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I etter from the Editors

Welcome to the new Journal of Business Chemistry!

In your hands you hold the first issue of the Journal of Business Chemistry. With this journal we hope to
contribute to the growing interdisciplinary field of Business Chemistry. Merging the two fields of Business
Administration and Chemistry is definitely not an easy task but one that promises advances and new
interesting implications for academics and practicioners.

Business theories will benefit from the empirical insights of the field of Business Chemistry. Practical
implications are then easily adapted to “reality” in the chemical industry. Therefore all issues, which are
published every four month, will include research papers as well as practicioner’s sections. Thus both sides
are covered and fruitfully combined.

The innovative chemical industry is extremely important not only for industrialized countries but for the
world economy as a whole. Into the chemical industry we include the emerging fields of nanotechnology,
biotechnology, biochemistry or molecular modelling of chemicals, of course not neglecting the “old” and
established fields of organic, inorganic and physical chemistry. Applications covering any of those topics are
of course very welcome. Also theoretical work which is promising in having an implication for the chemical
industry will be published according to our regulations.

We hope that this issue will be the first in a series of successful publications. Especial thanks are going to
our first authors: Holger Ernst, Bernd Farbry, Jan Henrik Soll, Ming-Chin Chen, Hans Hoécker und Hans-
Jurgen Nettelnbreker. It requires some courage to publish in a new journal rather than in an established one.

Now enjoy reading the articles. If you have any comments or suggestions, please send us an e-mail to
contact@businesschemistry.org.

Prof. Dr. Jens Leker,
Lars Hahn,
Stefan Picker,

Carsten Vehring

© 2004 Institute of Business Administration 1 ISSN 1613-9615
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Research Paper

Enhancing market-oriented R&D planning by integrated
market and patent portfolios

Holger Ernst’, Bernd Fabry ", and Jan Henrik Soll™

*  Department of Innovation and Technology Management , WHU — Otto Beisheim Graduate School of
Management, Burgplatz 2, 56179 Vallendar, Germany

** Cognis Deutschland GmbH & Co. KG, 40589 Diisseldorf, Henkelstr. 67

# Correspondence to: Jan.Soll@whu.edu

Abstract: Marketing and R&D strategies need to be aligned to increase the return from investment in new
technologies. Various portfolio techniques have been widely used to support strategic planning. A new
portfolio approach integrating market and technology portfolios to support market-oriented R&D planning is
developed. The integrated portfolio is based on objective market and patent data and empirical evidence that
the respective portfolio dimensions impact a company’s business performance. This contributes significantly
to the relevance of the proposed integrated portfolio approach for strategic planning. It is tested in a practical
application in the chemical industry. Based on these experiences, a set of recommendations for the effective

use of the integrated portfolio for market-orientated strategic R&D planning is derived.
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Introduction

Market orientation is a key driver of company
performance [1]. Accordingly, companies should
align  their core activities with  market
requirements. Among a company’s most important
activities is the development and market
introduction of new products because this
determines sustained company success in many
industries [2—4]. It has been frequently shown that
the alignment of all process steps from idea to
launch with market requirements is a success
factor of new product development [5-7].
Consequently, research and development (R&D)
should be focused on designing new products
which satisfy market requirements.

Technological change has been found to have a
decisive impact on the competitive structure in
many industries [8—10]. Thus, even if market
requirements  remain  basically  unchanged,
technological progress can severely effect a
company’s competitive position. These changes
need to be identified and assessed as eatly as
possible in order to align the firm’s R&D strategy
accordingly [11-13]. Thus, market requirements
and technological capabilities need to be assessed
simultaneously in order to formulate effective
strategies for new product development.

It has been shown in empirical studies that the
integration ~ of  market  requirements  and
technological capabilities during new product
development increases success [14,15]. At the
same time, integration ought to be achieved also
on the strategic level, i.e. Marketing and R&D
strategy must be aligned [16]. There is empirical
evidence that a strategy which balances market
requirements and technology capabilities leads to
higher new product success [17,18].

The strategic management of a firm’s R&D
portfolio enhances the success of new products
[19]. To support strategic planning various
porttfolio concepts have been developed over the
years. In the 1970s, market portfolios became
popular to support strategic planning in large
corporations. However, a product’s underlying
technologies were not assessed in market
portfolios which posed the danger to overlook
technological changes and to make wrong
investment decisions. Consequently, technology

© 2004 Institute of Business Administration

and patent portfolios were developed from the
1980s onwards to assess technologies according to
their competitive impact [11,20]. However,
technology portfolios lack an explicit market
focus. Thus, the need arises to integrate market
and technology portfolios based on objective data
in order to achieve a better alignment of Marketing
and R&D strategies in companies. In this paper,
we first develop such an integrated portfolio
approach to support market-oriented R&D
planning. Subsequently, we test the proposed
portfolio method in a practical application. This
paper concludes with an evaluation of the
proposed portfolio method and with suggestions
for further applications.

Development of an Integrated Portfolio
Concept

A The Market Portfolio

The concept of product portfolio analysis is
one of the most widely used tools in the field of
strategic planning. Its origins date back to the late
sixties when diversified companies were facing an
increasingly complex strategic planning process.
Therefore, companies had to find new ways to
assure an effective and efficient management of
the company’s resources. The Boston Consulting
Group developed its matket share/market growth
matrix for this purpose. It is still the most widely
known and implemented approach [21,22]. It
enables managers to easily comprehend and
communicate a complex problem, thus having a
powerful tool supporting strategic decision
making.

Subsequently many variants of this approach
were developed, yet all varying the same basic
structure  [23]. All share a two dimensional
framework with one dimension representing the
competitive position in the respective market and
the other one illustrating market attractiveness (see
figure 1 for a depiction of a generic portfolio). The
dimensions are either univariately or multivariately
defined. The area spanned up by the dimensions is
divided into four or more fields, each of them
being assigned a generic strategic recommendation
for the products or business units being positioned
in the respective area. The size of the circles
representing products or strategic business units is

ISSN 1613-9615
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usually determined by the respective share of sales
or a measure of profitability.

