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Innovation Union progress at country level:

An e ective research and innovation system building on the European Research Area

The graph below illustrates the strengths and weaknesses of the German R&I system. Reading clockwise, the

graph provides information on human resources, scientific production, technology valorisation, and innovation.
Average annual growth rates from 2000 to the latest available year are given in brackets.

Germany, 2011 (1)
In brackets: average annual growth for Germany, 2000-2011 (2)

New graduates (ISCED 5) in science and
engineering per thousand population
aged 25-34
(9.3%)

Business R&D intensity
(BERD as % of GDP)
(0.8 %)

SMEs introducing marketing or
organisational innovations as %
of total SMEs

(03%)

SMEs introducing product or process
innovations as % of total SMEs
(2.5 %)

Public expenditure on R&D (GOVERD
plus HERD) financed by business
enterpnse( 7&15 0//2)01" GDP

Public-private scientific co-publications
per million population
(3.8%)

BERD financed from abroad as % of
total BERD
(4.6 %)

— GEIMany

Source: DG Research and Innovation — Economic Analysis Unit

New doctoral graduates (ISCED 6) per
thousand populatlon aged 25-34
(2.4 %)

Business enterprise researchers (FTE)
per thousand labour force

Employment in knowledge-intensive
activities (manufacturing and
business services) as % of total
employment azed 15-64
(0.3%)

Scientific publications within the 10 %
most cited scientific publications
worldwide as % of total scientific

publications of tg\/oe) country (3)
3

EC Framework Programme fundlng per
thousand GERD (EUR)
(0.6 %)

PCT patent applications per billion GDP
in current €PPS
(0.3%)

— EJ

Data: DG Research and Innovation, Eurostat, OECD, Science Metrix / Scopus (Elsevier), Innovation Union Scoreboard

Notes: (1) The values refer to 2011 or to the latest available year.

(2) Growth rates which do not refer to 2000-2011 refer to growth between the earliest available year and the latest available year
for which comparable data are available over the period 2000-2011.

(3) Fractional counting method.

In general Germany’s research and innovation system

performs very well. However, the international dimen-
sion is below the EU average, in particular in relation to

foreign investment in business R&D and EU Framework
Programme funding. Possible explanations relate to the

country sizee ect, as well as to the high level of German

domestic public and private expenditure on R&D. Despite

the easy access to and relative abundance of national
funding for research, Germany could better use the
opportunities o ered within the ERA and more specif-
ically within the Framework Programme.

Germany has a particular strength in business R&D espe-
cially ininnovative SMEs, many of which are world leaders
in their particular small market segments. The high level
of patenting is an indication of industrial leadership in
several domains, most notably in medium-high-tech
industries including engineering industries, automobiles
and chemicals and also in environmental and energy

technologies. Public-private cooperation in publica-
tions and in research is functioning well and is further
supported by the federal government in the current new
programme activities for innovation outlined in the ‘High
Tech Strategy’. While Germany performs well in terms
of new doctoral graduates, its performance as regards
new science and engineering graduates has only recently
surpassed the EU average and there is the risk of slower
growth in the long term as a result of the ageing of the
population. The risk of a scarcity of qualified human
resources could in the long term endanger the strong
German export position in engineering and science based
industries. In recent years there has been an increase
in the number of students in science and engineering
subjects (MINT), but e orts should be maintained to
further reduce dropout rates and to increase the share
of female professors, which in turn would attract more
female students.
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As illustrated by the maps above, there is a notable  weak scientific publication activity in Germany may be a

di erence in performance between scientific production language bias.
(publications) and technological production (patents) in

Germany. Levels of scientific publication vary across  Patenting activities in Germany are very high in the
German regions with only a few regions on the same areas referred to above. Energy, environment and
level as their main competitors in Europe. This is even health are other areas where patenting is particularly
true for sectors such as production technologies, mate-  strong. The big public research institutes such as the Max
rials, and automobiles, where German companies are  Planck Society, the Fraunhofer Society, the Helmholtz
among the world leaders. An explanation of the relatively ~ society, and also the Leibniz institutes are specialised
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in these areas, work closely with universities and are
generally highly ranked in recognised international
comparisons. The regions of the south and the south-
west of Germany are most active in patenting. Saxony

and southern Brandenburg (Potsdam) in the New
Léander as well as Berlin also show relatively high levels
of patenting.

