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Success factors for intra-firm process technology transfer, and
a petrochemical outlook
The introduction of existing, improved or radically new process technology
in the process industries is not finished until the technology is implemented
and operating well within the company’s organization and premises; a
fact of growing importance in the perspective of digital transformation.
In a literature review of technology transfer models, studies of intrafirm process technology transfer were found to be scarce, and this article,
aims to close this gap. Relying on the author’s industrial experiences and
a literature review, 25 success factors for intra-firm process technology
transfer were developed and operationalized for company use. To serve as
an illustrative case in order to facilitate company implementation of the
results, the success factors were afterwards included in a questionnaire
in an exploratory survey to professionals in the petrochemical industry.
The findings indicate that companies would benefit from the development
and use of an internal guide for inter-firm process technology transfer.
The holistic hierarchic structure of the success factors could not only be
used as components in such a manual but also serve as a “checklist” for
companies’ internal improvement programs for process technology transfer.

1 Introduction
The cluster of industries generally denoted as “the process

the R&D organization to the production function. This phase

industries” spans multiple industrial sectors, constitutes a

will generally involve modifications of existing production

substantial part of the entire manufacturing industry (Lager,

equipment, new process installations or even the erection

2017); in Appendix 1 the concept process industries is defined

of a complete new production plant. However, bringing

in detail. One of the principal differences between companies

new plants, production processes, minor unit operations or

in the process industries and those in other manufacturing

single equipment items on stream is not only a production

industries is that the products supplied to them and often

and financial risk, but an activity that is always also a safety-

delivered from them are materials or ingredients rather than

critical endeavor (Bagsarian, 2001).

components or assembled products (Frishammar et al.,
2012). The final step in process development is the transfer

One should thus not overlook the installation and startup

of the results to production; a point when efforts shift from

of even minor process equipment integrated in big plants
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since, regardless of size, there is always a potential of a

Apart from companies’ general management of the

major process and production disturbance (Lager, 2012). In

technology transfer process and the use of a number of

conclusion, this phase is not just handing new technology

success factors for excellence in management of process

over to production (Bagsarian, 2001, Gans et al., 1983,

technology transfer, the complexity of the technology to

Leitch, 2004), since this phase can represent the part of the

be transferred is generally one out of several contextual

total development process that can make the difference

determinants for successful technology transfer. The matrix

between project success and failure. It thus argued that

in Figure 1 thus illustrates the influence of the newness of

more attention should be paid to this final part of process

the process technology to the company’s production system

innovation; the intra-firm technology transfer process.

and the newness of the process technology to the world on

Moreover, since the company’s digital transformation and

the technology transfer process complexity (Lager, 2002).

digitalization also will depend on successful inter- and

In this study, the importance ratings of individual success

intra-firm transfer of technology and systems, excellence in

factors were consequently differentiated in the inquiry for

technology transfer is of increased industrial importance.

both “well-proven technology” and “new technology”.

While management of the technology transfer process is
generally an issue of concern in all manufacturing industries

Success factors for improving a process company’s

(Burnett and Williams, 2014, Distanont et al., 2018, Lavoie et

R&D organization’s desorptive (transmitting) capabilities

al., 2017), it is of particular interest for process technology

(Lichtenthaler, 2006) were categorized in this study as

transfer in the process industries because of high fixed

technology-related, work-process-related, and knowledge-

asset costs and a need for high operational availability

and culture-related. Success factors for improving a process

during process technology transfer.

company’s production organization’s absorptive (receiving)
capabilities (Cohen and Levinthal, 1990), however, were

In spite of its importance for theory building and for industrial

more knowledge- and culture-related.

production and innovation, process-industrial innovation is
unfortunately still under-researched, and in a literature review

The remainder of this article is organized as follows. In the

of technology transfer and technology transfer models,

next section, technology transfer in general and intra-firm

studies of intra-firm process technology transfer were found

technology transfer in particular are reviewed. Afterwards,

to be scarce; this article aims to close this gap. Success

the development of a conceptual framework, research design

factors for intra-firm transfer of process technology are

and the methodological development of success factors for

defined in this study as: “specific working methods and best

process technology transfer are presented. The empirical

practices that lead to successful outcomes of technology

findings from a survey of companies in the petrochemical

transfer” (Lager and Hörte, 2005b), which is related to

industries are then introduced, including individual success

the construct of effectiveness in technology transfer.

factors and their related supportive references. The results

Furthermore, previously presented barriers for technology

are then discussed, followed by managerial implications and

transfer are converted into success factors by identifying

conclusions.

how they could be overcome.
The point of departure for this study was the development
of a conceptual framework for intra-firm transfer of process
technology in the process industries. Afterwards, based on
the authors’ previous industrial experiences in technology
transfer and a review of extant literature on technology

2 A literature review and the
development of a conceptual
framework for process technology
transfer

transfer, 25 candidate success factors for intra-firm process

In this article, the distinction proposed by Stewart (1987)

technology transfer were iteratively developed. These

is followed, and the term of “technology diffusion” is thus

success factors were afterwards used in the development of

used to refer to the spontaneous flow or meandering of

a questionnaire for an exploratory survey to professionals in

information and knowledge about a technology, whereas the

the petrochemical industry in order to serve as an illustrative

term “technology transfer” is used to refer to a company’s

case to facilitate company implementation and use.

intentional transfer of technology and knowhow. This article
focuses on “technology transfer”; for a recent comprehensive
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treatment of the topical area, see, for example, Tidd (2010).

are not generally distinctive and separable but rather form
a seamless web.

2.1 Introducing the concept of technology
transfer
The importance of technology transfer is today generally
considered unquestionable; however, John Mason Mings
(1999) presented two contrasting perspectives:

Nino in business, government, industry and even education
decision-making, and for some it has meant disruption,
dislocation, and danger. For others, technology transfer has
been the vanguard of progress and an inexhaustible fountain
for productivity, empowerment, and convenience.

have both advantages and disadvantages; thus, excellence
in the management of the technology transfer process is
consequently of industrial importance from an organizational
innovation

management.

