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€ 1t is time for us all to stand and cheer for the doer, the ”
achiever — the one who recognizes the challenges and does

something about it.

Vince Lombardi (1913-1970)

Player, coach, and executive of American Football

This article examines the challenges in commercializing high technologies successfully and
sustainably using quantum key distribution (QKD) technology as a case study. Quantum
communication is increasingly relevant to cybersecurity and nanotechnology, which will re-
place current technologies and change the way we live. To understand how such high tech-
nology could be successfully commercialized, we interviewed individuals from four
metrology institutions and two international companies. The result revealed that scattered
and small markets, supply chain development, technology validation/certification, a lack of
available or adequate infrastructure, and after-sales services are the most serious challenges
facing successful commercialization of quantum communication technology. To validate
these challenges, we conducted a survey of 60 experts, 49 of whom agreed that above-men-
tioned factors could affect the commercialization success of QKD technology. Likewise, the
survey revealed that technical development, customer orientation/awareness, and govern-

ment regulations could also hinder the commercialization of QKD technology.

Introduction

One of the key drivers for economic growth nowadays
is knowledge, and it involves high investment in educa-
tion and training, research and development (R&D),
and relationships between governments, academia,
and industry (Lowe, 2005). To realize the benefits of
knowledge and to receive returns from these invest-
ments, the resulting innovations or inventions must be
sold, or commercialized (Meyers, 2009). Indeed, com-
mercialization is an important contributor to economic
growth (Tahvanainen & Nikulainen, 2011), and it makes
technology available to end users. In essence, commer-
cialization is an exchange of know-how for money
(Speser, 2008), but it can be perceived in different ways,
including:
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* a series of activities for converting an invention to a
product or service (Rosa & Rose, 2007)

* the process of taking the R&D of an organization to an
industry (Cornford, 2002)

¢ the identification of a business opportunity for a cer-
tain scientific or engineering invention and sub-
sequent steps to design, develop, and manufacture the
invention to make it useful (Michael, 1990)

¢ the adoption of a new technology or service by cus-
tomers (Tanev & Frederiksen, 2014)

¢ any scheme that permits members of a technological
innovation team to receive economic gains from their
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efforts, including through patent licensing, research
grants, and R&D joint ventures (Kalaitzandonakes,
1997)

Here, we focus on the definition of Pellikka and Malin-
en (2011) who state that commercialization brings
high-technology innovations to the market and makes
innovative products benefit of society. Commercializa-
tion is not a straightforward process; many challenges
must be overcome. Although previous studies have
outlined some challenges, this study also attempts to
fill the perceived gap by identifying additional chal-
lenges of commercialization, particularly for high tech-
nologies. Usually, new technologies face many
problems in the beginning of their lifecycle because
they are new to the end users and they lack standardiz-
ation or third-party certification. In this study, we ex-
amine quantum key distribution (QKD) technology as
a case study because is a new high technology of in-
creasing importance within the domain of cybersecur-

1ty.

QKD is a mean of sending and receiving safe informa-
tion; it uses cryptographic keys to encode information
at the point of dispatching and the keys are used by the
receiver to decode or retrieve the information.
Presently, QKD kits are commercially available but
there are no any independent measurements and
standards in the industry. Due to cybersecurity pres-
sures, the European Union has funded a project
named “Metrology for Industrial Quantum Communic-
ations” (MIQC). The MIQC project aims to develop and
commercialize standards for the QKD technology sys-
tems. Most of the leading metrology centers in Europe
participated in the development of new QKD stand-
ards and certification. However, in this article, we
present the findings of the commercialization study,
which examined how the new QKD technology would
be available in the market. Although the case study fo-
cuses on QKD technology, the main motive for sharing
the findings is that we believe that the study has broad-
er implications and value for assisting researchers and
innovators/inventors in many high-technology fields;
the findings may help them become aware of and over-
come hidden commercialization challenges.

This article is structured as follows. First, we review the
literature on the challenges of commercializing high
technology. Next, we describe the interview and survey
methodology used in our QKD case study and then we
present the results. Finally, we discuss the key findings
and provide conclusions.
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Literature Review: Commercializing High
Technology

For a high-technology innovation to successfully reach
the market, a company's commercialization team must
identify, obtain, combine, and manage needed techno-
logical knowledge. The innovation must be developed
into a product, which must then be manufactured, mar-
keted, and distributed. Ongoing success with sub-
sequent commercialization attempts can be facilitated
by a growth strategy that exploits economies of joint
costs and scale. Furthermore, an innovation can be suc-
cessful if the innovation team or company can adhere
to their learning paths and create and maintain a good
network (Chandler, 2005). Additionally, the team must
not only concentrate on a niche market but also focus
on a wider (potential) market because a niche market
may not be able to sustain the product in long run
(Slater & Mohr, 2006).

