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Letter from the Editor
The role of the chemical industry

A variety of companies contributes to the value creation within the chemical sector covering petro chem-
icals, basic chemicals, intermediates/polymers and specialty chemicals/pharmaceuticals. The chemical in-
dustry is further embedded in a network of various actors, whereby particularly downstream sectors are
dependent on the chemical industry’s performance. These multi-faceted structures and interdepen-
dencies between value chains require the chemical sector to continuously question current solutions
and to increase the innovative capacity in order to maintain and enhance the competitiveness of the
sector and associated industry branches. The diversity of the chemical industry and its challenges are
also reflected by the topics addressed within the present issue of the Journal of Business Chemistry.

The first research paper of this issue “Application development in the process industries” by Thomas
Lager and Per Storm presents a framework covering all aspects of application development aiming at mu-
tual developing and adjusting customers’ and their customers’ products and systems. The conducted
survey reveals insights concerning firms’ expectations of perceived benefits deriving from application de-
velopment and emphasizes the importance of allocating resources towards this R&D area. 

The second research article “Outsourcing of Pharmaceutical Manufacturing – A Strategic Partner Selec-
tion Process” written by Gunther Festel, Mikko De Nardo and Timo Simmen is dealing with both the chal-
lenges and potential benefits of strategic outsourcing. Based on a case study of a pharmaceutical
company, an ideal process and several criteria that have to be considered in the selection of manufac-
turing partners are suggested. In order to increase the competitiveness with the help of strategic out-
sourcing, a supporting organizational structure is required.

The first paper of our Practitioner’s Section “Correlation between Sales and Profit Development and Own-
ership Type in the Chinese Chemical Industry” by Kai Pflug demonstrates that private domestic owned
enterprises show a higher performance than state- or foreign-owned firms. By examining data from the
China Statistical Yearbook of the years 2006 to 2012, the author identifies the type of ownership to be one
reason for different growth trajectories of chemical companies active in China and discusses possible
conclusions and recommendations for the affected firms. 

In the article “Emerging trends in the Industrial Greases Market”, Soundarya Shankar provides insights
about the importance and facets of industrial greases. The author elaborates that due to the complex and
application-specific composition of greases, there are still opportunities for introducing multi-purpose,
customized lubricants and new grease materials. The market study points out that particularly in case
of increasing environmental standards, bio-based solutions might have a chance in this already com-
petitive market.

Please enjoy reading the third issue of the eleventh volume of the Journal of Business Chemistry. We are
grateful for the support of all authors and reviewers for this new issue. To follow the trend of Online and
Open access Journals, this present issue of the Journal of Business Chemistry will be the last one avail-
able in print. We are looking forward to welcome you on our website www.businesschemistry.org for the
next issue coming up in February 2015.

If you have any comments or suggestions, please do not hesitate to contact us
at contact@businesschemistry.org. 

Birte Golembiewski, Executive Editor   
(bg@businesschemistry.org)
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1 Introduction 

The process industries span several industrial
sectors such as minerals and metals, pulp and paper,
food and beverages, chemicals and petrochemi-
cals, utilities and pharmaceuticals, thus constitut-
ing a substantial part of all manufacturing indus-
tries. A key difference between companies in the
process industries and other manufacturing indus-
tries is the often long, complex and rigid
supply/value chains prevailing in the process indus-
tries (Tottie and Lager, 1995). Another important
difference is that the products supplied -- and often
also delivered in the process industries -- are main-
ly semi-finished materials or ingredients of differ-
ent kinds, not components. One kind of innovation
activity related to such products lies in the area of
helping its business-to-business (B2B) customers

to make more effective use of the supplied prod-
ucts, thereby assisting them in improving their
processes and products. This area is generally des-
ignated “application development” by industry pro-
fessionals. In this study, the slightly modified def-
inition of application development presented by
Lager (2010) has been used:

Application development is not product devel-
opment but the significant development of the
customer’s use of the supplying company’s prod-
ucts. The development is primarily intended to
optimize and to improve the customer’s prod-
ucts and/or production system or to give addi-
tional opportunities for other customer cost
savings.

Research Paper
Application development in the process 
industries
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The process industries span several industrial sectors, such as minerals and metals,
pulp and paper, food and beverages, chemicals and petrochemicals, utilities and
pharmaceuticals; thus, they constitute a considerable part of the manufacturing
industries. In the family of process industries, a substantial part of company research
and development (R&D) lies in the area of helping customers use their supplied pro-
ducts more effectively; this area is generally designated application development in
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panies in Sweden, the results from three previously publications on different aspects
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Application development constitutes the iden-
tification of new application opportunities for a
firm’s existing products and sometimes also the
potentially required adaptation of those to new
application requirements. Therewith, it is positioned
– from the perspective of the application-develop-
ing company – at the interface between incremen-
tal product development, new business develop-
ment and marketing. 

Application development in the process indus-
tries has thus far been scarcely researched, and an
initial literature review of publications in this area
resulted in surprisingly few hits using the key words
“application development”. The meagre results
from the preliminary literature survey suggested
that the concept needed to be grounded in anoth-
er kind of conceptual framework, starting with pre-
vious research in the areas of inter-firm collabora-
tion, open innovation, supply-chain collaboration
and product-service integration (Chesbrough and
Crowther, 2006, Schiele et al., 2011, Klioutch and
Leker, 2011, Shankar et al., 2009). 

The authors’ own industrial experiences con-
firm that companies in the process industries have
long since identified this area of development as
one of industrial importance. However, there seems
to be a scarcity of information or guidelines in aca-
demic or industrial publications on this subject area
or on how to efficiently manage this kind of devel-
opment activity. For this reason, a study was initi-
ated in order to close this research gap and inves-
tigate different aspects of application development
in the process industries with the aim of establish-
ing a first-hand platform of knowledge for further
research. Based on the empirical findings from this
survey of major process companies in Sweden, the
results from three previous publications (Lager and
Storm, 2012, Lager and Storm, 2013) on different
aspects of application development have been
merged into a coherent framework.  However inter-
esting the findings from each previously published
article did appear, this present review and analy-
sis of the combined results not only emerged as a
more holistic and usable industrial framework for
company improvements but also created an over-
all perspective of this topical area to guide further
research. The article is organized as follows: In the
next section, a synthesis of the previously published
articles has been made as a conceptual framework,
followed by the research design and study popu-
lation. The selected empirical findings from the
total study are then presented, followed by a dis-
cussion of the results and a presentation of the
managerial implications. Finally, the conclusions
and areas for further research are put forward.

2 A conceptual framework

During tough economic times, companies need
new ways to innovate, stimulate growth and drive
revenues. By combining a product with service (ser-
vice in the form of innovation) or vice versa, firms
can improve their bottom and top lines (Miller,
1986). Customers increasingly demand integrated
solutions that fit their individual needs instead of
buying standardized physical goods. Value bundles
are, thus, a mixture of physical products and intan-
gible services (Becker et al., 2010), but in such hybrid
offerings firms must comprehend which combina-
tion is most appropriate (Garcia and Bray, 1997, Gau-
thier and Meyronin, 2011, Shankar et al., 2009). A
study of the competitiveness of the Swedish process
industry (Storm and Bellgran, 2006) noted the
importance of the meta-product and customer
services. A review of product-service packages found
that the greater the degree to which firms cus-
tomize their products, the more they tend to link
products and services into packages; its conclusion
was that customization enables firms to learn much
more about clients’ long-term needs (Marceau and
Martinez, 2002). This study also showed that many
firms in all positions in the supply chains were, in
fact, producing packages of goods and services and
not just products alone. Services with a direct rela-
tion to industrial products are, thus, gaining impor-
tance in efforts to evolve from producers of goods
to problem-solvers for their customers (Lay, 2002),
and Rangan & Bowman (1992) also emphasize the
service dimension for producers of commodity-like
products. In the process industries, application
development is one out of many services a prod-
uct-supplying company can offer its customers,
together with its products. 

Figure 1 depicts this by the targeted supplier –
customer relation representing a bundle of prod-
ucts and services (Lager and Blanco, 2010). There is,
however, an important differentiating aspect
between “application development” and normal
“technical services” provided by the supplier, inso-
far as the first is an innovation activity related to
existing or new products and the second is sup-
port based on already available technical know-
how, often addressing problems with malfunction-
ing existing products. Application development is,
thus, a service provided by a supplier as an active
involvement in the customer’s process and prod-
uct innovation activities. Referring to Figure 1, one
can also note that application development is a
service provided solely to B2B customers, since firms
supplying products to consumers do not normal-
ly engage in application development activities. In
Figure 1, application development is depicted as
the relation between a supplier of functional prod-

Thomas Lager and Per Storm

Journal of Business Chemistry 2014, 11 (3)© 2014 Institute of Business Administration 102



ucts and its customer.
However, it is also not uncommon that down-

stream commodity product suppliers actively
engage in application development in order to
secure a long-term market share. Because of that,
application development is to be regarded not only
as an industrial marketing tool but also as an impor-
tant a vehicle for understanding customers’ and
customers’ customers’ present and future demands
on supplied products. Some companies in the
process industries are positioned in the middle of
long industrial supply/value chains; for this reason,
there are a number of candidates for collaborative
application development, which is further illustrat-
ed in the conceptual model in Figure 2.

Companies may carry out process development,
product development and also application devel-

opment apart from other activities like applied
research and technical support. The first and most
obvious target for the supplier is, naturally, the
immediate customers in the supply chain, but appli-
cation development with the customer’s equip-
ment suppliers and end-users may be optional activ-
ities. Both functional product suppliers and some
downstream and upstream commodity suppliers
may benefit from application development. Accord-
ingly, application development, as an institution-
alized function in process industry firms, thus focus-
es on bridging the gap between a product suppli-
er's knowledge of the product's performance scope
and the customer's knowledge of its own produc-
tion process requirements. However, depending on
customer needs, application development may not
only target the improved use of the supplied prod-
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Figure 1 Modelling the supply chain in the process industries from raw materials to finished products at the end-user, 
adapted from Lager and Blanco (2010).
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uct (process innovation) but can also target the
improved properties of the customer’s manufac-
tured products (product innovation). The term “col-
laboration” between firms emphasizes a long-term,
effective and continuous relationship between
companies, as opposed to limited transactions
and/or exchange of information (Frishammar and
Hörte, 2005). Regardless of collaboration mode,
however, external collaboration as such has both
advantages and disadvantages. Advantages include
access to resources, economies of scale, risk and
cost sharing, enhanced product development, learn-
ing and flexibility (Hamel, 1991). Disadvantages
include loss of proprietary information, increased
complexity in management issues, financial risks,
increased resource dependence, and loss of flexi-
bility (Hamel et al., 1989). Since there are both advan-
tages and disadvantages to collaborations, it is
important for firms both to identify their own
expected outcomes (drivers) for carrying out appli-
cation development and to clearly identify expect-
ed customer outcomes.

3 The study

Because of the scarce research in this topical
area, an exploratory survey was considered as a
proper research approach. 

3.1 Research design and study population

The questionnaire focused on descriptive infor-
mation gathering, which is a normal approach when
researching new topical areas (Yin, 1994). Although
the “population of interest” for the study is the
global process industry, it was decided early in this
research project to include only Swedish compa-
nies from the process industries; these companies
became the selected “study population”. Since this
was an exploratory study, it was decided that the
authors’ first-hand knowledge of Swedish compa-
nies in the process industries would not only aid
in the actual conduct of the survey but would also
help to define the study population and facilitate
contact with knowledgeable respondents in the
companies. The selected companies were located
in Sweden, not necessarily having their registered
offices in Sweden, but with major production sites
and other marketing and sales activities in that
country. Only companies estimated to have sub-
stantial B2B activities were selected, and most of
them had customers on the global market, but
some had customers only on the European mar-
ket. Many were major players within their respec-
tive industry sectors and had substantial applica-
tion development activities. The selected compa-
nies are presented in Table 1. The industry sectors

included the forest, mineral, steel and chemical
industries. The companies were positioned in their
industry supply/value chain as either upstream or
downstream companies. An upstream manufac-
turing company is either a producer starting with
raw materials or a refiner of raw materials, often
into commodities. The downstream producer may
then start as a B2B customer for such products,
often refining them into more functional products
for B2B customers.

3.2 The survey

The questionnaires were distributed after com-
panies and suitable respondents had been locat-
ed. In most cases, a named person within each com-
pany’s R&D organization was contacted by tele-
phone before the mailing, but in a few instances
the respondents were simply contacted by e-mail
with the questionnaire attached. The response rate
was 74% out of a total mailing of 23 questionnaires.
For some sectors of the Swedish process industries,
the survey can be viewed as a census at the time
of the inquiry, as all major companies in the Swedish
forest and mineral industries responded. The ques-
tionnaire was answered by only one individual
respondent in each company, but care was taken
to identify a respondent with intimate knowledge
in the area of application development. However,
in some large multidivisional organizations with
different products and customers, the answer from
one respondent may represent only one part of the
organization. Six respondents did not respond to
the questionnaire even after several reminders. 

4 A synthesis of empirical findings

4.1 Defining the “application development” con-
cept 

In the survey, it was important that all respon-
dents answer the questionnaire starting from a
common and well defined application develop-
ment concept. Thus, it was necessary to propose
such a definition in the first part of the question-
naire. The option of presenting alternative defini-
tions or asking the respondents to use their own
definition was, therefore, not feasible. In order not
to give too much of a bias to the question about
the proper definition of the application develop-
ment concept, the respondents were encouraged
afterwards both to comment on the definition used
and to suggest alternative definitions. 

There was very strong support for the proposed
definition (Lager and Storm, 2013). Out of the 17
respondents who answered the question, 14 agreed
with the definition without adding any further sug-
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gestions or comments. Three respondents did not
agree. However, two of those respondents did not
reject it outright but suggested improvements.
“May improve” was considered a bit too weak a for-
mulation in the definition, and it was felt that the
outcome of product improvements should be more
strongly emphasized. 

4.2 The importance and execution of application
development 

The importance of innovation to long-term cor-
porate survival and prosperity is never questioned
nowadays, and this often includes product innova-
tion, process innovation and, sometimes, also serv-
ice innovation. The area of application develop-

ment is however not yet well recognized. The results
from asking the respondents how important this
activity was in their company showed that appli-
cation development is an activity of strong impor-
tance to many companies in the process industries
(Lager and Storm, 2013). On an ordinal scale (1=No
importance; 5=Company top priority), the mean
value of 4.2 can be considered a high rating; no rat-
ing less than three was given, and five companies
gave a rating of five. On the other hand, excellence
in application development (1=Very poor; 5=World
class) received a mean value of 3.7, indicating that
there are possibilities for improvement. Five of the
respondents stated that their application develop-
ment capabilities were only average. 

Application development in the process industries

Table 1 The study population of Swedish companies in the process industries.