“Scientific disciplines, Professions, Industries, Economic
sectors, Geographic regions and Societies/Countries”.
Reisman and Zhao (1991) further suggested the inclusion
of the dimensions “duration, cost, nature and modality
learned here is that, in modelling technology transfer or in
the development of new conceptual frameworks, it should
be specified for what type of technology transfer and what
kind of transfer environment the results are supposed to be
relevant for, as well as which kinds of transfer mechanisms,
success factors, or determinants that is referred to. Khabiri
et al. (2012), in search of a technology transfer model for

While technology transfer is important, it certainly may

on

categories of transfers were identified by Reisman (1989):

(organizational forms for collaboration)”. The lesson to be

Technology transfer is sometimes suggested as an El

perspective

In a taxonomy for technology transfer, the following

Defining

technology as comprising the physical object (artifact), the

SMEs, propose a slightly modified version of the model
proposed by Malik (2002), and for a recent review of
technology transfer models, see Kundu and Bhar (2015).

2.2 Technology transfer at a company-tocompany level

process of making this object and the necessary knowledge
to operate the object (Levin, 1993), this study views the

The process of introducing existing, improved, or newly

transfer of technology as not only the physical movement of

developed technology in a company is not finished until

equipment and the transfer of the necessary skills to operate

the technology is implemented and operating well within

the equipment but also an understanding of necessary

the company’s organization and premises. By analogy,

embedded knowledge and cultural skills; these elements

just as the final phase of product development is the

Figure 1 The contextual dependency of the transfer of process technology in the process industries (in allusion to Lager 2002).
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launch of a new product on the market, the final phase of

in the original organizational setting” as critical factors. In

process development is the implementation and start-up

an organizational learning perspective, Daghfous (2004)

of a new technology — that is, technology transfer. In a

identifies a number of factors for an improved inter-

study of barriers to technology transfer, at a personal level

firm transfer of technology, such as the inclusion of a

of analysis, Jung (1980) concludes that an organization

transferee representative in the technology development,

that wants to minimize barriers must observe a number

the importance of prior knowledge of the technology at

of factors, including looking for personalities that facilitate

the transferee company, and a need to identify necessary

technology transfer, rewarding good technology transfer

organizational implications.

behavior, building and maintaining trust, and improving
documentation. Trott et al. (1995) likewise recognize

In a study of internal technology transfer in complex product

the importance of non-routine activities and effective

development (Magnusson and Johansson, 2008), the

communication

boundary-spanning

importance of the “system aspects” is stressed. This fact,

individuals. This area is further discussed by Leonard-Barton

highlights the corresponding “system aspect” in the transfer

and Deschamps in their study of managerial influence in the

of process technology into complex process-industrial

implementation of new technology (Leonard-Barton and

production systems. In two articles (Part 1 and Part 2),

Deschamps, 1988, Leonard-Barton and Kraus, 1985).

Lager and Hörte (2005a, Lager and Hörte, 2005b) studied

between

credible

success factors for the development of process technology
In a study of internal technology transfer and the

in the process industries, and a number of success factors

determinants for success, Leonard-Barton and Sinha (1993)

that relate well to technology transfer are noted in the

observed that important success factors include not only

presentation of these success factors in the empirical

the cost, quality and compatibility of the technology but also

findings. In the book Managing Process Innovation: From

user involvement in the development and adoption by the

idea generation to implementation, Lager (Lager, 2010) also

developers and users of both the technical system itself and

presents success factors related to process technology

the workplace. They further observed that a technical system

transfer; for example, “strong mutual trust exists between the

transferred from a development site to a user site always

development organization and the production organization”.

encounters differences in context, equipment, operators’
skills, and so on. Moreover, even if developers successfully

In a review of critical success factors in manufacturing

meet their original technical objectives, new technology

industries, Mamat and Roslan (2012) concluded that the

often requires fine-tuning in the operating environment.

most important overall factor was good communication, but

Malik (2002) concluded that barriers to technology transfer

they noted that the transfer of key personnel, selection of a

could be overcome by a personnel approach (temporary

proper transfer mode, and compatibility in partnership were

or permanent transfer of the knowledge owner to the user

also important. Modelling the technology transfer process in

group), an observation that is supported by Langrish (1971).

the petroleum industry, Mohamed et al. (2012) point out the

He further recognize that barriers or likely-to-inhibit factors

importance of the transferee having good prior knowledge in

include lack of interest in the project, the “not invented here”

the area of technology, as well as the importance of mutual

syndrome, lack of people transfer, lack of perceived market

trust between the transferor and the transferee. In a study of

benefit, lack of trust, lack of training, lack of incentives,

knowledge transfer in the oil and gas industry, Burnett and

language barriers, and perception of new technology as a

Williams (2014) recognized that successful development of

threat (Malik, 2002).

technology is in large part due to personal interactions and,
in many cases, informal sharing of both tacit and explicit

A study of critical success factors for technology transfer

knowledge. Searching for “catalysts” of intra-firm technology

in the petrochemical industry (Badruzzaman, 2003)

transfer, Petronia et al. (2015) recognized the importance of

acknowledges the importance of securing recipient “buy-in”,

the transfer of tacit knowledge, risk estimation and the link to

providing an early demonstration of expected benefits, and

previous testing of the technology. Moreover, Chuan (2018)

ensuring the transferee’s prior knowledge of the technology.

identified a number of challenges to intra-firm technology

Chai et al. (2004), in a study of process innovation, identified

transfer, such as:

the effort required for the “adoption of the technology for
local use” and the “degree of technology embeddedness
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Managing tacit information



Avoidance of “not invented here”



Lack

of

people

transfer

been outlined. However, please note that success factors
related to the areas marked with dashed borders were not
and

“face-to-face”

targeted in this study.

communication


Culture and trust

2.3.1 Success factors for intra-firm transfer of process
technology

In the development of a technology transfer framework for the
energy sector, Lavoie et al. (2017) considered the following

