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Innovation and employment 

The direct and indirect impacts of new 
technologies on employment: the example 
of the German biotechnology sector 

Stefan Wörner and Thomas Reiss 

This paper explores employmellt effects of lIew 
techllologies usillg the example of modern bio­
technology alld empirical data for tlze Germall 
biotech illdustry. We differelltiate behveell direct 
employmeJ/t effects iJ/ smaU alld medium­
sized biotechllology jirms alld illdirect effects in 
establislzed illdustries. Our jilldillgs support 
theoretical considerations arguillg that high 
tecllllologies per se do 1I0t gellerate substalltial 
lIew employmellt. Rather their impact Oll em­
ploymellt is more of all illdirect lIature leadillg to 
employmellt stabilisatioll alld growth. We rec­
ommelld PUttillg more public and political atten­
tioll to tlze illdirect employmellt effects of 
biotec/mology sillce they are quantitatively alld 
qualitatively much more importallt thall tlleir 
direct coullterparts. 
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The empirical part of th is paper is based on data for Ihe Ger­
man biotechnology ind ustry which have been gathered during a 
proJect on 'European biotcchnology innovation systems' which 
was carned out by a team of eight Europc;:m research groups and 
funded by the European Commission within the TSER pro­
gramme (contract number SOE I-CT98-1 117). It is also based on 
Ihe Fraunhofer- ISI conrribution 10 the expert commiltee 'Ern­
ployrncnl effects of blotcchnology ' with in the 'Bündllis fiir Ar­
bf' il ' of chancellor Schröder , which was supported by a grant of 
the BMBF. The authors are grateful to the anonyrnous reviewer. 

B IOTECHNOLOGY MAKES USE OF the 
principles and rules guiding the structure, 
function and reproduction of jjving ereatures 

for serving technical needs. This rather old strat­
egy that had been used eenturies aga for prod­
ueing beverages or food, for example, gained new 
momentum with the availability of a radieal new 
toolbox, which allowed the targeted engineenng 
of DNA - the software of Iife . This toolbox 
emerged during the 1970s and was termed ' genetic 
engineering '. It transformed biotechnology from a 
trial-and-error based time-eonsuming selecting and 
breeding teehnology to one of today's key (high) 
techno10gies. 

The ability to manipulate DNA created huge 
expectations with respeet to new produets and 
new jobs. However, the first wave of modern bio· 
technology, which focused on using the information 
of DNA for producing biopharmaceutical s, had 
rather limited overall economie impact. Still there 
are some examples that could be considered as 
suecess stories. In 1982, recombinant insulin was 
the first biopharmaeeutieal approved in the USA; il 
was followed by reeombinant human growth hor· 
mone in 1985, and alpha-interferon and hepatitis B 
vaccine in 1986. 

By August 2000, there were 84 biopharmaceuli· 
cals approved in the USA and Europe eombined 
(Walsh, 2000). Some of these drugs can be consid­
ered as bloekbusters with wor1d-wide annual sa les of 
more than US$I billion (Epogen sales in 1999 
US$I,760 million, produced by Amgen; Humulin, 
US$I ,088 million, Eli Li lly; Neupogen, US$ I,260 
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million, Amgen; Procrit, US$ I,505 million, Ortho 
Biotech (ISB, 2000)) . 

On the German market, biopharmaceuticals have 
reached a share of about 6% of the total market for 
pharmaceuticals, which corresponds to about 
US$4 billion (VFA, 2000). Assuming that the Ger­
man market represents the situation in other Euro­
pe an countries and the United States in this respect, 
the world market for biopharmaceuticals could be 
estimated at about US$20 billion (6% ofthe US$343 
billion world market for pharmaceuticals (VFA, 
2000)). 

A second wave of modem biotechnology is based 
on a different principle and started with the initiation 
of the human genome project in 1988. The goal of 
the new approach is no more to manipulate DNA 
and use it for producing goods in optimised organ­
isms; it now aims to analyse DNA and understand its 
function . From this information new targets for dev­
eloping drugs and the new concept of molecular 
medicine could be developed. This analytical ap­
proach led to completely new ways of developing 
drugs (Reiss and Hinze, 2000) . 

