest
during the dry months of the year. Wastewater
reuse can therefore be called on to bridge the
gap. It is becoming an increasingly attractive al-
ternative as the quality of wastewater treatment
is on the rise, at least in Europe. This practice
may have the added benefit of decreasing

microbiological qualty
standards reflect the
priorities of wealthier
countries rather than
poorer ones

In some countries
direct reuse of raw or
poorly treated
wastewater for
frrigation is common

In dry areas, the
increasing demand
and higher standards
tmposed by tourism
puts pressure on water

supply
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Standard setting
influences, and is
influenced by, the
relative position of
fresh produce exporters

wastewater discharges to surface waters at a time
when the dilution of pollutants in rivers is at its
yearly minimum and the risk of acute impact is
high. This is particularly relevant for Spain with
its large tourism industry concentrated in areas
with insufficient water supplies.

3. The microbiological quality of irrigation wa-
ter from reuse may also have other economic
aspects. Southern Mediterranean countries have
sizeable raw fruit and vegetables export markets
towards Europe. This requires a good sanitary
quality of the produce being exported. Since
these productions are usually irrigated, the is-
sue of microbiological quality of the irrigation
water is relevant !). Israel, with relatively high
financial and technological capabilities in com-
parison to the Maghreb countries, is favorable
to stringent irrigation water standards, hoping
to gain a commercial advantage over Algeria or
Morocco, which are as yet unable to match sys-
tematically these standards in the race towards
the export of fresh vegetables to Europe. Tunisia
has a clear water use policy forbidding
wastewater reuse for the irrigation of produce
to be consumed raw. The same question could
be raised within Europe if irrigation with reused
wastewater increases in countries such as Spain
and the applicable water quality standards do not
have a pan-European acceptance.

4. All these issues are creating a potentially large
global water and wastewater treatment technol-
ogy market, where American and European sup-
pliers are the main competitors. Thanks to the
involvement of many European experts in
projects for developing countries, in particular
in the Southern Mediterranean region,

wastewater reuse can be a way to increase coop-
eration between Europe and these countries.

Need for appropriate
technologies and further
research

As a consequence, there is a need to increase
our epidemiological knowledge on the health im-
pact of reused wastewater both for agricultural
workers and for consumer markets. This could
lead to the determination of a widely-accepted
minimum standard for wastewater reuse in irri-
gation and clarify the controversy around the ex-
isting WHO guidelines.

While substantial effort has been invested in the
development of wastewater treatment technolo-
gies, more effort is needed to develop inexpen-
sive, safe and reliable technologies adapted to
the developing world. This could go hand in hand
with the training of competent personnel. In the
case of wastewater reuse, the issue of reliability
is also applicable to industrialized countries and
may modify the relative preferences for
wastewater treatment technologies. However, this
work must be carried out in coordination with
the development of the standards in order to
determine the best cost/benefit balance for every
geography. More research is needed to study the
public health relevance of water quality stand-
ards for irrigation. All these developments would
benefit from a framework policy on wastewater
reuse developed at European level, helping
wastewater reuse to prosper in the Mediterra-
nean basin, a densely populated region with se-
rious water resource limitations.

1 not so much for citrus because they are under “restricted”

irrigation, more for strawberries, tomatoes etc
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Manufacturing is -
undergoing a drastic
transformation

n the past 25 years
>mployment in
manufacturing has
Jropped...

...and in Europe the
losses have not been
offset by gains in
services

Manufacturing Employment in Europe -

High-tech growth versus low-tech decline?

James Gavigan

In spite of the emergence of an increasingly
dominant ‘services’ sector in modern industrial
economies, we still live in a material world,
where ‘manufacturing’ and directly related pro-
ductive activities continue to constitute a vital
economic backbone. However, the way in which
manufacturing is conducted is presently under-
going something of a revolution (IEEE Spectrum
Sept. 1993), fuelled by a growing technological

“iceberg’, the size of which can only be inferred

from the ‘tip’ visible to society at large, and which
increasingly penetrates into the daily lives of all
citizens, transforming the world in which we live.

Related to this emerging new manufacturing
paradigm is a whole series of sub-issues and
trends such as manufacturing agility,

benchmarking of best-practice, integrated

technology management, etc., each with vari-
ous different short and long-term policy conno-
tations which merit, and will receive, individual
consideration in future issues of this Report in
relation to the broad triangular relationship be-
tween Technology-Employment-Competitiveness.
In this first note, however, attention focuses on
the employment trends in manufacturing and
how they relate to the on-going technological
revolution.