The market share/market growth approach is a
sound concept regarding required data and
underlying assumptions. It has been subject to
much empirical research providing supporting
evidence [24,25]. The required data is relatively
easy to capture: market share and market growth
can be objectively measured, the only problem
being the correct definition of the relevant market
[26].

However, critics quickly argued that the
underlying assumptions are flawed. Indeed, there
is empirical evidence that the relationship between
market share and profitability is not as clear-cut as
postulated in the generic strategies of the portfolio
matrix [21]. Moreover, it is often argued that the
data basis is too weak to make profound strategic
decisions. This led to the development of product

portfolio concepts using multivariate dimensions
such as the market attractiveness/market position
matrix developed by McKinsey [27]. In addition to
market share, it uses a multitude of factors
identified in the PIMS project, several of them
qualitative and thus harder to measure. Their
estimation may lead to biases due to the subjective
nature of the respondent’s opinions.

Thus, one faces a trade-off between a simple
concept incorporating few variables, which can be
objectively measured, or a complex model
requiring data, which are hard to capture, thus
leaving room for biases. When wusing the
approaches based on few variables, it is important
to keep in mind the limited data base of the
simpler approaches, on which the generic
strategies are recommended.

Visualisation

Normally two-dimensional area
divided in n fields

T

Object

Diameter corresponds to

Cannot be directly

importance of the object

/I

influenced by the
company

External dimension

Generic strategy
assigned to the field

Threshold value
dividing the area into
separate fields

Internal dimension

Can be directly
influenced by the
company

Intertemporal analysis

‘ Current position at t;

Desired position at t,

Figure 1: A generic portfolio matrix.
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Apart from these issues being more technical in
nature, there is substantial criticism highlighting a
central drawback of market portfolios. As they
capture the market positioning of the company’s
products or strategic business units and their
respective current competitors, product portfolio
analysis is essentially short-term oriented. It fails to
capture external turbulences such as new
technologies which affect the positioning in the
portfolio and thus the recommended strategies.

B The Technology Portfolio

The Patent Portfolio

Patent data and patent statistics have long been
used by economists as a proxy for technological
change and technological process. There is
significant empirical evidence supporting the
validity of this approach [28]. Patent data have the
big advantage that they are widely available and
objective in nature. In a further step, entire
portfolios assessing a company’s patent position
were proposed [29,30]. These assign the
company’s patents to different technology fields
relevant to the company and evaluate them
afterwards using different indicators entirely based
on patent data. The patent portfolio shares its
basic structure with the technology portfolio,
having one dimension assessing technological
position and the other one assessing technology

attractiveness. As patent portfolios (see figure 2)
will be an important element of the integrated
portfolio concepts developed later on in this
article, we will briefly describe the indicators used
to assess technological positions. For a more
detailed description, please refer to the articles by
Brockhoff and Ernst [29-31].

In analogy to the market growth/market share
portfolio, it has been suggested to use the term
‘relative technology share’ in order to describe the
competitive technological position in analogy to
‘relative market share’ commonly used to measure
a firm’s competitive position in the market [32].

As this is a measure only incorporating
patenting activity, but not accounting for the
quality of patents, other operational definitions of
the internal dimension have been proposed.
Accounting for patent quality is an important link
to establish an analogy between patent and market
portfolios: both relative market share and relative
technology share, incorporating patent quality,
have a positive impact on a company’s business
performance [33-306]. Therefore, a construct for
patent quality consisting of different quality
measures is used in newer approaches to assess the
technological impact [37]:

1. Rate of patents granted: A patent will be
granted only if the invention consists of new and
non-obvious technological elements. Thus, a
patent is believed to have a higher technological

high

Technology

TF,

4—7 Importance of
Technological Fields

Attractiveness

low

e
(R&D Emphasis):
a (high) and b (low)

low

Relative Technology Share
(Relative Patent Position)

Figure 2: The patent portfolio.
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value than the patent application [38]. The rate of
patents granted substantially differ between
companies and can thus serve as one indicator for
the quality of research.

2. International scope of patent applications: As
the cost for obtaining valid patent for a number of
countries is significantly higher than for a single
national patent, the former have been empirically
found to be of higher value than national
applications only [28,37].

3. Patent Citation Ratio: Patents are used by
examiners at the patent office to document the
state of technology when they check if a patent
application contains new and inventive features
which go beyond what has been known so far.
This procedure leads to patent citations. The
number of citations received by a patent in
subsequent patent documents is often interpreted
as a proxy for the economic importance of the
invention [39-41].

The use of different measures allows to achieve
a stable assessment of a company’s patent position

[31].

The external dimension ‘technology
attractiveness’, which is displayed on the ordinate,
is measured by the growth rate, either absolute or
relative, of patent applications in the respective
technology field. Using patent growth as a proxy
for a technology’s attractiveness is supported by
empirical studies showing a strong correlation
between patent and market growth in various
industries [12,37,42].

The third dimension represented by the circle
size of the technology fields in the patent portfolio
is called ‘R&D emphasis’. It is calculated as the
total number of patent applications of the
company in one technology field divided by the
total number of all patent applications of the
respective company. Thus, “R&D emphasis”
indicates a technology’s importance in the
company’s total R&D portfolio.

Generic strategies largely correspond to the
generic strategies of the market growth/market
share portfolio, e.g. to aggressively invest in
technology fields with high growth and strong
positions, ie. high impact pacing and key
technologies. Thus, the patent portfolio is the only

© 2004 Institute of Business Administration

technology portfolio grounded on a sound
empirical basis.

Despite this fact, patent portfolios share the
most important drawback with classic technology
portfolios. R&D planning is only one aspect of
strategic planning. It necessarily leads to the
misappropriation of resources if only technological
aspects are considered in the planning process.
Therefore, they need to be aligned with other
strategic planning tools in order to avoid one-sided
misconceptions.