The sequence of the human genome, which be­
came available as a 'working draft ' in June 2000 
(Macilwain, 2000), combined with new functional 
models for diseases, provides an increasing number 
of drug targets. The number of these targets is 
estimated to be between 3,000 and 10,000, which is 
at least an order of magnitude higher than the 
present situation with about 420 drug targets (not 
including infectious agents such as bacteria and vi­
ruses) (Drews, 1996). Using novel high-throughput 
screening systems, chemical or natural compounds 
can be tested against these drug targets. New 
synthetic approaches such as combinatorial chem­
istry provide the required variety of different 
molecules. 

Taken together, the elucidation of the information 
stored in DNA and the new platforrn technologies 
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has led to a new paradigm of drug discovery and 
development, which is about to pervade the whole 
pharmaceutical industry. Thus the promises of mod­
em biotechnology are becoming an economic real­
ity. Today there is probably no large pharmaceutical 
fi rm which is not following this approach. 

This changing technological paradigm has impor­
tant implications for the assessment of employment 
effects of biotechnology, because different types of 
actor are involved to different extents during the 
various stages of the process. There is a cohort of 
highly specialised genomics firms, which, together 
with public-sector research organisations, are 
exploring the sequence of the human genome. A 
second set of small and medium-sized enterprises 
(SMEs) has specialised in the development of 
the required platform technologies such as high­
throughput screening and combinatorial chemistry. 
Finally, established pharmaceutical firms adopt 
the (pre)products and technologies provided by 
sm all and medium-sized high-tech firms and trans­
form them into the development of new drugs . Ob­
viously biotechnology exerts different employment 
effects at theses different stages, which need to be 
considered. 

The skelched (bio)technology scenario will most 
probably not be confined 10 the pharmaceutical 
sector. Rather the underlying principles could be 
transferred to other industries such as the chemical 
or the agro-food industries. Plant genomics is al­
ready utilised in many international seed companies, 
microbial genomics is becoming increasingly impor­
tant in the food industry (Mlol, 1998; Menrad el aI, 
2000). 

This paper explores employment effects of mod­
em biotechnology taking into consideration the dif­
ferent stages of the new biotechnology paradigm and 
the various organisations, which are involved at dif­
ferent levels. We differentiate between direct 
employment effects in small and medium-sized bio­
technology firms and indirect effects in the estab­
Iished industries such as pharmaceuticals, which are 
increasingly affected by modem biotechnology. 

There is empirical evidence in the literature ab out 
a certain relationship, albeit unknown, between in­
novative high-technology firms and employment 
generation initiated by these companies . We argue 
that this has a quantitatively low direct impact com­
pared to the size of a whole economy (and the un­
employment rate it may face). Indirect quantitative 
and qualitative effects are probably more important, 
but are hard to estimate. Some attempts have been 
made in the pas!: their accuracy and the assumptions 
made will be discussed. 

The role of high-tech SM Es in biotechnology will 
be described in order to delineate why i t should be 
advantageous for a country to have a prospering bio­
technology industry. However, we do not argue that 
biotechnology could solve the problem of unem­
ployment, which some European countries face at 
the moment. 
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Direct employment effects 

Theoretical background 

Employment effects of modem technologies are 
controversially discussed in the economic literature. 
Two theories stand in the centre of the discussion: 
the first claims that technological change mainly 
increases the potential f<Jr rationalisation (Penzkofer 
et al, 1989) leading to displacement of labour. 
Growth rates in productivity would then be higher 
than in production. Thus more of the work-force 
would be dismissed than is hired elsewhere. This 
hypo thesis neglects the finding that skilled jobs and 
new technology are complementary, while unskilled 
jobs and new technology may be substitutes 
(Griliches, 1969; Bound and Johnson, 1992). 

