
22

3 “Un-leveraged Opportunities” in the 
Pharmaceutical Industry – Missed 
Employment Potential in Germany 

Michael Nusser, Thomas Reiss, Sven Wydra (Fraunhofer ISI), Rainer  
Nägele (Fraunhofer IAO)

3.1 Un-leveraged Opportunities in Research 

and Development 

3.1.1 Significance of Research and Development 

for the National Economy  

As a rule, innovations result from a “well-aimed production of 

technological knowledge.” Therefore, R&D is one of the most 

important factors explaining the long-term economic growth of a 

national economy.18 Expenditures on R&D is an investment in new 

knowledge, and is a starting point for the innovative processes and 

technological development required for new products, processes, and 

services.  

R&D expenditures—the largest item among innovation spending—

shows the improvement of technological knowledge. So R&D 

expenditures can help us assess future technological competitiveness 

when we seek to measure a country’s “innovation potential.” 

Combining this “input” indicator with “output” indicators (e.g., patent 

applications and grants, sales of innovative products) quite accurately 

predicts the future ranking of national economies in promising 

technological markets. 

The BMBF reports on Germany’s technological competitiveness19

draw the following picture:  

Decreasing significance of Germany as R&D location:

International comparisons of R&D expenditures ranked Germany 

substantially atop its competitors in the 1970s and even into the 

1980s. But in the first half of the 1990s, the R&D weights shifted 

toward Asia (including Japan, Korea, and China) and North 

America. Germany no longer renews and expands its technological 

knowledge capital as fast as its competitors.  

Minor public R&D commitment compared to important 

competitive countries: Experts from several economic research 

institutes have demanded a clear political agenda toward 
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education, public and industrial R&D, and innovations.20 This is the 

only way that Germany can remain an attractive long-term R&D 

location for scientists and companies, providing employees with 

sufficiently high qualifications and the cooperation of internationally 

acknowledged scientific R&D organizations.  

As a rule, what makes a main industrial R&D is the structure of 

market demand (i.e., national per capita spending on innovative 

products). To a certain degree, industrial R&D can also be 

positively influenced by public promotion (including subsidies and 

public demand for innovative products). For example, the United 

States during the 1960s and ‘70s promoted R&D in the armaments 

and aeronautics industries, which considerably impacted the 

development of information and communication technologies.  

Increasing significance of R&D-intensive products and 

knowledge-intensive services: Positive development of 

research-intensive products and knowledge-intensive services will 

best boost economic indicators such as production, value added, 

exports, and employment.

Too limited R&D expenditures for high technologies and high-

quality services: For many years, German industrial R&D on high 

technologies (including pharmaceuticals, biotech, and 

communications engineering) has lagged behind its competitors 

such as the United States. For decades, Germany prioritized for 

applying and realizing top research results—even when they were 

largely imported. Now many experts are demanding an increased 

German commitment to top technology research as prerequisite for 

further growth and employment.

The increasingly-held view is that high-quality knowledge-intensive 

services (such as R&D services in high technology companies) 

drive innovation. This is mainly true of high technology R&D and 

knowledge-intensive high technology sectors. In these areas, 

though there are positive tendencies, Germany still shows 

considerable “R&D gaps.” 

3.1.2 Decreasing Significance of Germany as an 

R&D Location within the Pharmaceutical 

Industry 

Pharmaceuticals is one of the most R&D-intensive economic sectors, 

and many pharmaceutical products involve promising high 

technologies.  
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Internationally standardized statistics from the Organization for 

Economic Cooperation and Development (OECD) provide data 

comparing R&D structure.

Using these OECD statistics, the long-term developments in industrial 

R&D expenditures in pharmaceuticals in Germany show a clear 

decrease in activities: 

Decreasing significance of the pharmaceutical industry in 

Germany compared to other economic sectors:21 Among the 

most important 15 OECD countries, R&D expenditures in 

pharmaceuticals as a percentage of all manufacturing clearly 

increased, from just below 5 percent in 1973 to 10 percent by the 

end of the 1990s. Thus, the weight of these pharmaceutical 

industry within the R&D portfolio of industrial countries has 

approximately doubled since 1973. In Germany, however, this 

weight decreased in comparison to other economic sectors (e.g., 

vehicle construction). In 1973, pharmaceuticals accounted for a 

6.5 percent share, ranking above the OECD average. Then it 

steadily decreased until reaching approximately 5 percent in 1995. 

Since 1997, the weight has again started shifting towards the 

pharmaceutical sector as compared to other industries.  