Policies and reforms for research and innovation

The High-Tech Strategy 2020, launched in August 2006
and updated in July 2010, is seen as an instru-
ment to improve cooperation between science and
industry, and to improve the conditions for innovation
with a view to enhancing the international competitive-
ness of technology-intensive manufacturing products in
key sectors of the German economy. The 2010 update
of the High-Tech Strategy prioritises the targeting by
public-private partnerships of prospective markets
related to important societal challenges in 10 so called
forward-looking projects (‘Zukun sprojekte’). Strategic
priorities of the High-Tech Strategy 2020 are health,
nutrition, climate and energy security, and communica-
tion and mobility.

As regards fiscal policies Germany is one of the few coun-
tries that has not introduced R&D tax credits. The intro-
duction of R&D tax credits is currently being considered
at federal level as such credits tend to be requested by
large international companies.

Germany is already quite close to achieving its national
R&D intensity target of 3%. Only an extra 0.16% of
GDP or about €4 billion are needed to reach the target.
However, available data show an increasing disparity
between R&D intensity in the northern Lander and
the southern L&nder. In fact R&D intensity is almost
four times higher in Baden-Wiirttemberg (the leading
EU region) than in Mecklenburg-Vorpommern and
Schleswig-Holstein. This disparity also applies to private
investment in R&D.

The university system, which is the responsibility of
the Lander, is considered to be underfinanced, given
the recent strong increase in student numbers. In order
to enable additional federal funding for universi-
ties, the Hochschulpakt (higher education pact), volun-
tary agreements between the federal and the Lander
levels, has been set up. This pact was renewed in 2009
and additional resources were allocated in March 2011.

As regards human resources Germany has taken meas-
ures to remove restrictions on in-bound researcher
mobility in view of a skills shortage in some science and

technology domains. The federal government recently
decided on a reform of the Immigration Act to facili-
tate the processing of residence permits, and on an
action programme to ensure an adequate supply of
labour, and on programmes for enhancing international
mobility. The legal parameters for the employment of
foreign graduates of German universities have been
improved and the recognition of qualifications acquired
abroad is being facilitated by new initiatives. This could
help to increase the still relatively low share of foreign
professors. Researcher salaries in Germany are above
the EU average, but lag behind those in the United States
and Switzerland. Recently the Constitutional Court issued
a ruling on minimum wages for full professors in univer-
sities that could lead to increased salaries for those at
the lower end of the wage scale.

A national pact to attract more women to science
and engineering (‘Komm mach MINT-mehr Frauen
in MINT-Berufen’) was set up on the initiative of the
Federal Ministry for Education and Research (BMBF) in
June 2008 and a second phase of this pact was launched
in December 2011.

As regards the knowledge triangle and the fostering of
innovation activities the Federal Ministry for Education
and Research (BMBF) and Federal Ministry of Economics
and Technology (BMWI) are making attempts to focus
better their activities. The BMBF fosters public/private
partnerships by activities such as the ‘Leading-edge
cluster competition’, which aims at the formation of
business and science clusters to boost Germany'’s inno-
vative strengths in specific areas and more recently
(August 2011) the ‘Research Campus’, a competitive
funding scheme to strengthen cooperation between
companies and research organisations. The BMWI
uses the EXIST programme to stimulate an entre-
preneurial environment at universities and research
institutions. This programme is aimed at increasing
the number of technology and knowledge-based busi-
ness start-ups. The programme is part of the federal
government’s ‘high-tech Strategy’ and comprises sub-
programmes on improving start-up business culture,
stipends and knowledge transfers.
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Economic impact of innovation

The index below is a summary index of the economic impact of innovation composed of five of the Innovation

Union Scoreboard’s indicators.2

Germany — Index of economic impact of innovation (1)
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Source: DG Research and Innovation — Economic Analysis Unit (2013)
Data: Innovation Union Scoreboard 2013, Eurostat
Note: (1) Based on underlying data for 2009, 2010 and 2011.

Germany has one of the highest economic impacts of
innovation in Europe. The German economy is more
oriented towards knowledge-intensive sectors than the
EU as a whole. This is reflected also in the composition
of exports of goods and services and in the innovation
activities of enterprises, including those of SMEs, which
are clearly above the EU average. Innovative German
enterprises have a good growth performance combined
with a high level of technology development.