Secondly, the theory of compensation of labour 
claims mainly positive emp10yment effects (Stone­
man, 1983; Klauder, 1986). The following are usu­
ally mentioned to underpin this theory: 

• New markets for products and pro ces ses for vari­
ous areas of application extend the total demand. 
Higher demand increases employment (Stoneman, 
1983 ). 

• Cost reductions by more efficient production 
processes are passed on to the consumers via price 
reductions. In effect, this increases overall de­
mand (Hagemann, 1985). 

• The machines and aggregates required for these 
modem production processes have to be newly 
engineered. This leads to higher employment at 
the supp1ycompanies(Stolzand Camenzind, 1992). 

• Innovative domestic companies improve the in­
ternational competitiveness, thus positively influ­
encing employment (Klauder, 1986). 

Model simulations indicate that product as well as 
process innovations should show positive effects on 
employment in the long run. Short-term, only prod­
uct innovations should provide a beneficial influence 
on employment (Katsoulacos, 1986). However, em­
pincal investigations do not allow clear conclusions 
regarding direct employment effects of innovations. 
There is evidence for both positive and negative 
impac t (König, 1987; Grupp, 1997) depending on 

One theory about employment effects 
of modern technologies claims that 
technological change increases the 
potential for rationalisation, thus 
displacing labour; the compensation of 
labour theory claims mainly positive 
employment effects 
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the type of innovation (product or process) and the 
diffusion rate (van Reenen, 1997). 

Pianta et al (1996) find a close and significant 
link between investment and employment for six of 
the large OECD (Organisation for Economic Co­
operation and Development) countries, however 
they do not state the same relation between patents 
(as an indicator for innovation) and employment. 

High-tech start-ups are more likely to create em­
ployment than other young firms but their overall 
contribution to job creation is rather modest 
(Westhead and Cowling, 1995; Storey and Tether, 
1998). This has been found in several European 
countries (Tether and Massini , 1998; Mustar, 1997; 
Olofsson and Wahlbin, 1993; Lumme, 1994). 

A number of recent studies revealed that growth 
of employment seems to be concentrated in a few . 
science-based firms (Garnsey and Cannon-Brookes, 
1993; Westhead and Cow1ing, 1995; Tether and 
Massini, 1998). However, even in the case of the 
very successful companies, growth rates in employ­
ment are rather modest (compared to sales growth, 
for instance). These findings suggest that support for 
small start-ups may hardly be justified by more effi­
cient employment creation than in large firms 
(Tether and Massini, 1998; Tether, 2000). 

In cases of science-based sectors such as biotech­
nology, indirect effects on employment become 
more important since additional agents are evolving 
that bridge the gap between knowledge-generating 
organisations and established industries that are util ­
ising this knowledge . In general, the service sec tor 
works as the link between the science base (the sci­
entific-technological excellence of a society) and 
industry. Therefore, jobs are increasingly created in 
the service and supplies sectors (ZEW et al, 1999). 

The quantitative employment effects triggered by 
modem biotechnology can be summarised in five 
dimensions (ZEW et al, 1999): 

• Direct job creation through sustainable start-ups 
and establishments of multinational corporations 
(MNCs). 

• Substituting effects by replacing traditional 
compames. 

• Income effect by consumption expenses of newly 
hired staff. Empirical studies have found that the 
introduction of new machines does not cause 
wages to rise very much, but workers who use 
modem techniques are more capable than non­
users, that is, they implicitly have unobservable 
characteristics that are more highly rewarded 
(Hall and Kramarz, 1998; Entorf et al, 1996). 

• Competitiveness effect, particularly in industries 
in late phases of the production chain. 

• Job creation in supplying and service companies . 

Hence, there is evidence that high-tech SMEs con­
tribute less to quantitative job creation than ex­
pected. Their qualitative contribution is hard to 
measure but nevertheless exists. Several authors 
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have tried to describe the functions or characteristics 
of SMEs in the innovative process: 

• Small firms contribute specialised equipment that 
is utilised in large companies to develop more 
valuable innovations (Pavitt, 1984), for instance, 
equipment and supplies firms offering screening 
and detection facilities for drug development to 
the biotechnology industry. 