C  The Integrated Portfolio

Pure technology or market portfolios have a
one-sided focus on either technology or product
market. We already elaborated on the importance
of market orientation in the R&D process. New
technologies have to fulfil market needs.
Otherwise products based on them will fail in the
market. The integrated portfolio concepts trying to
overcome this shortfall by combining market and
technological analysis can be classified into three
distinct groups:

The first group builds upon an existing
technology or market portfolio and adds generic
strategies for the missing perspective [21,43].
Although this approach is intriguingly simple, it
does not solve the central problem of
incorporating the interdependencies. Applying
similar strategic recommendations will only be
valid if both technology and product are
positioned in the same field of the portfolio. In all
other cases, this will lead to a misallocation of
resources and could even result in eroding the
company’s competitive base.

A second class of concepts develops entirely
new portfolio approaches. Some of them use the
classic matrix-type visualisation [44], while others
follow different approaches for the formulation of
the optimisation problem. Some approaches in the
latter category use a mathematical formulation of
the portfolio problem and usually have a very
stringent general formulation [45]. Being often
rather complex and thus difficult to communicate
and implement, these approaches lack practical
relevance as well.

ISSN 1613-9615



Ernst, Fabry, Soll May 2004

? f Journal of Business Chemistry

www.businesschemistry.org

The third group of concepts tries to aggregate
two or more single portfolios into one holistic
portfolio [11,46]. This could either be a new single
matrix-type portfolio, i.e. a condensation of four
dimension into only two. This procedure leads to a
visualisation which is easy to understand and to
communicate, but encounters several
methodological problems. Another approach is the
integration using a common axis. Generally, this
type of integration is theoretically sound as no data
are omitted and the original portfolios remain
largely unchanged. Their added wvalue is the
development of new integrated generic strategies.

Selection of the single portfolios to be
1 integrated: Identification of suitable
portfolio dimensions

Analysis of the portfolio concepts:

2 Combination of technology and
products/SGEs
3 Identification of the optimal method for

integrating the portfolios

4 Definition of generic strategies for the
integrated portfolio

Figure 3: Schematic process for designing an
integrated portfolio.

Therefore, we will develop an integrated
portfolio using this design, but following a more
formalised approach to avoid the pitfalls of earlier
concepts. Unlike other approaches, we will keep
the amount of required data within reasonable
limits in order to achieve an easy implementation
while simultaneously building onto a theoretically
sound basis.

In the following, we introduce a framework for
the creation of concepts for integrated portfolios
and simultaneously develop a new portfolio. It
draws on elements of a framework by
Wind/Mahajan  [27], however incorporates
necessary changes for the formulation of an
integrated portfolio concept (see figure 3). The
process of developing our integrated portfolio
concept follows these steps. First, the portfolios
which are subsequently integrated into a single

© 2004 Institute of Business Administration

portfolio are identified. We already made a case for
the use of patent portfolios instead of other
technology portfolios, the biggest advantage being
the sound empirical foundation and the objective
data used by them. Therefore, a matching market
portfolio, which captures the advantages of the
patent portfolio, needs to be identified. The only
market portfolio entirely relying on objective data
is the market share/market growth matrix.

In a second step, a suitable integration
mechanism has to be found. In order to come up
with an integrated portfolio which can be easily
communicated, the integration using a common
dimension is desirable. In order to emphasise the
importance of market orientation in the R&D
process, we suggest using market growth in the
integrated portfolio. This approach cleatly follows
the notion that the attractiveness of a technology
has to be mainly judged on the basis of its market
impact. The growth/share matrix is now easy to
integrate as both portfolios share a common
dimension (see figure 4). In case a technology has
not yet been integrated into products, we suggest
to use the measure “patent growth” as described in
the initial patent portfolio in order to capture the
attractiveness of the technology (see figure 2).

The third step is the inclusion of possible
interdependencies  between technologies and
products into the analysis (see figure 4). The
attractiveness of a technology field could be
determined by the weighted average of the market
growth rate of the products in which the
technology field is applied. Weights could be
defined as the share of one product’s contribution
to the total sales generated by all products
incorporating the respective technology.

Alternatively, a similar measure could be based
on profit data. This way, all interdependencies
between technologies and products can be
captured. To assess new technologies not yet
incorporated in existing products, we suggest using
expert assessments to compensate for eventually
missing quantitative market data.

ISSN 1613-9615
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Figure 4: The integrated portfolio

Each half of the proposed integrated portfolio is
split into four quadrants: the dimension “market
attractiveness” is divided by a hurdle growth rate,
e.g. average sales growth or a sales growth target,
the dimension “technology share” at a value of the
relative technology share of 1, the “market share”
dimension equally at a value of the relative market
share of 1.

In the case of a positioning in the same
quadrant in both market and patent portfolio, the
combined generic strategies remain appropriate:
for a product with a star/star positioning,
increased marketing and R&D expenditures are
necessary to reinforce market and technological
positions and to counter attacks from competitors.

However, the generic strategies cannot be
simply combined in case of disparate positionings.
These could be interpreted as evidence for a
misappropriation of R&D and/or marketing
expenditures, but also simply result from industry
specificities and thus not require any strategic
action.

© 2004 Institute of Business Administration

Internal dimension 2:
Technological position

In all cases, the underlying situation has to be
carefully evaluated in order to derive effective
strategic implications from the portfolio analysis.

An Application of the Integrated
Portfolio in the Chemical Industry

A Data Collection and Measurements

A first implementation of the proposed concept
was carried out for two business units of a
company operating in the specialty chemicals
industry. For each unit, distinct product areas were
defined. The entire analysis incorporates seven
product fields and 22 products of Business Unit 1
and three product fields and 15 products for
Business Unit 2. Here, we can only report on some
characteristic results. The required patent data
were supplied by the firm’s patent department.
Patent applications were assigned to product fields
and individual products in a workshop with senior
patenting experts from the company.
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The indicators described eatlier required to
draw patent portfolios had to be calculated. The
share of granted patents was measured based on
granted patents at the German Patent Office and
international scope was calculated as the share of
triad patents, filed in Europe, the US and Japan
simultaneously, because it was believed by the
experts from the patent department that this
would best capture patent quality in this industry.