Throughout the OECD, the relative importance
of manufacturing in terms of output has held its
own over the past 25 years or so. However, in
employment terms, its contribution has declined
from 40% to under 30% between 1970 and 1992,
with 2 parallel rise in the importance of employ-
ment in the service sector.
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Europe fails to absorb
manufacturing sector job losses

However, one can appreciate that the productiv-
ity improvements necessary to maintain the sta-
ble proportion of manufacturing output have
been substantial, freeing up profits and capital
to fuel further investment and job-creating
growth, not only within the services sector but
via new, demand-driven manufacturing activities
as well. It is thus that one can find a 4% increase
in the absolute number of manufacturing jobs
in Japan through the 70s-80s, and a similar 1.5%
increase in the US. However, the corresponding
figure for the EU over the same period has been
a dramatic 20% decline (OECD Jobs Study 1994).
Moreover, it is well known from the attention
given to Europe’s overall unemployment prob-
lem, that the European service sector has been
far from capable of offsetting the manufacturing
sector’s losses. (A detailed breakdown of these
data by region, time and sector, is discussed, with
due regard to short-term cyclical variations, in
the recent OECD study on Technology, Produc-
tivity and Job Creation, 1996, Chapter 4).

The reasons for the EU’s predicament are mani-
fold and complex. With due regard to the over-
all picture therefore, our analysis proceeds to
take a primarily technology slant, starting from
the observation by the OECD, that countries that
have best adapted to new technologies and have
shifted production and exports to rapidly grow-
ing high-technology markets, have tended to cre-
ate more jobs.

Recent EU-level aggregate analysis of sectoral
trade statistics paint a dreary picture in this re-
gard (Panorama of EU Industry 1995: DRI).
Firstly, in current commercial as well as tech-
nology capability building (i.e. investment in in-
novation and research activities) terms, Europe’s
position is weak in the fast growing area of IT
and electronics, which is the primary mover in
the current technological revolution, underpin-
ning the generation of many new products, serv-
ices and jobs throughout the economy. Secondly,
the EU trade patterns reveal a thinly spread and
relatively weak sectoral specialisation in prima-

rily low to medium tech industries such as tex-
tiles, footwear, household appliances, etc., and
in just one high-tech sector - pharmaceuticals.
This compares with a more focused, and high-
tech export specialisation in for example, aero-
space by the US and the electrical- and electron-
ics-related sectors by both the US and Japan.
Thirdly, even in sectors such as mechanical en-
gineering and chemicals, the EU’s leading posi-
tion may be threatened in the future by the higher
R&D investments being made by competitors, in
particular by Japan which, according to some
patent indicators, are beginning to yield fruits.

While this overall situation of EU manufacturing
is determined mainly by statistics from the large
Member States, the aggregate data hide the fact
that smaller Member States such as Finland and,
notably, Ireland, have developed keen speciali-
sation in high-technology manufacturing and are
currently reaping the benefits with growth rates
in GDP of 5% and 6.5% respectively for 1995
(the two highest in the OECD and more than twice
the European average). Paradoxically however,
both Ireland and Finland are plagued with high
unemployment rates of 14.5% and 18% respec-
tively. For Ireland which, at > 5 %, has averaged
the highest OECD growth rate over the past 10
years, it is presently conjectured that unemploy-
ment may have begun a hesitant decline, with its
high-tech, export-oriented manufacturing sector
being one of the prime net creators of new em-
ployment and jobs.

Referring to the OECD’s observation above, the
link therefore between high-technology manu-
facturing and net job creation exists in so far as
it refers to high-growth, expanding markets. This
is borne out in another recent study (Panorama
of EU Industry 1995: PIMS/ IMI) which analyses
firm-level data for 3,000 US and European busi-
nesses. It demonstrates that the highest levels of
employment generation within firms strongly
correlate to both market share growth and mar-
ket growth itself, as well as growth in profits. The
same work shows that many more North Ameri-
can firms operate in high-growth markets than
European ones.

Countries focusing on
rapidly growing high-
tech markets have
tended to create more
Jobs

Trade data show
European strength in
fow-mid tech
industries and in one
high tech industry:
pharmaceuticals

Intra-firm employment
growth correlates with
growth in overall
market, in market
share held by the firm,
and in firm profits
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It may not be easy for
the US and Japan to
maintain leadership

Private enterprise will
play a key role in
reviving Furopean
manufacturing

The transition from
industrial to
information society
needs to be monitored
and managed

Can Europe catch up?