• Small firms offer (special) services, improving 
efficiency of R&D and production processes of 
larger firms (Soete and Miozzo, 1989), for in­
stance, contract research organisations (CROs) 
revolutionise conventional pharmaceutical R&D 
of traditional pharmaceutical firms. 

• Rothwell (1983) understands small firms as com­
plementary to large firms for innovative develop­
ments within a systems approach of innovation. 

• Autio (1997) attributes a catalysing effect to small 
firms within an industrial network. 

It is crucial to know that, although small (seien ce­
based) firms develop more innovations than large 
companies (Acs and Audretsch, 1990; Pavitt et al, 
1987; Kleinknecht et al, 1993), the latter produce 
innovations with higher value (Tether, 2000). This 
seems to imply that quality (that is, excellence and 
commercial success of a firm) is more important 
than quantity (that is, number of SMEs) where em­
ployment creation in a country is concemed. 

Against this theoretical background we will now 
explore direct employment effects in biotechnology 
firms using data for Germany. 

Germall biotechnology industry 

Since the mid-1990s, several authors have been 
trying to count the number of biotech firms in 

800 

700 • 

Germany. The available data on the development of 
the biotech industry in Germany are summarised in 
Figure I. The authors of these surveys applied either 
a broad or narrow definition of biotechnology, 

The narrow definition is usually described by the 
scientific term 'new' biotechnology, which is de­
fined by the Office of Technology Assessment 
(OTA, 1991, page 29) as "the industrial use of 
rDNA, cell fusion , and novel bioprocessing tech­
niques". This interpretation is normally restricted to 
SMEs, thus excluding MNCs. Typically, the firms in 
this category are founded by scientists, funded by 
venture capital and have very high expenditure on 
R&D. Commercialisation of specific know-how in 
biotechnology is their main business. The estimates 
by the diverse authors for the number of firms in this 
category in Germany in each year are represented by 
diamonds in Figure I. The lower line in Figure 1 
indicates the trend in the number of these dedicated 
biotechnology firms. There has been a considerable 
growth of such firms in Germany since about 1993 
from roughly 50 to somewhere around 300 in 2000, 

The upper involution line of Figure 1 represents 
firms which meet a wider definition of biotechnol­
ogy in the sense that they use biotechnology for the 
development and marketing of new products, pro­
cesses and services, or create more than 50% of 
tumover with biotechnology. This resembles the 
broad definition of biotechnology by the OTA 
(1991, page 29): " ... any technique that uses living 
organisms (or parts of organisms) to make or modify 
products, to improve plants or animals, or to develop 
micro-organisms for specific uses", The number of 
these firms has grown in a similar way from about 
300 in 1993 to 500~00 in 1999, as indicated by the 
little squares in Figure I. The data for this set of bio­
tech firms are much more scattered. 

Other studies which did not fit into this division 

• 
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Figure 1. 5mall and medium sized biotech enterprises in Germany 
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into dedicated and extended biotechnology firms 
have been included separately in Figure 1. Estimates 
for them are represented by small triangles. 

Employment potential in biotechnology firms 

Ta assess the employment potential associated with 
the growing biotechnology industry in Germany we 
used an average of 30 employees per dedicated bio­
technology firm in 1999 and extrapolated this along 
the time-scale (Jower line in Figure 2). Taking into 
account that firms have grown in the past and proba­
bly will continue to grow in the future , this approach 
leads to an overestimation of employment before 
1999, and to an underestimation beyond 1999. The 
calculation indicates that there were about 
7,000 employees working in dedicated biotechnol­
ogy firms in Germany in 1999 and that a doubling of 
this figure until 2005 could be expected. 

Considering the wider definition of biotech firms, 
represented by the upper line in Figure 2, we use an 
average company size in 1999 of 45 employees 
which is based on data we collected during arecent 
survey on biotech firms in Germany and other Euro­
pean countries (Wömer et al, 2001). There were al­
most 25,000 jobs in 1999 in the total biotech 
industry in Germany which could increase to more 
than 35 ,000 in the year 2005 (Figure 2) . 