In the perspective of intra-firm transfer of process technology,

capabilities to be important: “training at the donor’s site,

Figure 2 illustrates that the process company’s research and

assigning experienced staff, overcoming language barriers,

development (R&D) department both internally develops

early interaction with transferor, future revenue estimates,

“core technology” in-house (Dussauge et al., 1987) and also

and risk analysis”. In a review of critical success factors for

often serves as an intermediary in the transfer of external

university–company technology transfer, de Souza Andrade

technology into its own company’s production department.

et al. (2017) identified the importance of technology training

In both cases, the company’s R&D department must have

and communication abilities. The latter factor was also

good desorptive capability in its transfer of technology

highlighted in a study by Behrane and Grobbelar (2018).

to production. In a review of critical success factors for

Distanont et al. (2018) identified the following factors

university–company technology transfer, de Souza Andrade

affecting technology transfer in the petrochemical industry:

et al. (2017) identified the importance of technology training

“strong knowledge of the technology by the transferor,

and communication abilities. The latter factor was also

crossing language barriers, classroom training, face-to-face

highlighted in a study by Behrane and Grobbelar (2018).

learning, and on-the-job training”.

In this study, success factors for improving the desorptive
capabilities of the process company’s R&D department were

2.3 A conceptual framework for intra-firm
transfer of process technology

categorized as:


Technology-related success factors

In an early seminal paper titled “Innovation and learning: the



Work-process-related success factors

two faces of R&D,” Cohen and Levinthal (1990), introduced



Cultural and organizational climate-related success

the concept of “absorptive capacity”:
We argue that while R&D obviously generates innovations,
it also develops the firm’s ability to identify, assimilate and
exploit knowledge from the environment – what we call a

factors
However, the production department must also have a strong
absorptive capability in order to successfully learn, master
and implement new technology into the production system.

firm’s “learning” or “absorptive” capacity.

Success factors for improving the absorptive capabilities of

In a later review and reconceptualization, Zahra and George

identified and categorized in a similar manner as for the R&D

(2002) distinguished between potential and realized
absorptive capacity. The antonymous concept is “desorptive
capacity”, defined by Lichtenthaler (2006) as “a firm's
ability to identify technology transfer opportunities and to
transfer technology to the recipient”. The ability of an R&D
organization to excel in intra-firm technology transfer is to
a large extent dependent on its transmitting capabilities for
knowledge and technology, which in today’s vocabulary are
often called its “desorptive capabilities”. In a similar vein,
the process company’s production organization’s receiving

the process company’s production department have been
department. While a production department’s desorptive
capacity giving feedback to the company’s R&D department
is generally also desirable, this capability was not included
in this study, nor were the two complementary activities
of “Internal Start-ups” and “Technology transfer to other
business units”. While Giroud and Mirza (2006) studied the
latter activity from a company–country transfer perspective,
Holden and Konishi (1996), in a study of Japanese and US
organizations, identified the following factors as central to
successful inter-firm management of technology transfer:

capabilities for new or improved internal technology can be
called its “absorptive capabilities”. In Figure 2, a conceptual
framework for intra-firm process technology transfer has
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Excellent project management skills (tact, flexibility and

RQ2 What are the success factors for process companies’

diplomacy in interactions between organizations with

production organization’s receiving (absorptive) capabilities

different practices, structures and cultures).

for process technology?



Strong and effective communication paths.



Selection of partners based on complementary

In this article, only success factors for intra-firm technology

technology

transfer and the related survey results are presented.

and

business

interest

(long-term

partnership).
“Internal start-ups” are the opposite of “external spin-outs”
but are related to “external spin-ins” in an inter-firm process

3 Research design and
methodological considerations

technology transfer perspective. In a study by Festel (2013),
such internal start-ups were identified as a new approach

Lacking a suitable framework for process technology

for companies’ internal technology transfer from research

transfer, and based on the results from the literature review,

departments to business units focused on commercial

a conceptual framework for intra-firm process technology

operations

transfer in the process industries was thus initially

to

overcome

innovation

barriers

within

companies (i.e., “into-firm” diffusion).

developed, as shown in Figure 2 in the previous section. The
overall research strategy and design adopted to answer the

2.4 Research questions for intra-firm
technology transfer
The following research questions have been identified:
RQ1 What are the success factors for a process company’s
R&D organization’s transmitting (desorptive) capabilities
for process technology to the company’s production
organization?

research questions for this study is presented in Figure 3.
Because of the large number of candidate success factors,
the research findings are presented in two separate articles;
this article presents the results on intra-firm process
technology transfer.
In this study, both authors acted not only as management
researchers but also in their capacity as industry
practitioners, since both have more than 20 years of general
or management experience operating in the process

Figure 2 A conceptual framework for intra-firm transfer of process technology in the process industries. The bi-directional arrows illustrate
the desired reciprocal information sharing and collaboration perspectives. The importance of the role of the R&D organization as an
intermediary in the inter-firm transfer process is also illustrated. Areas marked with dashed borders are not investigated in this study (own
representation).
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industries (Mineral Industries and Petroleum Refining/
Petrochemical Industries). Thus, in a grounded theory
perspective (Glaser and Strauss, 1967), both authors were
able to contribute first-hand knowledge in the topical area
in the development of the candidate success factors, thus
“letting the practitioners speak”, in the words of Binder and
Edwards (2010). Such prior understanding can have many
advantages for a study of this kind, as expressed by Markus
(1977):
The problem is how to get beyond the superficial or the
merely salient, becoming empirically literate. You can
understand little more than your own evolving mental map
allows. A naive, indifferent mental map will translate into
global, superficial data and interpretations – and usually into
self-induced bias as well. You have to be knowledgeable to
collect good information.
It is argued that the authors’ familiarity with the process
industrial context and the subject area has not only improved
the construct validity of the selected candidate success
factors but also secured the identification of knowledgeable
informants - a fact which will be discussed in the following
sub-section.