So the question is what can be done in Europe
to take better advantage of the new manufactur-
ing employment opportunities and potential?
Again, the answers to this are manifold and com-
plex, but there is still room for more simplistic
reasoning.

Some commentators advocate that public indus-
trial policy measures should emphasise, and
concentrate on maintaining and reinforcing,
those industries where the EU has a strong com-
parative advantage. This would appear to be es-
sential in the near to medium term. But given
that we are talking about primarily low to me-
dium tech sectors this would ultimately prove to
be grossly inadequate, since on the face of the
above evidence these sectors offer poor new em-
ployment generating prospects, and are increas-
ingly exposed to price competition as the asso-
ciated goods move down the value-added chain
or as the newly industrialised world catches up.

The previous view is obviously much more sim-
plistic than reality - where added-value margins
for certain high-tech goods can be seriously
squeezed and other goods normally associated
with low to medium tech sectors can carry very
high added-value. It should be seen in the light
of the following question: whether or not the EU
is destined to become a medium-tech economy
relegated to follow the high-tech lead of Japan
and the US, picking up the left-overs in the newly
developing high-growth markets, with a perma-
nent lag in the development of cutting-edge tech-
nologies? The answer is not necessarily, for the
following reasons. Firstly, the comparative
advantages resulting from the technologi-
cal nature of business and/or regional spe-
cialisation are much more fragile than the
more traditional forms of comparative ad-
vantage resulting from reliance on factor
endowments of labour and capital. A last-
ing competitive advantage and leadership can
only be maintained through a continual process
of renewal. Secondly, drawing on micro-eco-

nomic analysis, ‘challenger’ or lower-share
businesses coming from behind with re-
spect to the market leaders, are more likely
to turn innovation into economic value,
and ultimately displace the leaders from
their position (Panorama of EU Industry 1995:
PIMS/ IMI).

If European manufacturing is to bounce back in
force, it would therefore seem clear that the de-
terminant will be policy’s ability to coax out from
the grassroots, and let flourish, the private en-
terprise initiatives and business ideas with the
potential to leap-frog from a lagging to a chal-
lenging position, and eventually to pre-eminence
on the international stage.

Regarding employment, however, the question
still hangs over us as to whether, high-growth
markets or not, the new manufacturing paradigm
will eventually usher in an era where technology
and automation will have rendered almost ob-
solete the use of manpower in the ‘manufactur-
ing’ function of production. History gives us the
example of agriculture where precisely this hap-
pened because of mechanisation. The yielding
of agricultural society to industrial society
brought with it turmoil but, on the whole, tre-
mendous benefit to mankind. If industrial soci-
ety is about to vield to something called the in-
formation society, or the like, the effects of the
ensuing changes on society, and particularly em-
ployment, need to be monitored and managed
correctly.

But if history eventually appears to be repeating
itself with manufacturing, perhaps it does not
matter, as the cause for concern may be due to
problems of definition. Already commentators,
and firms themselves, speak of, or purposely blur,
the distinction between services and manufactur-
ing, with suggestions that the service content or
service-generated added-value portion of manufac-
tured goods can often exceed the intrinsic value of
the actual product (e.g. processed foods), etc. - a
topic which may merit a separate article.
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Emphasis in analyses
of employment impact
should move from
formal education to
the type of task
executed

What Future for Middle Managers? :

Iinformation technologies and white-collar jobs

Dimitris Kyriakou
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White-collar workers and
restructuring

The improvement in the lot of blue-collar work-
ers after WWII and until the '70s, has been fol-
lowed by a ~20 year period during which the
wage gap between white-collar and blue-collar
has widened in the US. In Europe, where prices/
wages have not been allowed to fluctuate as
much, quantities (i.e. number of jobs) have
borne the brunt of adjustment. Past recessions
used to hit blue-collar workers the hardest,
whereas white-collar were relatively more se-
cure.

The emerging technological developments asso-
ciated with information technology (IT) may be
raising the vulnerability of ‘skilled’ and ‘white-
collar’ rather than blue-collar workers. The
clearest message one should underline involves
a reformulation of the skilled-unskilled di-
chotomy. For a long time science and technol-
ogy have been viewed as threatening mostly un-
skilled labour, a term usually used to denote la-
bour with a low formal educational background.

We argue that this categorisation is misleading
though still highly popular (witness the other-
wise excellent April 1995 CEPR authoritative re-
port on Unemployment: Choices for Europe,
as well as the OECD Jobs report of 1994).

