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Abstract

For more than a decade, advocates of both green growth and degrowth have argued about the
role of economic growth for the transformation towards a societal system that ensures social well-
being on a global scale without transgressing planetary boundaries. Given that such a transfor-
mation needs innovations of various kinds, this article explores the question of how dependent
innovation is on economic growth and what effects a potential long-term economic stagnation or
decline may have on innovation processes and systems. We approach the subject from different
angles using mixed methods. First, we present a quantitative analysis of the linkages between eco-
nomic growth and innovation activities on a sectoral level, based on data of the Community Inno-
vation Survey (CIS) for Germany. Here, we find two sectors (petroleum and advertising industries)
showing negative growth rates but still a higher than average share of innovative enterprises. Sub-
sequently, we present an in-depth qualitative case study of the international pharmaceutical sector,
which allows us to include a qualitative evaluation dimension. Here, we investigate different inno-
vation approaches and find that both the amount of capital needed to finance research and devel-
opment activities and the added health benefit of novel drugs vary greatly. We finally conclude that
economic growth is not a necessary condition for all kinds of innovation and reflect on some im-
plications for innovation policy. If in a post-growth era financial resources are limited, a shift to less
capital-intensive types of innovation and a concentration on innovations which address prioritised
societal or ecological needs seem feasible.
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1 Introduction

Given the grand societal challenges of our time, both academic and public spheres have in recent
years witnessed a general debate on the role of economic growth for the transformation towards
a societal system that ensures social well-being within planetary boundaries. According to the so-
called green growth position, economic output must be decoupled from environmental consump-
tion, but at the same time it must still increase in order to maintain (or further improve) the level of
welfare and prosperity in the industrialised countries. Most governments and international organi-
sations (European Commission 2019, 2022b; OECD 2011; World Bank 2012) have adopted this po-
sition, in which green innovations and technologies are considered to play key roles (Smulders et
al. 2014). In contrast, advocates of the so-called degrowth position argue that economic output
must necessarily decrease to stay within planetary boundaries, but at the same time societal pros-
perity is nevertheless possible. For more than a decade, this position has been driven by a move-
ment of academic scholars and civil society actors (Kallis et al. 2012, 2018; Schmelzer et al. 2022).
Despite their heterogeneity, they are united by a critique of the growth paradigm and the demand
for a far-reaching transformation of economic practices and life styles in society (including social
innovation).

In a remarkable study on behalf of the German Environment Agency that brought together re-
searchers from both mainstream and ecological economics, Petschow et al. (2020, 2022) compre-
hensively investigated the scientific evidence at hand for the green growth and the degrowth po-
sitions and came to the conclusion that “both positions are based on core assumptions that cannot
be adequately substantiated scientifically” (Petschow et al. 2020, p. 6). The authors therefore de-
velop a third analytical position: the precautionary post-growth approach. According to this posi-
tion, it is not essential whether or to what extent economic output must actually decline in order to
achieve the generally accepted ecological (reducing environmental consumption) and societal
(maintaining/increasing social well-being) objectives. Rather, the key issue is to become generally
less dependent on economic growth in the pursuit of these goals (Petschow et al. 2020, 2022).
Therefore, the authors see the need to take precautions in order to ensure that the objectives can
be reached independently of economic growth (i.e., also in case of long-term stagnation or decline).

Referring this argument to innovation practices and assuming that innovations are needed to en-
sure social well-being on a global scale without transgressing planetary boundaries, the question
arises how dependent innovation actually is on economic growth. According to the common (neo-
classical) view on economics, there is a general virtuous circle at work here: innovation leads to an
increase of productivity of a company resulting in profits and economic growth, whereas profits
and growth provide the necessary financial resources to invest in innovation activities (Binswanger
2013; Galindo et al. 2014; OECD 2015). However, to what extent is innovation dependent on eco-
nomic growth — do we necessarily need growth to innovate? And what effects may a potential long-
term economic stagnation or decline have on innovation processes and systems? Would it lead, for
instance, to a reduction in innovation activity and fewer innovations in a quantitative sense, or
would it rather trigger a qualitative shift to other types of innovation with possibly lower financial
requirements, as is the case for many social innovations?

This article aims to shed light on these questions addressing the (in)dependency of innovation on
economic growth. Given the enormous complexity of this surprisingly under-researched issue, we
focus on some tentative and exploratory steps, approaching the subject from different angles and
using different methodological approaches. On the one hand, we explore some empirical examples
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of economic sectors showing considerable innovation activities under the condition of no or de-
clining growth. On the other hand, we investigate different innovation approaches within one sector
and analyse their financial sources and societal benefits.

The remainder of the article is structured as follows. We first reflect on the relevant literature re-
garding the relationship between innovation and economic growth (section 2). We then present a
guantitative analysis based on data of the Community Innovation Survey (CIS) for Germany (section
3). Here, we find two sectors (petroleum and advertising industries) showing both negative growth
rates and above average shares of innovative enterprises. To further explore and explain these find-
ings, we add a document-based qualitative analysis of both sectors. In the subsequent section (sec-
tion 4), we present an in-depth qualitative case study of the pharmaceutical sector from a global
perspective. Choosing this sector allows us to include a qualitative evaluation dimension regarding
societal benefits (health outcomes) based on acknowledged assessment methods. Here, we analyse
several innovation approaches (conventional, public health, and alternative/non-profit) and find
that the amount of the budget needed and the added health benefit of a novel drug vary greatly.
We finally conclude that economic growth is not a necessary condition for innovation of all kinds,
and we reflect on some implications for science, technology and innovation (STI) policy (section 5).
If in a post-growth era financial resources are limited, a shift to less capital-intensive types of inno-
vation and a concentration on innovations which address prioritised societal needs seem feasible.
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2 Background: innovation and economic growth

According to the common techno-economic narrative, innovation and economic growth form a
virtuous circle in which innovation leads to growth and growth leads to innovation (Sartorius et al.
2022). In this view, innovations are novel or improved products that have been introduced to mar-
kets or novel/improved processes that have been brought into use by a company (OECD/Eurostat
2018). Both increase the productivity or efficiency of the innovating firm, since more output is gen-
erated with the same input (or the same output with less input) of the production factors capital,
labour, or natural resources (OECD 2015). As a result, the innovator gets an advantage over his
competitors, is likely to grow and make profits (Binswanger 2013). Following Schumpeter (1934),
this sets in motion a process of “creative destruction” resulting in a dynamic macro-economic de-
velopment or economic evolution (see also Fagerberg 2003). Neo-classical growth theory includes
technological progress as a determinant of growth, alongside labour and capital. Here, technology
is seen as being determined outside of the economic system (exogenously). While variations in the
production factors labour and capital are expected to lead to a short-term equilibrium, technolog-
ical advances are assumed to lead to productivity increases, which in turn increase output. This
generates economic growth (see particularly Solow 1957).

In contrast, endogenous (or new) growth theories attempt to explain economic growth endoge-
nously, i.e. growth is understood as resulting from internal determinants (see, for instance, Aghion
et al. 1992; Grossman et al. 1994; Lucas 1988; Romer 1990; also Fagerberg 2003). These determi-
nants are related to human capital, knowledge, investment in physical capital as well as technology,
research and development (R&D) or innovation. According to this view, technological progress is
generated within the economic system by economic actors and increases productivity to the ad-
vantage of the innovator. However, part of the new technology can spill over into the economic
system and taken over by imitators. This generates dynamic development and growth. More recent
studies emphasise the importance of growth for wealth and well-being and consider innovation as
key factor with strong positive impact on economic growth (Gyedu et al. 2021; OECD 2015).

At the same time, and more important for this article’s focus, profits and economic growth are seen
as necessary to provide the financial resources for investments in new innovation activities. Galindo
and Méndez (2014), for instance, found that better economic conditions create new entrepreneurial
opportunities and promote innovation activities. They argue that as long as the demand for the
produced goods expands, a self-reinforcing feedback loop of growth, entrepreneurship, and inno-
vation can be observed. This is in line with the demand-pull hypothesis by Schmookler (1966), which
states that innovation is highly dependent on demand and economic growth. It has strongly shaped
the common view of economic growth as an important driver of innovation (in addition to technol-
ogy-push effects).

Although there has been much empirical support for the demand-pull hypothesis at both the ag-
gregate/sector level (Brouwer et al. 1999; Geroski et al. 1995; Kleinknecht et al. 1990) and the firm
level (Cainelli et al. 2006; Dai et al. 2021; Piva et al. 2007), the evidence is not unambiguous (Jasny
et al. 2023). It has been argued that the demand-pull effect can vary greatly depending on, for
instance, the National System of Innovation (NIS), i.e. the country-specific institutional context (Fil-
ippetti et al. 2011), sector-specific features such as low-tech or high-tech orientation (Garcia-Que-
vedo et al. 2016), and the type of innovation including product/technological and process/man-
agement innovation (Crespi et al. 2008; Ma et al. 2018).

In another study on the demand-pull hypothesis (Jasny et al. 2023) conducted in the same research
context as our own study presented in this article, the authors match data from the European Man-
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ufacturing Survey 2018 for Germany and macroeconomic sector-growth statistics and run a regres-
sion analysis distinguishing between growth on the level of an individual firm and growth on the
corresponding sector level. They find that while firm-level growth is strongly associated with the
innovation activities of firms, sector-level growth is not. Thus, positive sector growth has little or no
positive influence on firms' innovation activities, while negative sector growth, on the contrary, can
even have a positive impact on innovation activities of firms.