3.1 The methodological development of a
hierarchy of candidate success factors
After the development of the conceptual framework, a
number of potential success factors were initially developed
based on the authors’ previous industrial experiences with
technology transfer in two different sectors of the process
industries and an in-depth literature review of technology
transfer in general and inter-firm technology transfer in
particular. In this context, the construct of “success factor”
was defined and later presented to the respondents as:
“Specific working methods and best practices that lead to
successful outcomes of technology transfer”. (For a more
extensive presentation and discussion of success factors in
the management of process innovation, see, e.g., (Lager and
Hörte, 2005a, Lager and Hörte, 2005b). A number of potential
success factors relevant for the process technology transfer
processes were thus initially developed. Additionally,
previously identified barriers to process technology transfer
were developed into success factors by considering how
they could be overcome.
Afterwards, the potential success factors were iteratively
revised, further refined, and reformulated into more
understandable candidate success factors for process

Figure 3 The overall research design. Because of the large number of candidate success factors, the research findings are presented in
two separate articles, as illustrated by the dotted lines. Previous article (own representation).
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industry professionals. All candidate success factors were

In this respect, the respondents in this survey can thus be

initially separated into inter-firm and intra-firm success

viewed as “multiple informants” (see, e.g., Barrett and Oborn,

factors; thereafter, in a clustering exercise, they were finally

(2018).

arranged in hierarchical structures. The success factors for
R&D organization’s transmitting capabilities were in a bottom-

3.2.1 The sampling strategy for the exploratory survey

up clustering exercise categorized as “technology-related”,
“work-process-related” and “knowledge- and culture-related”,

In order to explore the industrial usability of the candidate

while the production organization’s absorptive capabilities

success factors for process technology transfer, the

related mainly to cultural and organizational climate-related

decision was made to test them on a group of industry

factors . All candidate success factors for intra-firm process

professionals from the “family” of process industries. The

technology transfer are integrated in the presentation of

intention was not only to explore their industrial relevance in

the research findings in the following section. Associated

process technology transfer but also to provide an illustrative

supportive literature references, if any, for the individual

case, thus facilitating a further industrial understanding

success factors are presented together with each success

and deployment of the success factors as an instrument

factor.

for enhanced process technology transfer. Since one of
the authors works in a company in the petrochemical and

3.2 Testing the industrial usability of the
candidate success factors in an exploratory
survey
Using surveys for the collection of information from
managers in manufacturing industries is becoming
increasingly

cumbersome

because

of

a

generally

experienced “survey fatigue” among industry professionals.
Potential respondents’ low willingness to participate in
surveys thus makes it difficult to use classical probability
sampling

techniques

in

management

research.

An

alternative approach to overcome this difficulty, based on
the researchers’ own knowledge and personal judgement,
is to locate knowledgeable groups of informationrich informants as respondents. Such a nonprobability
sampling strategy does not serve the classical objective
of generalization of research findings, but it does make it
possible to improve the understanding of the subject matter
through input from a limited number of respondents. Such
a theoretical sampling, also called “purposeful sampling”,
is thus the common strategy for case selection in multiple
case studies. The sampled individuals are then approached
as “key informants” rather than respondents as in a classical
inquiry (Wagner et al., 2010 pp. 583):

“Key informants report their perceptions of these constructs,
rather than personal attitudes or behaviours. In this respect,
informants need to be distinguished from respondents who

refinery industrial sector and planned to attend a major
international conference for the Petrochemical and Refining
Industries, this offered an opportunity to recruit respondents
for the exploratory survey. The decision was thus made
to approach selected delegates at the GCPA Research &
Innovation Summit (GPCA, 2017) to supply some empirical
information, and their companies became the selected
“study population”.
Although the “population of interest” is the international
process industries in general and the global petrochemical
and refining industry in particular, the decision was
made to deploy this somewhat unconventional sample
selection strategy for the study in order to overcome
the problem described above. The attending author’s
first-hand knowledge of these industries and network of
industry professionals visiting the conference simplified the
selection of the study population, as well as the contact with
knowledgeable company respondents, which aided in the
later conducting of the survey. During the conference, the
attending author reviewed the list of delegates, approached
selected informants, and gauged their willingness to respond
to a future inquiry. All candidate informants responded
positively, and the author collected their business cards and
explained the intention of the upcoming survey. The final
group of respondents were representatives from equipment
suppliers, service providers, and oil and gas operating
companies in the international arena.

give information about themselves as individuals.”
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3.2.2 The questionnaire and response rate

The letters and numbers related to each success factor are
only inserted to make them traceable to the inquiry.

The framework and related success factors to be deployed
in the questionnaire were first thoroughly reviewed and
discussed in a separate pilot test in one of the authors’
companies. English was the language used in the
questionnaires for all respondents, since English is often
the “working language” in the industrial corporations
targeted in this survey. The respondents were asked in the
questionnaire to give their “importance ratings” for each
candidate success factor using a five-point ordinal scale (1

4.1 Success factors for improving the
process company’s R&D organization’s
transmitting (desorptive) capabilities
Comments from respondents:


Not sure of the issue C1.1



R&D in the current low price oil and gas market is not
a major priority as clients are not willing to pay. R&D is

= Not important; 2 = Of minor importance; 3 = Important; 4

driven by client willingness to pay extra for advanced

= Very important; 5 = Decisive to success), but were also

technology.

encouraged to present potential new success factors.
In order to ascertain whether the importance ratings
varied between process technology transfer of “Wellproven technology (incremental development)” and “New

One comment from a respondent:


of innovation among its staff to enable the acceptance

technology (more radical developments)”, the respondents

of new technology. The company should have some

were asked to give separate importance ratings for each

incentives for persons in production to taking the risk

kind of technology transfer. Additionally, they were also

of change, which is associated with the process of

asked to benchmark their organization’s capability level in

transfer of a new technology.

process technology transfer for each success factor on a
five-point ordinal scale (1 = Poor; 2 = Not so good; 3 = Good;
4 = Very good; 5 = Excellent).
The questionnaires were distributed by electronic mail,

I think it is essential that a company develops a culture

4.2 Success factors for improving the
process company’s production organization’s
absorptive (receiving) capabilities

and the respondents could answer directly using the
attached document. The questionnaire was answered by

One comment from a respondent:

only one respondent from each company; thus, in some



An additional success factor could be the importance

multidivisional organizations, the answers may represent

of testing, feedback and technology improvement.

only one division of the organization. The respondents

The technology supplier is dependent on the receiving

were sent reminders via e-mail about six weeks after the

company allowing full testing, especially if that testing

questionnaires were sent. The final response rate was about

requires operating the technology off design for

20 % (14 responses) out of 72 questionnaires sent out. In the

extended periods.

discussion, possible non-response bias is further discussed.