The distribution of business expenditure on R&D reflects
the concentration of German industry in medium-high-
tech sectors, with more than 30% of R&D spending
carried out by the automobhile sector alone. Other
important medium-high-tech sectors in terms of R&D
expenditure are machinery and equipment and chem-
icals excluding pharmaceuticals. These three sectors
represent around 50% of business expenditure on R&D
in Germany. Spending levels are relatively lower in high-
tech areas with pharmaceuticals, radio, TV and commu-
nication equipment, and medical precision and optical
instruments together accounting for only around 20%

2 See methodological notes for the composition of this index.

0612

EU

of business expenditure on R&D. Research is further-
more concentrated in big companies and research
intensity is lower in the services sector than in manu-
facturing. To assist SMEs in enhancing research and
innovation a Central Innovation Programme for SMEs
(ZIM, ‘Zentrales Innovationsprogramm Mittelstand’) has
been set up in 2008 and will run till 2014.

Framework conditions for entrepreneurship in Germany
have improved as indicated by an improved ranking for
Germany in the World Bank’s ease of doing business
index. Germany has also made progress in reducing the
administrative burden related to reporting obligations in
the business sector. In 2011, The Bureaucracy Reduction
and Better Regulation programme has been extended
to cover other compliance costs. However, Germany
remains at around the EU average regarding the admin-
istrative burden of the regulatory framework.

Labour productivity in Germany is high and access to bank
lending for SMEs is above the EU average. The quality of
the infrastructure is good and the legal and regulatory
framework is perceived by business as being appro-
priate. Remaining weak points concern the availability
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of broadband and the usage of e-government services.
Furthermore the availability of venture capital in
Germany (0.17% of GDP in 2011) remains below the EU
average (0.35%).

In the Global Competitiveness Report 2012-13 Germany
is ranked highest among EU countries in capacity for
innovation, second highest (a er Finland) in company
spending on R&D and 6th in the EU on university-industry
collaboration on R&D.

Upgrading the manufacturing sector through research and technologies

The graph below illustrates the upgrading of knowledge in di erent manufacturing industries. The position on the
horizontal axis illustrates the changing weight of each industry sector in value added over the period. The general
trend of moving to the le -hand side reflects the decrease in manufacturing in the overall economy. The sectors
above the x-axis are sectors whose research intensity has increased over time. The size of the bubble represents
the share of the sector (in value added) in manufacturing (for all sectors presented in the graph). The red-coloured

sectors are high-tech or medium-high-tech sectors.

Germany — Share of value added versus BERD intensity —
average annual growth, 1995-2008

20
Food products & beverages
Tobacco products
Publishing & printing
15
Other non-metallic mineral
products
10
Wearing apparel & fur
5 Textiles

Leather products

BERD intensity — average annual growth (%), 1995-2008 (2)
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instruments
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Share of value added in total value added - average annual growth (%), 1995-2008 (2)

Source: DG Research and Innovation — Economic Analysis Unit
Data: OECD

Notes: (1) High-tech and medium-high-tech sectors are shown in red. 'Other transport equipment' includes high-tech, medium-high-tech

and medium-low-tech.

(2) 'Food products and beverages', 'Printing and publishing’, 'Pulp, paper and paper products', ‘Textiles', ‘Tobacco products”,
‘Wearing apparel and fur', "Wood and cork (except furniture)': 1998-2008.
(3) 'Basic metals’, 'Coke, refined petroleum and nuclear fuels' and ‘Fabricated metal products' are not visible on the graph.

The German economy is characterised by a relatively
strong manufacturing industry. Nevertheless, as in many
countries, the share of value added of manufacturing
industries in total value added is tending to decrease
(illustrated by ale ward shi in the graph above). This is
linked to rationalisation and a relative decline in the price
levels of manufactured goods, the expanding services
sector and also to globalisation and competition from
lower wage, emerging economies.