The critical dichotomy is not between skilled and
unskilled but rather between repetitive, compu-
ter-reducible tasks and creative, ‘irreducible’
activities. In other words, a worker’s strongest
advantage is based on tacit knowledge and skills,
not explicit ones (a lesson that is corroborated
in artificial intelligence research on expert sys-
tems). An important source of skill-obsolescence
in recent years is IT, threatening not only blue-
collar but also, if not mostly, white-collar, ‘edu-
cated’ workers. In this light, the work of many
middle managers is in danger because of its of-
ten repetitive character. However, the work of
strategists is not threatened (which is not a sur-
prise), but neither is the work of gardeners
(which may be). Craftsmanship is not compu-
ter-reducible. Computers are ideal for easily-pro-
grammable, logical steps that do not require in-
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tricate motor skills or dexterity. It is a little known
fact that we have almost as much difficulty in
teaching a computer to adapt to non-prepro-
grammed situations, as we do in teaching them
to walk like a2 human being. Tasks that require
high motor skills and/or imagination are much
safer than repetitive white-collar ones.

To put it differently, uncomputerisable, irreduc-
ible craftsmanship - even of the blue-collar kind
(e.g. gardening) - may not be adversely affected
by IT, whereas white-collar workers performing
computerisable tasks (e.g. accountants, bank-
tellers) may be, at least indirectly. We should also
note that crafts involving little creativity are far
from immune (e.g. baking or timber cutting).
As artificial intelligence pioneers have pointed
out, it has been easier for computers to solve
complex mathematical problems than perform
‘common sense’ functions, such as putting to-
gether toys etc. The catch of course is that al-
though the least educated may not be the
principal victims of the coming technologi-
cal breakthroughs, they will be the ones
who would have the hardest time getting a
new job, if and when they lose theirs.

Overall, new technology leads to income redis-
tribution. Innovation that reduces the unit cost
of production may render certain skills obso-
lete, and will require a different set of skills. Al-
though the overall change has beneficial effects
for society as a whole (aside of, albeit crucial,
distribution issues) by increasing wealth-creat-
ing opportunities, if labourers can not easily
change their skills new technology will bid up
wages for one type of worker and depress them
for another (for whom it may also lead to unem-
ployment). For instance, in the ‘multimedia in-
formation society’ (MIS) teleworking may reduce
jobs in the transport sector while increasing job
openings in the equipment installation and re-
pair sector. If the skills on demand in the early
20™ century were car repair, in the early 21% cen-
tury it may well be repair and maintenance for
information/communication devices and ‘smart’
home appliances. White-collar clerical person-

nel (which are not necessarily highly skilled but
are often treated as such because of formal edu-
cational attainment, e.g. high school degree) may
be gradually driven out of the market whereas
craft-based repair and maintenance personnel
may flourish.

In the long run technology will give rise to more
jobs than it destroys (as stated in the OECD and
CEPR studies referred to earlier, and demon-
strated in the history of technological and eco-
nomic growth over the last 200 years). Never-
theless, in the short run not every displaced tel-
ephone operator will be available to work as a
computer repairman. The transition and adjust-
ment period will be rife with mismatches. It will
be made less painful if:

a) growth picks up quickly, leading to higher
demand and faster job creation across the
board,

b) labour markets, and even more importantly
product markets, become more flexible;

¢) education and training/retraining becomes
more available and better focused. Europe has
to base its strategies on innovation and qual-
ity, developing total competence and enhanc-
ing ability to adjust through a commitment on
promoting lifetime learning;

d) part of the gain reaped due to technical
progress and new wealth generation goes to the
displaced victims of capitalism’s implacable
gale of creative destruction, to cushion them
through the transition period.

Education: a key to success

Education is undoubtedly key to a smooth
transition, for staking out and exploiting
the new job opportunities. The more con-
troversial issue is the type of education
best suited to the changes the MIS will be
ushering in. Standard apprentice schemes,
teaching or retraining people in order to endow
them with a particular skill, may make them more
vulnerable if this particular skill is of a
mechanisable, repetitive nature. Blue-collar
crafts, that incorporate a certain creative

The vulnerability of a
Job depends on how
easily it can be learned
by other workers or by
machines
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Evidence of this
incipient trend has
begun to appear for
low level white-collar
employees ...

but also in the
‘delayering’ of middle
management seen In
the restructuring of
large firms

component, may be less mechanisable and
hence more resilient with respect to automation
and MIS advances. Furthermore, predicting skills
that will be in demand is not something that
ministerial bureaucracies setting up retraining
programs are renowned for. Indeed, a 1993 US
Labour Department study found that less than
20% of those retrained under federal pro-
grammes found new jobs paying at least 80% of
their previous salaries: this is not to say that such
programs are not useful - think of what the num-
bers might have been without them (M. Rogers,
1995).