Strongly decreasing significance of Germany for worldwide 

R&D expenditures in the pharmaceutical industry: Germany’s 

share of worldwide pharmaceutical R&D expenditures decreased 

from about 13 percent in 1973 (and 15 percent in 1978) down to 

about 5 percent in 1995 (see Figure 3.1). Since 1996, the trend 

has turned back positively, rising to a share just above 7 percent in 

2000.

Germany’s 
position as an 
R&D location 

has clearly 
deteriorated 
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Fig. 3.1: Germany‘s share of worldwide 1) R&D expenditures in the
pharmaceutical industry (1973-2000)
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1) OECD 15 countries: Australia, Denmark, Germany, Finland, France, Ireland, Italy, Japan, Canada, Netherlands, Norway, 
Sweden, Spain, USA, and the United Kingdom.
Source: Calculations Fraunhofer Research 2005 (data basis: OECD, ANBERD database, 2004)
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Sweden, Spain, USA, and the United Kingdom.
Source: Calculations Fraunhofer Research 2005 (data basis: OECD, ANBERD database, 2004)

The picture these numbers draw is somewhat murky. Indeed, 

absolute German pharmaceutical R&D expenditures clearly increased 

during the last three decades—as a rule by annual growth rates of 

more than 5 percent. But compared to its important competitors, 

Germany’s dynamics are clearly weaker; for example the USA and 

UK both boasted annual growth rates of more than 10 percent. 

Figure 3.2 demonstrates the result of this development. Whereas 

countries such as the USA and UK improved their relative position as 

locations for R&D, Germany’s position clearly deteriorated. 

Comparing countries’ industrial R&D expenditures across a variety of 

data sources, a current study suggests that different data sources 

within a country can change the picture of its pharmaceutical sector.22

For example, data collected by national pharmaceutical associations 

(such as PhRMA) rank the USA higher in its R&D expenditures than 

do the OECD statistics. However, it decisively leaves unchanged the 

OECD results for Germany derived above. In other words: Any

statistics show Germany’s competitive position as a location for 

pharmaceutical R&D clearly deteriorating.  
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Fig. 3.2: Worldwide R&D expenditure in the pharmaceutical industry 

(1973-2000)
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Germany’s competitive position as an R&D location depends strongly 

on the surveyed industry.23 It’s not just pharmaceuticals: Germany’s 

significance as an R&D location also dwindled in other sectors 

between 1973 and 2000, including electrical engineering (from 13  to 

8 percent) and communications engineering (from 10 to 6 percent). In 

other sectors, however, Germany became more important as an R&D 

location, including vehicle construction (from 10  to 23 percent) and 

aviation and aeronautical engineering (from 5  to 13 percent). 

3.1.3 The Pharmaceutical Industry as a Catalyst for 

Innovation

We cannot determine the impact of an economic sector on the entire 

national system of innovation solely through its own R&D 

expenditures. An economic sector can generate decisive impulses for 

innovation in upstream and downstream economic sectors by  

purchasing or supplying innovative products. For example, demand 

for innovative pharmaceutical products could stimulate innovation 

among its suppliers (including biotech companies), in both products 

and processes. Therefore, the pharmaceutical sector can be a 

positive catalyst for innovation in Germany as a whole. 

First let’s examine the pharmaceutical sector as a purchaser of 

innovative intermediate inputs. Its significance is roughly measured by 

the size of its R&D expenditures, which is typically included in the 

products purchased from upstream economic sectors (“intermediate 
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inputs from supplier sectors”). This included R&D expenditures on 

intermediate inputs is called “incorporated” R&D. 

Our study calculated the extent of incorporated R&D supplied to the 

pharmaceutical sector for the year 2000. For that purpose, we 

differentiated between incorporated R&D from home (e.g., R&D 

services of German biotech companies) and that imported from 

abroad (e.g., import of R&D services from U.S. biotech companies). 

The results show the pharmaceutical industry strongly interlinked with 

upstream R&D-intensive economic sectors from home and abroad. 

For each 1 billion EUR of demand for German pharmaceutical 

products, the pharmaceutical sector gets (see Appendix 2 for a 

detailed description of our calculations): 

38 million EUR of incorporated R&D from home. This amounts to 

3.8  percent of the demanded product value. This figure ranks 

pharmaceutical industry second among the 71 sectors.  

134 million EUR of incorporated R&D from abroad. With 13.4  

percent of the demanded product value, the pharmaceutical 

industry ranks first among the 71 sectors.  

Since the pharmaceutical sector’s total production volume was 

20.4 billion EUR in 200024, incorporated R&D from home totaled 

approximately 775 million EUR. Incorporated R&D from abroad 

totaled approximately 2.750 million EUR. This value shows the 

German pharmaceutical industry’s strong dependence on R&D-

intensive intermediate inputs from abroad.  