Compared to other EU Member States the German
manufacturing industries present an above
average dynamic of upgrading knowledge through
R&D. Growth in business research intensity since
1995 was moderate, but still faster than the EU
average. The motor vehicles industry, a key sector of the
German economy, has expanded its high research inten-
sity further and has also succeeded in increasing its share
of value added. A second important medium-high-tech
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sector, machinery and equipment, has expanded its
share of the economy even more strongly, despite a more
moderate growth in research intensity. The same is true
for the high-tech sector medical, precision and optical
instruments. The medium-high-tech sector electrical
machinery and apparatus, has lost research intensity
over the last 15 years, but maintained its share of value

added.O ce, accounting and computing machinery is the
only high-tech sector with a decreasing share of value
added. In this sector there was also a decline in research
intensity over the last 15 years. The insu cient pace of
modernisation in these knowledge-intensive industries
endangers their medium-term competitive advantage.

Competitiveness in reaping income of global demand and markets

Investment in knowledge, technology-intensive clusters, innovation and the upgrading of the manufacturing sector
are determinants of a country’s competitiveness in global export markets. A positive contribution of high-tech and
medium-tech products to the trade balance is an indication of specialisation and competitiveness in these products.

Evolution of the contribution of high-tech and medium-tech products
to the trade balance for Germany between 2000 and 2011

064 Office machines & automatic data-processing machines
Power-generating machinery & equipment
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Professional, scientific & controlling instruments & apparatus
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Source: DG Research and Innovation — Economic Analysis Unit
Data: COMTRADE
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Notes: ‘Textile fibres & their wastes’ refers only to the following 3-digit subdivisions: 266 and 267.

‘Organic chemicals’ refers only to the following 3-digit subdivisions: 512 and 513.

‘Essential oils & resinoids; perfume materials’ refers only to the following 3-digit subdivisions: 553 and 554.
‘Chemical materials & products’ refers only to the following 3-digit subdivisions: 591, 593, 597 and 598.
‘Iron & steel’ refers only to the following 3-digit subdivisions: 671, 672 and 679.

‘Metalworking machinery’ refers only to the following 3-digit subdivisions: 731, 733 and 737.

The German economy is strong and has high levels of
exports of manufactured goods for an economy of its
size. In fact, Germany is the third largest exporter world-
wide3, a er China and the United States. In 2010
Germany was the economy with the largest export
surplus in absolute terms. As regards trade in
services, in 2010 Germany ranked second, a er the
United States. In real terms, the German trade balance
in high-tech and medium-tech products is positive and
has more than doubled over the last decade.

3 Inthe period 2003-2008 Germany was the largest exporter but has
been overtaken in 2009 by China and in 2010 by the USA

The evolution of the contribution of high-tech and
medium-tech products to the trade balance in the decade
2000-2011 shows a mixed picture for Germany, with few
sectors expanding their contribution to the trade balance,
most sectors not changing their contribution significantly
and about one quarter of high-tech and medium-tech
sectors decreasing their contribution. As regards the
three largest German export industries, all classified as
high-tech or medium-high-tech: machinery, in particular
o0 ce machinery and power generating machinery
has expanded its contribution to the trade balance,
while road vehicles, today Germany’s largest export
industry, has also expanded its contribution, but to a
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lesser extent. The contribution of chemical products,  aged 30-34 who have successfully completed tertiary
Germany’s third largest export industry, to the trade  education has increased only moderately since 2000
balance has shrunk over the same period. and is now below the EU average.# Germany is also

making progress towards the other Europe 2020 targets,
Total factor productivity of the German economy  backed up by a very high but decreasing level of
increased since 2000 by 5% per annum. However,  patenting in areas of societal challenges, such as health-
Germany has performed less well when it comes to related and environment-related technologies.
up-skilling its labour force. The share of the population

4 If post-secondary non-tertiary education is included (ISCED 4),
which Germany considers equivalent to higher education in its
national target, Germany performs near the EU average, but
growth in attainment still remains below average.