Furthermore, it has been investigated to what extent a general economic crisis (understood as a
limited period resulting in no or negative growth) affects firms’ innovation activities. Regarding the
global financial crisis of 2008/2009, the results are again somewhat mixed. On the one hand, there
is strong evidence that at the aggregate level the financial crisis clearly reduced firms' innovation
investments (Archibugi et al. 2013; Filippetti et al. 2011; Paunov 2012). On the other hand, the same
studies show that the issue is more complex than that. For instance, Filippetti and Archibugi (2011)
also found that, despite the crisis, the majority of European firms did not change their innovation
investments. This supports the general persistence of innovative activities over time, explored by
Cefis and Orsenigo (2001). In another study, Archibugi et al. (2013) found that in spite of the general
reduction of innovation investments at the aggregate level, a few firms even increased their invest-
ments in innovation activities during the economic crisis (especially firms that had already been
highly innovative before the crisis as well as fast growing new firms). Regarding these crisis-related
findings, however, it must be taken into account that most innovating actors assumingly make their
decisions in the expectation of future growth, taking the crisis as a temporary occurrence and not
as a permanent condition of no or declining growth.

With regard to our second research question about potential effects of such a long-term economic
stagnation or decline on the kind and quality of innovation activities, it is important to broaden the
purely economic perspective looking both at the role of (technical) innovation in the degrowth
discourse and at other types of innovations, especially social innovations.

In contrast to the green growth position considering (green) innovations and technologies as cru-
cial to achieve environmental goals (OECD 2011; Smulders et al. 2014), in the degrowth community
the role of technical innovations is less clear, since both technological scepticism and enthusiasm
can be found here (Kerschner et al. 2018; Sartorius et al. 2022, pp. 6-7). From the perspective of the
sceptics, new technologies represent the old ‘innovation for growth’ paradigm or the green growth
approach which needs to be criticised and overcome (Strand et al. 2018). In contrast, the enthusiasts
believe that technologies could contribute to the targeted degrowth society as long as these tech-
nologies are designed in a specific (e.g., 'democratised’ or otherwise beneficial) way. However, both
sides agree that technologies should be evaluated according to specific normative criteria
(Kerschner et al. 2018), such as lllich’s (1973) concept of conviviality (Vetter 2018).

Other degrowth scholars focus on the innovating actors. Pansera and Fressoli (2020), for instance,
distinguish growth-oriented from post-growth-oriented organisations and present several exam-
ples of what they call “post-growth modes of innovating” in which science and technology devel-
opment are “re-oriented towards solving social needs without imposing economic growth as a
necessary outcome” (Pansera et al. 2020, p. 17). Thus, also from a degrowth perspective, technical
innovations are desirable, but only under specific normative conditions in terms of societal pros-
perity (whatever that may mean in a specific case).

The orientation of firms towards other goals than the maximisation of profit relates to the concept
of ‘social entrepreneurship’ which is, compared to degrowth, much more common and accepted in
mainstream debates (OECD 2013). Social enterprises strive to address societal needs or the com-
mon good, and they develop and offer solutions to societal challenges. These solutions are often
considered as (one type of) social innovations, although there are many different definitions and
meanings of this term (Ayob et al. 2016; Howaldt et al. 2019; Sartorius et al. 2022).
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Nevertheless, considering social innovations (or other innovation types that might follow a different
logic than technical, market-based or profit-oriented innovations) and the corresponding innova-
tive actors (Warnke et al. 2016) is necessary in order to be sensitive to potential changes in the way
of innovating under conditions of no or declining growth. It can be assumed, for instance, that
social innovations may often need less financial capital compared to highly R&D intensive technical
innovations. However, in most cases, the issue of how such divergent financial needs possibly relate
to intended and non-intended environmental and societal impacts (other than economic growth)
of selected innovations or innovation types is an open question posing severe challenges for all
potential evaluation efforts (Sartorius et al. 2022).

Allin all, innovation and its relationship to economic growth seem to be far more complex than the
common techno-economic narrative of growth-dependent innovation suggests. In the following
section, we present our quantitative analysis of the linkages between economic growth and inno-
vation activities on a sectoral level for Germany. We deliberately do not take a period of general
economic crisis, but the period 2016-18 as our starting point, and explore to what extent longer
periods of stagnation or negative growth influence innovation patterns. Subsequently, we present
our in-depth qualitative study of the international pharmaceutical sector, in which we also explore
an alternative, non-profit oriented innovation approach.

Fraunhofer ISI | 6
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3 Linkages between growth and innovation on a sectoral level

Germany's economy shows — with few exceptions — positive trends over the last 50 years regarding
the development of the Gross Domestic Product (GDP) compared to the preceding year (DeStatis
2023b). In addition, Germany’s industry was part of the leading group of the European Innovation
Scoreboard until 2017 and today is still considered a “strong innovator”." However, a more in-depth
view of individual sectors reveals a more heterogeneous picture, as our following analyses on in-

novation and growth characteristics for different sectors in Germany show.

Using the Community Innovation Survey (CIS) published by Eurostat, we selected innovation varia-
bles (such as the share of innovative enterprises, see details below) and investigated them on a
sectoral level (NACE classes).” Sectoral gross value added (GVA) figures were added to this data,
allowing us to consider GVA as a proxy for economic growth. We started our analysis using data
from CIS11 (2018) and added GVA data from the German Federal Statistical Office. As we assumed
a certain time lag between growth and innovation, we chose the time span of 2015-18 for analysing
growth development of GVA. Subsequently, we included CIS12 (2020) data in our investigation.
Where possible and useful, the following analyses refer to both empirical bases.

Our calculations refer to NACE divisions (two-digit level), as far as data is available for innovation
and growth characteristics. Some divisions could not be included due to non-availability of data,
and some cases required a summarised view on individual two-digit sectors. The availability of data
for economic key figures and innovation data allowed us to eventually include a total of 29 sectors,
which represent about 45% of Germany's GVA in 20182

Our analysis follows a 3-step-approach that starts with a comparative view on NACE sectors focus-
ing on the share of innovative enterprises and the sectoral GVA growth. We then provide a more
in-depth view on innovation activities in selected sectors and include additional innovation-related
variables such as information on innovation types (product/process innovation) or expenses on
R&D activities. The third step aims to enrich this statistical information by additional qualitative
insight on the two most noticeable sectors.

3.1 Growth and innovation in Germany's industries

Comparing sectoral GVA development between 2015 and 2018 displays results between +28.0 for
NACE J62-J63 (computer programming, consultancy, and information service activities) and -33.3
for NACE H50 (water transport).* However, in order to not over-emphasise strong yearly changes,
we used the compound annual growth rates (CAGR) and calculated yearly averages. This resulted
in more moderate values: +8.6% for J62-J63, and -12.6% for H50.

In the attempt to simultaneously consider economic growth and innovation, we confronted GVA
growth (CAGR in %) with the share of innovative companies from the CIS. Figure 1 shows that the
majority of sectors have positive average GVA growth rates during 2015-18, which reflects the pos-
itive development of Germany's economy. Simultaneously, a number of sectors have 80% or more

See https://research-and-innovation.ec.europa.eu/statistics/performance-indicators/european-innovation-scoreboard_en.
2 NACE (Nomenclature of Economic Activities) is the European statistical classification of economic activities.

For comparison: agriculture, forestry and fishing produced 0.76%, production industries 30.30% (from which manufacturing:
22.23%), and service sectors generated 68.94% of Germany's GVA in 2018 (DeStatis 2021).

4 Price adjusted, chained, 2015=100.
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innovative enterprises® (see right of the vertical red line in Figure 1), including the manufacture of
computer and electronic products (C26), computer programming and consultancy (J62-63), the
manufacture of chemical products (C20), of electrical equipment (C27), pharmaceutical products
(C21), machinery (C28), motor vehicles (C29), as well as scientific R&D (M72). These sectors show
both positive economic growth rates and very high shares of innovative enterprises.

Figure 1: Innovative sectors (share of innovative enterprises) 2016-18 and sectoral
growth (of GVA) 2015-18

Share of innovative enterprises 2016-18 (%) and CAGR GVA 2015-18 (%)

162 163

6
[=11
27
. . ; w72 2o
Share of innovative enterprises 2016-18 (%)
K65

20 30 40 50 60 70 o a0 g0

®

5

CAGR GVA 2015-18 (%)

B

Source: Eurostat, Community Innovation Survey (CIS11), DeStatis 2021, own calculation and presentation.

However, there are three industries with similar high shares of innovative enterprises, but negative
average growth rates. These sectors are K65 (insurance, reinsurance and pension funding, except
compulsory social security), C19 (manufacture of coke and refined petroleum products) and M73
(advertising and market research). Whereas K65 only shows a slightly and rather negligible negative
growth rate of -0.69%, the negative average growth rates of C19 and M73 are below -3% and
therefore remarkable (see on the right below the horizontal red line in Figure 1). Despite these
negative growth rates, both sectors still show very high shares of innovative enterprises. Hence,
they deserve further scrutiny and will be analysed in more detail in section 3.2.

We repeated the analysis for the subsequent period 2018-20 (CIS12 and CAGR GVA 2017-20) and
found that the results for sectors C19 and M73 are robust over time: in both industries, again more
than 80% of the enterprises reported innovation activities between 2018 and 2020, and both indus-
tries show negative average growth rates between 2017 and 2020. Moreover, several other sectors
switched to the group featuring very high shares (80% or more) of innovative enterprises and dis-
tinct (below -3%) negative growth rates: manufacture of basic metals (C24), machinery (C28), motor

° Eurostat defines innovative enterprises as follows: "The enterprise is considered as innovative (INN) if during the reference
period it introduced successfully a product or process innovation, had ongoing innovation activities, abandoned innovation
activities, completed but yet introduced the innovation or was engaged in in-house R&D or R&D contracted out. Non-innova-
tive (NINN) enterprises had no innovation activity mentioned above whatsoever during the reference period." (https://ec.eu-
ropa.eu/eurostat/cache/metadata/en/inn_cis11_esms.htm)

Fraunhofer ISI | 8


https://ec.europa.eu/eurostat/cache/metadata/en/inn_cis11_esms.htm

Fraunhofer ISI Discussion Papers Innovation Systems and Policy Analysis No. 83

vehicles (C29), transport equipment (C30), and activities related to financial and insurance services
(K66). We assume that these phenomena are largely related to the COVID-19 pandemic and sub-
sequent production shutdowns, supply shortages and further effects on manufacture and delivery.