Industry sector
affiliation

Position in the industrial
supply chain

Annual 
turnover 

(billion Euro)
Main market

Share of the 
Swedish industry

sector
Forest Downstream (B2B & B2C) 2.0 Mainly European

Census (all)

Forest Upstream (only B2B) 1.0 Mainly European

Forest Downstream (many B2C) 12.1 Global

Forest Upstream & Downstream 10.3 Global

Forest Upstream (only B2B) 2.2 European

Mineral Upstream (only B2B) 3.2 Global

Census (all)Mineral Upstream (only B2B) 4.1 Global

Mineral Upstream (also B2C) 53.4 Global

Steel Upstream & Downstream 4.4 Global

About 40%

Steel Upstream & Downstream 4.2 Global

Steel Downstream 21.7 Global

Steel Downstream 0.9 Global

Steel Downstream 9.2 Global

Chemical Downstream 14.6 Global

About 20%
Chemical Downstream 1.6 Global

Chemical Downstream 12.9 Global

Chemical Downstream (many B2C) 6.4 Mainly European 



4.3 Company drivers and expected customer out-
comes

4.3.1 Drivers for company application development

There may be different motives, “drivers”, for
companies to engage in application development,
and the respondents were asked to rate the impor-
tance of a list of six potential drivers. This list is pre-
sented in Table 2 together with the means and stan-
dard deviations (Lager and Storm, 2013). The top-
ranked driver was “An opportunity to build long-
term sustainable customer relationships and secure
future product sales (top line growth)”; it received
a mean value of 4.6, and its largest number of fives
stands out. The question is, unfortunately, “dou-
ble-barrelled”, as it covers two areas in one ques-
tion.  However, it clearly gives an important sum-
mary of overall objectives for application develop-
ment. The second-highest-ranked driver, “An oppor-
tunity to learn about customer needs and feedback
to own product development”, received a mean
value of 4.2, indicating another important aspect
for application development in a company. It points
out that one kind of development work in a com-
pany, application development in this case, pro-
vides important input to another development
area, and, thus, that the company’s development
could benefit from a more holistic perspective on
different kinds of innovation activities. 

4.3.2 Customer expected outcomes of application
development

The customer may get different outcomes from

application development, and the questionnaire
proposed the two alternatives as an improved pro-
duction process or improved finished products.
From the results presented in Figure 3, it is evident
that both product improvement and process
improvement are possible outcomes (Lager and
Storm, 2013). Because of the limited number of
respondents (two companies did miss to answer
the associated questions), one cannot draw too
definite conclusions from this material, but there
seem to be rather different outcomes for individ-
ual companies, even within each sector. This may,
of course, be related to different positions in the
previously presented value chain in Figure 1 but
possibly also to the different divisional affiliations
of each respondent. The limited scope of this
exploratory survey cannot determine which of these
is the case. If one were to try to interpret the dis-
tribution at all, there is possibly a tendency for more
customer product improvement in the steel indus-
try compared to more customer process improve-
ment for the mineral and forest industries. The
large span between 100% improved customer
processes to 80% improved customer products is
interesting to reflect upon, as such.

4.4 Resource allocation and a suggested typolo-
gy of application development

4.4.1 Allocation of total company R&D expendi-
tures to application development

Figure 4 presents the percentage of companies’
yearly R&D expenditures allocated to application
development by the bars shaded in dark grey.
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Table 2 Potential drivers for companies to engage in application development.

Drivers for application development Mean St.dev

An opportunity to build long-term sustainable customer relationships and
secure future product sales, (top line growth) 4.6 0.6

An opportunity to learn about customer needs and feedback to own product
development 4.2 1.0

An opportunity to maintain product price margins if “price creep“ is common,
(bottom line growth) 3.5 1.2

Giving a possibility to obtain a “lock-in“ effect and make customers dependent
on the firm as a knowledge provider 3.4 1.2

An important part of the “meta-product“ or a “bundling tool“ for other 
associated products or services 3.1 1.2

Giving an opportunity to charge part of the costs or even make profit 2.8 1.5
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Resource allocation to application development
with the customers varies between 5% and 100%,
with a mean value of 31%. The results indicate that
the various levels of companies’ application devel-
opment expenditures are more related to each
company’s business environment than to its belong-

ing to a specific industry sector. Since an average
of one third of total R&D spending is allocated to
application development, it can be concluded that
application development is a significant and impor-
tant area of R&D for most of the companies in this
study.

Application development in the process industries
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Figure 3 Distribution of expected customer outcomes from Application Development
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Figure 4 The percentage of companies’ yearly R&D expenditures allocated to application development.



The percentage of application development
expenditures allocated to collaboration with end-
users is illustrated in Figure 5, showing the some-
what surprising fact that nearly all companies (82%)
in this study actually collaborate in application
development with the customers’ customers.
Resources for application development with end-

users as part of overall application development
expenditures vary from 0% to 65%, with a mean
value of 10%. Also in this case, there seem to be lit-
tle co-variation on an industry-sector level. 

Accordingly, the main body of application devel-
opment for most companies is carried out imme-
diately downstream in the supply/value chain, since

Journal of Business Chemistry 2014, 11 (3)© 2014 Institute of Business Administration 108

Thomas Lager and Per Storm

Figure 5 The percentage of application development expenditures allocated to collaboration with end users.

Figure 6 A suggested typology of application development. The figures are mean values of respondents’ distribution of
resources for application development; adapted from Storm and Lager (2014).
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only minor resources are used for collaborative
work with the customers’ customers (with the
exception of one chemical and two forest compa-
nies who do not show any application develop-
ment in collaboration with the customers’ cus-
tomers). 

4.4.2 Distribution of company application devel-
opment resources - a typology

The respondents were asked to position and
distribute their company application development
expenditures using a matrix presented in the ques-
tionnaire. In the results analysis, the structural
dimensions and scales from the original matrix
were retained, but the number of areas in the matrix
was reduced to four, a common practice in socio-
logical data analysis (Barton, 1955). Those four areas
were also labeled by the authors in the research
results analysis, thereby creating a typology of appli-
cation development areas and of customers’ dif-
ferent levels of newness. Figure 6 presents the
results, where the figures are mean values. Select-
ed associated comments from the respondents
regarding the different areas of the matrix (pre-
sented in the following in italics), guided and high-
light the labeling of the different matrix areas.

As presented in Figure 6, the main body of appli-
cation development is carried out together with
well-known customers and as application devel-
opment of little newness to the company. The area
“bread and butter application development” can
thus be looked upon as a “comfort zone” for appli-
cation development, since it seems to be an easily
accessible area for application development. This
area is obviously the “schwerpunkt” and focus for
application development to which most company
application development resources are distributed.
One comment from the respondents:

This is where most application development is
done with old customers improving the use of
the supplying company’s products. Application
development in this area is focusing on cost
effectiveness for both suppliers and customers.
It is very important to have a good and open
relationship with customers, in which you can
discuss their process problems and try to find
solutions to them.

The area “sales-oriented application develop-
ment” can be looked upon as a “grey area” when it
could be partly agglomerated with other business-
and marketing activities. However, the different
competence profiles of people involved (Lager and
Storm, 2013) merit the inclusion of these activities
as true company application development. One

comment from the respondents:

This is a natural area for companies expanding
into new markets and using application devel-
opment experiences to develop new customers.

The area “customer-focused application devel-
opment” is analogous to the sales-oriented appli-
cation development area. The cost-efficiency per-
spective and desire to retain existing customers
may explain the higher figure in this area com-
pared with that of sales-oriented application devel-
opment. One comment from the respondents:

This is a truly customer-focus area, when you
follow your (hopefully important) customers in
their development activities. Application devel-
opment in this area has a high chance of suc-
cess because you can move into unchartered
waters with a trusting and trustworthy part-
ner. A key application development area to be
in, when moving into new applications.

In the area of “innovative application develop-
ment”, it is possible that the overlap between prod-
uct development activities is more common, since
the newness of the application development area
in combination with new customers may result in
a need for more product adaptions. One comment
from the respondents:

This is innovative application development in
need of joint company internal technical and
marketing efforts in the innovation process in
order to implement new applications with new
customers. A high-risk area but also with a high
reward potential.

After using the matrix, the respondents were
asked about its usefulness for the characterization
of different kinds of application development. The
mean value was 3.4, making it evident that the
matrix did not appeal to all respondents; howev-
er, some respondents believed it was very useful,
since 55% of the respondents rated the matrix with
4s or 5s. 

4.5 Selection of collaborative partners

Table 3 presents a summary of the empirical
results. Around one third of companies’ total R&D
resources are allocated to application development
as defined in this study and the figure for the Chem-
ical industry stand out. Referring to the second col-
umn, the bulk of those resources are spent imme-
diately downstream since the figures in this col-
umn show that only average 10% of the company



resources for application development are spent
on application development with the customers’
customers. Referring to the previously presented
Figure 6, those resources are mainly allocated to
well-known customers and application areas (the
“bread and butter” area of application develop-
ment). The companies in the chemical industries
and, to some extent, the forest industries, stand
out in terms of the amount of total resources allo-
cated to application development and the amount
of resources spent immediately down-stream in
the supply chain. In column 3 it is shown that the
majority of all companies in this study carry out
application development with the customers’ equip-
ment suppliers. This indicates that collaboration
between companies in the process industries and
equipment suppliers is an important activity and
an area of interest for further research (Lager and
Frishammar, 2012).

4.6 Success factors and the application develop-
er of excellence

Success factors for application development
have been structured on three firm levels: strate-
gic success factors, tactical success factors and oper-
ational success factors (Lager and Storm, 2012).
Company strategic success factors are those for
application development related to decisions and
behaviour on the firm group level or R&D top man-
agement level. Tactical success factors in this study
are those related to the capabilities of the applica-
tion engineer and the personal traits of the appli-
cation developer of excellence. Finally, operational
success factors are those more related to the behav-

iour of application engineers in the context of, and
collaboration with, customers.

4.6.1 Strategic success factors

The respondents were asked to suggest poten-
tial areas for further improvement of their firms’
application development on a strategic level. Sev-
eral of these were left blank, possibly because they
shared the same view as some other respondents
who said outright that this kind of information was
confidential.  However, some of the respondents
came up with suggestions for strategic success fac-
tors, presented as follows:

Application development ought to be included
in the company’s business development activ-
ities and strategic planning.

Necessary resources should be dedicated to this
area, and they should be better co-ordinated in
large companies.

Potential areas for application development
should be analysed better in order to identify
opportunities that may have been overlooked,
like improved logistics and material handling.
Get away from too many inside-out perspec-
tives.

Start a separate application development team
focusing only on the development of new appli-
cations (becoming a trend-setter).
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Table 3 Summary of empirical findings related to collaborative partners.

Industry sector

R&D expenditures
allocated to
application 
development

Percentage of application
development expenditures
allocated to development
with the customers’ 

customer

Percentage of companies
that carry out application
development with the 
customers’ equipment

suppliers

Chemical 56% 3% 50%

Mineral 23% 30% 100%

Forest 28% 5% 80%

Steel 19% 11% 80%

Total 31% 10% 82%



There is a need for a better evaluation of the
firm’s application development and project
screening methodology, also from an econom-
ic point of view.

4.6.2 Tactical success factors

The respondents were asked to characterize the
present and future “application engineer of excel-
lence” (Lager and Storm, 2012). This part of the ques-
tionnaire generated many traits of such a person;
the following statement gives a flavor of the respon-
dents’ answers:

The application development engineer should
first of all have an excellent knowledge about
the customer’s production processes and prefer-
ably own experience. It is important that he/she
understands that each customer is “unique”
and thus that the first move is to comprehend
this uniqueness. The person should preferably
have a university education as a platform.
Product Manager, Company F

All answers were treated using an affinity tech-
nique, and the total answers were thus reduced
into the four areas (italics) introduced as follows.
An engineer with a solid background, preferably
with a university education as a platform and
recruited, if possible, from the customer industri-
al sector rather than from one’s own ranks. As such,
the person should have an excellent knowledge of
the customers’ production processes but addition-
ally have a good commercial knowledge and busi-
ness sense. In order to be able to carry out efficient
application development, he/she must possess
strong project management skills. That includes a
strategic skill in project selection and a capability
to “drive” his/her own organization more than the
customer’s organization and a capacity to com-
plete started application development projects.
Finally, the person should possess an eagerness to
achieve results and an ability to work closely with
marketing people. The application developer must
be socially competent and generally pleasant behav-
iour is desirable, such as a quality of listening to
the customer in order to understand his needs but
also an ability to communicate well internally and
with the customer. 

The application developer must have an atti-
tude that transfers a “win-win” application devel-
opment goal to the customer and, last but not least,
the application developer of excellence must have
an innovative personality. The following traits were
mentioned as belonging to such a personality:

A capacity to generate good “key ideas”

An open mind ready for new ideas

Trustful and reliable in customer relations

An easy-going and optimistic nature

Having a general philosophy that each customer
is unique and that the first move is to under-
stand this uniqueness

An instinctive behaviour of trying to imagine
the impact of improved use of products sup-
plied to the customer

Collaborating in either product or process inno-
vation at the customers’ premises is presumably a
rather difficult undertaking that requires long expe-
rience by an application engineer. The respondents
presented a list of personal qualities and skills that
support this notion. It is, thus, not only necessary
that the application development engineer have a
solid engineering background and expert knowl-
edge of the customer’s product and process tech-
nology but he/she must also have strong project
management skills, be socially competent and,
probably foremost of all, be innovative! The con-
clusion is, thus, that selecting or recruiting such a
person into an organization is an activity of strong
importance and, thus, also very likely to be an impor-
tant tactical success factor for application devel-
opment. 

4.6.3 Operational success factors

Table 4 presents operational success factors in
ranking order of the number of fives from the
respondents. The top-ranked success factor received
12 fives out of 17, while the lowest-ranked received
only 3. Out of the 15 potential success factors, the
three top-ranked ones were: 

1) Respect for the customer and the customer’s
arguments and points of view; 

2) No problem for personnel to visit the cus-
tomer’s production site (willingness to travel);

3) Ability to estimate the process and product
benefits for the customer (customer’s “value in
use”).

Being a good listener is a virtue that is often
preached by salespeople as a way to discover a cus-
tomer’s needs. The second success factor stresses
the importance of visiting the customer, a fact that

Application development in the process industries

Journal of Business Chemistry 2014, 11 (3) © 2014 Institute of Business Administration 111



may sound trivial but, nevertheless, is the most
important prerequisite for every successful appli-
cation development project. The third success fac-
tor points out the importance of trying to estimate
customer benefits received from application devel-
opment. 

5 Discussions and managerial implica-
tions

If a company recognizes the topical area of appli-
cation development as relevant and important, it
is recommended that it should not only be dis-
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Table 4 Success factors for application development presented in ranking order using number of fives.

Total Forest Mineral Steel Chem.