4 Presentation of the candidate
success factors and the empirical
findings
The empirical results from this study are presented in
Tables 1- 4. For each success factor, the mean value and
standard deviation are presented, and for “New technology”
their Skewness is also presented. The total number of
“fives” reported by the respondents are also included, and
the success factors have been rearranged in ranking order,
starting with the success factor with the highest number of

5 Discussion
The inquiry touched upon an important area for many
informants (respondents), thus stimulating the further
development of the conceptual framework. Kumar et al.
(1993 pp.3) elaborate the key informant concept as follows:
“Researchers do not select informants to be representative
of the members of a studied organization in any statistical
sense. Rather, they are chosen because they are supposedly
knowledgeable about the issue being researched and able
and willing to communicate about them.”

fives using only the importance ratings of “new technology”.
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This study is inquiring about intra-firm process technology
transfer in the process industries and is thus, in strict
adherence to the recommendations by Reisman (1989)

5.1.1 Critical success factors for improving the process
company’s R&D organization’s desorptive (transmitting)
capabilities

previously presented in Section 2.1, accurately specifying
“for what type of technology" and “for what part of transfer

Technology-related success factors

environment” the results are relevant; furthermore in clarifying
relevant “success factors and transfer mechanisms”.

C 1.4 The R&D organization is good at analysing the
“applicability” of new technology for the process company’s

5.1 From candidate success factors to critical
success factors
In this study a number of potential success factors were
initially developed, relying on the authors’ previous industrial
experiences with process technology transfer in two different
sectors of the process industries. The development was
supported by a literature review of technology transfer in
general and more specifically intra-firm technology transfer.
Afterwards, the potential success factors were refined and
reformulated into a number of candidate success factors
that were included in the questionnaire in the exploratory
survey. In the literature on success factors, both notations
are often used in an interchangeable manner.
In this study a distinction is made between candidate success
factors (nice-to-have capability) and critical success factors
(must have capability). In company implementation and use
of the presented success factors, it is thus suggested that a
company should rate the importance and benchmark each
success factor in a “company contingency perspective”.
However, the exploratory results from the survey are
intended to give a supplementary “out-of the box” perspective
on company internal importance ratings. Based on the
empirical findings from the survey, two top-ranked success
factors within each category group, have been selected and
re-named as critical success factors. The selection criterion
between candidate and critical success factors is thus
somewhat arbitrary in this study, but is primarily deployed
in order to illustrate the conceptual idea behind a necessary
company importance rating and classification of success
factors.

production environment.
C 1.5 The R&D organization has a strong ability to
“customize” new technology for the process company’s
internal production environment.
Cultural and organizational climate-related success
factors
C 2.2 The ability of the R&D organization to get the production
organization interested to test new technologies.
C 2.3 The R&D organization is securing frequent
communication between R&D and production in ”face-toface” contacts, especially during technology transfer.
Work-process-related success factors
C 3.1 The company has a well-delineated work process and
associated guide for internal technology transfer from R&D
to production.
C 3.6 One or more of the R&D team members involved in the
technology transfer has had previous production experience.

5.1.2 Critical success factors for improving process
companies’ production organization’s absorptive (recieving)
capabilities
D 1.6 The production organization is prepared to accept
necessary test runs and trial-and-error activities and
some production disturbances in the introduction of new
technology.
D 1.2 The technology that is transferred has been previously
tested in pilot plant operations or in a demonstration plant in
order to eliminate operational difficulties.
Referring to the comments from respondents, a new success
factor was proposed recognizing the importance of an
allowance period of operating the technology for extended
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Table 1 Technology-related success factors (own representation).
How important for my company?

How good is my company?

Well-proven technology

New technology

1 = poor

the process company's R&D

(importance rating :

(importance rating:

5 = world

organisation's transmitting

1 = unimportant

1 = unimportant

class

5 = very important)

5 = very important)

Success factors for imprroving

(desorptive) capabilities
Technology-related success

No.

factors

of

Mean

Std.

No. of

Dev.

fives

Mean

Std.

Skew.

Dev.

Mean

Std.
Dev.

of
fives

fives
C 1.4 The R&D organization

No.

5

3.9

1.6

5

4.4

0.9

-1.0

5

4.0

1.4

4

3.6

1.5

5

4.4

0.9

-1.0

4

4.3

0.9

4

3.8

1.4

4

4.4

0.7

-0.8

4

3.9

1.4

3

3.9

1.2

4

4.3

1.0

-0.8

2

4.0

1.0

1

2.9

1.4

4

4.4

0.7

-0.8

3

4.3

0.7

is good at analysing the
“applicability” of new
technology for the process
company´s production
environment.
C 1.5 The R&D organization has
a strong ability to “customize”
new technology for the process
company’s internal production
environment.
(Levin, 1993)
C 1.3 The R&D organization
is good at estimating of
necessary efforts (cost and
necessary internal resources)
as well as identifying barriers
to implementation of new
technology.
C 1.1 The R&D organization
recognizes that technology
transfer is essentially a
“knowledge accumulation
task” and is ensuring that
team members from R&D and
production are well-aware of
this, and thus spend sufficient
time on “learning activities”
during the technology transfer
process.
(Levin, 1993); (Burnett and
Williams, 2014)
C 1.2 The R&D organization
is good at analyzing and
understanding the need and
drivers (problems/opportunities)
for new production technology.
(Malik, 2002); (Lager and Hörte,
2005b)
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Table 2 Cultural and organizational climate-related success factors (own representation).
How important for my company?

How good is my company?

Well-proven technology

New technology

1 = poor

the process company's R&D

(importance rating :

(importance rating:

5 = world

organisation's transmitting

1 = unimportant

1 = unimportant

class

5 = very important)

5 = very important)

Success factors for imprroving

(desorptive) capabilities
Technology-related success

No.

factors

of

Mean

Std.