Some sectors proved stable in having above-average shares of innovative enterprises and positive
average growth rates of their GVA (J62-J63, computer programming and consultancy; C21, manu-
facture of pharmaceutical products; C26, manufacture of computer and electronic products; and
M72, scientific R&D). Others still belong to the group with high shares of innovative enterprises,
but now have slightly negative growth rates compared to the 2015-18 figures (C20, manufacture
of chemical products; and C27, manufacture of electrical equipment).® C17 (manufacture of paper
and paper products) newly entered the group of sectors with more than 80% of innovative enter-
prises in CIS12 (81.0% compared to 78.6% in the previous survey).

The analysis of the 2018-20 period also shows two industries (N79 and H51) with high growth
slumps and shares of innovative enterprises between 60% and 80%. Both industries are related to
travel activities, H51 being air transport, and N79 representing travel agency, tour operator and
other reservation service and related activities. These sectors strongly suffered during the pan-
demic. While H51 shows an increasing share of innovative enterprises from 67.4% to 77.8%, N79
features a lower share of innovative enterprises from 70.1% to 62.1%. Apparently, the exceptional
situation led to differing innovation behaviours in these two industries.

Taking into consideration that the COVID-19 pandemic represents an exceptional situation with
very specific consequences, the subsequent analysis focuses on CIS11 data (exploring innovation
activities between 2016 and 2018) and 2015-18 average annual growth rates, but additionally refers
to more recent developments using CIS12 data. This allows us to consider temporal developments
and to reflect on potential impacts of the COVID-19 pandemic.

In order to gain further insight into innovation activities in sectors with different GVA growth rate
patterns, Tables 1 and 2 provide information on innovation characteristics of the industries with
high shares of innovative enterprises and varying growth characteristics (all sectors on the right
side of the vertical red line in Figure 1). First of all, it becomes evident from Table 1 that the group
of no strong or non-growth sectors in the 2015-18 period belong more or less to the similar growth
type in the 2017-20 period, K65 being an exception. However, there are some changes in the pos-
itive growth group (from the 2015-18 period), since C27, C28 and C29 show negative GVA growth
figures for the 2017-20 period.

With respect to the share of innovative enterprises, Table 1 shows for C21 (manufacture of basic
pharmaceutical products) a remarkable increase from 85.5% to 96.2% between 2016-18 (CIS11) and
2018-20 (CIS12). This is undoubtedly an effect resulting from the COVID-19 pandemic (vaccine pro-
duction). However, the share of product innovative enterprises decreased in all positive growth
sectors between the two periods, while the share of business process innovative enterprises shows
some variation. For instance, C21 reported an increasing share of business process innovative en-
terprises and a decreased share of non-innovators. Another interesting case is M72 (scientific R&D),
showing an increased share of innovative enterprises between the two periods with increases in
both product and process innovating firms. Consequently, the share of non-innovating firms de-
creased to almost 0% between 2016-18 and 2018-20. Concerning the sectors with negative growth
rates in the 2015-18 period, M73 (advertising and market research) shows a slight decrease of the
innovative enterprises share, with increasing shares of product innovators and decreasing shares of

¢ Both industries even reported higher shares of innovative enterprises in CIS12 compared to CIS11.
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process innovators. In contrast, C19 (manufacture of coke and refined petroleum products) in-
creased its share of innovating firms, and increasing shares can also be observed for both product
and business process innovating firms.

Table 1: Innovation and growth characteristics on sector level (industries with >80%
of innovative enterprises in 2016-18)’
NACE in growth categories Innovative en- Product innova- B.usmess.process Non innovative
. - . CAGR GVA . . . innovative en- .
(for industries with at least 2015-18 (%) terprises 2016- | tive enterprises terprises 2016- enterprises
80% of innovative enter- fitalics: 207;2’0] 18 (%), [italics: 2016-18 (%), 182"/) Jitalics: 2016-18 (%),
prises, 2016-18)* ’ 2018-20] [italics: 2018-20] > " | [italics: 2018-20]
2018-20]
Positive growth 2015-18 (CAGR GVA, higher than 1.5%)
ming, consutancy andnfor- | 88 019 26 G 81
9 . ¥ an 7.0 91.8 69.6 76.7 82
mation service activities
vehicos ralers and semi. 52 .5 10 674 165
. ' -6.1 86.0 454 66.3 14.0
trailers
Cifet/lzrelgt?g?izea:gcg n:i_cal 46 921 36 761 79
puter, P 25 914 582 66.1 86
products
pharmaceutca prodoesand | 4] 855 15 8.6 145
P 1ca'p . 43 9.2 548 74.1 38
pharmaceutical preparations
C28 Manufacture of machin- 34 84.5 66.0 69.8 15.5
ery and equipment n.e.c. -4.6 844 53.9 61.3 15.6
C27 Manufacture of electrical 2.5 86.0 59.7 67.8 14.0
equipment -2.3 87.3 56.8 75.1 12.7
No strong growth 2015-18 (CAGR GVA, -1.5% to 1.5%)
M72 Scientific research and 1.2 89.3 51.9 58.1 10.7
development 0.5 99.6 63.8 69.8 04
C20 Manufacture of chemi- 0.8 90.9 69.4 75.6 9.1
cals and chemical products -1.2 96.5 48.7 704 35
P 1cing. excep -29 79.7 60.7 67.6 203
compulsory social security
Negative growth 2015-18 (CAGR GVA, less than -1.5%)
M73 Advertising and market -35 86.4 539 78.0 13.6
research -4.7 85.3 59.1 67.0 14.7
C19 Manufacture of coke and -74 894 41.5 711 10.6
refined petroleum products -12.5 96.5 54.2 79.0 35

* Descending order according to CAGR GVA.

Source: Eurostat, Community Innovation Survey (CIS11 & CIS12), DeStatis 2021, own calculation and presentation.

Attempting to obtain more in-depth information about research, development and innovation
characteristics for the selected sectors, Table 2 shows that most industries with at least 80% inno-
vative enterprises in the 2016-18 period have considerable shares of R&D performing firms. Only

" Industries with more than 80% innovative enterprises (product and/or business process innovations) between 2018 and 2020,
but less than 80% between 2016 and 2018: C17 — Manufacture of paper and paper products (2018-20: 81.0%; 2016-18: 76.6%);
C24 - Manufacture of basic metals (2018-20: 86.2%; 2016-18: 78.2%); C30 — Manufacture of other transport equipment (2018-
20: 90.1%; 2016-18: 76.5%); K66 — Activities auxiliary to financial services and insurance activities (2018-20: 81.0%; 2016-18:
68.1%).

Fraunhofer ISI | 10



Fraunhofer ISI Discussion Papers Innovation Systems and Policy Analysis No. 83

advertising and market research (M73) as well as insurances (K65) report less than half of the sample
enterprises with R&D activities. Notably, the share of R&D performing firms in sector M73 strongly
decreased between 2016-18 and 2018-20. This is also the industry with the lowest innovation and
R&D expenses per innovative enterprise. However, the share of turnover with new or significantly
improved products increased between the first and second time periods.

Table 2:

of innovative enterprises in 2016-18)

Innovation expenditures and turnover on sector level (industries with >80%

NACE in growth categories
(for industries with at least
80% of innovative enter-
prises, 2016-18)*

Share of enter-
prises with in-
house or con-
tracted-out R&D
(%) [italics:

Innovation ex-

penses (1,000

Euro / innova-
tive enterprise)
[italics: 2018-20]

Expenditure on
R&D activities
(1,000 Euro / in-
novative enter-
prise) [italics:

Share of ex-
penditure on
R&D activities

from innovation
expenditure (%)

Share of turno-
ver with new or
significantly im-
proved products
[italics: 2018-20]

2018-20] 2018-20] [italics: 2018-20]
Positive growth 2015-18 (CAGR GVA, higher than 1.5%)
:E’fn—J Bfoisza“::r e 610 1,097.4 665.4 60.6 233
o rrancy, an 56.1 1,054.8 773.6 73.3 18.7
mation service activities
\fjr?lc,:\l/leasn?rfeilcslrjsr::; r;?;?r 53.8 42,388.0 27,1753 64.1 487
. ' 50.5 36,743.7 23,519.3 64.0 482
trailers
Cifet/lzreucftar;;uizeaizcg rT':i_cal 7.9 4,834.6 3:590.7 743 368
puter, P 76.6 41128 3,230.2 785 24.8
products
CE;KZ?:ES;rer‘:;zizcan g 72.4 35,527.9 24,469.0 68.9 19.2
P ica’p : 776 29,310.7 20,460.4 69.8 20.1
pharmaceutical preparations
C28 Manufacture of machin- 65.6 2,430.8 1,609.9 66.2 20.2
ery and equipment n.e.c. 62.7 2432.8 1,706.4 70.1 18.6
C27 Manufacture of electrical 56.6 3,814.6 2,730.1 71.6 29.6
equipment 59.2 3,328.1 2,500.6 75.1 22.2
No strong growth 2015-18 (CAGR GVA, -1.5% to 1.5%)
M72 Scientific research and 88.0 4,583.3 3,643.5 79.5 30.9
development 93.1 4,388.0 39272 89.5 30.5
C20 Manufacture of chemi- 81.0 4,549.7 2,965.9 65.2 15.2
cals and chemical products 79.6 4,539.6 3,106.1 68.4 12.7
:ﬁj '”::Sr;)”ncfbr:zir;sur:;f: . 427 2,039.8 808.0 396 83
P 1ding, excep 431 2,674.0 1,416.1 53.0 12.0
compulsory social security**
Negative growth 2015-18 (CAGR GVA, less than -1.5%)
M73 Advertising and market 31.8 243.8 70.6 289 9.4
research 17.9 101.5 44.8 44.1 17.7
C19 Manufacture of coke and 67.6 6,510.6 2,583.8 39.7 14.0
refined petroleum products 55.1 6,838.9 1,943.5 284 10.8

* Descending order according to CAGR GVA 2015-18, cf. Table 1.
** K65 share of innovative enterprises 2018-20: 79.7%.