Additionally, the pharmaceutical industry also plays an important role 

as a supplier of innovative intermediate inputs for downstream 

sectors. According to a current study from the Zentrum für 

Europäische Wirtschaftsforschung (ZEW) and the Niedersächsisches 

Institut für Wirtschaftsforschung (NIW)25, the pharmaceutical industry 

is a highly significant innovative supplier, especially for the service 

sector (e.g., public health services). Altogether, nearly 13 percent of 

the service sector’s incorporated R&D purchases come from the 

pharmaceutical industry. With this, the pharmaceutical industry ranks 

second among the 71 sectors, and also ranks as a top supplier of 

innovations.  

Pharmaceutical 
companies are 

important
purchasers of 

innovative 
products

Pharmaceutical 
companies are 
also important 

suppliers of 
innovative 

products
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So the decreasing significance of Germany as an R&D location since 

the beginning of the 1970s has not only negatively influenced the 

pharmaceutical sector. It has had negative radiating effects on the 

entire German system of innovations. Germany has failed to leverage 

the innovation and employment potentials of the promising 

technological markets in pharmaceuticals and biotech as well as 

interrelated potentials in their upstream and downstream economic 

sectors.

3.1.4 Theoretical Employment Potential: Model 

Calculations for the “Un-leveraged 

Opportunities” Scenario 

Section 3.1.2 discussed Germany’s decreasing significance as a 

location for pharmaceutical R&D. The following analysis looks at the 

missed opportunities or “un-leveraged chances” inherent in that 

position. To do so, let’s assume that in 2000, Germany’s relative 

position as an R&D location vis-à-vis important competing countries 

matches that of the early 1970s. This first step allows us to quantify 

Germany’s “R&D gap” for the past thirty years. The analysis then 

calculates theoretical employment potentials within this “un-leveraged 

chances” scenario. The calculation examines both direct and indirect 

employment effects as well as job provision for highly qualified 

employees.

Several international data sources can help quantify the R&D gap. 

They use different definitions of R&D, and different data collection 

methods. None of the data sources can be qualified as “better” or 

“worse” because their data collection is focused on different 

objectives. The following analysis thus uses ranges of numbers to 

objectify the results. We use the year 2000 for the calculations. 

In most cases, when national pharmaceutical associations (including 

PhRMA, JPMA, EFPIA, and VFA) collect R&D data, they use a broad 

definition of R&D. For example, PhRMA treats expenditures on 

utilization surveys (expenditures on phase IV studies of medications 

already on the market) as 100 percent R&D expenditures. In general, 

the pharmaceutical associations break R&D expenditures into internal 

and external sectors. For example, PhRMA includes all R&D projects 

financed by the pharmaceutical industry, regardless of whether they 

Its deteriorated 
R&D competitive 

position
handicaps the 
entire German 

system of 
innovations
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were executed in the pharmaceutical industry or a different industry 

(e.g., research commissions to external R&D organizations). Since 

the end of the 1980s, this R&D outsourcing to other sectors has been 

considerably increased. Using the national pharmaceutical 

associations’ data, in 2000 worldwide R&D expenditures totaled 

approximately 48 billion EUR. We’ll use this value as the upper limit 

for our calculations. 

On the other hand, the OECD uses a narrower definition of R&D. For 

example, OECD treats only selected categories of utilization surveys 

as R&D expenditures. OECD also focuses on who performs the R&D 

activity. It therefore covers only R&D expenditures in the internal 

sector—for activities executed in the pharmaceutical industry itself. 

Using the OECD data, in 2000 worldwide R&D expenditures totaled 

approximately 35 billion EUR . We’ll use this value as the lower limit 

for our calculations. 

As Figure 3.3 shows, German pharmaceutical R&D expenditure in 

2000 was in the range of 2.5 billion EUR (lower limit: 7.1 % x 35) to 

3.4 billion EUR (upper limit: 7.1 % x 48).  

Fig. 3.3: R&D GAP Germany, 2000
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Our “un-leveraged opportunities” scenario assumes that the R&D gap 

of 6.0 percent (see Figures 3.2 and 3.3) is permanently and 

completely closed. In other words: We calculate the theoretical 

employment potential by assuming that in 2000 Germany’s relative 
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competitive position in R&D matches that of the early 1970s. Closing 

the R&D gap of the past three decades requires additional R&D 

expenditures. As Figure 3.3 shows, a permanent and complete 

closure of the R&D gap would involve a sum between 2.1 billion EUR 

(lower limit) and 2.9 billion EUR (upper limit).  