No. of

Dev.

fives

Mean

Std.

Skew.

Dev.

Mean

Std.
Dev.

of
fives

fives
C 2.2 The ability of the

No.

2

3.5

1.4

3

4.0

0.9

0.0

3

3.9

1.1

2

3.5

1.3

3

4.0

0.9

0.0

2

3.9

0.8

0

2.5

0.8

2

4.0

0.8

0.8

2

3.9

0.8

1

3.1

1.1

1

3.4

0.9

0.5

2

3.9

0.8

R&D organization to get the
production organization
interested to test new
technologies.
(Leonard-Barton and Deschamps,
1988); (Lager and Hörte, 2005b);
(Lager, 2010); (Badruzzaman,
2003)
C 2.3 The R&D organization
is securing frequent
communication between R&D
and production in ”face-to-face”
contacts, especially during
technology transfer.
(Malik, 2002); (Trott et al., 1995);
(Lager, 2010) ; (Daghfous, 2004);
(de Souza Andrade et al., 2017);
(Mamat and Roslan, 2012);
(Chuan, 2018)
C 2.1 The process company’s
R&D culture is actively
promoting cross-functional
collaboration and the bridging of
organizational interfaces.
(Lager and Hörte, 2005a); (Chuan,
2018)
C 2.4 The whole R&D
development team (or at least
the core members) are kept
together during the total lifetime
of the project, including also the
technology transfer.
(Lager and Hörte, 2005a)
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Table 3 Work-process-related success factors (own representation).
How important for my company?
Success factors for imprroving

Well-proven technology

New technology

1 = poor

(importance rating :

(importance rating:

5 = world

1 = unimportant

1 = unimportant

class

5 = very important)

5 = very important)

the process company's R&D
organisation's transmitting
(desorptive) capabilities
Technology-related success

No.

factors

of

How good is my company?

Mean

Std.

No. of

Dev.

fives

Mean

Std.

Skew.

Dev.

Mean

Std.
Dev.

of
fives

fives
C 3.1 The company has a well-

No.

1

3.5

0.8

4

4.3

0.9

-0.6

3

4.0

1.1

4

4.0

1.1

4

4.1

1.0

-0.3

3

3.6

1.3

3

3.8

1.0

4

4.1

1.0

-0.3

1

3.6

0.7

3

3.9

1.0

4

4.1

1.0

-0.3

3

1.4

1.0

2

3.1

1.2

3

4.0

0.9

0.0

3

4.0

1.1

delineated work process and
associated guide for internal
technology transfer from R&D to
production.
(Lager, 2010)
C 3.6 One or more of the R&D
team members involved in the
technology transfer has had
previous production experience.
C 3.2 New technology is always
well-documented by R&D in
internal reports and in operating
manuals for the production
organization’s use of the
technologies.
(Jung, 1980); (Malik, 2002)
C 3.7 If problems occur
during implementation of
new technology (which is
not uncommon), the R&D
organization will act as an
expert facilitator between
technology suppliers and
production.
C 3.4 The team responsible
for the development of new
technology will afterwards
be heavily involved in the
introduction and start-up of the
technology together with the
production organization.
(Leonard-Barton and Deschamps,
1988); (Malik, 2002); (Lager,
2010)
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Table 3 continued Work-process-related success factors (own representation).
How important for my company?
Success factors for imprroving

Well-proven technology

New technology

1 = poor

(importance rating :

(importance rating:

5 = world

1 = unimportant

1 = unimportant

class

5 = very important)

5 = very important)

the process company's R&D
organisation's transmitting
(desorptive) capabilities
Technology-related success

No.

factors

of

How good is my company?

Mean

Std.

No. of

Dev.

fives

Mean

Std.

Skew.

Dev.

Mean

Std.
Dev.

of
fives

fives
C 3.3 The development

No.

2

3.4

1.4

3

3.9

1.1

-1.4

3

3.8

1.3

1

2.8

1.3

1

3.1

1.2

-0.3

1

3.1

1.1

results are “packaged” in an
understandable manner and
are efficiently “sold” to the
production organization.
(Leonard-Barton and Deschamps,
1988); (Lager and Hörte, 2005a);
(Badruzzaman, 2003)
C 3.5 Key individuals from the
R&D organization with expert
knowledge will transfer with the
new technology—an “into-firm”
technology transfer process.
(Leonard-Barton and Deschamps,
1988); (Malik, 2002); (Langrish,
1971); (Lager, 2010); (Lavoie et
al., 2017)
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Table 4 Cultural and organizational climate-related success factors (own representation).
How important for my company?

How good is my company?

Well-proven technology

New technology

1 = poor

the process company's R&D

(importance rating :

(importance rating:

5 = world

organisation's transmitting

1 = unimportant

1 = unimportant

class

5 = very important)

5 = very important)

Success factors for imprroving

(desorptive) capabilities
Technology-related success

No.

factors

of

Mean

Std.

No. of

Dev.

fives

Mean

Std.

Skew.

Dev.

Mean

Std.
Dev.

of
fives

fives
D 1.6 The production

No.

2

4.0

0.8

4

4.4

0.7

-0.8

5

4.3

1.4

2

3.3

1.5

3

4.4

0.5

0.6

5

4.1

1.4

1

3.5

0.9

3

4.0

0.9

0.0

4

4.0

1.1

2

3.4

1.4

3

3.8

1.4

-1.1

3

3.6

1.5

3

3.9

1.1

2

4.1

0.6

-0.1

5

4.1

1.1

organization is prepared to
accept necessary test runs and
trial-and-error activities and
some production disturbances
in the introduction of new
technology.
(Lager and Hörte, 2005a); (Lager,
2010)
D 1.2 The technology that is
transferred has been previously
tested in pilot plant operations
or in a demonstration plant in
order to eliminate operational
difficulties.
(Lager and Hörte, 2005a)
D 1.7 The “hand over” process
between R&D/technology
suppliers and production is
well-delineated and agreed
upon from the outset of the
technology transfer process.
(Leonard-Barton and
Deschamps, 1988)
D 1.3 The production
organization is prepared to
take a “calculated risk” in
the transfer and use of new
technology.
(Lager and Hörte, 2005b)
D 1.1 The production
organization trusts the R&D
organization and their ability to
transfer well-functioning and
cost-efficient new technology
(strong mutual trust).
(Jung, 1980); (Levin, 1993);
(Malik, 2002); (Lager and Hörte,
2005a); (Mohamed et al., 2012);
(Chuan, 2018)
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Table 4 continued Cultural and organizational climate-related success factors (own representation).
How important for my company?