Success factor No. of
fives Mean Std. Mean Mean Mean Mean

A respect for the customer’s and arguments and
points of view 12 4.7 0.5 4.8 4.3 4.6 5.0

No problem for personnel to visit the customer’s 
production site (willingness to travel) 10 4.4 0.9 5.0 3.7 4.0 4.7

An ability to estimate the process or product benefit
for the customers’ customer’s „Value in use“ 10 4.2 1.2 4.8 4.3 3.4 5.0

An understanding how the company’s own product
will function together with the customer’s other raw
materials or commodities

9 4.4 0.7 4.8 4.3 3.8 4.7

A good knowledge of the company’s own products
and their applications (an intimate understanding
when the company’s own product is functioning well
or not so well for the customer)

8 4.4 0.6 4.4 4.7 4.4 4.0

Regular Application Development meetings or 
seminars with the customer 8 4.1 1.0 4.6 4.0 3.6 4.3

An ability to select the proper form for contacts; a
good speaking partner (meetings, seminars, etc.) 7 4.0 1.1 3.8 4.7 4.2 4.0

An ability to select the proper form for development
(more or less formal projects, trouble-shootinig, etc.) 7 4.2 0.8 4.4 4.3 4.0 4.0

Easy for customers to contact company 
representatives for Application Development 7 3.9 1.2 4.4 4.3 3.4 3.0

Not afraid to make suggestions for new solutions to
the customer (self assured) 7 4.3 0.7 4.8 3.7 4.4 4.3

An ability to reach a mutual agreement on where to
conduct the development work (at own company’s
test facilities, customer test facilities or other external
test centres)

6 3.8 1.1 4.6 3.7 3.8 3.3

An ability to select the cheapest and/or best test envi-
ronment for the application development project
(simulation, laboratory, test work pilot plant test work
or tests in the customer’s production plant)

5 3.4 1.3 3.6 3.0 3.4 4.0

A transparent work process that has been communi-
cated well to the customer 4 3.6 1.0 4.4 3.3 3.6 2.3

A good command of the customer’s language or
preferred second language 4 3.9 0.9 4.4 4.0 3.8 3.7

Flexibility in working hours with the customer 3 3.3 1.0 3.2 3.3 3.6 3.3



cussed on an R&D management level but also be
elevated to the group management level, taking a
fresh look at the company’s present application
development activities and also reviewing project
screening and resource allocation. It is also sug-
gested that the company could use the presented
results from this study in their own improvement
efforts, not only to develop complementary com-
pany-specific drivers for application development
but also to benchmark the importance for the com-
pany of the potential drivers presented in this arti-
cle. On a company strategic level, it is important to
distinguish between supplier-customer collabora-
tions on a project-by-project basis and collabora-
tions on a strategic level, when application devel-
opment is viewed from a long-term, holistic per-
spective. On a company tactical level, since appli-
cation development often requires a substantial
share of the supplying company’s technical
resources, it is also important to carefully analyse
with whom to collaborate. The presented matrix
has, then, the potential to be useful in discussions
of what application development is all about and
with whom to collaborate, thus helping to “projec-
tify” such development activities. It might then also
be appropriate to consider whether the balance
between different types of application develop-
ment activities is good or, conversely, whether strate-
gic changes are needed in the future. 

Since collaborating in either product or process
innovation at the customers’ premises is presum-
ably a rather difficult undertaking requiring long
experience, the company ought not only to be con-
stantly on the lookout for persons with such skills
but should also plan skill development of existing
staff that includes providing proper supplemen-
tary training, if needed. The list of potential per-
sonal traits for an application development engi-
neer could be an embryo and a template for explor-
ing this area further; it could also be developed into
some sort of benchmarking instrument for man-
agement use in discussions with the staff. The rated
list of operational success factors, together with
the list of new potential success factors for appli-
cation development, can be used as a guideline and
trigger for internal discussions of good behaviour
on a more company operational level. The applica-
tion engineer, with an intimate knowledge of the
company’s products and their uses in the customers’
production processes, is in an excellent position to
set up development activities in collaboration with
the customer’s production experts in order to
improve the customer’s overall production econo-
my and to add value to the customer’s production
system. Improved use of the supplying company’s
products on the customer’s premises may, howev-
er, also give interesting opportunities to improve

and add value to the customer’s products. The lat-
ter is an area probably not so well explored in some
companies, since it requires good relations not only
with the customer’s process development organ-
ization but also with its product development teams.
A company that today focuses on either product
or process innovation as customer outcomes could
possibly benefit from reflecting on whether the
other alternative is also worth exploring. Depend-
ing on whether the target is product or process
improvements for the customer, this may possibly
require different application development strate-
gies and, by extension, different skills in applica-
tion development.

6 Conclusions and further research

Improving company market shares in B2B cus-
tomer relations not only depends on competitive
products but also on the collaborative development
of the customer’s use of those products. The impor-
tance of a company’s product and process devel-
opment is not usually questioned at the top man-
agement level, and the results of this study sug-
gest that application development should also be
considered a complementary and important aspect
of company R&D in the process industries. 

This has been illustrated in Figure 7, and the
study area has because of that been given a black
shading. Another area of importance for compa-
nies in the process industries is raw-material devel-
opment. This area is not normally discussed and
has thus been given no shading at all, symbolizing
that this is a “white space” on the R&D Manage-
ment research map for the process industries. It is
important not only to balance company total
resources and capabilities for all four different devel-
opment activities well but also to improve compa-
ny work-processes that facilitate their integration
and synergy. The arrows to the right in the figure
are thus symbolizing the material flow, while the
arrows to the left are symbolizing the necessary
flow of information and customer demands that
should be progressed backwards into the compa-
ny organization.

However, the outcome of application develop-
ment in collaboration with company customers
may vary significantly in the “customer process/cus-
tomer product” development space. Whether
improving the customer’s product performance
(top-line growth for the customer) or reducing the
customer’s process costs (bottom-line growth for
the customer) or both, the area of application devel-
opment should be considered in the future as a
development area of importance equal to that of
product development and process development in
the process industries. 

Application development in the process industries
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Moreover, product development projects in the
process industries may, in a three dimensional devel-
opment space, also contain a share of process devel-
opment and application development. Because of
that, it is important not only to balance company
total resources and capabilities for all three differ-
ent development activities well but also to improve
company work-processes that facilitate their inte-
gration and synergy. Application development, as
an institutionalized function in firms in the process
industries, focuses on bridging the gap between a
product supplier's knowledge of the product's per-
formance scope and the customer's knowledge of
its production process requirements and demands
on delivered products. Therefore, identifying the
required capabilities for mediating between these
knowledge pools is highly relevant and seems to
be a missing piece in the collaboration and open
innovation management literature. One limitation
of this study is that the study population includes
only process companies that are based in Sweden.
However, because most of them have production
plants and customers on a global market, it is argued
that the research findings may be relevant and of
value to the larger worldwide population of inter-
est.

Not only does this look like an interesting new
avenue for further research, but the present research
results can already give initial suggestions for com-
pany improvements. It is evident from this study
that both product and process improvements are
possible customer outcomes from application devel-

opment. Since most studies on supplier-customer
relations focus only on product innovation improve-
ments for the customer, the findings are new evi-
dence that ought to be considered in further
research. The different possible targets for the appli-
cation developer may thus require quite different
approaches and personal capabilities, which may
be of interest for further exploration. Because appli-
cation development is mainly carried out at the
customer’s premises, sometimes in a close collab-
oration with equipment suppliers and customers’
customers (end-users), the development of formal
work processes for application development is rec-
ommended for further research. Prior research has
paid less attention to innovation in the process
industries than to innovation in other manufactur-
ing industries. Previous research on managing inno-
vation in the process industries has focused main-
ly on product development and to a lesser extent
on the area of developing new process technolo-
gy. Application development is now another area
that should be added in innovation management
research.
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1 Introduction 

The outlook for the pharmaceutical industry is
promising (Ernst & Young 2010; Price Waterhouse
Coopers 2011). The 2009 market of $775 billion US-
Dollar is expected to grow to over 1 trillion in 2014
with 6% annual growth. Probably the single most
important driver in the pharmaceutical industry is
time-to-market (Shah 2004). As a consequence,
pharmaceutical companies have focused their skills
on drug discovery, development and marketing.
This is also reflected in the increasing numbers of
scientific publications on management of R&D in
the pharmaceutical industry (Piachaud 2002; Hess
and Rothaermel 2011; Bianchi et al. 2011a; Bianchi
et al. 2011b; Festel 2011; Schuhmacher et al. 2013).

But although the industry is growing, major phar-
maceutical companies struggle to capitalize on this
growth, because they are challenged by a variety
of trends (Shah 2004; Fujiwara 2013). There are
shortening patent lives and even active patents
provide lower barriers to entry, because there are
many product alternatives in nearly all therapeu-
tic areas: either alternative compounds (“me-too
drugs”) or off-patent generics. The traditional block-
buster sales model is likely to disappear. There is
strong price pressure for health expenditures, as
those who pay for health care are exerting strong
price pressure and influencing prescribing prac-
tices. This means, for example, that in order to be
approved, new drugs must address new therapeu-
tic areas or have very significant cost or health ben-
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efits as compared to existing treatments. These
industry trends put pressure on the margins and
have made it difficult for today’s companies to fight
the competition in terms of profits. This suggests
a need to find new and alternative ways of gain-
ing a strategic and competitive advantage. One
aspect is the significant changes in the area of sup-
ply chain management within the pharmaceuti-
cal industry. There is a general trend for companies
to divest excess capacity resulting from having
many local manufacturing sites, and to move
towards a global supply chain management process.
Whereas in the past the ability to deliver and reli-
ability were important, today cost efficiency and
flexibility are key factors for pharmaceutical com-
panies (Verhasselt et al. 2012). Currently, the cost
of logistics in the sector is relatively high (Song and
Wang 2009; Kumar et al. 2009; Lowman et al. 2012),
particularly due to supply chains often having been
optimized in accordance with tax or transfer price
concerns. One of the main challenges, once the
product is on the market, is to ensure responsive-
ness to fluctuating customer needs. Developing
and managing sources of supply is a challenging
process especially for pharmaceutical companies
with their quality focused manufacturing process-
es and history of vertically integrated production
(Bhadoria and Rajpal 2011). Booth (1999), amongst
others, states that there is a welcome move away
from viewing the supply chain as merely having to
deliver security of supply at minimum cost, to a
recognition of its ability to generate additional
value for the companies, if they choose the right
partners. As the final responsibility for the product
remains with the pharmaceutical company, it is
crucial that the outsourced business is well con-
trolled (Fields 2004). The importance of choosing
the right contractor cannot be exaggerated, as some
of the largest pharmaceutical recalls have been
due to inadequate effort when selecting or moni-
toring contractors (Waggener 2003).

As research oriented companies concentrate on
discovery and development activities, they rely more
and more on external partners. One approach is to
establish strategic partnerships in other areas. These
are established for various reasons: to obtain access
to knowledge and new technologies, to obtain
access to new markets or expand global reach or
for horizontal or vertical integration in the value
chain (Zhang et al. 2013). The partners use synergy
effects and combine their strengths to aim for
growth and profit enhancement or improved cash
flow. The ability to establish and manage strategic
partnerships is seen as a key competence (Bath
2003). Based on a survey of US, UK, and continen-
tal European companies, Kakabadse and Kakabadse
(2005) concluded that the best run companies of

the future will focus more on establishing strate-
gic relationships with a number of key business
partners. The results strongly indicate that part-
nership alliances and performance driven contracts
will become as important as the current preferred,
trusted supplier relationship. But strategic partner-
ships raise questions concerning intellectual prop-
erty ownership, technology transfer, hiring away
of employees, splitting of profits and expenses,
duration and termination of the relationship, risk
of capital investments and many other business
issues. The relationships are often complex as a
result, and can be subject to extensive negotiation.

The decision making often does not follow a
structured approach and is not pursued in a sys-
tematic way, or processes are just borrowed from
other industries. As the product life cycle in the
pharmaceutical industry is longer, more highly reg-
ulated and more complex than in other industries
(Gu and Li 2010; Bhakoo et al. 2012; Citron 2012; Ren
and Yeo 2006; Lee 2007), there is a need for a spe-
cific and customized partner selection process for
this industry. But a surprisingly large number of
pharmaceutical companies do not have defined
processes for finding, choosing and managing con-
tract manufacturers (Linna et al. 2008). Whereas
there are several research papers focusing on part-
ner selection processes in general (Ding et al. 2013;
Lau and Wong 2001; Crispim and Pinho De Sousa
2009; Diestre and Rajagopalan 2012; Li et al. 2008;
Zolghadri et al. 2011) or on the partner selection
process in other technological fields (Ramani et al.
2001; Collins and Bechler 1999; Wittstruck and
Teuteberg 2011), there is a lack of industry specific
strategic partner selection processes for the phar-
maceutical production processes in the academic
literature (Chen and Hung 2010; Zhang et al. 2013). 

To close this gap, this paper focuses on strate-
gic outsourcing, i.e. the establishment of strategic
partnerships for outsourcing manufacturing in the
pharmaceutical industry. Strategic outsourcing is
bringing in external service providers to manage
essential tasks that would otherwise be managed
by in-house personnel. In contrast to opportunis-
tic outsourcing this means that this is done on a
strategic level, i.e. to realize strategic goals of a com-
pany and not only as a tactical tool to use outsourc-
ing on a short-term project basis to realize cost
reduction potentials. This paper describes the selec-
tion of strategic partners for the manufacturing
process, in particular within vertical partnerships
of large pharmaceutical firms that have the man-
ufacturing capacity but decide to outsource pro-
duction for strategic reasons. Accordingly, the
research questions addressed by this paper are as
follows. 
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RQ 1: How can a strategic partner selection
process for pharmaceutical manufacturing be
defined and implemented?

RQ 2: What are criteria for the partner selection
within such a process?

An action research approach was adopted to
develop the partner selection process based on a
single pharmaceutical manufacturing case study
in collaboration with a pharmaceutical company
belonging to the top ten global companies in this
sector. The paper is structured in the following way.
In section 2, the theoretical background regarding
strategic partnerships and especially supply chain
partnerships and outsourcing manufacturing in
the context of the pharmaceutical industry is
described. The research methodology is described
in section 3. Section 4 provides the results and dis-
cussions, i.e. the partner selection process includ-
ing the criteria for the partner selection. Finally, in
section 5, the conclusions from the research pre-
sented in this paper in relation to the learnings
from the analysis of the theoretical background
are summarized and the outlook for future research
is discussed.

2 Theoretical background

After describing types of collaborations and
partnerships the role and importance of outsourc-
ing in general are explained and outsourcing of
manufacturing activities, especially in the pharma-
ceutical industry, is discussed.

2.1 Types of collaborations and partnerships

The types of collaboration can be classified
according to various criteria. One option concerns
the inter-business relationship – either vertical or
horizontal co-operation. Horizontal co-operation
is the most frequently used kind of collaboration,
where companies collaborate with companies in
the same value chain step and maximize the
strengths of each company. Such co-operations can
be found in partnerships where each partner brings
its unique strengths to bear. In vertical co-opera-
tions, companies co-operate along the value chain.
In the pharmaceutical industry, this form of co-
operation can be found in joint efforts to develop
and commercialize new products. In the past, phar-
maceutical companies were characterized by a rel-
atively high level of vertically integrated produc-
tion (Bhadoria and Rajpal 2011). As the pace of
change is increasing in many industries and prod-
uct life cycles are shortening, the flexibility to estab-
lish partnerships according to business opportuni-

ties is becoming more and more important. This
has led to the new company concept called virtu-
al enterprise. This is defined as a temporary alliance
of businesses that come together to share skills or
core competencies and resources in order to bet-
ter respond to business opportunities, and whose
co-operation is supported by computer networks
(Jung 2008). Byrne (1993) points out that this could
even involve competitors in other fields that work
together for a particular business opportunity to
share costs and skills and to access one another’s
markets. It will have neither central office nor organ-
ization chart, nor hierarchy, nor vertical integration.
The virtual enterprise in the pharmaceutical indus-
try is often characterized by a focus on project man-
agement to coordinate activities and the outsourc-
ing of these activities necessary to achieve the proj-
ect goal (Cavalla 2003; Boucher and Afsarmanesh
2013; Müller et al. 2013). 