Source: Eurostat, Community Innovation Survey (CIS11 & CIS12), DeStatis 2021, own calculation

and presentation.

Table 2 also confirms industry-specific patterns: some industries are reporting high and very high
expenses for R&D and/or innovation (e.g., C29 and C21), while others have comparatively modest
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expenses for R&D and innovation (mainly services such as M73, K65, and J62_)63).® Moreover, we
find a large variation with respect to the share of the industry's turnover gained through new or
significantly improved products. At the top of the spectrum is the automotive sector (C29), with
nearly half of its turnover resulting from such products. However, industries showing positive
growth rates tend to have higher turnover shares achieved with new products, especially compared
to negative growth industries. In the no (strong) growth group, M72 (scientific R&D) proves to be
an exception with about one third of its turnover realised through new products. Regarding the
negative growth group, both advertising (M73) and petroleum producing industries (C19) have
below average shares of their turnover through new products, but the development varies: while
increasing for M73, this share decreases for C19.

In summary, among the industries with very high shares of innovative enterprises we find both
sectoral examples with positive economic growth rates (in terms of sectoral GVA) and others with
negative growth rates. Additionally, the specific innovation characteristics among these industries
strongly vary. In the following, we take a deeper look at the two sectors we identified as showing
more than 80% of innovative enterprises and negative growth rates: manufacture of coke and re-
fined petroleum products (C19), and advertising and market research (M73).

3.2 Two shrinking sectors with a high share of innovative enter-
prises

3.2.1  Manufacture of coke and refined petroleum products (C19)

At two-digit level, this sector is grouped in manufacture of coke oven products (19.1) and manu-
facture of refined petroleum products (19.2).° In Germany, the industry comprised about 101 en-
terprises (DeStatis 2023a)'° and 20,000 employees in 2020. However, division 19.1 plays a very small
role, with only 0.3% of employees, whereas most activities fall into division 19.2. Because of its
significance within this industry, in the following we focus on the petroleum industry (19.2).

The data presented in section 3.1 show a strong decline in GVA for both periods considered (-7.4%
for 2015-18; -12.5% for 2017-20). The petroleum industry was severely hit by the COVID-19 pan-
demic. While GVA amounted to €5.4 billion in 2019 (0.2% of German GDP), it was only €2.0 billion
in 2020 (DeStatis 2022). However, when looking at a longer period of time, it can be observed that
GVA of C19 often show strong changes from one year to another, which can partly be explained by
demand fluctuations and the comparatively high volatility of oil products' prices.

Complementary to GVA, growth can also be considered in terms of employment and firm number
development. Data on employment is available since 1991. At that time, C19 accounted for about
39,000 employees in Germany. During the 1990s, the number was reduced to 19,000 by 1997. Since
then, it oscillated around this figure and reached 20,000 in 2020 (0.04% of total employment), so
that no clear assessment on employment growth or decline can be derived for the last 25 years
(DeStatis 2022). Another indication of negative growth in this industry is revealed by the shrinking
number of enterprises over the years. For this indicator, data is only available for a shorter period
of time: in 2010, there were about 134 enterprises, coming down to about 101 in 2020. Furthermore,
oil consumption also shows a negative trend. Since its peak in 1979, total German oil consumption
decreased from 163.2 million tons to 106.6 million tons in 2019 (BP 2023). Nevertheless, looking at

& Partly, this finding may be explained by different average firm sizes per industry and/or different ways of innovating.
® For more details on activities and products see Eurostat 2008.

10 According to sales tax statistics (advance notifications); companies with sales above EUR 17,500 per year.
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the different types of products shows that the amount of fuel oil and petrol produced decreased,
while the amount of products like kerosene and diesel fuel increased (BAFA 2022).

With its products, the petroleum industry is important mainly for energy supply for the transport
sector, heating, and the chemical industry. The transport sector plays an important role for the
petroleum industry, with around 60% of all oil products used for transporting people and goods.
The chemical industry utilises petroleum products as raw material (especially naphtha) and for its
energy-intensive production processes. This is why some production sites of the chemical industry
are directly connected with refineries via pipelines. Apart from refineries, the industry is comprised
of producers of special oils or lubricants and of manufacturers of asphalt and bitumen. However,
mineral oil processing in Germany is highly dependent on imports, with only two percent of crude
oil supply stemming from national resources (BMWK 2023).

As shown in section 3.1, C19 displays high shares of innovative firms, and Table 3 provides further
insights on innovation activities within this industry. It shows that innovation activities relate more
to business process innovation than to product innovation; this relation has been increasing over
time. While this finding applies to the manufacturing sector in general, C19 features a very high
share of 79% of companies engaged in business process innovation in 2020. This share is above
the averages of the manufacturing sector and the industries defined by Eurostat as “innovation core
activities” (see explanation below Table 3). A similar observation can be made for product innova-
tion as well as for innovation activities in general. Comparing both time periods, it becomes evident
that the share of innovative enterprises in C19 increased more strongly than in the other industries
considered. What is more, drivers are often related to climate change: government policies are
highly relevant, with 43.4% of enterprises in C19 assessing this factor as being of high importance.
Notably, customer demand also seems to drive innovation activities for climate protection (31.9%),
as well as (presumably) increasing costs or input prices (33.0%).

Table 3: Innovation activities of enterprises in the sector of manufacture of coke
and refined petroleum products (C19) 2016-18 and 2018-20 in comparison

Manufacture of Ifztrjrl;j?zsa;e_
coke and refined | Manufacturing “innovation
Share (in %) of ... petroleum prod- | (NACE code C) core activities™
ucts (C19) [italics: | [italics: 2018-20] L
2018-20] [italics: 2018-
20]
Enterori dini i iviti 894 724 67.8
nterprises engaged in innovation activities 96.5 745 68.8
. . . . 415 449 40.1
Enterprises engaged in product innovation 540 372 356
Enterprises engaged in business process innovation S 59.0 >54
P 939 P 79.0 59.1 56.2
Innovative enterprises assessing the importance of factors related
: . . 434 13.9 15.2
to climate change as high: government policies or measures**
Innoyatlve enterprises assessing the |mportanc.e of fac.tors related 330 232 213
to climate change as high: increasing costs or input prices**
Innovative enterprises assessing the importance of factors related
: o . 31.9 104 11.0
to climate change as high: increasing customer demand**

* Eurostat's classification of “innovation core activities” (Com.Reg. 995/2012) includes NACE codes B (mining and quarrying), C
(manufacturing), D (electricity, gas, steam and air conditioning supply), E (water supply, sewerage, waste management and reme-
diation activities), G46 (wholesale trade, except of motor vehicles and motorcycles), H (transportation and storage), J (infor-
mation and communication), K (financial and insurance activities), M71 (architectural and engineering activities; technical testing
and analysis), M72 (scientific research and development), and M73 (advertising and market research).

** Questions related to climate change were newly introduced in CIS12, thus no figures for CIS11 available.

Source: Eurostat, Community Innovation Surveys (CIS11 and CIS12).
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Despite the high innovativeness of C19, negative economic growth (in terms of GVA) can be ex-
pected for the future. Most relevant in this respect are decisions at the national political level that
strongly impact the sales volume of petroleum products for transport and heating. In order to attain
its goals for climate protection, the German government aims to reduce COz emissions of the
transport sector by 48% in 2030 compared to 1990. Additionally, Germany aims to become green-
house gas-neutral by 2045, which entails a reduction in greenhouse gas emissions to zero for the
transport sector. These goals imply the growth of non-petroleum-based drive technologies at the
expense of petroleum products. In consequence, refineries are faced with a severe structural
change, whose extent and consequences cannot be foreseen yet (IG BCE 2021). Petroleum utilised
in production processes needs to be reduced radically, and demand for petroleum products will
also have to shrink drastically. However, refineries may alter their business model and replace oil
by electricity from renewable energies, the production of green hydrogen, or the production of
biogenic and synthetic fuels. A plethora of innovations and investments are needed to attain these
goals. However, at the same time, added value will be shifted from mineral oil-based C19 to other
industries.

3.2.2  Advertising and market research (M73)

This sector is defined as "the creation of advertising campaigns and placement of such advertising
in periodicals, newspapers, radio and television, or other media as well as the design of display
structures and sites" (Eurostat 2008). It is subdivided into advertising (73.1), including advertising
agencies (73.11) and media representation (73.12), as well as market research and public opinion
polling (73.2). Not included are activities like publishing of advertising material or the production
of commercial messages for TV, film or radio. The data on sales tax reveals that there were about
27,000 firms in Germany in 2020 (DeStatis 2023a)."" The vast majority (89%) are classified as adver-
tising agencies (73.1), while the rest is almost split equally between the other two categories (73.12
and 73.2).

As described in section 3.1, the development of GVA hints at a negative growth trend. In compari-
son to C19, the development of GVA in M73 is less volatile over time. GVA had been rather stable
in the 1990s, but has shown a declining trend since 2000. A slight recovery could be observed
between 2006 and 2008, but the level of the 1990s was not reached again.

Employment shows a rather different trend: as opposed to GVA, employment grew steadily from
1991 until the economic and financial crisis in 2007 (107,000 compared to 285,000 employees).
However, after a sharp decline in the aftermath of the economic crisis, it has been relatively stable
with about 245,000 employees (242,000 in 2019 corresponding to 0.5% of total employment). Data
on sales tax which is available for 2010 to 2020 reveals an almost steady decline of the number of
firms by 30% down to about 27,000 firms. However, this decline mainly affects advertising agencies
(M73.11) as well as market research and public opinion polling (M73.2). At the same time, the num-
ber of firms in media representation (M73.12) grew (DeStatis 2023a).