How good is my company?

Well-proven technology

New technology

1 = poor

the process company's R&D

(importance rating :

(importance rating:

5 = world

organisation's transmitting

1 = unimportant

1 = unimportant

class

5 = very important)

5 = very important)

Success factors for imprroving

(desorptive) capabilities
Technology-related success

No.

factors

of

Mean

Std.

No. of

Dev.

fives

Mean

Std.

Skew.

Dev.

Mean

Std.
Dev.

of
fives

fives
D 1.5 The production

No.

3

3.8

1.2

2

4.1

0.6

-0.1

5

3.9

1.6

3

3.8

1.0

1

3.8

0.7

0.4

4

4.1

1.1

2

3.5

1.2

1

3.8

0.9

-1.0

2

3.6

1.1

1

2.9

1.5

0

2.9

1.4

-0.6

2

2.9

1.6

organization is aware of
organizational issues related
to implementation of new
technology and has an ability
to adapt its organization and
working practices in the use of
the new technology.
(Levin, 1993); (Lager and Hörte,
2005a); (Daghfous, 2004)
D 1.8 The production
organization is good at
optimizing the use of new
technology after a successful
first implementation phase.
D 1.9 The production
organization understands
that the introduction of new
technology in one part of the
production system may give new
opportunities or disadvantages
in related other areas of
the production structure
(an attention to additional
operational improvements).
(Levin, 1993); (Daghfous, 2004)
D 1.4 A representative from the
production organization was
partly or fully involved in the
development of the technology.
(Leonard-Barton and Sinha,
1993); (Lager and Hörte, 2005b);
(Lager, 2010); (Daghfous, 2004)
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periods. This issue is related to success factor D.1.8.

candidate success factors are new findings that often have
more or less strong support not only from the literature

5.1.3 Differences in importance ratings between individual
groups and between “well-proven technology” and “new
technology”, and benchmarking of company capabilities

review but also from the high importance ratings of the
informants. The presented success factors sometimes lack
any support from the literature review, but are new potential
success factors based on the authors’ practical experiences.

Comparing the results from individual groups of success

However, the high importance ratings from the informants

factors, using the often more discriminating measure of

qualify them as candidate success factors. When success

the number of “fives” instead of importance rating figures,

factors have support from the literature review, this does

the cultural issues seem to have less industrial importance

not mean that they have been explicitly formulated before;

than technology-related issues. Furthermore, the desorptive

only the the general idea has been recognized before. In that

capabilities of the R&D organization are regarded to be more

respect, the research results advance the scientific position,

important than the absorptive capabilities of the production

since, in reference to Corley and Gioia (2011), they “improve

organization. Moreover, the importance ratings of success

the conceptual rigor or the specificity of an idea and/or

factors for new technology are generally higher compared

enhance its potential to be operationalized and tested.”

with the importance ratings of well-proven technology; while
this is a rather reasonable outcome this is also the reason

Second, it is indicated that the research findings can be

behind selection of success factors for new technology in

deployed both for improving company capabilities in process

the ranking. It certainly also highlights the importance of

technology transfer and in the development of a company

analyzing technology transfer in a “newness dimension” in

guiding framework for technology transfer. In consideration

reference to previously presented Figure 1. The importance

of the “utility” aspect, it is thus advocated that the presented

ratings of company capabilities for technology transfer are

success factors provide industry professionals with an

generally very high, but one must consider the possibility

instrument and tool for “structuring around a phenomenon”

that the respondents have a general bias in their estimation

— the area investigated in this study. It is further argued

of their own companies’ technology transfer capabilities.

that the results from this study thus fulfil the criteria for a
theoretical contribution since the results have originality and

5.2 Major findings and theoretical
contribution
One criterion of “good research” is how usable the research
results are. This question is further stressed in the
presentation of “grounded theory”, where the pragmatic
criterion of truth is its usability (Glaser and Strauss, 1967).
Related to this philosophical standpoint, Whetten (1989)
and Corley and Gioia (2011) cogently defined “theoretical
contribution” as the ability to produce thinking that is original
in its insight and useful in its application. With regard to
the notion of “originality,” a theoretical contribution can be
categorized as advancing understanding either incrementally
or in a more revelatory or surprising manner (Corley and
Gioia, 2011). Regarding practical utility, Corley and Gioia
suggest “prescriptions for structuring and organizing around

the utility is high for both academics and practitioners.

5.3 Research limitations and further research
A number of different aspects of technology transfer in
general, and the transfer of process technology in the
process industries in particular, have been studied. However,
this study does not address specific contextual issues
like project complexity and the industrial environment for
technology transfer in detail; nor does it address success
factors at a personal level of analysis. Moreover, the detailing
and formalization of individual stages and components
of a technology transfer work process are only touched
upon. The development and refinement of the individual
success factors, supplemented with the high ratings of
all success factors in the exploratory survey, only indicate

a phenomenon.”

that the success factors are understandable and can be

First, success factors for intra-firm process technology

the petrochemical industries.

transfer in the cluster of process industries have, to the best
of the authors’ knowledge, not been previously presented
and operationalized for company deployment and use. The
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companies may represent a select group that could give

technology transfer projects. The success factors that have

deviant answers. There are three major causes of non-

been developed in this study could be useful components

response: no contact, refusal to answer and inability to

in the development of such a manual. Moreover, the results

answer, and in this study 11 company representatives could

can serve as guidelines both for new company technology

not be contacted, 8 company representatives declined to

transfer projects and in a company improvement program

answer because of confidentiality reasons. Nonetheless,

for technology transfer. From the perspective of company

the non-responding company characteristics do not indicate

digital transformation and digitization, the importance of

a bias in the empirical results. However, the low response

company excellence in intra-firm technology transfer must

rate makes it difficult to draw any conclusions regarding

also be recognized and highlighted.

the “critical success factors” or the generalizability of the
findings to other sectors of the process industries. The
total number of candidate success factors can thus to be
regarded as a number of propositions to be tested in further
research.
The low response rate makes it difficult to draw any firm
conclusions regarding the generalizability of the results
to other sectors of the process industries and even the
petrochemical industries as such. However, there is no
reason to suspect that participation in this conference as
such should give any bias on respondents’ answers. In
future research, the usability of the success factors in other
sectors of the process industries would be of interest to
study, since in the era of company digital transformation
and work process digitalization, excellence in technology
transfer will continue to be of increasing importance.