Due to the very specialised nature of the business
units’ products, no market growth rates and
market share data were available. Thus, we had to
rely on expert evaluations instead. The dimensions
market attractiveness, relative market share and
revenue share driving the circle size in the market
portfolio were evaluated using a questionnaire sent
out to marketing managers asking for their
estimation of relative market share in relation to
the strongest external competitor, product market
growth relative to the average growth in the
business unit and product sales relative to the
average sales per product in the business unit.

B Results of the Portfolio Analyses

Based on these raw data, we constructed
multiple portfolio visualisations on the business
unit and product field levels. Please refer to figure
5 for a sample portfolios. The visualisations were
discussed in a joint meeting with marketing, R&D
and patent managers from the company. Some of
the discussion helps to better understand and
interpret the portfolios.

The analysis on the product area level (figure 5)
draws a picture of a very attractive area, i.e., each
product growing at least as fast as the business
unit. In most cases, the products are positioned in
corresponding quadrants of the portfolio. Thus,
R&D and Marketing strategies are well aligned in
these product areas.

In some cases, however, there are obvious
differences. Product 6 enjoys a strong market
position in a high growth market. In contrast, its
technology position is fairly weak.

Market Attractiveness

Product 2

Product 6

/v Q Product 1

O U]

Product 3 V\

I

—— @

Product p

Relative market Share

Relative Technology Share

Figure 5: The integrated portfolio: An application for a product area with six products (disguised).
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This disparate positioning could be attributed
to the fact that the company was still in the
process of reinforcing its technological position
and thus still intended to file for more patents.
The need for further R&D investment in this
product is clearly highlichted by the portfolio
analysis and will be further emphasised by the
company.

Product 3 is characterised by a strong
technological position and average numbers for
market share and market growth. The company
under consideration has a strong R&D emphasis
on this product, however, the contribution to sales
is rather modest. The discussion revealed that
Marketing and R&D perceive the potential of the
recently introduced product quite differently. It
was decided to conduct a workshop with multiple
company experts in order to reassess the
attractiveness of this product. Based on the
outcome a decision ought to be made whether
R&D investments in this product should be
realigned. The analysis at the business unit level
follows a similar logic.

In sum, the integrated portfolio analyses have
shown that market and technology positions in the
company under consideration are not always
aligned. These results have led to a first discussion
among company managers on the root causes for
the observed inconsistencies of portfolio
positions. This already highlights the need for
intensive discussion based on the portfolio
presentations before final conclusions are made.
All managers perceived this to be very helpful to
gain a common understanding of Marketing and
R&D strategies. To get a more details picture and
in order to incorporate further knowledgeable
experts and decisions makers in the company, it
was decided to carefully review the marketing,
patenting and R&D strategies for some of the
concerned areas.

Conclusions

The integrated portfolio can be a powerful tool
for strategic planning purposes because it offers an
efficient and effective way to better align
Marketing and R&D  strategies. The integrated
portfolio combines a widely known and used
market portfolio concept with a patent portfolio
capturing technological aspects. Both portfolios’

© 2004 Institute of Business Administration
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dimensions, especially the abscissa, have been
shown to impact business performance, thus
making the portfolio illustrations especially
meaningful for decision makers in firms. The clear
focus on market orientation in the integrated
portfolio as expressed on the ordinate where the
integration of both portfolios is achieved by using
the market portfolio’s initial dimension “market
attractiveness”. It is believed that a technology’s
attractiveness has to finally show on the market
and that R&D strategies ought to be consequently
aligned  with  market requirements  (see
introduction). In cases where market data is not
yet available for new and future products, one
should rely on accurate market forecasts derived
from market research or other sources. Figure 6
summarises the strategic implications which can be
derived from the integrated portfolio.

If both technology and products are placed in
the same field of the market and technology
portfolios represented by the combinations Aa,
Bb, Cc and Dd in figure 6, the generic strategies
from the separate portfolios can simply be added
up and remain valid. The main advantage of our
portfolio concept is the detection of disparate
positionings. In the case example, we elaborated
on the combinations Ab, Ba, Cd and Dc. In these
cases, different generic strategies have to be
applied and those from the separate portfolios
might become invalid as demonstrated by our
example. Several hypotheses can explain the
differences and we tried to find some evidence in
expert discussions. For a disparate positioning in
the upper half of the portfolio, i.e. a high growth
environment, a likely explanation for a strong
technological position, but weak market position
would be an insufficient satisfaction of market
needs. In this case, R&D expenditure should be
cut back as it cannot be earned back in the future.
In contrast, it could also be possible that the weak
market position is due to strong competition in the
product market. This would call for larger
investments in marketing, R&D investments
simultaneously held constant or scaled up. In a low
growth environment, our hypothesis explaining a
differing position would be a misappropriation of
R&D investments. As market “cash cows” usually
require massive economies of scale to be
profitable, aggressively building market share
would be a loss-making strategy. The sustainability
of a market “cash cow” could also be threatened
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Ernst, Fabry, Soll May 2004

? f Journal of Business Chemistry

www.businesschemistry.org

Market attractiveness

A

C

Relative Market Share

Relative Technology Share

Figure 6: Overview about partial generic strategies in the integrated portfolio.

by a weak technological position. However, this
need not be the case: if there are high barriers to
entry due to economies of scale, the company does
not need to protect its competitive position by
property rights any more to prevent new firms
from entering the market. We provided first
evidence for possible strategic actions, which
might be applied in these situations. However, it
has to be stressed that these always need to be
checked for appropriateness in the specific
situation under evaluation.