As manufacturing firms attempt to move up
the value chain by offering additional services, serv-
ice based manufacturing is an increasingly popu-
lar concept in literature (Neely 2008; Baines et al.
2009; Lay et al. 2010; Martinez et al. 2010; Wilkin-
son et al. 2009; Baines et al. 2009; Vandermerwe
and Rada 1988; Smith et al. 2014; Zhen 2012) that
often appears in context with virtual enterprises
(Rodríguez Monroy and Vilana Arto 2010; Ducq et
al. 2012; Sun et al. 2011). In a service based manu-
facturing scenario, the manufacturer supplier rela-
tionship does not follow a traditional customer
supplier pattern, as the customer “asks for compe-
tencies rather than either only parts or only man-
ufacturing capacity'' (Urbani et al. 2002). Accord-
ing to Akbarzadeh and Pasek (2008) two different
actors can often be distinguished. On the one hand
there is the end user, who interacts with the mar-
ket of finished goods as market supplier and whose
core business is the interaction itself. The end user
often adds value to the product through design,
innovation, marketing, and branding. On the other
hand there is the manufacturing service provider,
who takes responsibility for the manufacturing
response to the market and for customization. As
a result, the core business of the manufacturing
service provider, is manufacturing itself, which drives
its focus on the necessary competencies and, con-
sequently, leads to increased effectiveness. The con-
cept of service based supply of manufacturing serv-
ices was introduced by Urbani et al. (2002), who
proposed manufacturing capacity supply as an
extension of traditional outsourcing and an enabler
for improved responsiveness and effectiveness.
Schönsleben (2007) highlights the dynamic char-
acter of such partnerships in the area of supply
chain management. He describes the transforma-
tion of a customer-supplier relationship into a strate-
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gic partnership in the supply chain according to
the five characteristics quality, costs, delivery, flex-
ibility, and co-operation in the logistics network.

There are also other concepts that do not focus
on the transaction type but look at the overall sys-
tem. One popular concept is to regard the indus-
try as an ecosystem (Moore 1997; Isenmann et al.
2008; Isenmann and Hauff 2007) which represents
an economic community supported by a founda-
tion of interacting organizations and individuals -
the organisms of the business world. The econom-
ic community produces goods and services of value
to customers. The member organisms also include
suppliers, lead producers, competitors, and other
stakeholders. In general, the industry ecosystem
concept is associated with a better economic and
ecologic, due to a more efficient use of energy and
materials. As such, the actors co-operate by using
each other’s waste material, by-products and waste
energy and in order to optimize the input of both
raw material and energy and simultaneously reduce
the output of waste emission (Li and Hao 2011; Chew
et al. 2009; Maes et al. 2011; Geng et al. 2007). Over
time, they co-evolve their capabilities and roles,
and tend to align themselves with the directions
set by one or more central companies (Côté and
Hall 1995; Ritala et al. 2013). Within such an ecosys-
tem, different types of company ecologies evolve.
If the relationship between the organizations is co-
operative and the strengths are complementary,
this is a collaborative network. 

2.2 Role and importance of outsourcing

All these modern types of collaborations and
partnerships rely on outsourcing activities, i.e. cov-
ering of parts of the own value chain or supply chain
by partners which are more suited to perform these
activities. The main perceived advantages are reduc-
tion of costs and better allocation of resources in
a project with variable demand, access to specific
technology, expertise or skills either not present
internally or less expensive/quicker than the inter-
nal alternative, greater flexibility, better manage-
ment or spread of risk and freedom to concentrate
on core functions. Jiang and Qureshi (2006) iden-
tified expected benefits of outsourcing and sort
them into the following five categories: cost reduc-
tion, productivity growth, profitability increase,
firm’s value improvement, and risk control. But out-
sourcing is not an optimal solution in all cases. It
is a trade-off and involves some disadvantages, like
loss of control (e.g. of quality and regulatory com-
pliance) (Bath 2003; Linna et al. 2008), greater dif-
ficulty of co-ordination and management of exter-
nal collaborations and contracts, less transparen-
cy (e.g. problems of evaluating and monitoring sup-

plier performance), time taken to negotiate con-
tracts, difficulties in agreeing on ownership or split-
ting of intellectual property rights, instability risks
in case the external party becomes financially insol-
vent, merges or is acquired and generally depend-
ent on the supplier.

Due to the broad array of potential engagement
options, risk and benefits, there are many varia-
tions of outsourcing alternatives and several authors
have attempted to develop a framework clarifying
the wide spectrum of outsourcing arrangements,
and their inherent risks and advantages (Sanders
et al. 2007; Abdullah and Verner 2012; Sharp et al.
2011; Vitasek and Manrodt 2012; Braun et al. 2011;
Hsiao et al. 2010b; Roy and Sivakumar 2012). Shared
characteristics among early adopters of outsourc-
ing have been shrinking product lifecycles and the
growing need for agility and responsiveness to
counterbalance increasing market volatility. As a
result, fast moving industries, such as consumer
goods manufacturing, like electronics and fashion,
were more likely to embrace outsourcing when
compared to slow-moving industries, like automo-
tive and machinery. Increasing market volatility
calls for new organizational forms enabling agili-
ty and responsiveness, which in turn forces firms
to define and focus on their core competencies,
streamline their operations, and leverage comple-
mentary competencies of suppliers to their com-
petitive advantage in effectively managing contin-
uous change (Akbarzadeh and Pasek 2008).

Outsourcing manufacturing is moving away
from a purely opportunistic approach, transferring
overcapacity to external partners or outsourcing
of manufacturing to low-cost countries for the sake
of cost reduction, towards a more strategic part-
nership approach. Han, Porterfield, and Li (2012)
analyzed the impact of industry competition on
contract manufacturing. This empirical study found
that contract manufacturing is positively associ-
ated with supplier industry competition and the
association is further moderated by focal industry
competition and IT investment. One of few stud-
ies in this field based on financial metrices is the
work of Plambeck and Taylor (2005). They studied
profitability and investment in capacity and inno-
vation in outsourcing manufacturing to contract
manufacturers and concluded that contract man-
ufacturing improves profitability for the industry
as a whole only when companies are in a strong
bargaining position vis-à-vis the contract manu-
facturer. 
In the course of their literature review, Jiang and
Qureshi (2006) determined that related outsourc-
ing literature can be classified by three criteria: 1)
outsourcing determinant, 2) outsourcing process,
and 3) outsourcing result. The outsourcing deter-
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minant research studies the drivers behind a firm’s
outsourcing decision, i.e. the “why” issues. Research
on outsourcing determinants often refers to the
transaction cost economics and the resource based
view of the firm to study outsourcing agreements.
The interest in the topic comes in waves and is
strongly dependent on the status of the industry
(i.e. maturity, business cycle, competition, regula-
tion, etc.). The outsourcing process research focus-
es on outsourcing contract negotiation, partner
selection, implementation, control, monitoring, and
so on, i.e. the “how” issues. The process oriented
research, most frequently concerns itself with out-
sourcing contract negotiation and partner audit-
ing and monitoring (Jiang and Qureshi 2006; Mayer
and Salomon 2006; Contractor et al. 2011; Ding et
al. 2013; MacKerron et al. 2014; Zhang et al. 2013).
Analysis of contract negotiations and bargaining
power often uses the game theory model (Lai et al.
2009; Kumari et al. 2013; Vitasek et al. 2013; Leng
et al. 2014). 
The outsourcing result research studies what an
outsourcing decision brings to the firm. Several
researchers (Jiang and Qureshi 2006; Jiang et al.
2006; Hsiao et al. 2010a; Kitcher et al. 2012) see a
gap regarding the third research area, the outsourc-
ing result literature. Within the last decade, most
academic studies have focused on understanding
outsourcing decision determinants and outsourc-
ing process control (Gilley et al. 2004). While con-
tracting out is now broadly understood to be an
attractive option, its specific impacts on firms’ per-
formance and value, i.e. outsourcing results, have
not yet been well confirmed by research. When
researchers look to measure the financial impact
of outsourcing results, they have usually been forced
to rely on managers’ estimates rather than tangi-
ble metrics and ”much of the evidence that we have
come across is anecdotal and case study oriented,
and often based on non-financial metrics” (Jiang
and Qureshi 2006). Jiang and Qureshi (2006) defined
three main gaps in the outsourcing research liter-
ature: 1) lack of objective metrics for the evaluation
of the outsourcing results, 2) lack of research on
the relationship between outsourcing implemen-
tation and firms' value, and 3) lack of research on
the outsourcing contract itself.

2.3 Outsourcing in the pharmaceutical industry

A number of authors analyze and explore out-
sourcing in various industries and some of these
papers cover the pharmaceutical industry. Strate-
gic outsourcing has assumed an increasingly impor-
tant role in the operations of established as well
as emerging pharmaceutical companies (Getz
1997; Lowman et al. 2012). Specific advantages and

disadvantages of outsourcing in this industry are
explored, amongst others, by Cavalla (2003). His-
torically, most management attention has been
paid to drug discovery and sales and marketing,
the outer ends of the supply chain (Booth 1999).
Therefore, in the pharmaceutical industry, research
in the last few years has focused on R&D contrac-
tors and product development (Festel et al. 2010).
Examples of such research are the work of Arranz
and de Arroyabe (2008), which focuses on the choice
of partners in the pharmaceutical industry for R&D
co-operation, and Festel (2011) on outsourcing of
chemical synthesis during the drug discovery phase.
Another example is Piachaud’s analysis of the out-
sourcing of R&D by pharmaceutical companies to
clinical research organizations which empirically
analyzes the perceived advantages and disadvan-
tages pharmaceutical firms have experienced
(Piachaud 2002).

Whereas partnering in the drug discovery and
development process as well as sales and distribu-
tion are well covered by many studies (Henderson
and Cockburn 1994; Henderson and Cockburn 1996;
Subramaniam and Dugar 2012; Macher and Boern-
er 2012), the outsourcing of pharmaceutical pro-
duction is not. Methodologies are often just adopt-
ed from the manufacturing industry. Furthermore,
research on partner selection, implementation, con-
trol and monitoring in the pharmaceutical indus-
try in general and the production process in par-
ticular is rare, despite the fact that outsourcing the
manufacturing of active ingredients, formulation
as well as primary and secondary packaging is grow-
ing (Clinkscales and Geimer 2001; Linna et al. 2008;
Ernst & Young 2010). Van Arnum (2006) estimates
that in the US, the total value of commercial phar-
maceutical manufacturing of finished dosage forms
is 83 billion US-Dollar, of which 8-12 billion US-Dol-
lar is outsourced. Manufacturing is often further
differentiated into primary and secondary manu-
facturing (Shah 2004). The primary manufacturing
site is responsible for the production of the active
ingredients. This normally involves either several
chemical synthesis and separation stages to build
up the complex molecules involved, or fermenta-
tion and product recovery and purification in the
case of biochemical processes. Secondary manu-
facturing is concerned with taking the active ingre-
dient produced at the primary site and adding excip-
ient inert materials along with further processing
and packaging to produce the final products, usu-
ally in stock-keeping unit form. 

An important area is the outsourcing of the pro-
duction of active ingredients. Most pharmaceuti-
cal products involve primary active ingredient pro-
duction (often multi-stage chemical synthesis or
bioprocess) and secondary (formulation) produc-
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tion. Both of these stages are characterized by low
manufacturing velocities and are hampered by the
need for quality assurance activities at several points
(Shah 2004). The oldest concept which has been
broadly analyzed in the literature is contract man-
ufacturing, which is considered as one category of
outsourcing (Liston et al. 2007) and as such is often
related to outsourcing topics. Contract manufac-
turing is regarded as a supply chain arrangement
by which a manufacturing firm outsources some
of its manufacturing processes to an outside sup-
plier through a contractual agreement (Kim 2003).
The pharmaceutical company maintains the own-
ership of the products while the contract manu-
facturer supplies labor and skills to manufacture
the products. A more sophisticated example is the
work of Naerhi and Nordstroem (2005), who ana-
lyze the challenges of choosing an appropriate con-
tract manufacturing organization in the bio-phar-
maceutical industry during the ramp-up phase for
commercial manufacturing. This is a common sce-
nario as the investments for bio-manufacturing
facilities are high.

3 Methodology

After explaining why action research based on
a single case study was chosen as research method,
the details regarding data collection and analysis
are described.

3.1 Research method

Action research has the dual goal of solving a
problem and contributing to knowledge by partic-
ipation of the researchers in the problem solving
process (Westbrook 1995, Greenwood and Levin
1998). Therefore, action research is an appropriate
method for developing a business process in a com-
pany (Eden and Huxham 1996, Coughlan and Cogh-
lan 2002). This is achieved through a structured
process with the steps 1) data gathering, 2) data
feedback and analysis, 3) action planning and imple-
mentation as well as 4) evaluation (Susman and
Evered 1978; Burns 2000; Coughlan and Coghlan
2002). Following the action research article by Pero
and Rossi (2013), the desired outcomes of this
research paper are the solution to the immediate
problem and the lessons learned, but not to devel-
op a new theory or to validate an existing theory.

Previous work on outsourcing topics has relied
mostly on anecdotal evidence from case studies,
surveys or other self-reported data to support asser-
tions (Jiang and Qureshi 2006). Consequently, the
action research approach in this article is based on
a single case study of a globally leading pharma-
ceutical company in order to obtain in-depth insights

into the subject. As suggested by Yin (2013) case
studies are preferred for studying contemporary
events where it is not necessary to control behav-
ioural variables. A single case study approach is
appropriate, if the aim of the research is to explore
a previously unexplored phenomenon (Eisenhardt
1989; Eisenhardt and Graebner 2007; Yin 2013). 

3.2 Data collection and analysis

In the action phase, one author was closely
involved with the company in developing and cus-
tomizing a company specific partner selection
process including the criteria for the partner selec-
tion. The other authors served as sparring partners
and supervisors to ensure that a systematic, struc-
tured and scientific approach was followed. The
whole project was structured in the four phases
1) data gathering, 2) data feedback and analysis,
3) action planning and implementation as well as
4) evaluation.

1) Data gathering: The information was prima-
rily collected through direct interviews, direct
observations and involvement in the compa-
ny’s management activities. First, a relationship
was established with the senior management
of the company. Two of the authors were intro-
duced to key people and, subsequently, embed-
ded in the task force team responsible for the
project. Semi-structured interviews (each inter-
view lasted on average one and a half hours)
with each of the key informants were performed.
The interviews comprised a set of open ques-
tions to understand especially the supply chain
management activities. Secondary data about
the relevant companies, market and competi-
tors were collected through documentary
sources, such as annual reports, strategy plans,
press releases on company web pages or through
other forms of company reports and project
documentation. Besides the objective to obtain
an in-depth view about the situation, this infor-
mation was also used to triangulate the data
collected. 

2) Data feedback and analysis: The relevant data
were continuously shared among the people
involved in the project and frequently analyzed
together in order to define clear objectives and
to identify issues and needs as well as further
areas for improvements. The confirmation of
the results coming from the interviews was
made through discussions within the team of
authors and with the interview partners after
writing down the interviews results. Contacts
with contract manufacturers and suppliers
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were also established to discuss the results with
them. Based on the concepts and trends iden-
tified during the literature research, which are
described in the theoretical background sec-
tion, the partner selection process described in
the next section of this paper was developed
within the task force team based on the inter-
view results. Key statements regarding the part-
ner selection process were extracted from the
interview notes and consolidated based on the
learnings from the literature review. The result
was the description of a partner selection process
with 7 steps. The whole process was then vali-
dated by all interview partners by making minor
adjustments.