6 Managerial implications

7 Conclusions
In this study, success factors for intra-firm process
technology transfer have been developed for use in the
family of process industries. As a point of departure and
in light of the lack of a suitable theoretical framework, a
simplified conceptual framework was initially developed. The
necessary reciprocal information sharing (organizational
transmitting and receiving capabilities), highlights the
misleading nature of the concept “technology transfer”, as
it seems to indicate a one-way communication process.
Based on the authors’ previous industrial experiences with
the transfer of process technology in particular, and an indepth literature review of technology transfer, 25 candidate
success factors were developed and operationalized for
process-industrial use. The success factors were thereafter
used in the development of a questionnaire for an exploratory
survey disseminated to professionals in the petrochemical
industry in order to serve as an illustrative case to facilitate

The high importance ratings of the candidate success

company implementation and use of the presented results.

factors not only indicate their apparent relevance for
industry professionals but also suggest that they could be

Critical success factors for improving the process company’s

deployed as a “checklist” for companies’ intra-firm process

R&D organization’s desorptive (transmitting) capabilities

technology transfer. Furthermore, by utilizing the proposed

were categorized in the bottom-up clustering exercise as

success factors as company candidate success factors in

technology-related, work-process-related, and cultural &

an internal company survey, specific company importance

knowledge related. Of these, one of the top-ranked success

ratings of individual success factors can be established, and

factors was: the R&D organization is good at analyzing the

company capabilities in all areas can be benchmarked.

“applicability” of new technology for the process company’s
production environment. Critical success factors for

To the best of the authors’ knowledge, the presented

improving the process company’s production organization’s

success factors have not been previously reported in

absorptive (receiving) capabilities were in the clustering

the literature, including the success factor: The company

exercise categorized only as cultural & organizational climate

has a well-delineated work process and associated guide

related. Of these, one of top-ranked success factors was:

for internal technology transfer from R&D to production.

the production organization is prepared to accept necessary

This success factor received high importance ratings

test runs and trial-and-error activities and some production

among cultural and organizational climate-related factors,

disturbances in the introduction of new technology.

indicating that process companies could benefit from the
use of an internal guide and manual for carrying out process
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The general high importance ratings of nearly all candidate

Barrett, M. and Oborn, E. (2018): Bridging the research-

success factors indicate that they could be deployed in a

practice divide: Harnessing expertise collaboration in making

“checklist” for company intra-firm process technology

wider set ofcontributions. Information and Organization, 28,

transfer. The findings indicate that process companies

pp. 44-51.

would benefit from the use of an internal guide and manual
for carrying out process technology transfer projects. The

Behane, T. and Grobbelaar, S. S. (2018): The process of intra-

success factors that have been developed in this study could

firm technology transfer: A case study of a marine mining

be useful components in the development of such a manual.

company. South African Journal of Industrial Engineeering,

Moreover, the results can serve as guidelines both for new

29.

company technology transfer projects and in a company
improvement program for technology transfer.

Binder, M. and Edwards, J. S. (2010): Using grounded theory
method for theory building in operations management

To the best of the authors’ knowledge, success factors

research: a study on inter-firm relationship governance.

for intra-firm process technology transfer in the cluster of

International

process industries have not previously been presented

Management, 30, pp. 232-260.

Journal

of

Operations

&

Production

and operationalized for company deployment and use.
It is argued that the results from this study thus fulfil the

Burnett, S. and Williams, D. (2014): The role of knowledge

criteria for a theoretical contribution, since the results have

transfer in technological innovation: an oil and gas industry

originality and their utility is high for both academics and

perspective. Knowledge Management Research & Practice,

practitioners.

12, pp. 133-144.
Chai, K.-H., Gregory, M. J. and Shi, Y. S. (2004): An Exploratory
Study of Intrafirm Process Innovation Transfer in Asia. IEEE
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Appendix 1: The process industries
An intentional definition of the process industries is as
follows (Lager, 2017):
“The process industries are a part of all manufacturing
industries, using raw-materials (ingredients) to manufacture
non-assembled products in an indirect transformational
production process often dependent on time. The material
flow in production plants is often of a divergent v-type,
and the unit processes are connected in a more or less
continuous flow pattern.”
The concepts unit operations and continuous flow exclude
industries that process solid raw materials, but not in a
process that would normally be associated with the process
industries. The criteria indirect transformational process,
dependency on time and the divergent material flow, are
characteristics of high construct validity.
In light of the revised intentional definition of the process
industries, it was not considered necessary to alter a
previous extensional definition (Lager, 2010). A number of
industrial sectors and industries have been selected from
all manufacturing industries presented in the statistical
classification of economic activities in the European
community (NACE, 2006). The following industrial sectors
are thus suggested for inclusion in the cluster of process
industries, and the associated NACE codes are presented in
parenthesis:


Mining & metal industries (05; 06; 07; 24)



Mineral & material industries (minerals, cement, glass,
ceramics) (08; 23)



Steel industries (24.1; 24.2; 24.3)



Forest industries (pulp & paper) (17)



Food & beverage industries (10; 11)



Chemical & petrochemical industries (chemicals,
rubber, coatings, ind. gases) (20; 22)



Pharmaceutical industries (incl. biotech industries and
generic pharmaceuticals) (21)



Utilities (electricity & gas, water, sewerage, waste
collection & recycling) (35; 36; 37; 38)
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