Another strength of the portfolio method is the
visualisation of complex decision problems. It lays
the ground for an intensive discussion of portfolio
positions, their root causes and their implications.
The case example clearly shows that the integrated
portfolio establishes a framework for joint strategy
discussions between technical and non-technical
functions like R&D, Marketing and the Patent
Department.

We believe that the main benefit of portfolio
techniques in strategic planning is the stimulation
of cross-functional reviews of R&D and market
strategy: as explained earlier in this chapter, there
are hardly any combined generic strategies for
disparate positionings which can be applied across
industries and in different contexts. This opinion
was confirmed by managers from the company,
which found the portfolio very useful as a tool
supporting strategic decision making.

© 2004 Institute of Business Administration
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A further important benefit of the integrated
concept is that further knowledge is created during
the conceptualisation and implementation phases.
The systematic condensation of patent data and
the simultaneous visualisation of technology and
products create a significant amount of knowledge.
The analyses create a significant amount of
important knowledge which separate portfolio
analyses cannot provide.

The limitations of this work can first be
attributed to the case study approach, which is in a
first step justified when new concepts are
developed and preliminarily tested. A second
limitation results from the data needed for the
patent portfolio: if a company does not patent
innovations, the method cannot be applied.
However, patenting product innovations is a
dominant strategy in many industries [37,47,48].
Thus, we do not believe that this severely limits
the applicability of our approach in most cases.
Finally, the proposed portfolio concept does not
capture future technological developments which
have not led to any patent applications yet. Here,
traditional forecasting techniques, e.g. Delphi
studies or scenario analysis, can be used which,
however, have their own shortcomings [49,50].
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Biopharm Company
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Abstract: By conducting indepth interviews with the CEO and top management of TTY Biopharm
Company, a Taiwan-based pharmaceutical company, I depict the role of TTY’s intellectual capital in building
competitive advantages and enhancing the achievement of corporate strategies. TTY’s success illustrates that
even in a relatively small pharmaceutical market such as Taiwan, where a full-range new drug R&D, covering
from discovering new chemicals to developing new drugs, seems economically infeasible, adopting fit R&D
strategies and developing intellectual capital to establish competitive advantages can overcome the limitations

in home market size and bear fruitful results.
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Introduction

Intellectual capital includes human capital and
structural capital wrapped up in customers,
processes, databases, brands, and systems
(Edvinsson and Malone 1997),' and has been
playing an increasingly important role in creating
corporate wealth and growth (Lev and Zarowin
1999).> The growing divergence between firms’
market value and book value shows that much of
the source of economic value is no longer the
production of material goods, but the creation of
intellectual capital (Goldfinger 1997). Cafiibano et
al. (2000) summarized an extensive body of
empirical evidence on the value relevance of
investments in intellectual capital such as R&D,
advertising, patents, brands and trademarks,
customer satisfaction, human resources.

Pharmaceutical industry is heavily
characterized as one of the most innovative,
knowledge-based, and R&D-intensive industries.
The innovation in the industry has been in a large
measure driven by the persistent and successful
pharmaceutical R&D effort (Aboody and Lev
2001).” As innovation becomes key to success in
the pharmaceutical industry, pharmaceutical
companies usually needs vast investment in a new
drug R&D and takes lengthy processes to launch a
new drug to the market. Consequently, it demands
a sizable product market to support the mega
R&D costs.

" There is no universal definition of intellectual capital and
its classification until today. To conserve space, this
study will not review the definitions and classifications
of intellectual capital in prior literature.

2 Over the period of 1973-1992, the market-to-book ratios
of US corporations increased from 0.81 to 1.69,
implying that about 40% of corporate market value did
not reflect in financial reporting (Lev and Zarowin
1999).

’ Based on data from Chemical & Engineering News,
October 25, 1999, pp. 62-64, Aboody and Lev (2001)
reported that over the 10-year period 1989-1998, the
R&D spending of the major pharmaceutical companies
increased at an average annual rate of 22% per year,
from $3.35 billion in 1989 to $10.08 billion in 1998, and
their patent activity has increased from 800 in 1989 to
1,115 in 1998.

© 2004 Institute of Business Administration

Given the small home market size,'
pharmaceutical companies in Taiwan may not
afford the vast costs of a whole-range new drug
R&D, covering from discovering new chemicals to
developing new  drugs. Therefore, most
pharmaceutical ~companies in Taiwan are
essentially generic drug manufacturers. The
competition for this type companies mainly
focuses on low costs and low prices.

Established in 1960, TTY Biopharm
Company (hereafter, TTY) used to be a traditional,
generic drug pharmaceutical company that focused
on production and sales. Due to the keen price-
cutting competition and deteriorating in generic
product margins, TTY was once close to being
bankrupt. However, in 1996 a new management
team came in TTY and started reforming and
repositioning the company. It initiated the strategy
of branding generic drugs to differentiate from
other generic manufacturers. To carry out this
strategy, TTY began to build up new drug
development capabilities to enhance product
brand and quality. The approach achieved great
success in increasing sales margins and promoting
the company’s image, helping TTY to leave out
the endless price-cutting competition in the
generic drug market and, thus, can channel more
cash into long-term new drug development. The
transition runs fairly well. In 2001, the company
successfully launched IPO in Taiwan OTC
technology listings and its registered capital
increased triply from (US) $4.29 million’ in 1997 to
$14.29 million in 2003.°

Using the case study methods, this paper is to
investigate TTY’s intellectual capital and depict the
role of TTY’s intellectual capital in enhancing its
key successful factors to achieve corporate
strategies. In their conceptual intellectual capital
model, Roos et al. (1998, p.63) also emphasized

* The main pharmaceutical market worldwide lies in the
United States, Europe, and Japan, accounting for nearly
eighty percent of the global sales. The pharmaceutical
sales in Taiwan constitutes less than one percent of the
global sales. For detailed discussions of the
pharmaceutical industry in Taiwan, see Development
Center for Biotechnology. (2002).