Assuming that biotech firms will grow in the fu­
ture and diffusion of biotechnology will continue 
and affect an increasing number of firms , the future 
employment potential of biotechnology could be 
expected 10 be larger. Correspondingly, an exponen­
tial involution would retlect these effects better 
(Figure 2). We have found that an exponential curve 
fits the historical da ta more accurately . 

The exponential trend cannot be persistent in the 
lang run but may predominate in the mid-term, 

DireCI and indirect impacts 0/ technO/Og)! on employment 

stagnating after some years, possibly resulting in an 
S-shaped curve. In that case, we could expect almost 
50,000 employees in the year 2005 . In summary, we 
expect an increase in the number of employees in the 
German biotechnology industry by 10,000 to 
25,000 jobs until the year 2005. 

To compare the magnitude of the expected expan­
sion of employment in biotechnology, the number of 
jobs generated in other sec tors in Germany is taken 
as a reference. We have chosen information tech­
nology (IT), consisting of hardware and software 
lines; telecommunication, composed of terminals for 
communication, infrastructure and service campa­
nies; and the electrical and electronic industry. 

In 2000, the software branch of the IT sector em­
ployed 382,000 people in Germany at a growth rate 
of 27% (+81,000 people), whereas employment in 
the hardware branch declined by 8% (- 10,000 peo­
pIe) to 108,000, yielding an overall growth rate for 
the IT sector of 17% to 490,000 people (Bitkom, 
2001). In 2001, the growth rate should range around 
4% in this sector. 

In terminals for communication and infrastruc­
ture, there were 83,000 people working in 2000 in 
Germany, and 247,000 in service companies in tele­
communication, leading to an increase of 1% 
(around 3,000 people) to 330,000 in the telecommu­
nications sec tor (Bitkom, 2001) . For 2001 , industry 
experts expect a decline by 1 %. 

In the electrical and electronic industry, 884,000 
people were employed in 2000 (+3% growlh) and, 
by the end of 2001, it is expected that the number 
will increase to 900,000 (ZVE, 2001) . Some of these 
sectors thus provide a higher growth rate than bio­
technology in absolute terms, but some will also be 
much more volatile. 

There is a caveat when extrapolating the number 
of companies expected in the future and their size. 
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Figure 2. Employment trends in German biotech SMEs 
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The size distribution of new technology-based finns 
(NTBFs)- tends to be very skewed. There are exam­
pIes from the past which show that some companies 
grew very rapidly and accounted for most of the new 
employment in a particular industry, for instance, 
Apple Inc. The spectacular success of SAP AG has 
considerably influenced the overall picture in the 
Gennan software industry. 

In the case of the Gennan biotech industry, how­
ever, even the most successful companies, such as 
Qiagen or Lion, have remained relatively small 
(Qiagen employs approximately 1,400 people world­
wide , Lion has almost 500 employees). There are no 
Amgens or Genentechs on the horizon in Gennany 
at the moment. Moreover, exceptionally successful 
companies in Europe seem to be more careful in hir­
ing people than their US counterparts. Therefore, the 
estimates used to extrapolate the numbers for Figure 
2 should be relatively resilient to exceptional cases 
of employment generation. 

Indirect effects 

There have been many attempts in economic theory 
to model the correlation between technical progress 
and (production) growth (Grupp, 1998). The neo­
classic growth theory is based on the work of Solow 
(1956; 1957) and Denison (1962). In its basic model, 
income (domestic product), capital stock and wor.k­
force grow at the same rate in equilibrium. This is 
the exogenously detennined growth rate of the popu­
lation. Thus, capital intensity, productivity of labour 
and income per capita are constant. . So it is not pos­
sible to explain any growth or decline in these fig­
ures, which are, however, often observed in real-li fe 
economies, such as productivity growth per capita. 