3) Action planning and implementation: In co-
operation with the involved managers, a plan
for the implementation of the new partner selec-
tion process was defined. Answers were found
to questions, such as, what type of change is
required, which support and information are
needed, and how the new partner selection
process could work. The planned actions were
then executed with the assistance of the two
authors of this paper, who were members of
the task force team. 

4) Evaluation: In order to generate generic knowl-
edge on the partner selection process from this
specific case, the results were verified and gen-
eralized within an evaluation phase by presen-
tation and discussion with a group consisting
of experts from four additional pharmaceuti-

cal companies (Eden and Huxham 1996, Green-
wood and Levin 1998). Supported by quantita-
tive as well as qualitative data, other perspec-
tives had also been included in this verification
process, such as those of outsourcing contrac-
tors and manufacturing service providers. The
aim of these discussions was to obtain feed-
back from external experts regarding the part-
ner selection process and to gain first insights
whether this process could be also implement-
ed in other pharmaceutical companies. Never-
theless, the aspects of generalizability and imple-
mentation in other companies are still open and
should be part of further research as described
in section 5.3.

4 Results and discussion

After describing the partner selection process
developed within the research presented in this
paper the criteria for the partner selection are
explained.

4.1 Partner selection process

The importance of a professional partner selec-
tion process for pharmaceutical companies in the
area of outsourcing manufacturing has been
emphasized in the introduction and the theoreti-
cal background section. The partner selection process
developed during the action research consists of
nine consecutive steps and is illustrated in
Figure 1. The preceding make-or-buy evaluation will
not be further described in this paper and is a dif-
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ferent field of research. 

Step 1: Project Charter

The process starts with the development of the
project charter. Either a company specific or a gen-
eral project management template can be used.
One widely used general project management
methodology is the PMBOK Guide from the Proj-
ect Management Institute. The key points of the
project charter are the project scope, objective, par-
ticipants, timeline, roles and responsibilities. Fur-
thermore, the strategic intent of the project has to
be specified, including milestones and assump-
tions. By that time, a preliminary business case
including a profitability calculation is developed
and internal or external competency screening has
been done. The project charter is defined and agreed
on by all stakeholders involved in the project.

Step 2: Market Research

A dedicated team is in charge of the search for
and identification of potential strategic partners
using market intelligence information and tools.
Prematurely determining a preferred partner list
based on a limited non-holistic approach should
be avoided in this phase. It is important in this step
to avoid personal preferences or selective interests
influencing the selection. This could lead to high
hidden costs in the end. If the internal resources
are very limited and suitable tools are not avail-
able, a market scan can also be done using an inde-
pendent external partner. The result of this step
will be a long list of potential partners for external
manufacturing. The phase may be time consum-
ing but will deliver an important basis for decisions
at the end.

Step 3: Request for Information

This step starts with the development of a spe-
cific request for information (RFI). In addition to
the questions related to manufacturing capabili-
ties for pharmaceuticals, the document includes
background information about the objectives of
the partnership, the RFI process timeline, deadlines
and submission instructions, and a confidentiality
agreement. In addition to those items, compliance
with the code of conduct or a specific supplier code
of conduct can already be included in the RFI. Pre-
ceding work has shown (Oehmen et al. 2010) that
reference to a supplier code of conduct in an early
phase of negotiation helps to mitigate risks relat-
ed to production, for example workplace safety
issues around hazardous materials. The dedicated
sourcing team is responsible for releasing the RFI

to the potential contract manufacturers identified,
communicating and clarifying requirements, act-
ing as the single point of contact for questions,
ensuring on-time submissions, and providing feed-
back. This step is important for the clarification of
the needs, as many questions are likely to be asked
by the potential partners. It is important that ques-
tions arising during the RFI are clarified with all
suppliers involved to establish an equal level of
information for all participants. Therefore, these
information updates during the process should be
defined by a change control procedure and proac-
tively managed by the sourcing team. After RFI sub-
missions are collected from potential contract man-
ufacturers, the team reviews them and comes to a
shortlist of three to four companies. This selection
is again very important and needs to be performed
using a comparison matrix agreed with all inter-
nal stakeholders. Finally, all participants (selected
and excluded) are officially informed about the
results and feedback is provided, which is often
appreciated and facilitates future RFIs.

Step 4: Manufacturer Qualification

The selected potential partners will then enter into
the next phase where they are assessed by the tech-
nical assessment team following predefined crite-
ria. The particular categories may be assessed by
different experts, but the same expert should assess
a particular category for all suppliers included. The
final assessment report contains an overall rating
for each category. Certain criteria may be defined
as minimum requirements. They should receive
additional comment from the experts as to whether
an existing gap could be closed by additional meas-
ures. Ideally, the potential suppliers are shown their
assessment and the opportunity to provide feed-
back is given. After the technical assessment, the
different results from the rating as well as the writ-
ten technical assessment report are reviewed again
by the external supply integration team, quality
and compliance, logistics, and finance, which com-
plements the assessment by the technical experts
with a more holistic view. The result is a priority list
based on the existing short list of potential suppli-
ers.

Step 5: Bid Execution

The potential suppliers on the priority list are
approached again for a quotation based on detailed
technical specifications and realistic project goals
resulting from the technical assessment. The bid
request also includes binding plans and actions
required to mitigate gaps which have been iden-
tified during the technical assessment, actions nec-
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essary to get aligned with general expectations, as
well as actions required to achieve the objectives
of the collaboration. After bid receipt and compar-
ison, both technical assessment and quote should
be compared and a final decision taken. The pre-
ferred partner is then invited for a strategy align-
ment workshop. Partners not selected should be
informed accordingly and placed on hold until the
selection process is completed, as several hurdles
have to be cleared during the strategic alignment
as well as the contract signing phase.

Step 6: Strategy Alignment

A strategy alignment workshop is prepared by
both parties and should involve middle and high-
er management representatives. The objective of
this workshop is to determine a common strategy
for the future collaboration. Vision and mission,
targets, communication, relationship management,
innovation strategy, supply chain set-up, escalation
channels, available resources, etc. are discussed and
defined. A relationship charter, relationship gover-
nance as well as agreed transition and integration
governance should be the outcome. 

Step 7: Contracting

The transition process step covers the time period
from the signature of the letter of intent, through
the actual project phase to ramp up the collabora-
tion, to the transition of the relationship to a func-
tioning level. During this phase a project team com-
posed of members of both parties work on the tech-
nical transfer and the finalization of all needed
agreements, like the quality, supply and service level
and other specific agreements needed to cover and
specify the collaboration. After some months, the
letter of intent should be replaced with the final
contract. This transition phase focuses on process,
product and knowledge transfer and ends ideally
with an agreed plan for handover to the final inte-
gration step. The transition and integration steps
have an overlap phase where the transition team
maintains responsibility for the final result while
the integration team operates the partnership. This
overlap phase could be time-bound through agree-
ments made for a certain number of batches, for
example. Both transition and integration phase
should be managed by a joint leadership team as
well as a joint operation management team. Final-
ly, the term sheet and contract are established,
incorporating key contractual terms as well as part-
nership objectives. Important items here are the
focus on common goals and deliverables, contract
duration and commitments, information exchange
and intellectual property, problem solving approach

and escalation, open book costing and transparen-
cy. The time period from partner selection to the
end of the contract is followed by an integration
and supplier relationship management process.

4.2 Criteria for partner selection

Basic criteria

Basic criteria are the criteria a potential partner
has to fulfil as a minimum requirement to qualify
for partnerships. Companies formulate their expec-
tations in a statement. An example for basic crite-
ria in the quality and regulatory arena is given by
Schönsleben (2007): each partner carries extensive
responsibility for end-user satisfaction, and guide-
lines, structures and processes of the partnership
are developed mutually and act as a basis for the
first- and second-tier suppliers as well as for the
customer relationships and return processes. These
basic criteria can be clustered into three categories:
1) quality and compliance criteria, 2) code of con-
duct criteria and 3) supply chain partnership crite-
ria. 

1) Quality and compliance criteria: They are quite
standardized in this highly regulated industry
and often involve widespread industry practices
and require full compliance with quality and
regulatory requirements, like the International
Conference on Harmonization of technical
requirements for registration of pharmaceuti-
cals for human use and Good Manufacturing
Practice (GMP). The most widespread version of
GMP is the one by the World Health Organiza-
tion which is used by pharmaceutical regula-
tors and the pharmaceutical industry in over
one hundred countries worldwide, primarily in
the developing world. There are two other pop-
ular versions, one by the European Union (EU-
GMP) and the other by the Food and Drug
Administration in the US, referred to as cGMP. 

2) Code of conduct criteria: They can be subcat-
egorized into labor conditions, health and safe-
ty, environment and ethics (Oehmen et al. 2010).
Often, full compliance with domestic laws is
required, and for labor conditions internation-
al standards are applied such as those of the
International Labor Organization of the United
Nations. Some of the topics that arise here are
child labor, discrimination, bribery and conflict
of interest. The protection of patent and other
intellectual property rights may be of special
importance for strategic partnerships in the
pharmaceutical industry. An increasing num-
ber of companies have prepared a specific code



of conduct for their suppliers and strategic part-
ners, usually titled supplier code of conduct
(Oehmen et al. 2010).

3) Supply chain partnership criteria: A set of
qualitative criteria is recommended for the gen-
eral basic criteria referring to the supply chain
partnership. Kim et al. (2010) analyze the criti-
cal success factors in supply chain partnerships
as discussed in current research. They identify
eight factors that fall into the category of
enabling criteria: leadership, commitment, coor-
dination, trust, communication, conflict resolu-
tion techniques, resources, and performance.
Some of them are already covered in the other
categories. Other criteria which were of impor-
tance were supply chain reliability and business
continuity planning, as well as financial liabili-
ty and stability.

Strategic Criteria

The strategic criteria are company-specific and
aligned with the strategy depending on the pur-
pose of the partnership. This study suggests a cri-
teria catalogue using the four categories 1) reach,
2) integration, 3) technology and 4) customer insight.
The level of strategic fit will be defined according
to these. The criteria mentioned here refer to the
partner selection process. For an established strate-
gic supply chain partnership, different criteria have
to be applied.

1) Reach: Partners with global, regional or local
presence and capabilities in the manufacturing
and/or distribution of desired products to desired
customers in the world, the region or a partic-
ular country. Large pharmaceutical companies
can benefit from expanding their global reach,
reduced cost, supply chain resilience, and secured
sales. The main partner benefit is economy of
scale.

2) Integration: Partners with horizontal R&D
and production capabilities enabling rapid new
product introduction with the capability to per-
form clinical trials, registration, submission and
commercialization of products. Partners with
vertical integration and excellent capabilities
in a specific supply chain step like manufactur-
ing of active ingredients, compounding, filling,
optical inspection or secondary packaging. The
main benefits for the pharmaceutical compa-
ny are in the case of horizontal integration faster
time-to-market and increased sales, and in the
case of vertical integration reduced cost. Again,
the partner benefits from economy of scale

effects.

3) Technology: Partners specialized in readily
available manufacturing technologies support-
ing manufacturing platforms, like liquid par-
enteral, solids tableting, transdermal patches
or packaging. Partners with specific manufac-
turing process capabilities like auto injectors,
dual chamber technology or other technologies
requiring specialization and capital intense
investments. Partners specialized in the man-
agement and operation of those technologies.
Large pharmaceutical companies benefit from
supply chain resilience, life cycle management,
reduced cost, and avoidance of tied-up or fixed
capital. Partners benefit from high volumes of
produced units for their specialized technolo-
gies and economy of scale effects.

4) Customer insight: Partner with local or region-
al presence enabling market entry or growth
opportunity in a specific market segment, like
the branded generics business in emerging coun-
tries. As some countries are unique in terms of
regulations and market access, local companies
could be of strategic help in understanding
regional and local specifics both visible and not
so visible (for example, some countries in emerg-
ing or developing markets do not accept prod-
ucts produced in specific countries). The phar-
maceutical company benefits from market entry
and the partner from a business model attract-
ing high volumes for specialized technologies
and economy of scale.

5 Conclusion

After describing important aspects of imple-
mentation, the impact of the partner selection
process as well as the limitations and need for fur-
ther research are explained. 

5.1 Implementation of the selection process

Three aspects have to be taken care of and are
basic to project management. First is the involve-
ment of all relevant stakeholders. It is a challenge
to include all needed stakeholders right from the
start while keeping the project team lean and deci-
sive. Secondly, seamless cross-functional collabo-
ration is important. Teams with different inter-
ests and views from sourcing, production, compli-
ance, etc. need to talk the same language and work
towards the same goal. A culture of openness to
compromise and participative leadership will be
a great help. But in the end it is also a matter of
training. After several projects have been finished,
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they should be reviewed and the process and the
collaboration continuously improved. The same is
true for the third success factor, the clear defini-
tion of team responsibilities. As mentioned, the
involvement of all stakeholders is required, but
duplication of work has to be avoided and decision
makers should be experts in their fields and not
biased by conflicting interests.

Depending on the process phase, different teams
are involved and several tools are used to ensure
information access and flow. Besides having the
right process in place, the appropriate organiza-
tional structure has to be established to properly
support these teams realizing the partner selec-
tion process. Several of the study participants have
confirmed that they are increasing their resources
for the selection and management of external part-
nerships within the supply chain department. Fur-
thermore, the result of restructuring approaches
of large pharmaceutical companies has set the sup-
ply chain department on the same level as inter-
nal manufacturing. 

An important basis for successful implementa-
tion of the process is to make sure that the appro-
priate market intelligence tools are in place. Access
to information and efficient management is impor-
tant, especially due to the number of different
teams involved in the process steps. Market infor-
mation is extremely important once the RFI process
starts, as by then a pre-selection of partners is made.
Looking at the linkages of each single process step
with the market intelligence function, it is obvious
that without a clearly described process and sup-
porting tools a lot of intangible information will
be lost and not be visible to the people involved in
the initial scouting phase or to people who need
information for any other reason or for some future
project. Strategic partnerships are also an impor-
tant means to control risks. Depending on the choice
of partners and the type of partnership established,
risks can be avoided, shared or transferred. It is also
crucial for the implementation to include risk con-
siderations in the overall decision making process
and especially the partner selection process.

5.2 Impact of the partner selection process

The study confirmed that strategic outsourc-
ing requires different partner selection processes
and selection criteria compared to opportunistic
outsourcing as outsourcing has to fit into the whole
corporate strategy taking into account all advan-
tages and disadvantages on a corporate level (e.g.
risks for the core business). Partnering is shifting
away from being purely a matter of cost reduction
towards a more strategic partnership approach
where partnering is seen as an opportunity to cre-

ate value for the company. 
The short-term impact within the analyzed phar-

maceutical company was a significant change in
the thinking of the core people. Selecting and estab-
lishing strategic partnerships was seen more as a
key competence for achieving long-term strategic
advantages rather than only achieving short-term
cost saving potentials. One concrete aspect was
the insight that a long-term relationship enables
the parties within a strategic partnership to take
more strategic decisions allowing long-term joint
investments. 