Likewise, to successfully commercialize high techno-
logy, it is necessary to follow a market-oriented process:
one that starts with market, ends with the market, and
involves the market throughout the entire process (Vali-
auga, 2013). Nichols (2013) adds that commercializa-
tion is supposed to be a well-planned and
well-implemented activity that improves product per-
formance relative to its price and that focuses on com-
petitors. Fletcher and Bourne (2012) state that there are
10 simple rules for successful commercialization: i) sci-
ence must be differentiated from business; ii) know
that there is no one specific way to commercialize; iii)
know the company's rights and the rights of its part-
ners, iv) consider the of implications of private and pub-
lic business; v) decide what the company wants to give;
vi) be realistic; vii) accept that a market may not exist in
the beginning; viii) consider the difference between
wants and needs; ix) make the invention comprehens-
ive; and x) customers are the ultimate peer reviewers.

Pellikka and colleagues (2012) argue that the main diffi-
culties of the commercialization process relate to mar-
keting, resources, the business environment, and the
planning and management of commercialization pro-
cess. The marketing challenges relate to a failure to ob-
tain sufficient and relevant market information, a
failure to use it properly, insufficient knowledge about
the international market and the business growth, and
an inability to establish both local and international
sales and distributions. These scholars explain further
that the resource challenges of the commercialization
process are an inability to acquire and assign resources,
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inadequate managerial and business skills, and insuffi-
cient funds to market the new product. In the business
environment, they identify additional commercializa-
tion challenges, including a lack of available or ad-
equate business infrastructure, low market potential,
and insufficient business partners. Lastly, these authors
mention that lack of a systematic model, time and ma-
terials for getting public funds, and insufficient know-
how threaten the planning and management of a com-
mercialization process. However, these problems can
be overcome through the effective pre-planning activit-
ies, better utilization of resources, and internal commer-
cialization training of key staff.

Epting, Gatling, and Zimmer (2011) highlight common
challenges with financing, production, distributing and
marketing. The authors explain further that many in-
novators face the following problems in their commer-
cialization adventures:

1. Undue delay caused by the inventor’s attempts to
“perfect” their product may allow a competitive,
lower-quality product to enter the market, to the det-
riment of the inventor.

2. Licensing manufacturing to another company may
hasten market entry, but at the expense of the invent-
or’s control.

3. Funding may be exhausted in pre-sales activities.

4. Distribution and supply chains take time and expert-
ise to establish.

In addition, Parker and Mainelli (2001) identify frequent
mistakes made during technology commercialization,
including: i) assuming that new features will be benefi-
cial, ii) using top-down market analysis, iii) insufficient
testing of the technology, iv) failure to assign a specific
person or team to oversee the commercialization pro-
cess, and v) an inability to value the new technology
fully. Rosa and Rose (2007) add that financial problems
due to insufficient funds to complete commercializa-
tion and human resource problems in the form of a lack
of skilful people to sell and promote the innovating
products are key obstacles facing technology commer-
cialization.

Tahvanainen and Nikulainen (2011) found that a lack of
time and interest, a negative attitude in the research
environment, economic risks, conflicts of interest, bur-
eaucratic disturbance, lack of business or commercializ-
ation knowledge, incompatibility of commercialization
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with the ethics of science, and issues with ownership
rights are challenges confronting commercialization.
Similarly, Bulsara, Gandhi, and Porey (2010) outline dif-
ficulties with patent filing processes, commercializa-
tion interests, commercialization option selection,
commercialization supports, obsolescence of techno-
logy, educational and business background of innovat-
or, and the general business environment.

The above scholars hold a wide range of views regard-
ing the challenges of commercialization. Others have
identified specific challenges in particular industries.
For instance, in focusing on commercialization bio-
pharmaceutical knowledge in Iran, Nassiri-Koopaei
and colleagues (2014) outline three main obstacles to
commercialization in that country and industry: i)
policy, ii) regulations, and iii) management. Likewise,
Szuhaj and McCullough (2009) argue that supply chain
management in the bio-pharmaceutical industry is a
particularly critical aspect of commercialization in that
industry.