According to CIS data, M73 shows a high rate of innovating firms: almost nine in ten companies are
engaged in innovation activities (85.3 % in CIS12). As can be seen in Table 4, M73 firms are more
active in product innovation and business process innovation than companies in the industries de-
fined by Eurostat as “innovation core activities” (see explanation below Table 3), with business pro-
cess innovation being more pervasive (67.0%), though with decreasing trend over time. It is also
worth noting that almost 60% of innovative enterprises aim to strategically focus on improving
existing goods and services.

" Sales tax statistics (advance notifications); companies with sales above EUR 17,500 per year.
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Table 4: Innovation activities of enterprises in the sector of advertising and market
research (M73) 2016-18 and 2018-20 in comparison

Advertising and market | Industries referred to as

Share (in %) of ... research (M73) [italics: | "innovation core activities"*
2018-20] [italics: 2018-20]
Enterprises en d in innovation activiti 8.4 67.8
erprises engage ovation activities 85.3 68.8
. . . . 53.9 40.1
Enterprises engaged in product innovation 59,7 356
Enterpri n d in product innovation: good 22.2 319
erprises engage p C : goods 257 270
. . . L . 52.7 25.2
Enterprises engaged in product innovation: services 567 234
Enterprises engaged in business process innovation 78.0 554
P 939 P 67.0 56.2
Innovative enterprises assessing the importance of business strategy 60.2 52.8
as high: focus on improving existing goods or services 56.8 48.6

* See explanation below Table 3.
Source: Eurostat, Community Innovation Surveys (CIS11 and CIS12).

These data give hints for explaining the pattern of economic decline and yet strong innovation. The
shrinking number of firms in advertising agencies (73.11) as well as market research and public
opinion polling (73.2) indicate that established business models are being challenged. At the same
time, rising numbers of firms in media representation (73.12) indicate new opportunities. The drivers
behind these changes are to be found in the potentials of new technologies and media. They are
complexly interwoven and have been leading to a structural change of the industry. The internet
and in particular social media attract increasing shares of advertising budgets. Spending on televi-
sion advertising is still higher, but digital media advertising has become more important than other
forms of media (Percy et al. 2021). Advertising in these media, however, does not necessarily rely
on the intermediating role of an agency between advertisers and media. In addition, the way com-
panies address customers has become more personalised. Thus, technological capabilities have
gained importance. While spending for advertising greatly depends on the economic development
of other industries, nowadays, economic growth does not necessarily imply rising demand for ad-
vertising agencies' services. Advertising budgets may be shifted to companies which in the first
place are classified as tech industries, e.g. computer programming, consultancy and related activi-
ties (J62) or information service activities (J63).

In sum, the two sectors analysed (C19 and M73) are characterised by negative economic growth
rates and yet strong innovation activities in recent years. It has been shown that these trends cor-
respond to long-term changes of economic activities. In the case of the petroleum industry (C19),
political decision-making aiming at the de-carbonisation of the transport sector will reinforce this
trend. In case of advertising and market research (M37), the observed decline can mainly be ex-
plained by new technological opportunities that change the ways in which companies address po-
tential customers. This underlines the finding that innovation is — despite of decline at the sectoral
level — important for firms' realignment and transformation. It is, however, important to note for
both cases that other industries' GVA may grow at the same time.

3.3 Limitations of the analysis

The CIS delivers very detailed (self-reported) information on innovation activities for many, but not
for all industries. It largely focuses on manufacturing and selected service sectors. However, manu-
facturing accounts for just about 20% of Germany's GVA in 2020. Public services or education, for
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instance, are not included in the CIS, but take an important share of the economic activity and also
show innovation activities. Especially when discussing grand societal challenges like climate change,
biodiversity loss, resource scarcity, it can be expected that all parts of a socio-economic system
need to adapt their strategies and behaviours. Therefore, innovations in until now less considered
parts of the economy (agriculture, public services, further service sectors, education, etc.) as well as
non-technical innovations are expected to also play an important role. It should also be mentioned
that the two industries analysed in detail (C19 and M73) do not represent a significant part of the
German economy.'? Nevertheless, C19 is responsible for providing key basic materials which are
used in processing industries, and M73 delivers important services for other sectors.

Another limitation is that we used GVA development over time, but other indicators of economic
growth might have the power to broaden the picture and deliver further insights into industrial
activities under pressure of capital and resources. While our in-depth analysis of the two sectors
attempted to broaden the view along these lines, it also pointed to the problem of volatility of GVA
in some industries and illustrated that different trends may be observed depending on the growth
indicator under consideration.

Finally, as the inclusion of two periods showed (2016-18 and 2018-20), external influences like a
pandemic can change previous patterns, suggesting that industries need to constantly adapt their
strategies not only in terms of markets and employment but also with respect to innovation activ-
ities.

2.1n 2019, C19 produced 0.18% of German GVA, while M73 was responsible for 0.43% of the total GVA. For comparison, the
manufacture of basic pharmaceutical products and pharmaceutical preparations (C21) led to 0.85 % of Germany's GVA.
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4 Growth dependency in the pharmaceutical sector

In this section, we explore the growth dependency of different innovation approaches within the
international pharmaceutical sector focusing on varying actors, financial sources, and added health
benefits. We chose the pharmaceutical sector because it allows us to include a qualitative evaluation
dimension: acknowledged methods such as Health Technology Assessment (HTA) provide a so-
phisticated evidence base to distinguish between, for instance, pharmaceutical innovations with or
without a clear health benefit.

In general, the pharmaceutical sector is considered to be crisis-proof and less dependent on eco-
nomic cycles than other sectors (Leopold et al. 2014; Buysse et al. 2010; O'Brien 2020). Between
2001 and 2020, for instance, global pharmaceutical revenues increased by 324% and thereby sur-
passed the growth of the global GDP of 252% within the same period (statista 2021; The World
Bank 2021). The pharmaceutical sector is also considered a knowledge-based industry in which
innovation and growth are traditionally science-driven (cf. also Table 2, C21, for the high share of
R&D expenditures of German firms in this sector).

Unlike hardly any other field, a strict and complex regulatory framework applies to pharmaceutical
R&D: novel drug candidates have to undergo several phases of pre-clinical and clinical research
before they are eligible for market approval. Success rates for newly discovered compounds to
reach product maturity are estimated at below 1% because only a small fraction enters clinical trials
and among these, 90% eventually fail at different stages throughout the clinical trial process (Har-
rison 2016; Hay et al. 2014; Hughes et al. 2011; Sun et al. 2022; Takebe et al. 2018). This makes the
process of drug discovery and development long and highly cost-intensive. Estimates of the aver-
age price of the development of a novel drug compound vary widely and range from about $100
million to almost $3 billion (Gaudilliere 2021; DiMasi et al. 2016; Maxmen 2016; Light et al. 2012;
Prasad et al. 2017). Therefore, innovation in the pharmaceutical sector typically requires long-term
and large volume financing.

However, to what extent does such a dependency on financial capital apply to all innovation ap-
proaches within the pharmaceutical sector? And what is the relationship between the capital in-
vested and the health benefits achieved? In the following, we analyse three heterogeneous phar-
maceutical innovation approaches: the conventional approach, the public health (pharmaceutical)
approach, and an alternative, non-profit oriented approach. For each, we shed light on the key
actors, their roles and motivation(s), on the financial and non-financial sources for R&D, and on the
health benefits. Table 5 provides an overview.
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Table 5:

Different innovation approaches within the pharmaceutical sector

Key actors

Actors’ roles

Actors’ motivation

Financial sources
for R&D

Non-financial
sources for R&D

Health benefits

Conventional
approach

Multi-national companies ("big
pharma”)

Development of novel drugs

including candidate selec-

tion, clinical trials, drug ap-
proval, market entry, produc-

tion, global distribution,
pharmacovigilance

Primarily entrepreneurial
motivation: making prof-
its, increasing stock mar-
ket value

Publically funded research actors
(universities, research and technol-
ogy organisations (RTOs)), and
start-ups

Basic research and early
stage drug development;
thereby addressing policy
aims such as public health

needs, excellence of science,

and business promotion

Primarily scientific inter-
est, contribution to soci-
etal goals

Others: complex transnational inno-
vation networks including various
stakeholders such as contract re-
search organisations (CROs), con-
tract manufacturing organisations
(CMOs), health care providers, ad-
ministrative bodies, health insur-
ances

Providing an ecosystem for
safe and economic drug de-

velopment

ing on actor

Heterogeneous, depend-

Primarily private capital

raised by companies

(stock trading, invest-
ments) and revenues
from drug sales

Some public funding

Various incentives in-
cluding extended
protection of intellec-
tual properties and
free pricing policies
for newly approved
drugs

Additional incentives,
like accelerated and
facilitated approval
processes, apply to
orphan drugs and
break-through thera-
pies

Large number of peo-
ple provided with
drugs

Individual health ben-
efit varies greatly for
each drug
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Key actors

Actors’ roles

Actors’ motivation

Financial sources
for R&D

Non-financial
sources for R&D

Health benefits

Public health
approach

Public funding bodies including
pan-national organisations (e.g. Eu-
ropean Commission, WHO), na-
tional governments and ministries,
as well as national funding organi-
sations

Priority setting (e.g. via ac-
tion plans, strategies) and
funding for future public
health outcomes; partly also
promoting appropriate drug
use (esp. in antibiotics)

Research actors including compa-
nies, universities, and RTOs

Basic research and early
stage drug development

Charitable foundations and NGOs

Late stage drug development
(e.g. Global Antibiotic Re-
search and Development
Partnership (GARDP))

Addressing urgent public
health needs, focusing
on gaps in the conven-
tional pharmaceutical
approach, ensuring that
innovations reach the
market, equal access to
medicines and global
justice