To explain these phenomena and to incorporate 
technological progress, Solow uses an exogenous 
parameter: a public good that any entrepreneur may 
use free of cost and that does not induce any external 
effects . The rate of technological progress can be 
calculated theoretically by the difference between 
the growth in the total factor productivity and the 
change in the productivity explained by capital and 
labour (Solow residual) . However, this residual also 
includes all measurement errors regarding the output 
and the inputs of capital and labour. 

The basic difference between the new 
growth theory and the conventional 
neo-c1assical model lies in the 
(partially) endogenously determined 
growth rate and in giving up the 
assumption of perfeet competition 
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Improvements to the neo-classical approach 
(mainly during the 1980s) can be summarised under 
the tenn 'new growth theory' . The basic difference 
between this and the conventional neo-classical 
model lies in the (partially) endogenously deter­
mined growth rate and in giving up the assumption 
of perfeet competition. Several strands can be dis­
tinguished which basically add another factor to the 
(neo-classical) production function (Stern, 1991; 
Ramser, 1993). According to Lucas (1988), growth 
is either generated by human capital , (physical) capi­
tal, or R&D processes. 

Romer (1986; 1989; 1990) develops a production 
function with four factors - labour, (physical) capi­
tal , human capital , and technical knowledge . The 
latter is produced by the (public and private) R&D 
sec tor in a two-sector model. The entrepreneurs in 
the other sector buy most of the newly generated 
knowledge of the first sector. External effects of the 
technical know-how (it is not considered as an en­
tirely private good) mean that parts of the expertise 
of the R&D sector can be acquired by others at zero 
cost. Hence, the price that the entrepreneurs of the 
second sector have to pay to the R&D sector is less 
than the benefit it produces. 

These positive external effects (spillovers) are fa­
vourable to the whole economy and induce growth. 
In such an economy, R&D is the rnain driver of 
growth. Other factors, such as capital, mainly trans­
fonn technical knowledge in commercial outputs. 

lt is arguable who will benefit most from the 
spillover effects and whether the share of know-how 
that is not being paid for may induce declining ex­
penditure in R&D. 

This link between technological progress and 
growth may be underpinned empirically by the de­
velopment of the contribution to net output in the 
Gennan economy. It shows that in the mid-1990s the 
research-intensive industries took the lead in the 
growth process. This also demonstrates that high 
technologies, with a contribution of 11.5% to indus­
trial output, enjoyed the strongest growth. In 1996, 
high-tech exports rose by 13% and advanced tech­
nology exports by 7.5% (Grupp et al, 1997). 

Thus, technological progress has been identified 
by numerous authors as a major driver of growth in 
an economy and has been incorporated in economic 
literature on the new growth theory. The new growth 
theory shows that technological progress induces 
growth via positive external effects and (private) 
investments in new knowledge. However, the mod­
els are sometimes rather specific based on unrealistic 
assumptions, that try to capture more or less un­
known economic processes by sophisticated meth­
ods (Solow, 1991). 

ECOflOlllic ejJects 0/ biotechllology 

We will now explore the impact of biotechnology­
driven technological progress on the employment of 
certain industries. At present, biotechnology exerts 
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its strongest changing forces in the pharmaceutical 
industry (Jungmittag el a/ , 2000) . In consequence, 
the future competitiveness of the pharmaceutical 
industry will depend , among other things, on its' abil­
ity to adopt this new (bio)technology and adapt it to 
its specific needs. We expect similar effects, with 
some time lag, in other areas , such as the chemical, 
agro-food and environmental industries. 

For analysing such economic effects of biotech­
nology, we apply a production-oriented approach 
(Grupp el a/, 1997). First, we investigate the extent 
to which all product categories of the considered 
mdustries, as covered by the official production sta­
ti stics, would be affected by biotechnology. We dif­
ferentiate between those categories which already 
today use biotechnology in the production process 
and those where related R&D is carried out inter­
nationally, which will lead to industrial applications 
in the future . The first group is defined as current 
substitution potential , the latter as future substi tution 
potential which is expected to be realised in five to 
ten years. 