Kaarela (2013), focusing on the nanotechnology, ex-
plains that the main processes of commercialization
process are market validation in the planning phase
and multidisciplinary team and mainstream customers
in the execution phase. Although the author focuses on
64 cases in the Finnish-Russian nanotechnology com-
mercialization alliance, he presents many problems as-
sociated with the technology commercialization. He
notes that most of these challenges come from the busi-
ness side rather than technology side. He also presents
three main challenges: i) understanding the customer
needs, ii) describing the business benefits not the tech-
nology benefits, and iii) complementing the team’s skill
with the right partner. In the same view, McNeil and
colleagues (2007) list, in their final report for the Tech-
nology Administration agency of the United States De-
partment of Commerce, the following barriers to
commercialization in the nanotechnology industry: i)
the ten-year cycle time from scientific results in a labor-
atory to a commercial product; ii) the difference
between researchers and applied scientists; iii) the dif-
ference in funding between basic research and applied
research; iv) a lack of understanding that for every dol-
lar invested in basic research almost $100 is required
for a commercially viable product; v) long timescales
needed for patenting; vi) uncertainty of potential regu-
lations, and vii) the high risk of new scientific results. In
addition, Pfautsch (2007) identifies the main barriers to
commercialization efforts with carbon nanotube com-
posites: i) the high cost of equipment, ii) a lack of know-
ledge about environment health and safety, iii) a lack of
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a risk assessment or lifecycle assessment, iv) a lack of
standards, v) a need for properly trained workers, and
vi) cross-patenting.

Boehlje (2004) analyzed previous work on commercial-
ization of agricultural technologies and found common
challenges that included gaining customer/consumer
acceptance, capital market accessibility, value cap-
ture/sharing, protecting intellectual property, and se-
lecting innovation strategies.

In the health sector, Booz Allen Hamilton and three
other organizations in the United States (2012) con-
firmed that the problems facing new invention com-
mercialization are access to capital, potential
limitations of traditional technology transfer, the need
for entrepreneurial skills, and the difficulty of navigat-
ing the complexities of the healthcare market. Addition-
ally, Scanlon and Lieberman (2007) analyzed historical
medical breakthroughs and found that the two major
challenges of commercialization in the medical field
are the ability of the academic community to change
the culture of the scientists to commercialize their tech-
nology and the ability of the business community to
communicate successfully with the scientists.

Furthermore, O’Brien and colleagues (2004) investig-
ated barriers to the deployment of integrated gasifica-
tion combined cycle (IGCC) technology, the most
successful method of producing electric power utilizing
coal gasification in the US electric industry. They found
that the most substantial barriers were financial, envir-
onmental, cultural, and legal. The financial barrier con-
sisted of tax issues, credit concerns, project finance,
market for emissions credits, licensing fees, and cost of
operation. The environmental barrier included emis-
sion limitation, environmental permitting processes,
and uncertain environmental rules and enforcement.
The cultural barriers were regulator viewpoints, public
perception, corporate culture of plant developers, past
failures, and difficulties of IGCC plants. And, the legal
barrier included plant-siting procedures, standard mar-
ket design, electric industry restructuring, and uncer-
tainty over regulatory treatment.

Although the above-mentioned scholars investigated
the same topic in different fields, their findings are
summarized in Table 1.

Notably, Table 1 highlights that market- and funding-
related issues are the most common challenges in all
aforementioned sectors. Our recent research (Al Nat-
sheh et al., 2015) also revealed that the following
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factors need to be considered during technology com-
mercialization:

¢ novelty and clear added value

* technology functionality

* anon-complicated first set of products

* product certification/accreditation

e the right team

« sufficient capital

¢ a good business model

* a proper manufacturing plan

* ongoing updates and product maintenance

Although our recent work focused on university techno-
logy transfer, these findings may be applicable to the
commercialization of any technology. To reach the
source of problems facing the commercialization of high
technology, we conducted the present study using QKD
technology as a case study. Our goal for the QKD study
was to understand how the technology could be success-
fully commercialized. Before presenting the results, the
next section describes our research methodology.

Methodology

To maximize the efficiency and methodological self-con-
sistency of the qualitative method, we followed the
guidelines stated by Creswell (2009) and Yin (1994). We
used a qualitative research method featuring six inter-
views with innovators (4) from metrology institutions
and individuals from companies (2) engaging in QKD
technology, and a survey of stakeholders. Our primary
research question was:

What are the challenges that can hinder successful
commercialization of QKD technology?