5.3 Limitations and need for further research

The strategic partner selection process for out-
sourcing of pharmaceutical manufacturing pre-
sented in this paper is still rather generic and spe-
cific to the pharmaceutical company analyzed and
described in the case study. An important question
is whether the partner selection process from this
specific case can be generalized in the sense that
the partner selection process can be used and imple-
mented as best practice process also in other phar-
maceutical companies. The possibility of general-
ization is expected and future research involving
other large pharmaceutical companies could con-
firm that this process can be also adapted to other
companies.

The selection process, including the criteria for
partner selection, is currently implemented in the
analyzed pharmaceutical company, but will need
to be adapted to unforeseen aspects. As this process
is newly developed, long-term results of its appli-
cation cannot yet be provided and are a matter for
future research. Another topic of future research
would be in-depth analysis of the criteria applied
in the process. If the research gap as regards meas-
uring financial impact on outsourcing results could
be closed, these results would complement and
validate the partner selection process. 
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1 Introduction 

One of the main differences between the chem-
ical industry in China and in Western countries is
the existence of three distinct major types of own-
ership: private-owned, foreign-owned and state-
owned. The ownership type affects many relevant
properties such as company goals, amount of local
control, technical knowledge, management style
and others. As a consequence, the ownership type
may have an impact on the performance of chem-
ical companies in China.

Several studies have aimed at identifying the
correlation between ownership type and compa-
ny performance in China, though none of these
studies looked specifically at the chemical indus-
try. For example, Wei et al. (2002) found that a high-
er remaining share of state ownership in newly pri-
vatized companies lowered the performance of
these companies. In contrast, Sun et al. (2002) found
a positive relationship between government own-
ership and firm performance in companies listed
in Chinese stock markets, though the authors admit
that this may be due to monopoly rents derived
from their government ownership. The results of

Xiao et al. (2000) point in a similar direction. They
found that legal person shares have positive effects
on firm performance while state ownership has a
negative impact - however, they state that this is
true only in the competitive electronics industry
and not in less competitive industries such as util-
ities. Finally, Wei et al. (2005) found that state own-
ership is negatively related to firm value while for-
eign ownership is positively related.  

The objective of the research outlined in this
paper was to examine the correlation between
ownership type and the development of company
performance in the Chinese chemical industry as
this is the main area of interest and expertise of
the author. Ideally, such research would focus on
individual chemical companies that changed their
ownership type while leaving other relevant param-
eters unchanged. However, this would result in a
very small sample size, and even for these samples,
gathering performance data would likely be impos-
sible. Instead, the research was based on the data
given in the Chinese statistical yearbook. This data
includes the aggregated sales and profits for each
of the three main ownership types within the peri-
od of 2006-2012, split by industry segment. For the
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period of 2006-2011, the number of employees per
ownership segment is also available, allowing some
additional analyses such as sales and profit per
employee. 

In total, the sample thus covers 22,600 chemi-
cal companies with total combined sales of 6,010
billion RMB, total combined profits of 443 billion
RMB and a total number of employees of 455,000
(data for 2011).

2 Analysis Details

The data used for the analysis was taken from
the Section “Industry” of the China Statistical Year-
book, editions 2007-2013, which contain data for
the years from 2006-2012. All data was taken with-
out any corrections as given by the National Bureau
of Statistics of China.

Worksheets utilized were “Main Indicators of
Industrial Enterprises above Designated Size by
Industrial Sector”, “Main Indicators of State-owned
and State-holding Industrial Enterprises by Indus-
trial Sector”, “Main Indicators of Private Industrial
Enterprises by Industrial Sector”, and “Main Indi-
cators of Industrial Enterprises with Hong Kong,
Macao, Taiwan and Foreign Funds by Industrial Sec-
tor”.

In each worksheet, data for the industry seg-
ment “Manufacture of Raw Chemical Materials and
Chemical Products” (as defined in China’s nation-
al Standard of Industrial Classification, GB/T 4754-
2011) was used as a proxy for the chemical indus-
try. This segment includes the sub segments of
basic chemicals manufacturing, fertilizer manu-
facturing, pesticide manufacturing, coatings man-
ufacturing, plastics manufacturing, specialty chem-
icals manufacturing, explosives manufacturing and

manufacturing of household chemicals. It does not
include manufacturing of pharmaceuticals, chem-
ical fibers, tires, plastic parts and non-metallic min-
eral products such as gypsum. 

Data used from these worksheets to character-
ize the chemical industry were Number of Enter-
prises, Revenue from Principal Business, Total Prof-
its, and Number of Employees (see Tab. 1 for the
sample data for selected years). All data referred
to mainland China only. Particularly in the case of
foreign-owned enterprises, this may lead to some
distortion as parts of their value creation may have
been done outside of China. For example, foreign-
based researchers of foreign-owned companies
may develop products which are also sold in China
– however, they will not be counted among the Chi-
nese employees of the company despite their par-
ticipation in the value creation process.

According to the China Statistics Yearbook, the
scope of industrial statistics were all industrial
enterprises with mainland China revenue from
principal business of over 5 million RMB from 1998
to 2010. Since 2011, the scope was adjusted to all
industrial enterprises with mainland China rev-
enue from principal business above 20 million RMB.
This adjustment needs to be considered in the dis-
cussion of the results. For example, the higher
threshold starting from the year 2011 may have led
to lower figures for the years 2011 and 2012 than
for the previous year. However, in the chemical
industry 20 million RMB (about 2.4 million Euro at
2014 exchange rates) is still a low sales threshold
in the chemical industry, thus the distortions are
likely to be only small. In general, the size thresh-
old is most likely to lead to an underrepresenta-
tion of the share of private enterprises as these are
on average by far the smallest companies of the

Kai Pflug

Journal of Business Chemistry 2014, 11 (3)© 2014 Institute of Business Administration 134

Ownership Number of Firms Revenue (bn RMB) Profit (bn RMB) Number of Employees

2006 2011 2006 2011 2006 2011 2006 2011

SOE

Private

Foreign

Other

Total 20,715 22,600 2,032 6,010 114 443 3,580,000 4,550,000

1,551 1,124 615 1,167 28 56 1,070,000 970,000

10,375 12,089 454 1,893 24 142 1,050,000 1,590,000

3,295 3,537 548 1,560 41 137 480,000 750,000

5,494 5,850 415 1,390 21 108 980,000 1,240,000

Table 1 Sample data for 2006 and 2011.
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three ownership types. However, the results shown
below qualitatively hold true even if such an under-
representation indeed occurred.

As indicated by the worksheets listed above, the
statistical yearbook reports data for the whole
industry segment as well as for three different own-
ership types. 

State-owned and state-holding enterprises are
state-owned enterprises plus state-holding enter-
prises. State-owned Enterprises are non-corpora-
tion economic units where the entire assets are
owned by the State. State-holding enterprises are
a sub-classification of enterprises with mixed own-
ership, referring to enterprises where the percent-
age of state assets (or shares by the state) is larg-
er than any other single shareholder of the same
enterprise.

Private enterprises are profit-making econom-
ic units invested and established by natural per-
sons, or controlled by natural persons using
employed labor. Included in this category are pri-
vate limited liability corporations, private limited
share-holding corporations and private partner-
ship enterprises.

Foreign-owned companies are companies with
at least a 25% share of ownership from outside
mainland China. 

The ownership share not accounted by any of
these three types is still fairly large, accounting for
about 20-25% of total segment sales. However, it
is not split up further. The vast majority of this seg-
ment (more than 80%) is accounted for by limited
liability corporations with 2-50 domestic investors.
As such, this company type is most closely related
to private companies as the segment is neither
state- nor foreign-owned, and presumably driven

primarily by profit motives. An indication of this
fact is that the results for this “Other” segment of
ownership are similar to those of the segment of
private ownership. However, due to the mixed
nature of the “Other” segment, the results for the
segment are not discussed. 

Unfortunately no complete and consistent data
was available for the period before 2006, and for
2012, no data on the number of employees was
available. This limited the observation period ana-
lyzed.

While using this data allows detecting correla-
tions between economic parameters and owner-
ship type over the course of the observation peri-
od, it also has its own risks and thus requires care-
ful interpretation of the initial results. For exam-
ple, state-owned enterprises may be concentrated
in specific sub segments of the chemical industry
which are characterized by a performance devel-
opment that is different from the overall chemical
industry. In addition, the average company size is
correlated to the ownership type, complicating the
identification of causation.

In addition to using the data from the statisti-
cal yearbook,  a number of open interviews with
participants, primarily managers of state-owned,
private domestic and foreign-owned companies,
in the chemical industry in China have been con-
ducted. The information obtained in these inter-
views formed an important part of the evaluation
of performance differences by ownership type. 

Figure 1 Revenue of chemical companies in China by ownership type.
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3 Results 

3.1 Revenue Development
Revenues of the chemical industry in China more

than tripled between 2006 and 2012 (Fig. 1). Domes-
tic privately owned chemical companies were the
key driver of this growth. They increased their share
of revenue from 22% to 33% percent, a fivefold
increase in absolute terms. During the same peri-
od, SOEs only about doubled their sales. The com-
pound annual growth rate (CAGR) of private enter-
prises´ revenue thus was much higher (31%) than
the CAGR of the total chemical industry sales (22%).
Revenue growth of state-owned enterprises was
substantially below market average with a CAGR
of only 12%. The CAGR of foreign-owned compa-
nies was slightly below overall market growth with
19%. 

In order to assess productivity trends by own-
ership type, sales per employee were calculated as
well. The results (Tab. 2) show that all chemical com-
panies independent of their ownership type strong-
ly increased their sales per employee, with an aver-
age annual growth rate of 18% across all types.
Those ownership types with higher sales per
employee at the beginning of the observation peri-
od (in particular, foreign companies, but also to
some extent SOEs) showed slower growth in sales
per employee during the observation period. 

3.2 Profit Development

Total profits of the chemical industry in China
increased approximately fourfold between 2006
and 2012. This was a faster growth than the sales
growth, with a CAGR of 24% compared to only 22%
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Table 2 Revenue per employee by ownership type.

Ownership Revenue per employee (1000 RMB)

2006 2007 2008 2009 2010 2011 2006 - 11

SOE

Private

Foreign

Other

Average 568 696 775 1,001 824 1,321 18%

577 719 786 951 758 1,209 16%

432 535 619 885 718 1,189 22%

1,139 1,317 1,388 1,637 1,407 2,083 13%

423 526 630 814 698 1,119 21%

CAGR
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Figure 2 Profit of chemical companies in China by ownership type.
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for sales.  Similar to the situation regarding sales
development, private companies were the key driv-
ers for the growth in profit. They approximately
doubled their share of profit from about 20% to
40%, both at the expense of SOEs, whose share of
profits dropped from about 25% to about 7%, and
of foreign companies, whose share dropped from
about 36% to about 24%. In terms of annual prof-
it growth, the difference between different own-
ership types is also very clear. While profit of pri-
vate companies grew at a CAGR of 39% (15% high-
er than market average), the profit growth of for-
eign companies was substantially below market
average (CAGR of 16% compared to a CAGR of 24%
for the whole industry). SOEs even had a minor drop
in profits in absolute terms, though this may have
been due to some specific events in 2012, as SOE
profits in 2012 were only about half the level of the

previous year.
Profits per employee rose strongly for all own-

ership types of chemical companies. However, this
growth was much lower for foreign companies and
SOEs than for private companies. As a consequence,
private chemical companies by 2011 achieved sub-
stantially higher profits per employee than SOEs
despite a lower starting point at the beginning of
the observation period. Private companies also
reduced the relative gap to foreign companies,
though in 2011 profit per employee was still only
about half the level of that of foreign companies. 

In fact, private chemical companies obtained
substantially higher profits per employee in 2011
than SOEs even though they were still slightly lag-
ging behind them in 2006. The gap to foreign com-
panies also decreased substantially, being reduced
from a factor of four to a factor two within the

Correlation between Sales and Profit Development and Ownership Type in the
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Table 3 Profit per employee by ownership type.

Ownership Profit per employee (1000 RMB)

2006 2007 2008 2009 2010 2011 2006 - 11

SOE

Private

Foreign

Other

Average 32 48 45 77 50 97 25%

27 53 15 45 21 58 17%

22 31 42 65 45 90 32%

85 112 93 170 120 182 17%

22 29 48 62 42 87 32%
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observation period.

3.3 Employment Development

Employment in the chemical industry rose by
about 27% in the period from 2006 to 2011. This is
a substantial increase, but it is small compared to
the increase in sales (+196%). 

Employment by SOEs slightly declined in
absolute terms and more strongly in relative terms
(from about 30% to about 21% of all employees)
but correspondingly rose for all other ownership
types, particularly for private companies (+6% of
relative share of employees). The percentage of
employees working for foreign companies increased
by about 3% despite the decreasing sales share of
foreign companies

3.4 Other Results

Among all ownership types, SOEs are by far the
biggest companies by sales, with the average chem-
ical SOE reaching annual sales of about 1000 mil-
lion RMB in 2011. Foreign companies are less than
half this size (average sales 440 Million RMB) and
private companies are again much smaller (aver-
age sales 157 Million RMB). Sales per company grew
by more than 20% per year for all companies, though
growth was fastest for private companies. The num-
ber of SOEs shrank substantially during this peri-
od (from 1,551 to 1,124 units), which had the conse-
quence of sales per SOE growing at a higher rate
than total SOE sales.

Profitability, if defined as total profits divided
by revenue, was highest for foreign enterprises,
reaching 8.7% in 2011. However, private companies
showed the strongest increase in profitability dur-
ing the observation period and reached 7.5% in 2011,
not too far below the foreign companies. State-
owned chemical enterprises showed the lowest
profitability as well as the lowest growth rate of
profitability. 

4 Discussion 

Focusing on the trends noted during the obser-
vation period, the two most interesting results are
the much higher growth of domestic chemical com-
panies compared to foreign companies, and the
much higher growth of domestic chemical com-
panies compared to SOEs. It is assumed that there
is indeed causation and not just a correlation
between ownership type and growth in the given
circumstances, the rationale for which will be dis-
cussed below.

However, another possible explanation is that
the lower average size of the private companies is

the main reason for their higher revenue growth.
Indeed a smaller company is likely to have a high-
er growth potential than a larger company already
commanding a large market share in its segment,
and company size is a well-recognized factor influ-
encing company growth. This explanation cannot
be rejected as the data does not allow a differen-
tiation between ownership type and company size.
However, the growth difference between private
and state-owned entities is so large that it is unlike-
ly that different average company size is the only
reason.

Therefore below the higher growth of private
domestic companies compared to state-owned and
foreign-owned chemical companies in China will
be discussed based on the assumption that the
ownership type does have an impact on sales
growth under the conditions examined. 