In this study, the dollar amount is converted into US
dollar. The exchange rate of Taiwan dollar to US dollar
is assumed to be 35:1.

® TTY Biopharm Company Limited. (2002).
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that in cultivating and managing intellectual capital,
selected measures for intellectual capital should
link to firms’ key successful factors derived from
corporate strategies. Therefore, this study is
expected to have contribution to illustrating Roos
et al’s conceptual model by analyzing the case
company’s transformation and intellectual capital
management.

TTY’s intellectual capital and
competitive advantages

Figure 1 depicts the role of TTY’s intellectual
capital in supporting the achievement of corporate

visions, strategies, and competitive advantages.
Having successfully transformed from a traditional
generic  manufacturer into a new drug
development company, TTY’s vision now is
seeking to be an innovative biopharmaceutical
company specializing in anti-cancer drugs in Asia
and focusing on new drugs for prevalent Chinese
diseases.

In light of the increasing competition in
pharmaceutical industry, TTY identifies five key
successful factors (KSFs), including (1) bring
corporate strategies into operation, (2) recruiting
and training right people, (3) effective manage-
ment of pipeline and portfolio, (4) becoming a
preferred partner for strategic alliances, and (5)

Visions

* To be one of the most innovative biopharmaceutical
companies specializing in anti-cancer drugs in Asia

* To be the first international biopharmaceutical
company focusing on prevalent Chinese diseases

Competitive
Advantage Analysis
(See Figure 4)

—>

SWOT Analysis
(See Table 1 in Section
Three)

<]

Differentiation:

Market:

International alliances:

Competitive Strategies including differentiation, market, internationaland international alliances.
(1) Products differentiation: focusing on Six Four main disease drugs in
specialization areas, offering total services.

(2) Positioning differentiation: focusing on prevalent Chinese diseases in
global AsialAsian industrial
development company, focusing on prevalent Chinese diseases.

Efficiently: Using using experienced sophisticated marketing and clinical
trial abilities capabilities to develop and integrate Taiwan and China markets.
Participating in the early-stage R&D of international biotech companies, and
sharing Asian intellectual property rights.

value chainlImarketing-oriented research

Intellectual Capital and Key Successful Factors
(See discussions in Section II)

Value-creating Results:

(3) accomplish 43 clinical trials, and

(1) yield the top (see next page) financial performances among Taiwan pharmaceutical companies,
(2) achieve 4 new formulation and 5 new indication R&D results,

(4) receive 3 prominent awards and honors from Taiwan government.

© 2004 Institute of Business Administration 16

Figure 1: An lllustration of the relationship between TTY’s intellectual capital and corporate

visions, strategies, and competitive advantages.
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reducing time to reach the highest sales. TTY’s
intellectual capital plays an important role in
enhancing those key successful factors.

The first KSF is related to the execution of
corporate strategies. TTY positions itself as a
marketing-oriented, new drug development
company. In order to demand high prices for its
branded new drugs, TTY focuses its major
relational capital on large hospitals.” In developing
innovative capital, TTY’s R&D strategy is not to
conduct a whole-range new drug R&D. Instead, it
focuses on the phase III new drug development,
which includes developing new indication and new
formulation drugs. Consistent with the company’s
self-positioning, the phase III development is the
closet stage to the product market; therefore,
focusing on this stage can limit TTY’s R&D risks
and expedite the payback periods. Table 1
compares TTY’s R&D intensity, gross margins,
and growth rates with other pharmaceutical
companies listed in Taiwan stock market.
Although TTY invested in the highest R&D
intensity, it remains to be the most profitable and
fast growing company.”

In supporting of the KSF of recruiting and
maintaining quality work force, TTY stresses on
investment in human resources. Its average
employee training and education costs are one of
the highest among Taiwan’s listed companies. The
payoff for TTY’s investment in human capital is
quite fruitful. The company’s average employee
productivity increased from $108,000 in 2000 to
$148,200 in 2002.”

To reduce time to reach the highest sales,
TTY’s strategy is to invite its major customers to
participate in the early stage of new drug R&D,
thereby developing products better fit customers’
needs. Co-developing new drug with physicians
not only expands the company’s innovative capital,
but enhances relational capital with major
customers as well. Figure 2 summarizes TTY’s
optimalization capability of the marketing-oriented
development strategy in building its core
competitive edges. Based on its strategic position,
TTY devotes substantial resources to building
solid distribution channels with large hospitals and
medical centers."

Company Chinese Yung Standard | Sin-pharma | Yung Ri Chi TTY
Chemical Shin Chemical Cheng
Totalassets | =7 151 74 45 16 39 48
(in millions)
et Sales 69 68 36 24 7 11 36
(in millions)
R&D %* 5,5 8,7 5,3 8,4 5,7 1,4 11,5
Cross
profit% 31,9 065 51 45 38,7 39 67,7
1998-2002
growth rate 15,5 -3,5 31,6 44,1 25,1 29,2 121

Table 1: A Comparison of R&D, gross profits, and growth rates among Taiwan listed

pharmaceutical companies in 2002.

* R&D% is measured by R&D expenditures divided by net sales.

7 Large hospitals are more willing to attach greater value to
product quality; yet, small hospitals are usually more
cost-conscious. About 65% of TTY’s total revenues now
come from hospitals.

¥ The rapid growth rate may be, in part, due to the firm size
of TTY is not large. However, we do believe that TTY’s
marketing strategy is key to bringing superior sale

© 2004 Institute of Business Administration

growth rate to its counterparts.
® The average employee productivity is calculated by net
sales divided by number of employees.
' TTY’s marketing expenses account for about 30% of its
sales revenues.
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Channel
Strategic Marketing operating % Medical cer-lters
. . »| Large hospitals
position capability
Market: = /
- large hospitals é') Respond to new
Product: drug demand
- differentiation
& focus New drug / ’
4
Development Providing physicians with
R&D latest medical developments,
+ treatment technologies, etc.
/
Human capitalresources are the
foundation for creating:
* Innovativeinnovative capital and
developing relational capital-enhance latest
knowledge, R&D, regulatory experiences
* Relational-clinical trials co-developed with
physicians.
Benefits:

Developing a close relation with physicians
Providing better products fit physicians needs
Forming strategic alliance with physicians

Figure 2: TTY’'s core competitive advantage: Marketing-oriented

development strategy and optimalization capability.