Since this is a prospective analysis about future
trends, data is not available to persuasively sup-
port or disprove such claims. There is, however,
an incipient trend that can be discerned in the
‘delayering’ attributes of recent and on-going
restrlicturing and ‘re-engineering’ exercises in
large firms. Such delayering has attempted to
increase efficiency by reducing intermediate lay-
ers in the firm hierarchy, directly hitting white-
collar middle managers. It has thus reached be-
yond the most vulnerable low-sophistication
white-collar professions (e.g. bank-tellers), into
the hitherto untouchable middle level and even
high level white-collar positions associated with
higher education, income etc. It has recently
been reported that AT&T, the US telecommuni-
cations giant, will be reducing its personnel by
about 1 in 8 over the next three years as part of
a restructuring exercise. As ABC news reported
on 16" January 1996, most of these jobs will be
white-collar jobs, many at middle management
level. Another piece of evidence is the increas-
ingly precarious position of functions such as
bank-tellers and telephone operators etc. de-
scribed above. Even if IT did not directly cause
this tendency towards flattening of the hierarchy,
it is playing an important enabling, catalysing
role in such delayering.

More evidence of the incipient trend identified
in this article, comes from a recent report on
the future of work by the OECD (November

1995). Here it is noted that OECD economies are
seen to “be in the midst of dramatic technologi-
cal and organisational changes” and that new
managerial approaches entail “ significant reduc-
tions in the number of managerial layers and
spinning-off activities using task-based contract-
ing out.”. Moreover, “firms are expected to put
even more emphasis in the future on new, flex-
ible ways of employing knowledge workers”;
“work in the future will demand more adaptable
skills and a greater capacity to continuously
learn”. Finally, it is claimed that IT may “under-
mine.. technical drafting, typesetting and even
teaching”, which are not necessarily typical blue-
collar jobs.

Low-level and mid-level white-collar tasks have
suffered over recent years, largely because many
of these skills were found to be mechanisable or
redundant. The key to avoiding exposure to
the arrows of such fortune is to provide
value-added in a creative, non-
mechanisable way. This is, presumably, the
case as we move towards the high end of white-
collar tasks, where strategic thinking and crea-
tive, intellectually-driven endeavours dominate.
It is still human thinking that comes up with a
breakthrough, or a creative solution to a vexing
problem, and not laptops or wireless modems -
the latter have simply increased the working day
by allowing the worker to be on-line almost all
the time. In praising creativity we should not
forget that public-sector jobs will suffer during
cutbacks regardless of their creative component
(cf. R&D and cultural funds cuts). Note however
that, as mentioned in the beginning, we are fo-
cusing not on general threats to jobs, but rather
on the particular effects of IT on employment (if
one speaks more generally, the effects of the
business-cycle on industries such as construc-
tion, and competition from other humans can
not be ignored).

Education and training is key but needs to focus
on adaptability and ‘learning how to learn’,
rather than specialisation in specific tasks
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As long as artificial intelligence does not solve
the creativity riddie (and we are a long way from
such solutions) the most resilient shield from
technology-driven skill obsolescence is creativ-
ity and flexibility. And the best way to provide
such creativity and flexibility is to guarantee a
strong primary and secondary education. Work-
ers need to be literate and numerate enough to
be able to be constantly trained and retrained
on the job, and to have the basic skills that will
permit them to learn new skills even at a later
age. What most firms need is not the specialist
low- or mid-level white-collar worker but rather
intelligent, creative, educated people who can be
easily trained to perform various demanding
tasks. Flexibility and adaptability (which are
not necessarily proportional to years in
school or number of degrees held) will be

Keywords:

the key: the good news is that these are attributes
that can be instilled through training. They in-
volve not simply flexibility within a task (e.g.
being able to program in many languages), but
flexibility in learning new tasks, related or unre-
lated to current ones.