4.1 Higher growth of domestic private companies
compared to foreign chemical companies

Anecdotally, the higher growth of domestic
chemical companies compared to foreign compa-
nies in China has been mentioned by many indus-
try observers and participants. The data analyzed
in this research shows that this phenomenon is
real. However, there is uncertainty about the rea-
son behind the faster growth of domestic compa-
nies. A number of explanations have been brought
forward by consultancies and managers of chem-
ical companies, and will be discussed below. The
hypotheses include

Preference of Chinese customers for low-cost
products
Increasing capability of Chinese companies to
produce higher-quality products
Specific advantages of local companies based
on their local ownership, e.g., better access to
local raw materials, government preference to
buy from local companies 
Better local adaptation of domestic companies,
e.g., regarding product requirements, ways of
promoting sales, selecting sales channels, etc.
Greater flexibility of domestic companies
Greater focus of foreign companies on profits
compared to revenue focus of domestic com-
panies (particularly SOEs)
Higher willingness to invest in the Chinese chem-
ical market

Low-cost preference: In many Chinese markets
end consumers have a stronger preference for low-
cost products (and usually corresponding lower
quality) than in Western markets. This applies to
consumer goods such as shoes and consumer elec-
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tronics as well as to cars and individual materials
used in construction (e.g., water pipes, coatings,
etc.), all of which include materials produced by
the chemical industry. Producers of low-cost prod-
ucts mainly choose their chemical raw materials
based on price while largely ignoring quality dif-
ferences. This favors domestic chemicals produc-
ers who have a larger portfolio of low-end prod-
ucts and lower production costs. In contrast, for-
eign-owned companies are often unable to com-
pete in the very low-end chemical segments due
to higher production and overhead costs as well as
a reluctance to use their established brand names
for low-quality materials. However, as a stand-alone
explanation, this low-cost preference in the Chi-
nese market is insufficient to explain the faster
growth of private domestic chemical companies.
Undoubtedly the same low-cost preference exist-
ed in China at the start of the observation period.
If anything, it has probably weakened somewhat
as some consumer segments got wealthier and
thus got more willing to pay for higher-quality
goods.

Improved local products: In the recent past,
China´s chemical companies have substantially
increased the quality level and the variety of their
products. In some areas, the last 10 years have seen
a shift from distinctly substandard locally produced
chemicals to some which are highly competitive.
For example, the isocyanate producer Wanhua now
reaches the same quality level as its global com-
petitors such as BASF and Bayer.  The rapid improve-
ment of Chinese chemical materials has partly been
enabled by former employees of foreign compa-
nies joining local firms and utilizing their experi-
ence. For example, Tianhe, a Chinese producer of
lubricants, expanded into fluorotelomers through
the hiring of some former DuPont experts and now
is one of the leading global players in fluorotelom-
ers. Generally, however, the gains in sales for domes-
tic companies are most visible in relatively mature
segments, where chemical substances have been
fairly unchanged in the last 10 years. This gave
domestic companies the time to catch up with the
foreign competition. Most industry participants
agree that the technology gap between foreign
and domestic chemical companies is indeed shrink-
ing, and that this is a major factor in explaining the
faster growth of local chemicals producers.

Specific advantages of local companies: In some
chemical segments, multinational companies may
have direct or indirect disadvantages due to gov-
ernment regulation and lack of access to local raw
materials. For example, participation in the boom-
ing segment of coal conversion to chemicals requires
access to China´s coal at low prices, which is not
given to foreign companies. In petrochemicals, for-

eign companies are restricted to joint ventures
without majority ownership – it is likely that this
also creates some disadvantages in those steps in
the chemical value chain that are directly based on
output from the petrochemical industry. Similarly,
the Chinese government prefers local buyers over
foreign companies. The various stimulus programs
of the government, which focus heavily on infra-
structure investment, thus favor domestic produc-
ers of, e.g., steel coatings, construction chemicals
and transportation equipment. This preference may
even be stronger on the provincial level, with indi-
vidual provincial governments preferring the sup-
pliers located in their own province. However, among
managers in the Chinese chemical industry, the
importance of such specific advantages is gener-
ally regarded to be relatively low.

Better local adaptation: As foreign companies
are still managed from outside of China, they do
not always have the same level of local market
understanding as domestic chemical companies.
For example, for German producers of chemicals it
is still sometimes difficult to understand the local
preference for lower prices over higher quality. As
a consequence, chemical products produced by Ger-
man companies tend to be somewhat over-speci-
fied – the quality is higher than required by local
customers. Of course, local companies also tend to
have a better understanding of how to market their
chemicals, how to deal with distributors, how to
deal with local competitors etc. However, this aspect
of better local knowledge and adaptation is likely
to have decreased in importance in the recent past
as foreign companies have already been in China
for some time, and increasingly rely on local staff
even on more senior levels.

Greater flexibility: Local chemical companies
tend to be less rigid with regard to their products,
their target markets etc. For example, several Chi-
nese urea producers reacted to the existing over-
capacity by moving towards fine chemicals. Other
domestic chemical companies even engaged heav-
ily in businesses outside of chemicals, in particu-
lar, in real estate and in finance. They are general-
ly also faster to expand production once local oppor-
tunities are spotted. For foreign companies, both
the limited local autonomy and the stronger belief
in a long-term company strategy make such rapid
shifts in business focus less likely.

Focus on sales volume rather than on profit:
Foreign companies focus strongly on profitability
in their investments, for example, when investing
in additional production capacity or in acquiring
another company. This may limit their sales to high-
ly profitable segments. Indeed, anecdotal evidence
suggests that profitability requirements are lower
at private domestic chemical companies. Howev-
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er, as the data analysis shows, profits per employ-
ee have increased much faster for domestic com-
panies than for foreign companies. In 2006 employ-
ee productivity of private companies (as measured
by revenue per employee) was only 38% of that of
foreign companies while at the end of the obser-
vation period in 2011, they already reached 57% of
the productivity of foreign companies. This seems
plausible as productivity gains are most easily
achieved if the starting productivity is low. The
adaptation of common practices would be expect-
ed to lead to a gradual convergence of productiv-
ity, particularly in the case of extreme productivi-
ty differences at the starting point. In any case,
there is no trend towards a further lowering of prof-
itability requirements by local private companies,
making this an unlikely reason for the recent high-
er sales growth of local companies.

Higher willingness to invest in the Chinese chem-
ical market: Anecdotal evidence suggests that pri-
vate chemical companies in China reinvest a larg-
er share of their profit into their existing business
than foreign companies. This is plausible as China
still only offers a limited choice of investment
options to its citizens, and in addition, repatriation
of profits is not an option for local companies. How-
ever, additional research is necessary to determine
whether this is an important factor in explaining
the faster growth of local companies.  

Of the aspects discussed, our judgment sug-
gests the improved quality of domestic chemical
products to be almost certainly a key reason for the
faster growth of local chemicals producers. While
foreign chemical companies may also have some-
what improved the quality of their products, the
potential was much more limited due to the high
starting level of quality. The improved product qual-
ity is particularly relevant for the growing mid-level
market segment in China. While in the past there
was a vast gap in quality between high-end and
low-end products, recently the level in between
becomes more and more important. On the demand
side, China´s growing urban middle classes have
the means to require somewhat higher quality than
before without already asking for high-end prod-
ucts. On the supply side, both foreign and domes-
tic companies target this market. The foreign com-
panies do this by localizing their value chains to
lower their costs, and by adapting their existing
high-end products to slightly lower local standards.
Local producers already have a cost advantage and
increasingly raise the quality level of their products
in accordance with these mid-market requirements.
Chemicals producers are either directly or indirect-
ly – as raw materials suppliers - affected by these
developments. 

It should also be noted that the data in the sta-

tistical yearbook does not reflect any changes in
the underlying companies (e.g., companies exiting
the data pool due to lower sales). While this may
have an impact on the results which cannot be
reflected in the analysis, this effect is assumed to
be small compared to the effects described above.

4.2 Higher growth of domestic private companies
compared to SOEs

There are three most likely reasons for the low
growth of SOEs compared to private companies.
Chemical SOEs are primarily active in mature chem-
ical segments with lower growth potential, such
as the production of ammonia, sulfuric acid, PVC
or other commodity chemicals. These sub segments
of the Chinese chemical market have lower growth
rates than the whole market, similar to the growth
difference between basic and specialty chemicals
in Western countries. 

Secondly, SOEs are less flexible in quickly expand-
ing in growth areas and attractive market niches
than private companies. This is partly due to their
larger size, but also due to the more bureaucratic
nature of their company structure and the larger
number of people involved in the process of tak-
ing business decisions. 

Thirdly, SOEs may not regard rapid sales growth
as their main objective. In fact, political pressure to
increase sales and particularly profits so far has
been very limited (e.g., via a requirement to pay
dividends to the state owners), though there are
indications that this may be changing in the future.
SOEs have a role in providing employment, and
many loss-making units are under substantial pres-
sure not to reduce their workforce. This may also
explain the limited growth that chemical SOEs
show in productivity per employee. To some extent,
the role of SOEs is the administration and utiliza-
tion of existing chemical assets rather than the
maximization of sales via rapid adoption to chang-
ing market needs.

5 Outlook

The analysis suggests that private companies have
the highest growth and profit rates in the Chinese
chemical industry in the recent past. They substan-
tially increased their share of sales while at the
same time increasing their share of profits to an
even larger extent. Judging from the ongoing
changes in the later years of the observation peri-
od, this development is not over yet. Private chem-
ical companies are likely to increase their sales share
even further in the next few years. The gap between
the product quality of foreign and domestic com-
panies still exists, giving private chemical compa-
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nies future potential for catching up. As the chem-
ical industry is a relatively mature industry, it will
be hard for foreign companies to compensate for
the upgrading of local products via new, more
advanced products.
In contrast, SOEs have been very much on the defen-
sive. Their growth was significantly below market
growth, and consequently their overall market share
and their importance in China´s chemical industry
decreased. This may be aligned with a deliberate
government policy of giving the market a greater
role in the economy. However, it still leaves open
the question of the future of the chemical SOEs,
with the possible exception of the dominant petro-
chemical companies such as Sinopec and PetroChi-
na. These big SOEs have strategic roles in securing
key raw materials for China and may thus receive
long-term government support more easily despite
their low profitability. However, smaller SOEs may
have to accept the shrinking role as providers of
employment and thus social stability rather than
as profit-driven enterprises, unless the government
increases its efforts to maintain their relevance.
For foreign companies, the analysis may seem some-
what disillusioning. An annual sales growth of 19%
in the period from 2006 to 2012 certainly sounds
impressive from the perspective of stagnant West-
ern markets, and it explains the strong focus of for-
eign chemical companies on China. However, com-
pared to an average annual market growth of 22%
during the same period, the achievements of for-
eign players are much less impressive. This devel-
opment is most likely the consequence of a shrink-
ing technology and knowledge gap between for-
eign and domestic companies. Given the rapid
advances of local companies within the relatively
short observation period, maintaining a high mar-
ket share in China will be a huge challenge to for-
eign chemical companies. As a consequence, for-
eign companies may have to adapt to their shrink-
ing technological superiority over the Chinese com-
petitors, and adapt their activities accordingly – for
example, by developing more localized products
and by focusing more on cost competitiveness. In
the long run, competition between foreign and
domestic chemical companies in China will pre-
sumably be one between comparable players, much
like competition between, e.g., German and US
chemical companies in the US market.
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1 Introduction 

Industrial greases are one of the most impor-
tant fluids extensively used by a large variety of
industry branches. Their superior properties, dura-
bility as well as availability are highly appreciated
by professionals. Since many years, different types
of greases are employed to protect companies’
equipment and machinery. Therefore, it is interest-
ing to analyze the changes as well as future mar-
ket opportunities for a market that is on the one
side continuously developing and is on the other
side at a mature stage. Market maturity is moni-
tored especially in the well-developed regions such
as North America and Europe. In both regions, it is
observed that the average consumption level is
persisted at a relatively constant level, with a ten-
dency to decrease year-by-year due to shifting of
manufacturing base to developing countries such
as BRIC and ASEAN countries. 

Industrial greases, not yet considered as a high-
ly performing component, are showing a system-
atic growth. Especially environment compliant veg-
etable oils such as rapeseed and soybean oils are
popular in the global market. Increasing populari-
ty of bio-based materials is mainly driven by envi-
ronment-oriented regulations. Additionally, it is
supported by technological improvements, distinc-
tive for industrial greases. Innovative solutions

attract the interest of new industry sectors that
look for the best performing products which are
not harmful to the environment. Technologies used
for greases are already advanced; nevertheless, bio-
greases are still not good enough to compete with
mineral or synthetic products. 

2 Industrial Greases

2.1 Composition of Industrial Greases

Grease typically consists of three main compo-
nents that include base oil, thickener and additives
(Fig. 1). Base oil is considered as a fundamental
grease component. In most greases sold today,
refined paraffinic and/or naphthenic petroleum
oils are utilized. However, an extensive range of
synthetic oils or synthetic fluids is also employed.
Synthetic oils that are typically based on poly-alpha-
olefins (PAOs), esters, poly-alkylene-glycols (PAG)
and silicones are being chosen because of the spe-
cific properties they contribute to the industrial
greases. For example, adding synthetic oils leads
to a reduction or an increase of the operating tem-
perature range. Additionally, these oils offer a good
combination of performance characteristics and
price. Moreover, the base oil used in grease produc-
tion determines the type of industrial grease for
end users. In general, three main groups of greas-
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es exist in the worldwide market (Fig. 2), i.e. min-
eral oil-based greases, synthetic and semi-synthet-
ic oil-based greases as well as environmentally-
friendly greases.

Another crucial component used in greases is
thickening agents, also called thickeners. Thicken-
ing agent can be a soap type or non-soap type. By
adding it to a lubricating mixture, it increases its
viscosity without substantially modifying its other
properties such as lubricity. So, in general, thicken-
er is a substance that, together with a fluid com-
ponent, provides the solid or semi-fluid structure
to grease. In total, there are many types of thick-
eners extensively used in the market of greases
(Fig. 3). Additionally, from a technological perspec-
tive, grease can contain more than one thickening
agent. Typically, such mixed and complex thicken-
er-type greases are made of a combination of con-
ventional lithium soap and a low molecular-weight
organic acid used as complexing agent.

To sum up, one can observe that the most exten-
sively used greases consists of salts of a fatty acid
(soap) emulsified with mineral or synthetic base
oil. As everybody who had the chance to work with
greases knows that the most distinct feature of
greases is their color and high initial viscosity, the
type of thickener is normally the first decision mak-
ing factor regarding the application. However, apart
from base oil and thickener, the industrial grease

has in its composition a third equally or even more
important component. These are performance
enhancing additives responsible for more individ-
ual and customized grease properties. These addi-
tives typically constitute up to 10% of the total
grease weight, whereas the base oil can even
account for 90% and thickening agents between
5% and 20%. Moreover, additives and the formula-
tion behind additives are often kept confidential,
protected by a number of patents. Additives play
several critical roles in greases. They are able to
enhance the existing desirable properties, suppress
undesirable properties, and impart completely new
ones. For instance, additives can improve the tol-
erance for extreme temperatures, pressure and
even speed. So it is not surprising that these 10%
of the grease weight distinguish one manufactur-
er from another and make one grease not compat-
ible with other types.

Apart from these fundamental components,
boundary lubricants such as molybdenum disul-
fide or graphite that reduces the friction can be
suspended in the grease. These substances can suf-
fer damages without adverse chemical reactions
affecting metal surfaces during heavy loading and
slow speeds.
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Figure 1 Industrial Greases compositions (Source: Frost & Sullivan 2014).
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Figure 2 Industrial Greases types depend on the base oil used (Source: Frost & Sullivan, 2014).
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2.2 Functions of Industrial Greases

So, what is the main role of greases? Why is
grease so important for machinery? To answers
this, one should understand the purpose behind
designing industrial greases. In general, industrial
greases’ main purpose is to minimize friction and
wear between moving surfaces. A large number of
greases currently available in the market are used
in various rolling element bearings. Lower quanti-
ties are used in plain bearings, gearboxes and on
open gears. Normally, grease for a given industri-
al application is expected to provide adequate lubri-
cation to reduce friction and to prevent harmful
wear of bearing components. Simultaneously, it
protects surfaces in machinery against corrosion
and acts as a seal that prevents access of dirt, mois-
ture and water. Additionally, grease resists leakage,
dripping or undesirable lose from the lubricated
surfaces as well as intolerable change in structure
or consistency in the bearing especially during pro-
longed service. Nowadays, industrial greases have
suitable physical characteristics adjusted to their
application area. They are compatible with seals
and other types of materials of construction in the
lubricated portion of the mechanism to maximize
the comfort of working and the overall perform-
ance. Advanced industrial grease tolerates even
certain degree of contamination, for instance mois-
ture, without loss of its characteristics. Unfortu-
nately or fortunately, depending on the point of
view, there is no all-purpose grease. However, this
increases the product variety and improves the
competition between manufacturers. Otherwise
there would be only one type of grease applicable
everywhere. Isn’t it a too idealistic perspective?