Germany’s failure to grow R&D expenditures as quickly as the rest of 

the world squandered the opportunity to create new jobs. A 

permanent closure of the R&D gap, with its associated increases in 

R&D expenditures, would mean that new jobs could develop in 

Germany. New jobs would be created in R&D departments of 

pharmaceutical companies, public research organizations, biotech 

start-ups, and upstream economic sectors (sub-supplier industries 

such as biotech providers and producers of lab equipment). 

R&D decisions rarely involve transferring planned investments in 

other areas (production plants, say, or marketing & distribution) to 

R&D. On the contrary, companies determine the R&D expenditures 

required for long-term international competitiveness. As a rule, the 

parent company identifies a required amount of future investment in 

R&D projects. Then subsidiaries worldwide compete for these R&D 

projects.

Therefore, in calculating theoretical employment potential, we assume 

that the sole result of permanently closing the R&D gap is additional

R&D expenditures in Germany. In other words: Pharmaceutical 

companies—whether their parent companies are located in Germany 

or abroad—invest more heavily in German R&D. R&D monies 

authorized by the parent company are spent in Germany rather than 

other countries. These expenditures do not diminish other spending in 

Germany, such as on the value-added steps of production, marketing, 

or distribution. No existing jobs are substituted out in these 

calculations.  

We used the Fraunhofer’s input-output model (see appendix 1) to 

calculate the employment effects for the year 2000. The resulting 

employment potential from the “un-leveraged chances” scenario can 

be summarized as follows: 

Size of employment multipliers: Every additional 100 million 

EUR of R&D expenditures done permanently in Germany 

generates approximately 1,400 jobs (see Figure 3.4). About 800 of 

100 million EUR 
additional R&D 

spending
creates 1,400 

total jobs



31

these represent direct R&D employment in pharmaceutical 

companies, biotech companies, and other R&D organizations. 

Upstream economic sectors (including business-related services) 

generate 600 indirect jobs. About 45 percent of the 1,400 jobs are 

for highly qualified graduates of universities or university of applied 

sciences (“Fachhochschule”). 

Fig. 3.4: Employment potential through sustainable additional R&D 
expenditures of 100 million € per year
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Complete closing of the R&D gap: A permanent and complete 

closing of the R&D gap (13.1 percent instead of 7.1 percent) in 

2000 would result in additional R&D expenditures of 

2.1 to 2.9 billion EUR (see Figure 3.3). This would generate 

17,500 to 24,000 new direct R&D jobs, including those in 

pharmaceutical and biotech companies and public R&D 

organizations (direct job effects in R&D). Upstream sectors would 

generate an additional 12,500 to 17,000 jobs (indirect job effects).

Thus the total employment effect is 30,000 to 41,000 jobs 

(see Figure 3.5). About 14,000 to 19,000 of these jobs would go to 

highly qualified graduates (approximately 45 percent of the total 

effect). In other words: Germany’s deteriorating competitive 

position as an R&D location since 1973 has meant a missed 

employment potential of 30,000 to 41,000 jobs (missed direct plus 

indirect employment potential).

New R&D jobs cannot be created in just a few years. Consider the 

UK: Its relative competitive position as an R&D location has clearly 

improved since 1973 (see Figure 3.2). During that time, the UK’s 

number of pharmaceutical  industry R&D employees increased by 

about 700 per year, from 10,000 in 1975 to 29,000 in 2002.26 From 

30,000 - 41,000 
jobs through 

permanent and 
complete closing 

of R&D gap 
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1996 to 2002, the number of biotech companies increased from 180 

to approximately 330.27 Approximately 50 percent of all biotech 

companies are related to the health sector, and the average UK 

biotech company employs approximately 22 R&D employees.28 So 

the UK’s new biotech companies have generated approximately 250 

R&D jobs per year since 1996. In addition, R&D jobs develop in public 

R&D organizations (e.g., university clinics). Thus, the UK’s increasing 

attractiveness as an R&D location led to total annual increases of just 

over 1,000 R&D employees during the past years.  
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1) Direct job effects in R&D plus indirect job effects in upstream economic sectors
Source: Calculations Fraunhofer Research 2005

As this example shows, we cannot expect the R&D gap to close  

immediately. As a rule, employment increases occur gradually over a 

period of many years. So Figure 3.5 shows how employment would 

increase through Germany’s stepwise (rather than immediate and 

complete) closing of the R&D gap. Garnering a share of “only” 

9.0 percent of worldwide R&D expenditures, Germany would 

generate an additional 10,000 to 13,000 jobs, including about 

4,500 to 6,000 jobs for highly qualified employees. Likewise, a share 

of 11.0 percent would generate approximately 20,000 to 27,000 jobs, 

including about 9,000 to 12,000 jobs for graduates. 