Physicians of large hospitals and Value-creatlng Results

medical centers are more willing to use new TTYs
treatments and new drugs for patients.
Feedbacks from them often provide the
direction for future new drug development.

successful  transformation  brings
fruitful results in both financial and nonfinancial
performances. TTY’s financial performances
: : : : yielded leaped growth, with sales growing from
Finally, TTY’s innovative capital and $22.6 million in 2000 to $35.6 million in 2002 and

relational capital also bring the advantages in EPS growing from $0.05 in 2000 to $0.17 in 2002,
seeking international strategic alliances. By on a retrospective basis."

establishing expertise and clinical experiences
in prevalent Chinese diseases as well as
distribution channels in Chinese drug
market, TTY is well equipped as a preferred
partner for international pharmaceutical
giants seeking to enter the Chinese market.

TTY’s financial performances come from its
advancements in R&D results. It is the first
company in Taiwan and the third in the world to
launch the liposomal (nanotechnology)
formulations. In addition, the company’s new

"' The par value of common stocks in Taiwan is ten

(Taiwan) dollars per share, about (US) $0.29.
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indication development has successfully launched
several anti-cancer drugs in both Taiwan and
overseas markets. During 2001-2003, TTY
received three prominent awards and honors from
Taiwan government in recognition of its
technological innovation and achievements in the
pharmaceutical industry.

Conclusions and discussions

Given Taiwan’s small pharmaceutical market
size, it seems economically infeasible to support
the whole phases of a new drug R&D, covering
from discovering new chemicals to developing
new drugs. However, TTY’s success illustrates that
even in a relatively small home market size,
adopting adequate R&D strategies and investing in
intellectual capital can bear fruitful results. By
developing intellectual capital, the company is able
to maintain quality workforce, enhance relations
with stakeholders, fulfill fit R&D strategies, and
establish a supportive organization.

Despite recognizing the importance of
intellectual capital and considerably investing in it,
TTY, like many other companies, still has not
developed appropriate measures for intellectual
capital. As executives and employees paid
attention to what they measured and could not
manage well what they were not measuring
(Kaplan and Norton 2004, p.6), the lack of
measures makes TTY difficult to objectively
evaluate and monitor the changes in intellectual
capital. Further, Kaplan and Norton (2004, p.13)
indicate that the value of intangible assets derives
from their ability to help the organization
implement its strategy. Therefore, the value of
intellectual capital depends on how it helps achieve
corporate strategies.”” In developing intellectual
capital that can effectively help achieve corporate
strategies, it is essential to identify and focus on
those intellectual capital indicators that closely link
to firms’ key successful factors for achieving
corporate strategies. Delineating strategy-related
intellectual capital indicators needs deliberate
effort and is a difficult task. However, it is crucial
for companies to effectively link intellectual capital

"2 Porter (1996) suggests that an organization’s strategy is
about selecting the set of activities to create a
sustainable difference in the marketplace, e.g., cost-
efficient or product differentiation.

© 2004 Institute of Business Administration

to strategy-implementation and, more importantly,
to convey the value of intellectual capital to
outside stakeholders.

Finally, the success of TTY’s transformation
also  has implications for pharmaceutical
companies in developing countries. Cost-efficiency
is, in general, an important competitive edge for
developing countries. However, the long product
life cycle and low production costs in the
pharmaceutical  industry  suggest that the
competition in the pharmaceutical market does not
lie in cost-efficiency, but in innovation and
product quality. Creating own high-value core
products is crucial for pharmaceutical companies
to build sustainable competitive advantages, and,
thus, risk-taking is inescapable for the executives
of pharmaceutical companies. However, it might
be economically  infeasible for  most
pharmaceutical companies in developing countries
to compete with those global pharmaceutical
giants in new drug R&D. Therefore, to have a role
in the global market, it is essential for
pharmaceutical companies in developing countries
to define their niche position in the industrial value
chain and then develop strategy-related intellectual
capital to build up sustainable competitive

capability.
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To fully exploit the economic potential of to encourage entreprencurial thought and action
new developments, to create innovation incentives — these were Degussa’s goals in launching its new
for employees in research and development, and remuneration tool, the Creavis Venture Bonus.

B New Business Development

Exploration Internal
and Start-ups
Validation P
Project Business
House Unit

B New Technology Platforms

o

%

New

Innovation
Monitoring

Soci
ocicly Business

&
&

Figure 1: Creavis Structure for New Business Development. From an idea to a new business:
starting up new businesses at Creavis involves exploration and validation, project houses and internal
start-ups. The project houses focus primarily on developing new technology platforms. The business
plans developed for new products are implemented in the business units or internal start-ups.
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Since January 2004, the approximately 70 Creavis
exempt employees have been able to invest part of
their performance-related remuneration in internal
start-ups, through which Creavis is building new
businesses for the Group.

Essentially, a portion of the variable annual
compensation will be converted into a five-year
long-term bonus, with the opportunity to multiply
it and to risk losing it. The interest earned by the
employees' capital will be based on the market
success of the projects. If the value of a project
falls significantly short of expectations, the bonus
invested in that project will be lost. If the project
succeeds, the distribution can be several times the
amount of the investment. Response has been
extremely positive: more than three quarters of
eligible employees are taking part in the new bonus
system, which was launched as a pilot with four
start-ups.