Funding by public ac-
tors and charitable
foundations, also some
company funding

Market access and re-
imbursement regula-
tion, tax concessions,
health recommenda-
tions (e.g. for vaccina-
tions)

High health benefit,
ranges from a large
number of people
(e.g. vaccines) to
small subgroups (e.g.
rare diseases)

In case of antibiotics,
public health out-
comes are also de-
pendent on as little
use as possible

Alternative
(non-profit)
approach

Citizens, patients and their fami-

lies/friends, patient-led initiatives
(partly cooperating with research
actors)

Representing affected
groups, articulating the moti-
vation and need for alterna-
tive innovations

Public health, self-help
and inclusion of vulnera-
ble groups

Civil society organizations (e.g.
NGOs, open-source-platforms, self-
help-collectives, charitable founda-
tions), partly cooperating with re-
search actors

Bundling interests,
knowledge and resources to
foster alternative research in-
itiatives and innovative activ-
ities; sometimes own pro-
duction of drugs (DIY)

Creating new therapies
for groups with ne-
glected diseases; non-
profit or social entrepre-
neurship

Public hospitals and pharmacies

Finding alternatives to con-
ventional drugs and starting
non-profit-initiatives for al-
ternative production

Enabling access to af-
fordable therapies and
drugs; non-profit

Private donations, phil-
anthropic and public
funding

Overall, very low capital

intensity, low-scale pro-
duction

High intrinsic motiva-
tion (e.g. due to per-
sonal affectedness),
voluntary engage-
ment

High health benefit
for specific affected
groups

Limited reach due to
low-scale-quantities

Risks regarding qual-
ity and safety stand-
ards

Source: own illustration.
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4.1 Conventional approach

Given the aforementioned need for long-term and large volume financing as well as the need for
technically skilled staff, the pharmaceutical sector is dominated by large transnational companies,
capable of taking the necessary financial burden and risks (hence the term “big pharma”). Beside
obtaining revenues from drug sales, stock sales and taking out loans are also relevant sources for
raising capital (Moreno et al. 2019). Therefore, it is typically claimed by the pharmaceutical industry
that competitiveness and the ability to attract investors are prerequisites for companies to raise the
capital required for R&D, and that economic growth and profitability will positively contribute to
innovation activities (Moreno et al. 2019). However, a direct link cannot be assumed, given that an
increasing dependency of the pharmaceutical industry on stock markets over the past decades was
accompanied by a decline in reinvested capital (Gaudilliere 2021). With a lack of transparency in
reporting the cost of innovations and the share of reinvestments into R&D, the extent to which
innovation activities play a relevant role in attracting investors also remains unclear (Cohen et al.
2021). It has been observed that budgets for marketing new drugs by far exceed the investments
for R&D, suggesting that (pharmaceutical) innovativeness is not the only driver for profitability
(Light et al. 2012).

What is more, pharmaceutical companies usually benefit from direct and indirect public funding.
Governments typically try to incentivize pharmaceutical innovation directly by public funding, but
also by providing a beneficial framework: in many countries, price policies apply which exempt
novel drugs from restrictions during their introductory phase. Pharmaceutical innovations also ben-
efit from a supplementary patent protection of five years to compensate for the long development
time.'> Moreover, innovation activities do not only take place within the pharmaceutical industry.
Rather, the development of novel therapeutic compounds and diagnostics originates from a com-
plex and specialised innovation system where mainly publically funded non-profit institutions like
universities and research and technology organizations (RTOs) provide the knowledge base. Addi-
tionally, the system comprises start-ups, contract research organizations (CROs), and a complex
public infrastructure. Therefore, a significant share of the investment into a new drug originates
from public sources (Galkina Cleary et al. 2018; Stevens et al. 2011; Toole 2012).

In this light, the question arises as to what extent pharmaceutical innovations actually lead to de-
sired public or societal benefits. It has been critically discussed that a narrow focus on new products
may overestimate the societal value of novel compounds, and that further measures like therapeutic
value, or economic markers like cost-effectiveness, should be taken into account (Kesselheim et al.
2013; Stiller et al. 2021). However, from a purely economic point of view, it may be more reasonable
for a pharmaceutical company to direct its innovation activities towards extending intellectual prop-
erty (IP) protection rather than developing ground-breaking innovations (Annett 2021; Hess et al.
2005). Therefore, novelty and innovation per se do not equal health benefits: in a HTA-based study
by Wieseler et al. (2019), for instance, no added benefit could be shown for the majority (58%) of
216 newly approved drugs that had entered the German market between 2011 and 2017. Most
studies, referring to international data since the 1970s, even find that the proportion of new drugs
with a clear therapeutic gain is below 16% (Kaitin et al. 1991; Barral 1996; Morgan et al. 2005; Motola
et al. 2006; van Luijn et al. 2010). Other and more recent studies come to similar conclusions (Rod-
win et al. 2021; Stiller et al. 2021; Vokinger et al. 2021).

Finally, measuring the innovativeness of the pharmaceutical sector or individual companies typically
makes use of data on market entries of new drugs, approvals by national regulatory authorities (e.g.

'3 See the EU legislation, for instance: https://single-market-economy.ec.europa.eu/industry/strategy/intellectual-property/pa-
tent-protection-eu/supplementary-protection-certificates-pharmaceutical-and-plant-protection-products_en.
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the U.S. Food and Drug Administration (FDA) or the European Medicines Agency (EMA)), the num-
ber of drug candidates in clinical trials, or patents. However, such a focus on novel compounds does
not take into account any innovative actions that do not lead to a novel drug. In particular, process
innovations are often less visible and not communicated even though they may greatly contribute
to lowering production costs and providing affordable medicines, as can be observed for generic
drugs (Nguyen et al. 2022; cf. also Table 1 for the high share of business process innovative enter-
prises in the pharmaceutical sector C21 in Germany).

Process innovations also play an important role in reducing resource consumption and CO2 emis-
sions during manufacturing as well as hindering pharmaceutical ingredients from entering the en-
vironment. This is key, because the pharmaceutical industry has increasingly been under scrutiny
for its environmental impact. In addition to developing cleaner manufacturing processes, the phar-
maceutical industry has responded to this by developing more eco-friendly pharmaceuticals (“be-
nign-by-design”). This is referred to as “green pharmacy” (Toma et al. 2018) and includes drugs that
are better absorbed by the human body or that biodegrade more rapidly in the environment.

4.2 Public health (pharmaceutical) approach

With both costs and potential profits being high in the pharmaceutical industry, companies tend to
focus on drug developments that are most likely to generate profits (Newman 2018). These include
drugs for cancer and chronic illnesses that are common in the developed world, where both vol-
umes and prices tend to be high. At the same time, many companies have withdrawn from seem-
ingly less profitable fields like the development of novel antibiotics or vaccines despite the urgent
public need for innovation here (Light et al. 2012; Plackett 2020; Simpkin et al. 2017).

This drive for profits has created a narrow focus in pharmaceutical R&D efforts, which is commonly
described as the “90-10 rule”, where 90% of the pharmaceutical industry's global investments treat
only 10% of the world’s population (Stiglitz et al. 2010). Unfortunately, this logic does not satisfy
public health needs adequately, as there is too little breadth in R&D. Key disease areas and emerg-
ing health threats are not being addressed (e.g., Newman 2018) as prices and/or sales volumes of
potential products are too low. Governments strive to reduce this gap through public funding and
incentives in market access, reimbursements and tax incentives (Congressional Budget Office 2021).
Health recommendations, such as for vaccinations, can also have a significant effect on supply and
demand (Congressional Budget Office 2021). Therefore, R&D and commercialisation regarding
pharmaceutical products for public health do not follow the conventional market-driven pattern.
This can be observed in particular in the areas of antimicrobial resistance and antibiotics (4.2.1),
vaccines (4.2.2), and rare diseases and orphan drugs (4.2.3).

421 Antimicrobial resistance and antibiotics

Antibiotics are a cornerstone of modern medicine and essential for public health because they can
curb transmission of infectious diseases. However, against the backdrop of increasing antimicrobial
resistance, their continued use is jeopardised because the discovery and development of new anti-
biotics is not cost-effective (Cook et al. 2022) and much less favourable than for other drugs
(Plackett 2020). As a result, many large pharmaceutical companies have abandoned antibiotic de-
velopment while SMEs lack the capital and other resources to fill the void (Simpkin et al. 2017). The
increasing health threat caused by emerging antimicrobial resistances to existing antibiotics and a
lack of new antibiotics has led to the creation of major national and international initiatives and
action plans to invigorate the pipeline. These include the global action plan on antimicrobial re-
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sistance by the World Health Organization (WHO) and the Global Antibiotic Research and Devel-
opment Partnership (GARDP)'#, which has been created by the WHO and the Drugs for Neglected
Diseases initiative (DNDi). In Europe, the Directorate-General for Research and Innovation of the
European Commission (DG-RTD) is one of the major funders of R&D for antibiotics, providing
mainly direct project funding (Simpkin et al. 2017). However, public funding initiatives have been
criticised for i) focusing primarily on the early stages of research and lacking later stage push efforts
to actually bring new products to the market, ii) missing pull incentives that encourage private
investment in clinical trials and commercialisation, and iii) a lack of international coordination across
the various initiatives, which risks duplicating efforts and leaving funding gaps (Simpkin et al. 2017).

Conventional economic reward models based on reimbursements do not work for antibiotics because
the public health goal is to minimise use and to have so called “reserve antibiotics” as a back-up,
which are used only in case of failure of standard antibiotics. Therefore, novel subscription models
are being explored that guarantee income to pharmaceutical companies in return for unlimited access
to the antibiotics for a limited period of time (Barlow et al. 2022). This can include an up-front payment
during the early development phase (Plackett 2020). Also, market entry reward (MER) programmes
have been suggested as a solution to this economic hurdle (Renwick et al. 2018).