Maybe, but despite large investments to design
the most innovative and the best performing multi-
purpose grease, modern premium quality multi-
purpose grease are able to meet between 70% and
75% of all applications where grease lubrication is
required. For the remaining 25% to 30%, many dif-
ferent and often highly specialized types of grease
are necessary. Does it mean that key manufactures
were not able to develop grease applicable for 100%
of all applications? As it was mentioned at the
beginning of this article, industrial greases are tech-
nologically quite interesting and at the same time
quite challenging. Moreover, requirements of dif-
ferent industries vary quite significantly. 

When industrial grease is used, the base oils,
whether it is mineral, synthetic or vegetable oil, the
grease is gradually degraded by temperature and
pressure in the work piece that is being lubricat-
ed. This degrade process will continue until the oil
becomes carbonized, unless fresh lubricating grease
is applied periodically. As the base oil oxidizes in
service, it becomes a contaminant and mixes with
the collapsing and degrading base to become so-
called "used grease". Typically it is extruded regu-
larly as fresh industrial grease is added to the bear-
ing or work piece. However, sometimes synthetic
greases made of synthetic fluid rather than petro-
leum re required. Even though synthetic greases
are affected in service in a similar way, they are
characterized by high and/or low temperature capa-
bilities and significantly longer service life. The
extent of these capabilities strongly depends on
the type of synthetic base oil, thickener type and
enhancing performance additive formulation.

Figure 3 Industrial greases types depend on the thickening agent (Source: Frost & Sullivan 2014).
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2.3 Market Overview

As greases are available in the market since
19th century, the market for industrial greases is
quite old and mature. However, technological inno-
vations and improvements are expected to boost
market growth. For instance, Europe and North
America are characterized by long-term experi-
ence and an extensive knowledge in this field.
However, the most rapid growth at the moment
is observed in emerging countries such as India,
China and Brazil. It is crucial to mention that from
the global perspective, the industrial grease mar-
ket is highly competitive and dominated by key
multinational corporations typically related to
crude oil production.  

Modern technologies, advanced equipment,
environmental legislations as well as the appli-
cation of new materials and systems are contin-
uously demanding improvements equally in
mature and emerging regions. Apart from inno-
vation and advancement, the grease market strug-
gles for solutions that are professionally adjust-
ed to applications and specific customer needs.
Due to inadequate recommendations, many cus-
tomers still use grease incorrectly, especially at
the wrong place, and thus destroying the overall
performance of the grease and the equipment.

Even if a grease supplier or distributor has a very
wide range of greases, the selection is hardly ever
a straight forward matter. The process of choos-
ing the grease with the right physical and chem-
ical properties for the application is quite com-
plex. 

The majority of industrial greases manufac-
tured today predominantly uses mineral oil as
fluid component. Mineral oil-based greases pro-
vide a satisfactory performance in many indus-
trial applications and are less expensive in com-
parison to synthetic and semi-synthetic oil-based
greases. Moreover, it is proven that in case of
extreme temperatures, these greases provide bet-
ter stability; however, they are less durable in com-
parison to other two types. While the mineral oil-
base greases ac counted for 40.4% of the global
industrial grease market revenue (in 2012) and
are still dominant with regard to the volume con-
sumed, synthetic oil-base greases are preferably
employed in more severe or even quite exotic
applications. In 2012, revenues for semi-synthet-
ic and synthetic oil-based greases amounted to
55.6% of the global industrial grease market main-
ly due to higher prices (Fig. 4). 

The most popular thickeners are metallic, mixed
and complex-metallic soaps, which yielded 92%
of the revenues generated by the global industri-
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Figure 4 Percent sales breakdown in global industrial greases market market in 2012 and 2019 
(Source: Frost & Sullivan 2014).
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al grease market in 2012. Metallic soap thickener
may include lithium, aluminum, barium, clay,
polyurea, sodium, and calcium soaps. At present,
lithium soap greases are the most dominating
products in a global market that generated 52%
of the global market revenues in 2012. Apart from
the metallic soap greases, the complex thickener-
type greases are rapidly gaining market popular-
ity. These complex products often combine the
conventional metallic soap with a complexing
agent. One of the main reasons why these prod-
ucts are more and more appreciated by end users
is related to their high dropping point and excel-
lent load-carrying abilities. 

Regarding the overall grease production cost,
a significant proportion consists of the amount
of soap that is required to achieve a certain Nation-
al Lubricating Grease Institute (NLGI) grade as its
solvating power affects the amount of soap need-
ed. Besides soap type greases, also non-soap thick-
eners such as bentonite and silica aerogel are sys-
tematically gaining attention from the key indus-
try participants such as Klueber, Petrofer and Quak-
er. These products are typically required by end
applications that use greases in equipment or
machinery operating in an extremely high-tem-
perature environment.

Additives decide about the product competi-
tiveness in the market. Therefore, there is a large
variety of highly innovative products that are
added to industrial greases. At present, the most
extensively used additives are oxidation and rust
inhibitors, extreme pressure, anti-wear, and fric-
tion-reducing agents.

2.4 Market Growth Direction 

In 2013, the total industrial grease market gen-
erated $1,169.3 million and it is expected to grow
at a compound annual growth rate (CAGR) of 6.6%
between 2012 and 2019 (Frost & Sullivan 2014). This
growth is relatively high despite of the increasing
number of challenges, competition and legislative
changes. The increasing need especially in emerg-
ing countries such as Brazil, Russia, India, China,
and South Africa (BRICS) for improved performance
and reliability as well as the sheer speed at which
technology is moving drives the growth of this high-
ly attractive market. Despite the fact that the indus-
trial grease market is rapidly developing and chang-
ing, the dominant end user sector is not changing
much. For many years, typically machinery and
heavy industry as well as the infrastructure sector
constitute the largest segment in terms of appli-
cations of mineral greases and less often applica-
tion of synthetic industrial greases. Other equally
important, however smaller end-user segments

include pulp and paper, aerospace, mining, food
processing, and power generation. With regard to
bio-based greases, they receive impressively
increased attention for marine and food-grade
applications.

Interestingly, there are a group of customers in
the automotive, aviation and mining segments as
well as machine designers or builders that require
suitable lubricating greases regardless of whether
such products are feasible, costly, and widely avail-
able or require special development and improved
manufacture technology. These customers are
strongly influencing the research and development
and hence the innovativeness of industrial greas-
es.

2.5 Stimulating Factors Affecting Industrial Grease
Markets 

Year-by-year the industry grease manufactur-
ers are facing an increasing number of challenges,
drivers and constraints. It is well-known that the
industrial grease market is not a simple market. It
is impacted by different factors that often vary
depending on the situation and economy. The most
influencing challenges are related to environmen-
tally-oriented legislations, regulations and certifi-
cates. High environmental concerns drive the need
for more advanced, effective, and safe industrial
greases. Legislative requirements affect the grease
composition as it is controlled how and where the
greases are stored, especially the “used greases”.
In this case legislative pressure accelerates the mar-
ket growth; however, often significant legislative
changes are problematic to small and medium-
sized companies that do not hold a strong share
in the market and are not strong enough to com-
pete with larger manufacturers. Any change in com-
position extorted by legislation requires addition-
al finances and delay in commercialization in the
case when the product is registered. This legisla-
tive pressure, especially constantly tightening rules,
restrains the immediate use of certain, innovative
greases by end users. Other forces that accelerate
the market growth combine the extensive range
of industrial applications supported by technolog-
ical improvements that introduce more sophisti-
cated and efficient greases as well as awareness
campaigns supporting bio-based products. The pur-
pose is to increase the end users’ knowledge about
the performance benefits of bio-greases. Most of
them still consider environmentally friendly greas-
es as detrimental in terms of performance. 

There is one factor that in general accelerates
the revenue market growth and at the same time
restrains the volume consumed. This factor is the
improved industrial grease quality. On the one side,
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higher quality products are attractive and appre-
ciated in the market especially due to the extend-
ed durability and shelf life. So it became an advan-
tage for higher quality industrial greases to last
longer and be more effective. Because of this, end
users do not need to replace these greases as often
as is in the case of more conventional products.
This clearly reduces the need for frequent grease
replacement and parallel saves time, money and
reduces the amount of used greases. Regarding
restraining factors, the most meaningful one is the
unstable economic situation. It influences the finan-
cial fluency of each of the industry sectors that
apply greases. This often leads to reduced interest
in more innovative and advanced industrial greas-
es as manufacturers are skeptical and not willing
to financially support research and development
(R&D), especially at the time when everybody is
looking for savings. Another restraint as it was men-
tioned earlier is caused by the fact that grease mar-
kets depend on the industrial customers and their
overall market situation. The economic situation
impacts the demand for different types of indus-
trial greases as well as the need for certain equip-
ment and grease replacement. Also high switch-
ing costs caused by typically low industrial grease
compatibility lead to minimal willingness to switch
to new products as well as to products offered by
other manufacturers. It is quite comfortable to use
the grease originally applied. However, when the
whole equipment (and associated process chains)
is immobilized, it is highly recommended to choose
another grease. 

At the end of the restraining factors list, there
is competition. Competition not only results from
multinational companies but also from cheaper
and often lower quality products typically from
Asia. Although the competition provides high entry
barriers for new market entrants, it can be possi-
ble for the manufacturers of lower quality greas-
es or customized products with limited availabili-
ty to challenge these barriers. In the global grease
market, often price is still the first decisive factor
during decision making. The second one considers
technology performance and innovativeness. 

To conclude, it is still highly reasonable to expect
a continued systematic growth of the global indus-
trial grease market in the near. The same estimate
is realistic for bio-based materials used to manu-
facture industrial greases.

2.6 Industrial Greases Market Trends

At the moment the most significant market
trend is related to the fact that industrial greases
are under a very strong pressure as they need to
be developed for modern and often extremely

demanding applications where high pressure, tem-
perature and speed are the main requirements.
Because of this, the manufacturers are continuous-
ly investing in new products and lubrication solu-
tions by improving thickeners, additives and even
based oils. This might be a potential opportunity
for bio-based materials. Moreover, grease manu-
facturers are anticipating future demands and
trends by following the direction of market devel-
opment. High quality and innovative greases are
significantly driving down maintenance costs and
increasing the equipment as well as the whole pro-
duction plant productivity. There is a general trend
towards continuously improving the quality and
performance of industrial greases as end users are
more demanding. Simultaneously, advanced greas-
es protect the equipment and machines better,
enhance the reliability of working parts and improve
the profitability. Therefore, major trends and devel-
opments are related to the fact that often the choice
and adaptation of greases for the right application
can be a huge challenge which needs to be
addressed by manufacturers to meet the customers’
needs. 

At the same time it is critical to guarantee the
consistent product performance with in-depth sup-
port knowledge. A long life under high-tempera-
ture conditions and considerable low-temperature
fluidity is required for industrial greases used in
bearings of engine electrical components. Normal-
ly, semi-fluid greases offer a prolonged protection.
Another product trend is related to increasing the
number of plastic elements. As an increasing
amount of plastic material instead of metals is
used, especially for the purpose of weight-saving,
synthetic hydrocarbon greases are used to avoid
any adverse effects on plastics. 

Further trends are caused by other new, often
niche applications that require special greases ful-
filling specific requirements, such as conductivity
and vacuum conditions. The trend typical in most
industries is to maintain their machines for longer
periods without re-greasing, and thus, especially
synthetic greases are considered to be the best
solution. One can also find some grease that
addresses multiple applications. Multi-purpose
industrial greases are highly popular between man-
ufacturers as these products cover a wide range of
applications, simplifying maintenance and reduc-
ing customers’ stock levels. The high-temperature
greases for the most severe conditions exhibit an
increased popularity especially when we consider
the well-established European and North Ameri-
can market. 
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2.7 Market Opportunities for Bio-based Materials

It can be monitored that there is a market oppor-
tunity for bio-based materials in the global mar-
ket of grease production, especially for greases
applicable in the marine sector and other environ-
mentally sensitive areas. An increased availability
and number of greases that are based on vegetable
oils such as rapeseed and soybean oil can be
observed. In 2012, oils based on rapeseed oil account-
ed for 26.5% and those based on soybean oil for
32% of the bio-based greases market. However,
from the other side it seems that end users are not
yet ready for such a drastic change, especially as
the performance and durability require some addi-
tional developing effort. In addition, bio-based
greases require the usage of comparably expen-
sive raw materials which increases the overall price.
As industrial grease end users quite price sensitive,
they are not willing to pay for premium bio-based
solution. To help to increase bio-based materials’
popularity in industrial grease markets, govern-
mental and legislative rules are required. Addition-
ally, reduced prices and improved performance will
also support the market opportunities for bio-mate-
rials in greases. It is also critical to provide indus-
trial greases that do not contain lead or heavy met-
als which are considered to be harmful to human
health and the environment. Additionally, it almost
became a rule to offer products that are biodegrad-
able, non-toxic and hence not harmful to the envi-
ronment. Non-biodegradable greases of any kind
should always be handled with great care, partic-
ularly by avoiding any contact with the skin.

3 Conclusions 

There is a constant drive in the industry to cre-
ate machines that are smaller, more sophisticated,
and compact. At the same time, the machinery
industry are building parts to serve multiple pur-
poses. Hence, when working parts and moving com-
ponents are brought closer to one another, the heat
released will be higher than it would be under nor-
mal circumstances. Therefore, more customized,
innovative, and advanced industrial greases are
expected to drive the market economy whereby
high quality, environmentally suitable, and more
durable, multi-functional and efficient industrial
greases are the most important end user needs at
the moment. Biodegradability is also an important
characteristic but to be made of bio-based mate-
rial is not so critical for greases at present. Some
bio-greases are present in key industry participants’
product portfolios but they are often established
for marketing purposes to demonstrate the man-
ufacturer’s willingness to be flexible and sustain-

able. Realistically saying, the industry seems to have
no room for less effective products; therefore, indus-
trial customers have to wait a few years before bio-
based greases can offer equally attractive proper-
ties to those that currently dominate the global
market. However, new regulations and require-
ments, environmentally suitable or acceptable stan-
dards, engine hardware changes, and the exten-
sion of oil drain intervals will put additional pres-
sure on industrial grease manufacturers to increase
the performance, durability, and robustness of greas-
es as mechanical equipment operating conditions
are becoming harsher as well.

There is an overall large potential for bio-greas-
es; however, improving their performance will large-
ly depend on manufacturers’ promotions backed
up by the necessary government policies that can
enforce the usage of bio-lubricants in key areas
such as hydropower plants.
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