In summary, providing value-added in a way that
is hard to imitate (by machine or human), is key
in preserving jobs and reaping attractive rewards.
This article has focused explicitly on informa-
tion technologies; this does not mean that jobs
can not be lost to skillful human competitors,
domestically or internationally. The key in all
cases remains the provision of value-added in a
way that cannot be easily reverse-engineered and
matched, a principle that increasingly applies to
white-collar as well as blue-collar tasks.

unemployment, skills, blue-collar, white-collar, training, education, creativity,

information technologies, computerisable
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Foresight Studies: Basic principles for an EU approach

A recent panel discussion on foresight, which
took place at the Research, Technology and Em-
ployment seminar organised by the EU Spanish
presidency in El Escorial, Dec. 6-8 1995 (see
IPTS Report, 1ssue 01), focused on some of the
lessons learned in recent foresight exercises. It
concluded that maximum use of feedback
mechanisms (especially in the context of group-
based foresight exercises) is crucial, as is an
emphasis on continuity and persistent applica-
tion of methods so that skills are developed and
the process becomes a2 more useful tool for man-
aging change and contributing to shaping the
future. The challenge for foresight studies is to
look beyond competitiveness towards
sustainability in terms of competition, environ-
ment, regional development etc.. There is a need
to focus not so much on forecasting develop-
ments but rather on understanding and explor-
ing evolutionary trends. The new objective is,
therefore, to provide a common knowledge,
background and understanding - including early
warning - on the basis of which different actors
can make mutually reinforcing decisions to sup-
port the management of change. Such foresight
studies will be less likely to identify single win-
ning technologies but rather emerging markets
- usually based on a mix of technologies.

Contacts:
Herbert J. Allgeier, IPTS,

Moreover, knowing about and understanding
technological change and mastering advanced
technologies is not only vital for assuring com-
petitiveness - it is also one of the main levers we
have to solve present and future problems fac-
ing our societies. It is here where technology
shows the most promise for opening new mar-
kets for new products and services, and for gen-
erating new employment. In order to achieve
these goals it will be necessary to develop meth-
ods which are reproducible, decentralized to
allow for cultural and regional differences, and
mutually enriching through networking. The in-
formation must also be usable within the avail-
able institutional and chronological framework.
In terms of research, foresight currently relies
heavily on qualitative methods but in the future
more quantitative solutions may be found (e.g.
using ‘fuzzy logic’ models), not to substitute but
to complement existing qualitative methods.

The boundaries between technologies will be-
come increasingly blurred and the key organis-
ing element will not be the “discipline” or the
“substance” used, but customer needs and the
custom-made technological response to it. Fore-
sight exercises are then a process more than a
single effort which, to be functional, should be
participatory, cumulative, continuous, multi-dis-
ciplinary - and should become an integral part
of the decision-making system.

tel: +34-5-4488273, fax: +34-5-4488274, e-mail: herbert.allgeier@jrc.es
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Agile Manufacturing - a new paradigm for the next millennium?

During this century the basis of manufacturing
has progressed from craftsmanship through
mass production to lean manufacturing, and
presently continues to evolve in a direction where
the only certainty is change, at an ever-increas-
ing rate. The newly-emerging paradigm may well
turn out to be so-called ‘agile manufacturing’.
This conjures up notions of virtual companies,
a total re-invention of manufacturing organisa-
tion, business processes, contractual arrange-
ments, etc.. Social and personal issues will also
be fundamentally affected, such as continuity of
employment, maintenance of skills, motivation
and reward, and family lifetime financial plan-
ning.

This month (5-7 March 1996), over 750 senior
managers from across all sectors of US industry
have gathered in Boston for the ‘Fifth National
Agility Conference’. This event is indicative of the
serious consideration being given in North
America to the revolutionary changes which the
emerging market and technology are beginning

Contacts:
James P. Gavigan, IPTS,

to impose on the way manufacturing is conducted
(mass customisation; further compressed prod-
uct cycles; full lifecycle service; instant commu-
nication and data availability, etc.). In facta con-
tinuous high level of activity, in the form of in-
dustrial fora and collaborative projects relating
to ‘agility’, has been supported by the US gov-
ernment and industry for a number of years, at
a cost of over US§210M per year. This activity
was sparked off by a report, “21st Century
Manufacturing Enterprise”, commissioned in
1991 by the DoD and written by Goldman &
Preiss of Lehigh University.

European activity in this area appears to be
sparse and fragmented, consisting mainly of
work conducted in academic institutes and un-
der publicly-funded programmes such as the UK
“Innovative Manufacturing Initiative” (IMI), and
some others. In a forthcoming article, this and
the general ‘agility’ trend in manufacturing will
be explored in more depth as well as its possi-
ble implications and significance for EU policy.

tel: +34-5-4488319, fax: +34-5-4488319, e-mail james.gavigan@jrc.es
Martin Harvey, CEST-UK, e-mail mharvey@cest.org.uk
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