4.2.2 Vaccines

Like antibiotics, vaccines are essential for human health (Schuchat 2011) and have been a game
changer in the fight against many infectious diseases. However, over the past few decades, the
number of pharmaceutical companies involved in vaccine development has decreased significantly
because the cost of the R&D process is high and the market much smaller than for other drug
products (Offit 2005). The latter is partially due to vaccines being preventative treatments that are
administered infrequently, rather than regular treatments for illnesses that are purchased repeat-
edly (Xue et al. 2020). At the same time, societal benefits of most vaccines far outweigh potential
profits to be made by pharmaceutical companies, leading to misbalance and underinvestment
(Athey et al. 2022) compared to disease treatments.

When the COVID-19 pandemic hit in 2020, public funding was instrumental in developing vaccines:
the US government initiated the Public Private Partnership (PPP) “Operation Warp Speed” with a
public investment of $18 billion (Baker et al. 2020), providing funding to all the major companies
involved in R&D for a COVID-19 vaccine. In Germany, the company BioNTech did not only use
publicly funded infrastructures for its previous basic research, but it additionally received €375 mil-
lion from the German government for the development of a vaccine (Reuters 2020). To reap the
benefits of their investments, the US government, the European Commission as well as govern-
ments of many other countries purchased several billion doses in advance to ensure their popula-
tions would be vaccinated early on (e.g., European Commission 2022a). Moreover, during the
COVID-19 crisis, there was a shift towards government and philanthropic funding also for later
stages of pharmaceutical innovation, far beyond scientific and clinical research (Robinson 2021).

Due to their limited purchasing power, developing countries do not only face inequitable access to
existing vaccines, but there is also little incentive for pharmaceutical companies to develop vaccines
for neglected and poverty related diseases, despite the high disease burden, as prices need to be
low, making developments unprofitable. Again, public funding has tried to address this, for example
with the Drugs for Neglected Diseases initiative (DNDi), which was set up by key research and health
organisations as a PPP to develop such vaccines.

4 See https://gardp.org/.
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The DNDi has been quite successful also beyond vaccines (Maxmen 2016) and has developed
twelve new treatments so far according to its website.” In contrast to what large pharmaceutical
companies frequently announce as developing costs for a new drug ($1.3 billion; Light et al. 2012),
the DNDi states it can develop a new drug for between $110 and $170 million (Maxmen 2016).
Other examples of PPPs include the International AIDS Vaccine Initiative, the Medicines for Malaria
Venture and the Global Alliance for TB Drug Development. PPPs have the benefit that they pool
different resources and can decouple R&D costs from the price of products.

4.2.3 Rare diseases and orphan drugs

Rare diseases are another area where commercial interest in drug development is low because it is
usually not profitable. The small number of potential patients also makes clinical trials and market-
ing more challenging (Aartsma-Rus et al. 2021). In the US, the Orphan Products Grants Program'®
aims to address this gap, and in Europe the EU research framework programme (currently Horizon
Europe) as well as ERA-NET provide public funding for orphan drugs. In addition to funding, the
European Medicines Agency (EMA) provides other incentives for orphan drugs development such
as reduced fees for protocol assistance, a centralised authorisation procedure and ten years market
exclusivity (EMA 2022). In the US, the Orphan Drugs Act offers similar incentives with a seven year
market exclusivity, tax credit for clinical trials, and exemption from user fees (FDA 2022).

In sum, the public health (pharmaceutical) approach constitutes an essential addition and corrective
mechanism to the conventional approach by funding drug developments that would otherwise not
take place. These are typically in the fields of antibiotics, vaccines, and drugs for rare diseases. Such
pharmaceutical innovations address public health needs and seem to be dependent on public funds
much more than on the economic growth of pharmaceutical companies. Moreover, the public
health approach is primarily dependent upon priority-setting by national governments, which has
a secondary dependency on economic well-being, but not necessarily on economic growth. In Ger-
many, for instance, priority-setting has led to a sharp increase of health-related public R&D spend-
ing compared to GDP after the onset of the COVID-19 pandemic in 2020, and an above GDP in-
crease can already be observed for over a decade prior to that.”’ In addition to funding, support for
the public health approach comes from market access and reimbursement regulation, tax conces-
sions as well as health recommendations, such as for vaccinations.

4.3 Alternative (non-profit) approach

Outside the regular pharmaceutical R&D setting represented by the conventional and the public
health approach, there are various 'grassroots’ and open-source innovation activities within peer-
to-peer communities trying to create better access to medical (or alternative) solutions or to pro-
vide vital pharmaceuticals to people in need. Often based on alternative principles of open-source
or 'do-it-yourself' (DIY), these innovative activities come from bottom-up niches and adopt a non-
profit logic. In contrast to classical pharmaceutical innovation, grassroots and open-source innova-
tions seem to be less dependent on financial capital, because new configurations of technologies
and practices are developed on the basis of other resources and motivations.

One of the origins is the DIY-science movement, in which biopharma research and DIY-laboratories
are a prominent stream (Wu et al. 2020). Today, other alternative innovation forms such as patient-

> See https://dndi.org/.
16 See https://www.fda.gov/industry/medical-products-rare-diseases-and-conditions/orphan-products-grants-program.

7 Own calculation, based on data from OECD (see https://stats.oecd.org/; Government budget allocations for R&D (GBARD),
Socio-economic objective (SEO) set to "Health”) and Statista (see https://de.statista.com/; GDP).
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led initiatives, self-help-collectives, foundations, open-source pharma platforms and not-for-profit
associations aim at finding solutions to largely ignored public health problems, neglected diseases,
and marginalised (vulnerable) groups. Examples are the Open Source Pharma Foundation (OSPF
2022) or the "Solve ME/CFS Initiative” (Solve M.E. 2022), which both rely on open-source collective
intelligence projects, crowdsourcing with big data, and crowdfunding campaigns for basic research
and drug development.

Typical activities of the alternative approach are low-scale experiments, open-source manuals, co-
creation, but also process innovation in the sense of copying existing compounds and finding a
cheaper and more efficient way to produce on a small scale and less dependently on expensive
machinery. Guiding principles used by the DIY and grassroots activists in the field were originally
pioneered by the open-source software movement (Munos 2006). The motivation behind all these
alternative practices is closely connected to the fight against neglected diseases and the exclusion
from access to affordable treatments for certain groups of the population. At the same time, the
actors are inspired by the idea of open knowledge, self-help and more autonomy vis-a-vis the es-
tablished health system and large pharmaceutical companies.

Although the DIY-development of drugs often happens on a small scale and informal basis, exam-
ples show that even essential pharmaceuticals such as contraception, hormone (self)-treatments,
epinephrine and HIV-drugs can be developed in local or digital self-help-collectives through an
open-source approach. The group "Four Thieves Vinegar collective”, for instance, developed an
open-source portable chemistry lab for DIY production of Daraprim, a drug against HIV (Oberhaus
2018). Facing shortages and high prices of generic drugs, established actors of the healthcare sys-
tem such as hospitals or pharmacies have also started to make their own DIY medicines and help
patients that cannot afford expensive drugs vital for them to survive (Peters 2018). Here, interesting
examples include Civica'® in the US, a non-profit generic drug company created by four hospital
groups (Syrop 2018), and the small scale production of a specific drug at the Amsterdam UMC
Academic Centre (Stokel-Walker 2019). In addition, individual researchers, doctors and pharmacists
engage in initiatives or convince their institutions to make non-profit-pharmaceuticals and coop-
erate in open-source projects (Munos 2006; Stokel-Walker 2019).

Overall, the alternative approach can be characterised by a low capital intensity and a limited reach.
Financial support often comes from non-corporate donations, crowdfunding-campaigns via digital
platforms, philanthropic foundations and, to a limited extent, from public funds. The flow of the
capital can partly be described as circular, because it goes from the people affected (and their
relatives, friends, advocates) to more specialised actors, trying to use the capital for potential inno-
vative solutions, and then ideally back to the ones who need it. Sometimes, the capital is not moving
at all, because affected persons invest it in their own DIY-activities and use the value created for
themselves. In general, the financial resources are used in a non-profit logic, often with the support
of volunteer work and a high degree of intrinsic motivation.

The public health benefits of these practices are worth mentioning. First of all, they are seen as con-
tributing to the democratisation of the pharma sector by creating awareness and by developing af-
fordable and accessible therapies and medicines (Wu et al. 2020). Second, they perform without big
financial investments, working on a small scale and through a strong intrinsic motivation of affected
persons and their advocates. Third, they involve patients and therefore can foster exchange about the
experiences of patients and their needs. Lastly, these practices put a lot of volunteer effort on ques-
tions of public interests, especially with regard to neglected diseases. For instance, the sudden public
interest in Long COVID due to the COVID-19 pandemic has shed light on the activities and knowledge
gathered by the ME/CFS-Community about post-viral-diseases (Solve M.E. 2022).

'8 See https://civicarx.org/.
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Certainly, there are a number of concerns as well. Often, there is no clear scientific evidence of the
clinical benefit of the pharmaceuticals produced by these grassroots initiatives. Also, liability and le-
gitimacy issues arise in the cases of DIY activities with no legal approval, official authorisation or clin-
ical trials for the products (Furness 2018). Besides, the practice of pharmacies making drugs them-
selves on a small scale might not be very sustainable in the long-term. DIY-laboratories are hindered
to scale-up as they are lacking financial capital for more advanced lab equipment (Wu et al. 2020).
What is more, it could be argued that the DIY approach could further reduce incentives for conven-
tional pharmaceutical companies to develop and produce drugs for rare conditions, and that it may
put patients at risk because regulators do not check the compounding processes of these pharmacies
on a regular basis. Another challenge is that practical guidelines for pharmacies on how to compound
formulations for patients with rare diseases in compliance with the official standards and regulations
are very limited, despite the increasing number of attempts (Polak et al. 2021).