Innovation Union progress at country level:

Key indicators

Average
annual

Rank

GERMANY 2000 | 2001 2007 | 2008 | 2009 2011 | 2012 e within
2 =0)
() (%)
ENABLERS
Investment in knowledge
2‘;:(’1"2";‘;26' Epeeirafizs (e @) i Gt e 212 213 213 214 223 259 253 252 265 264 268 24 169 3
Business enterprise expenditure on R&D (BERD) as % of GDP 174 173 173 177 175 174 178 177 186 191 188 190 08 126 4
Public expenditure on R&D (GOVERD + HERD) as % of GDP 073 075 077 077 076 077 076 076 083 092 092 094 23 0.74 5
Venture capital (°) as % of GDP 019 013 006 003 005 006 004 034 029 010 019 017 -12  035(9) 10 ()
S&T excellence and cooperation

Composite indicator of research excellence 519 62.8 39 479 5
Scientific publications within the 10 % most cited scientific
publications worldwide as % of total scientific publications 105 107 107 106 107 113 115 114 116 13 109 6
of the country

ional ific co—pL per million population 297 273 292 413 465 512 536 581 599 643 681 715 83 300 13
Public-private scientific ¢ per million 65 63 66 73 76 38 53 9

FIRM ACTIVITIES AND IMPACT
Innovation contributing to international competitiveness
PCT patent applications per billion GDP in current €PPS 72 72 73 76 77 78 78 79 71 74 03 39 g
Licence and patent revenues from abroad as % of GDP 020 026 024 025 030 054 045 040 101 058 11
Sales of new-to-market and new-to-firm innovations as %
& T 176 19.2 174 155 =24l 144 4
sgggvrltesdg&mtenswe service exports as % total service 488 498 511 540 558 539 567 25 451 5
Contribution of high-tech and medium-tech products to the _ 5
trade balance as % of total exports plus imports of products UZS | EEs | e | weZ | veU) | | B43) Gey | wEr | W) B AZD(E) i
fg%"‘"h of total factor productivity (total economy) -2000= ;45 351 101 100 101 101 104 106 106 100 104 105 105  5() 103 15
Factors for structural change and addressing societal challenges
Composite indicator of structural change 405 : 419 449 1.0 487 14
pl in intensive (manufacturing
and business services) as % of total employment aged 15-64 W dae | 59| 150 ) s g
gmgz introducing product or process innovations as % of 544 528 536 632 25 384 1
Environment-related technologies — patent applications to the N
EPO per billion GDP in current €PPS 103 100 098 084 079 078 081 080 090 18 039 2
Health-related technologies — patent applications to the EPO _
per billion GDP in current €PPS 1.05 112 ALIE) 112 107 111 103 098 088 22 052 5
Europe 2020 OBJECTIVES FOR GROWTH, JOBS AND SOCIETAL CHALLENGES

Employment rate of the population aged 20-64 (%) 688 691 688 684 688 69(;4) 711 729 740 742 749 763 16 68.6 3
R&D intensity (GERD as % of GDP) 247 247 250 254 250 251 254 253 269 282 280 284 IS 203 4
Greenhouse gas emissions — 1990 = 100 83 85 83 83 82 80 80 78 78 73 75 -8 (%) 85 9()
(Sopsre of renewable energy in gross final energy consumption 51 59 69 90 91 95 110 137 125 14
Share of population aged 30-34 who have successfully 26.1
completed tertiary education (%) () 257 255 242 251 268 © 258 265 277 294 298 307 27 34.6 17
Share of population at risk of poverty or social exclusion (%) 184 202 206 201 200 197 199 13 242 10 (°)

Source: DG Research and Innovation — Economic Analysis Unit
Data: Eurostat, DG JRC — ISPRA, DG ECFIN, OECD, Science Metrix / Scopus (Elsevier), Innovation Union Scoreboard

Notes: (*) Average annual growth refers to growth between the earliest available year and the latest available year for which compatible data are available over the period 2000-2012.

(%) EU average for the latest available year.

(%) Venture Capital includes early stage, expansion and replacement for the period 2000-2006 and includes seed, start-up, later stage, growth, replacement and buyout for the period

2007-2011.

(%) Venture Capital: EU does not include EE, CY, LV, LT, MT, SI, SK. These Member States were not included in the EU ranking.

%) EU is the weighted average of the values for the Member States.

©) The value is the di erence between 2012 and 2000.

)
)
)
") Break in series between 2005 and the previous years. Average annual growth refers to 2005-2011.
)
©) The values for this indicator were ranked from lowest to highest.

0

(
(
(
(%) The value is the di erence between 2010 and 2000. A negative value means lower emissions.
(
(

%) Values in italics are estimated or provisional.















