We argue that the substitution potential can be 
considered as a measure that indicates the extent to 
wh ich the competitiveness of the industry is depend­
ent on biotechnology. In other words, production 
volumes as Identified by this analysis would be 
endangered if the industry were not able to use 
bio technology or have access to the required bio­
technologieal know- how. These assessments are 
mainly based on interviews with experts from re­
search organisations and industry, complernented by 
litera lure analyses. 

Second, combining the identified biotechnology 
production volumes with average figures for labour 
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productivity, we calculate the number of jobs af­
fected by blOtechnology. Thls reveals data on jobs in 
established industries which are dependent on bio­
technology know-how and can be considered as a 
measure for indirect employment effects of biotech­
nology in these industries. The following labour 
productivity values were used for these calculations: 
pharmaceulicals 161 ,000 €/employee; chemicals 
164,000 € /employee; environmental technologies 
97,000 € /employee; agro-industry 44,000 
€ /employee; food-industry 170,000 € /employee; 
bioprocessing industry 103,000 € /employee. 

Using this approach we estimate that eurrently 
there are 220,000 jobs in German industry depend­
ing at least indirectly on biotechnology (Figure 3). 
Within the next five to ten years, this number could 
increase to about 500,000 to 600,000 jobs. The po­
tential indirect effects will be strongest in the agro­
food sec tor, followed by the pharmaeeutieal and 
chemiea l industries. The realisation of this potential 
depends on the regulatory and demand conditions 
that may considerably affect the aetual outcome in 
future. 

The uneertainty regarding the general legal and 
social framework impedes predictions. Uncertainty 
is Iikely to be highest in the agro-food sector, where 
bans on genetic manipulation or poor social accep­
tance of genetically modified food ingredients may 
destroy biotechnology 's potential in this industry. 

Future prospects of biological technologies for 
environmental protection face high uncertamty as 
well, but different from those of the agro-food sec­
tor. Business potential in this area is based on both 
end-of-pipe technologies and technologies for pro­
duc ti on-integrated environment protection. The 
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Figure 3. Biotech employment effects in established industries 
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environmental industry is thus very much dependent 
on public 'demand and strongly influenced by policy. 
Direction and speed of development is thus unclear. 

The role of biotechnology in the pharmaceutical 
industry is easier to estimate. 1t is almost certain to 
continue to grow. There may be same caveats, for 
instance, if the social debate on same issues such as 
gene therapy, stern cells and cloning spreads to other 
applications and hinders the development of ethic­
ally less controversial technologies. 

The future advances of biotechnology in sectors 
such as chemieals and bio-processing should be 
hardly influenced by the general regulatory and so­
cial framework but depend much more on econom­
ical measures, that is, on how far biotechnology may 
reduce production cast or improve the quality of 
products (Hüsing et al, 2000). 

We are aware that these figures are based on a 
rather simple methodological approach and not on 
sophisticated model calculations, which to our 
knowledge so far da not exist for biotechnology. 
Nevertheless, such estimates give at least an impres­
sion of the order of magnitude of the indirect em­
ployment effects of biotechnology. Compared to the 
direct employment effects in biotech SMEs (Figure 
2), the indirect employment potential of biotech­
nology in established industries is about ten times 
bigger. 

These results support the view of Brown et al 
(1990) who criticise the widely held wisdom that 
small firms create most new jobs. They contend that 
the direct, quantitative employment of small enter­
prises is not crucial for labour policy in a country. 
They empirically find that: 

• although new and sm all firms create jobs when 
they grow, this is not necessarily a more import­
ant source of employment than large companies; 

• small subsidiaries of large firms are an important 
factor in generating jobs: this phenomenon has 
also become apparent in a study among German 
SMEs of the production industry (AI mus et al, 
1998); 

• growth rates in other indicators (such as sales) are 
much higher than in number of staff: this suggests 
a rapid rise in productivity or greater outsourcing; 

• there is a larger number of small, contracting 
eompanies: thi s is more or less offset by many 
newly established or growing enterprises. 