4.4 Conclusion on pharmaceutical innovations

In view of the three innovation approaches described above (cf. Table 5), one can conclude that
pharmaceutical innovations are first of all dependent on R&D and hence on capital needed to fi-
nance these activities. However, this does not necessarily make innovations dependent on growth
(in the strict sense of ‘no innovation without growth’), neither in micro-economic nor in macro-
economic terms, for several reasons.

First, the amount of the financial budget needed to create pharmaceutical innovations obviously
varies. Low budget innovations do exist, as grassroots and open-source innovation activities or the
Drugs for Neglected Diseases initiative (DNDi) have shown. If less financial capital is available due
to no or negative growth rates, the development of pharmaceutical innovation still seems feasible.

Second, the added therapeutic gain of a new drug or, in more general terms, the added public
health benefit of pharmaceutical innovations varies, as can be learned from HTA data and other
meta-studies. Therefore, neither more available financial capital nor more newly approved drugs
will automatically lead to increased health benefits, especially not from a public health perspective.

Third, apart from financial sources following a growth logic (stock and drug sales), there are several
other R&D funding options for pharmaceutical companies including public funding, philanthropic
funding, private donations or even crowdfunding (of course, these funds may also be affected by
times of no or negative economic growth). Thus, firm growth does not seem to be a necessary
condition for pharmaceutical R&D and innovation activities in general.

Finally, historic and more recent examples (such as the COVID-19 pandemic) show that also in times
of macro-economic downturns and crisis, the pharmaceutical sector has grown, public funds for
pharmaceutical innovations have been increased, and pharmaceutical innovations have been cre-
ated. This points to the enormous influence that public funding actors’ strategic priority-setting
may have.

All'in all, it can be concluded that economic growth is not, in the strict sense of propositional logic,
a 'necessary condition’ for pharmaceutical innovation, on neither a micro-economic nor macro-
economic level. What is more, the classical market mechanisms often fail to incentivise pharmaceu-
tical innovations with the highest health benefit. Thus, the relationship between pharmaceutical
innovation, R&D, financial capital and economic growth is highly complex, especially when taking
into account the various sources of the financial capital and the added health benefits.
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4.5 Limitations of the analysis

Although we took a global perspective to make allowance for the fact that many pharmaceutical
innovation processes take place on a global level, the available data and studies often refer to
individual countries only. What is more, our analysis represents a perspective from the Global North
rather than the Global South (e.g., Rajan 2017), where many aspects of the alternative (non-profit)
pharmaceutical innovation approach might be more common.

Another limitation is the general lack of data and meta-studies regarding the conventional and the
public health approach as well as the lack of empirical studies regarding the alternative (non-profit)
approach. Although, to the best of our knowledge, we have taken into account the most important
studies and the available data, the picture remains fragmented, and generalisations and conclusions
are difficult to make. In addition, due to our focus on the growth dependency of several innovation
approaches, we inevitably have neglected further influencing factors such as knowledge manage-
ment, firms’ strategic processes, or the role of innovation pioneers.

Furthermore, the comparison of the three innovation approaches within the pharmaceutical sector
holds some challenges. Since public funding and infrastructure are very important also in the con-
ventional approach, and companies also play a significant role in the public health approach, there
is certainly an overlap between both approaches. In addition, it is difficult to compare such different
entities as, for instance, a novel drug developed and marketed on a global scale by a multinational
company, on the one hand, and a DIY process innovation developed by a regional ‘grassroots’
initiative to reproduce a specific compound for self-use, on the other hand. Both innovations differ
substantially in terms of innovation type, amount and type of the invested financial capital, distri-
bution scale, health benefits, key actors involved, and so forth. Their comparability is therefore lim-
ited, as is our attempt to systematise such differences in Table 5.

Finally, it has to be noted that for a new drug to reach patients, many parallel activities and inno-
vations beyond the development of the compound are usually required, for instance, the availability
of companion diagnostics, adjustments in clinical guidelines, or new treatment and monitoring re-
gimes. Given this dependency on the wider ecosystem, assessing pharmaceutical innovation in iso-
lation is generally limited.
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5 Conclusion

In addition to the case study-specific limitations discussed in previous sections (3.3 and 4.5), there
are two more that should be mentioned before concluding this article. First, it can be assumed that
in contemporary industrialised countries most innovating actors take decisions in the expectation
of future growth, regardless of whether a phase of growth or non-growth is currently going on.
This, of course, is also mirrored in all quantitative data we used for our analyses. How the innovating
actors would have decided and acted if they had expected a long-term or enduring phase of non-
growth is unknown. Historically, there have been no long-term non-growth phases in industrialised
countries so far that we could empirically analyse and learn from.

Second, available quantitative innovation data are usually based on conventional metrics, which
produces some blind spots. One is that the qualitative dimension addressing the societal or envi-
ronmental benefit or harm of an innovation is generally ignored; the other is that the focus is on
product and process innovations, neglecting other innovation types such as institutional or social
innovations. In the case study on the pharmaceutical sector, we attempted to additionally shed
some light on both aspects (considering the added health benefit of novel drugs and some inno-
vation activities following an alternative non-profit approach). However, due to a lack of data and
empirical studies, this was limited.

Despite all limitations, we believe that our analyses and results provide sufficient evidence to con-
clude that economic growth is not always a necessary condition for innovation. The counter-exam-
ples presented in this article show that innovation also occurs in non-growth-situations and that
there is no linear or simple relationship between innovation and economic growth meaning that
more (less) growth would automatically lead to more (less) innovation or even greater (lesser) so-
cietal benefit.

However, it still seems reasonable to assume that economic growth, be it on the level of firms
through direct gains or on the level of the state through tax revenues, facilitates the availability of
financial capital required for many types of innovation. Therefore, less or no growth may reduce
the available capital for innovation and innovation processes. This could possibly lead to a reduction
in innovation activity and to fewer innovations in a quantitative sense. However, as our analyses
show, less or no growth could also lead to

a) an increase in innovation activity, for instance, due to changing and possibly economically
threatening framework conditions, as we have seen for the petroleum and advertising in-
dustries (section 3.2); or

b) a shift to less capital-intensive types of innovation or innovation approaches, as we have
observed for ‘grassroots’, DIY, or open-source innovation activities in the alternative, non-
profit innovation approach within the pharmaceutical sector (section 4.3); or

c) a concentration on selected innovation candidates which from a qualitative perspective
have a high potential to address urgent societal needs, as we have seen for antibiotics,
vaccines, or orphan drugs in the publicly funded public health approach (section 4.2).

Taking this perspective, and again the example of the pharmaceutical sector, a macro-economic
long-term development of non-growth or negative growth might even constitute an opportunity
for politics and society to reflect and possibly rearrange the relationship between the (then limited)
available financial capital, the alignment of innovation processes, and the targeted societal benefits
of pharmaceutical innovations. Since, from a societal perspective, pharmaceutical innovations with
a clear (added) health or sustainability benefit are preferable, it seems wise to make it more attrac-
tive for companies to create such innovations by means of, for instance, financial incentives by
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public funds (addressing all stages of the development process including clinical trials, market ap-
proval, and commercialization), regulation (market approval, reimbursement schemes, drug prices
based on cost-benefit evaluations, etc.), or open-source mechanisms. Similar arguments may be
feasible for other economic sectors.

These considerations are very much in line with the mission-oriented innovation policy approach
(Mazzucato 2018; Lindner et al. 2021; Wittmann et al. 2021; 2022) and with the rather recent frame
for science, technology and innovation (STI) policy, which Schot and Steinmueller (2018) call the
“transformative change” STl policy frame. If STI policy after the “normative turn” (Daimer et al. 2012)
is supposed to increasingly address the grand societal challenges of our time and if, at the same
time, financial (and other) resources are more and more limited, then a stronger prioritisation and
focus on those societal needs and goals that are considered most important is needed. From this
perspective, the key question for STI policy is not so much to what extent it contributes to economic
growth, as it has been the case in the two dominant STI policy framings since the Second World
War, “innovation for growth” and “national systems of innovation” (cf. Schot and Steinmueller 2018).
Rather, the key question is how STI policy can support the achievement of selected societal and
transformative goals even without economic growth, thus with stagnating or increasingly limited
financial resources.

Even if STI policy does not take up this task with such clarity, it seems to become increasingly im-
portant to consider non-growth, degrowth, or post-growth scenarios more frequently in innovation
policy strategies, programmes, and communication, in addition to usual scenarios of societal de-
velopment featuring only different rates of positive economic growth. This applies not only for STI
policy, but also for many research areas, such as climate research (KeyBer et al. 2021), economics
(Victor 2012), and also innovation research, to name a few. Ultimately, such possible post-growth
scenarios also concern the resilience of innovation systems (Roth et al. 2021).

To understand how to possibly increase the resilience of contemporary innovation processes
through a greater independency from economic growth, it seems necessary to further explore and
learn from the manifold forms of unconventional and less capital-intensive innovation practices
that already exist today, no matter whether they call themselves non-profit, non-growth, low-
budget, low-tech, or sustainability-oriented (Robra et al. 2023). In addition, more knowledge is
needed about potential system-specific dependencies on economic growth, be it national or tech-
nological innovation systems, energy systems, healthcare systems, or social insurance systems (cf.
Petschow et al. 2020, 2022). Analogous to the current debate on technology sovereignty (Edler et
al. 2023) fueled by recent geo-political and geo-economic developments and international inter-
dependencies being increasingly perceived as risky, it may prove crucial to take measures to avoid
or reduce such system-specific growth dependencies. Innovation could also help in this regard.

Finally, additional questions for future research relate to non-financial incentives and drivers for
innovation, such as cultural or motivational factors. What kind of conditions and incentives may
lead actors to innovate under conditions of post-growth and limited financial resources? And how
do post-growth oriented (i.e. growth-independent) innovation processes and systems look like?
With our article we hope to stimulate further research and reflections on innovation as being more
independent of economic growth than often assumed.
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