This remuneration tool is a way for Degussa to
recognize the unique role Creavis plays.
Established in 1998, Creavis was set up to enter
into new technologies via project houses and built

Euro

up new businesses in emerging markets. Creavis
uses internal start-ups to launch new products and
open up new markets with above-average growth
rates on behalf of the Corporation. Currently, it
has four active start-ups: Degussa Advanced
Nanomaterials, Degussa Homogeneous Catalysts,
CREASORB®  (water-absorbing products for
technical applications), as well as Membranes
(ceramic separators for lithium-ion batteries).

Creating stronger links between the
interests of the company and the
employees

As Degussa has given Creavis the objective to
explore new territory, most of its activities and
research projects carry high financial risk. But they
also carry great entrepreneurial opportunities. The
Venture Bonus System is a reflection of this very
idea. It offers employees the chance to profit from
these opportunities, if they are also willing to
accept the risk. The advantage is that, as

cvB
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Figure 2: Creavis Venture Bonus (CVB) supports the management of projects with defined

business plans (internal start-ups). The Creavis Venture Bonus begins with the preparation of

a business plan for an internal start-up. As a rule, this process lasts five years, and concludes

with significant sales.
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employees have detailed information on the
projects, they are particularly well-equipped to
determine and implement what will make the
projects successful. In this way, the system closely
links the interests of the company with those of
the employees, and places the economic success of
the start-up front and center.

www.businesschemistry.org

Participation in the venture bonus is also a
valuable tool for measuring how the employees
themselves view the start-ups’ chances for success.
At the same time, it also promotes entrepreneurial
thinking and a consistent alignment of all activities
to the objectives. So it is not only an incentive for
innovation, but it is also a management element in
Degussa’s innovation process — an element that
motivates employees to exploit the economic
potential of the start-up while at the same time
indicating the project's prospects for success,
compared to other projects as well as over the
course of time.

Detailed business plans provide the
foundation for employees' decisions

To provide the basis for the Creavis Venture
Bonus, project-specific business plans with defined
parameters were prepared for each of the four
internal start-ups. The business plans define how

relevant economic key figures such as sales,
EBITDA, and investments are expected to
develop over a period of five years—or the
"performance period." Limits for performance,
below which the invested bonus is lost, are also
defined. In comparison to the risk, the chance of
profiting from achieving and/or exceeding the
plan is disproportionately large.

The business plans for the start-ups were
presented to employees as part of a road show at
the end of 2003. Based on this information,
employees were able to decide the amount they
want to invest every year in thepresented start-ups
over the performance period. So as to limit the
risk for employees, Degussa set an income-based
upper limit that employees could not exceed.
Payments from the Venture Bonus System will be
made at the end of the performance period in
2008. An annual account statement keeps
employees informed about the performance of the
capital they have invested. Employees can also
decide from year to year whether they want to
continue to invest in “their” start-ups. Once they
pull their capital out of a current project, however,
they are not permitted to reinvest at a later date.

The Venture Bonus System puts Creavis at the
forefront in the creation of innovation incentives.
Set up as a pilot, the system will have to

Project Duration
= Carry out project contract/Fulfill business plan

= Determine bonus factors annually
= Creavis Venture Bonus participants supply own investment

annually
A
o
Year 1 Year 2 Year 3 Year 4 Year 5
Start of Cycle Review End of Cycle

= Prepare and approve
business plan

= Participants determine
the amount they will
invest in the plan
annually

cancel it

= Advisory Board reviews business plan
annually and decides whether to continue /

y

Figure 3: How the Creavis Venture Bonus System Works.
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demonstrate in the next few years whether its
current form meets everyone's expectations—
those of the employees, who hope for higher
bonus payments, as well as those of the company,
which views it as a tool for improving its own
innovation process and business performance.
Decisions regarding the viability and performance
of the current system and broader implementation
of the concept will be considered no later than five
years from now.

At a Glance: Creavis Start-Ups

Degussa invests about 10 percent of its
research budget—€347 million in 2003—in
Creavis, whose responsibilities include building up
new businesses. Currently, Creavis also maintains
four internal start-ups.

Creavis  operates the start-up Degussa
Advanced Nanomaterials together with the Aerosil
& Silanes Business Unit. In December 2003, it
began commercial production of its first
product—nanoscale zinc oxide, which will initially
be used as a UV protector in sunscreen. Degussa
also anticipates rising demand for zinc oxide as a
UV protector in such applications as paints. The
start-up will soon bring other products to the
market: nanoscale ceroxide and indium tin oxide
for the electronics, optics and coatings industry.

Creasorb markets specialized superabsorbents
for wvarious technical applications: CABLOC®
prevents  water from  penetrating  cables,
FIRESORB® is an extinguishing additive for all
Class A fires, FAVOR PAC® absorbs and retains
unwanted liquids during transport and storage of
foodstuffs, and STOCKOSORB® stores water
and nutrients in the soil to increase their
availability for plants. As Creavis’ "oldest” start-up,
Creasorb is already generating turnaround, posting
positive results in fiscal 2003, and increasing
product sales by 21 percent. Creasorb is the
market leader for technical polymers in technical
applications.

Membranes: In the future, the power density
per battery volume in lithium-ion batteries for
mobile phones, camcorders, computers and
recently, for mobile applications through to the
automobile, will increase considerably. At the same
time, this will increase the demands on battery
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safety. According to initial reports from battery
manufacturers in Furope and Asia, the new
ceramic  separators developed by Degussa
contribute to greater battery safety. Market
interest, especially in China, is already so great that
Creavis’ pilot plant is running at high speed. There
are plans to expand production in 2005.

Since January 2004, Degussa Homogeneous
Catalysts has produced and marketed the
homogeneous catalyst systems developed in the
Catalysis Project House, and offers services for the
rapid detection of homogeneous catalysts. The
products and services significantly improve access
to medicinal agents, which makes them particularly
attractive for the pharmaceuticals industry.

Copyright for this article only covers scientific publications. The
Degussa AG is allowed to publish the article “Accelerating the Processes of
Innovation: Degussa’s New Bonus System Creates Innovation Incentives
for Creavis Employees” in ‘non-scientific’ journals which are published by
Degussa AG itself.
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