• the average share of people employed by small 
firms has remained relatively stable (35% in the 
USA sinee 1958); 

• job lasses in sm all firms (for instance, due to clos­
ings) occur more frequently than the industry 
average. 

Tagether with our findings , these data support the 
view that small firms may not be the main driving 
factor for employment creation in biotechnology. 
Rather, established industries may have a higher 
impact. However, biotechnology firms play an 
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Technological change leads to 
rationalisation potential, which may 
often be overcompensated by positive 
employment effects such as additional 
demand for new products, cost 
reductions and improved economic 
competitiveness 

important role in enabling established firms to cape 
with biotechnology-driven change. 

ConcJusions 

Direct employment in the German biotech industry 
amounted to about 24,000 people in 1999. Of this 
figure, about 7,000 employees are working in core 
biotechnology firms . We expect an increase of em­
ployment in this industry by 10,000 to 25 ,000 jobs 
within the next five years. This growth is driven by 
two factars: continued start-up formation; and 
growth of existing firms. The lower limit of this es­
timate assurnes that almost no growth of firms will 
take place, whereas the upper limit is based on a 
continuous growth assumption. 

Compared to these direct employment effects in­
direct employment effects of biotechnology in estab­
lished industries are estimated to reach a number 
which is about ten times bigger (500,000 to 600,000 
people) . These indirect effects are a consequence of 
technological disruptions in established industries 
which are driven by biotechnology. 

These findings are backed in economic theory. 
Technological change leads to rationalisation po­
tential, which may often be overcompensated by 
positive employment effects such as additional de­
mand for new products, cast reductions and im­
proved economic competitiveness. Empirical studies 
underpin the hypo thesis that the direct quantitative 
eontribution of SMEs to employment creation is 
more or less negligible on a broader level. 

Our analysis also supports theoretical considera­
tions arguing that high technologies per se da not 
generate substantial employment. Rather the impact 
of high technologies on employment generation 
mainly is of an indirect character, leading to em­
ployment stabilisation and growth. We da not ignore 
that there are examples of biotechnology firms (such 
as Amgen and Genentech in the USA, Qiagen in 
Germany) which have grown from small start-ups to 
large firms with several thousands of employees . 
However these firms are not typical for the biotech­
nology industry in general. 

Rather, firms such as Amgen and Genentech have 
evolved in to pharmaceutical companies and there­
fore could be considered as representatives of thc 
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pharmaceutical sector. Thereby they have intemal­
ised the indirect effects which are exerted by small 
and medium-sized biotechnology firms on pharma­
ceutical enterprises. Qiagen, on the other hand, is a 
representative of the biotechnology equipment and 
supplies sector, where only very scarce data on in­
dustrial structure and dynamics are available. The 
development of Qiagen indicates that it is important 
to shed more light on tnis sec tor and explore its role 
in the whole biotechnology innovation system. 

The 'new growth theory' may provide a fruitful 
framework to model employment effects in biotech­
nology. Such a model is far beyond the scope of this 
paper. Investigations of the employment effects 
should be embedded in a more comprehensive 
model simulating the entire sector. The data required 
may become available through an ongoing research 
project funded by the European Commission on the 
outcome of policy measures in European countries. 
This paper may thus provide a starting point for fu­
ture research. 

If we compare the public and political attention 
which is given to the different phenomena respons i­
ble for job creation via biotechnology with the sig­
nificance of these phenomena, there is an obvious 
mismatch. By far the most attention is given to bio­
tech SMEs. However, biotechnology-driven job 
creation is quantitatively much more important in 
established industries and the knowledge about these 
effects is very poor. 

Therefore we conclude that future discussions on 
employment potential of biotechnology certainly 
need a stronger focus on these indirect effects in es­
tablished industries . This redirection of attention 
would also allow conclusions to be made as to which 
policies would support most efficiently future em­
ployment growth through biotechnology. 
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