Based on our experience in QKD research projects and
other high-technology commercialization projects, we
identified five possible challenges that could hinder suc-
cessful commercialization of QKD technology. They are:
1. Market size

2. Possibility of building the supply chain

3. Availability of technology validation/certification

4. Availability of infrastructure for the new technology

5. Possibility of offering after sales-sales services (espe-
cially product update and maintenance)
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Table 1. Summary of commercialization challenges

Study Challenges Application
Pellikka et al. (2012) Marketing, resources, business environment, and planning and management of General
commercialization process
Tahvanainen & Lack of time, lack of interest, negative attitude of research environment, economic risks, General
Nikulainen (2011) conflicts of interest, bureaucratic disturbance, lack of business or commercialization
knowledge, incompatibility of commercialization with the ethics of science, and
ownership right problem
Chiesa & Frattini (2011) Volatility, interconnectedness, and proliferation of new technologies to fit the market General
Bulsara et al. (2010) Patent filing processes, commercialization interest, selecting of commercialization General
options, commercialization supports, obsolescence of technology, educational and
business background of innovator, and general business environment
Epting et al. (2011) Inventor’s procrastination for making a perfect product, licensing issues, insufficient General
funds, and insufficient time and expertise to establish distribution and supply chains
Rosa & Rose (2007) Financial problems and human resource problems General
Parker & Mainelli (2001) Innovators’ assumption, top-down market analysis, insufficient test of the technology, General

failure to assign specific person or team to oversee commercialization process and
inability to value the new technology

Nassiri-Koopaei et al.
(2014)

Policy, regulations, and management

Bio-pharmaceutical

Szuhaj & McCullough Supply chain management Bio-pharmaceutical
(2009)
Kaarela (2013) Not understanding customer needs, describing technology benefits instead of business Nanotechnology
benefits, and not complementing team’s skill with the right partner
McNeil et al. (2007) Ten-year cycle for innovation, the gap between researcher and applied scientists, the gap  Nanotechnology
in funding between basic research and applied research, lack of understanding that for
every dollar invested in basic research almost $100 is required for a commercially viable
product, time to patent, uncertainty of potential regulations, and the high risk of new
scientific results
Pfautsch (2007) High cost of equipment, lack of knowledge about environment health and safety, lack of Nanotechnology
arisk assessment or lifecycle assessment, lack of standards, need for properly trained
workers, and the issue of cross-patenting
Boehlje (2004) Gaining customer/consumer acceptance, capital market accessibility, value Food and Agriculture
capture/sharing, protecting of intellectual property, and selection of innovation strategy
Booz Allen Hamilton et Access to capital, potential limitations of traditional technology transfer, the need for Health
al. (2012) entrepreneurial skills, and the difficulty of navigating the complexities of the healthcare
market
Scanlon & Lieberman Ability of the academic community to change the scientific culture to commercialize Health (Medical)
(2007) technology, and the ability of the business community to communicate successfully with
the scientists
O’Brien et al. (2004) Financial, environmental, cultural, and legal Electricity
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Interview methodology

The interview questions consisted of three parts. The
first part focused on the interviewee’s background, es-
pecially as it related to previous projects. The second
part centralized on the commercialization of QKD
technology. The last part focused on the interviewee's
general opinions on the commercialization of high
technology. Several weeks prior to the interviews, we
sent the interview questions to the participants so that
they would have prior knowledge about our goals of
the study. The interviews for innovators were conduc-
ted in Italy and Finland. The average duration of their
interviews was 1 hour and all interviews were recor-
ded.

The innovators work with metrology institutions in the
United Kingdom, Italy, and Finland. Three of them
hold PhD degrees; the fourth holds an MSc degree.
Each of them has more than 15 years’ experience in
the field, and they have participated in several basic
and applied research studies. Three of the innovators
hold patents; one has developed a few products. At the
time of the interviews, they were all working on differ-
ent innovation projects.

The individuals from the companies are all hold mana-
gerial roles. The first participating company was estab-
lished 10 vyears ago. It designs and produces
single-photon counting avalanche diodes and devel-
ops active-quenching integrated circuits. The com-
pany has networks in five continents and its products
are applied in biomedical, industrial, and astrophysic-
al domains. The second company was founded 11
years ago. Its products provide network encryption
and photon counting.

The collected data were analyzed using the method of
Miles and Huberman (1994), which includes summar-
ization and extraction of key points. Therefore, we first
transcribed the interviews and then summarized
them. After that, we pinpointed the main information
from the summaries. Thereafter, our qualitative res-
ults were derived.

Survey methodology

As a part of the MIQC project, the commercialization
team conducted a survey on the project stakeholders’
satisfaction and the team included commercialization
questions designed to test the qualitative results from
the interviews. In the survey, there were 22 questions
but five of them were focused on commercialization.
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The answers were in multiple-choice format, but re-
spondents were allowed to state their reason for either
agreeing or disagreeing. Our survey questions were:

1. Do you think that the market size of quantum cryp-
tography can affect its commercial implementation?

2. How important is the development of standards and
quality assurances related to the commercial QKD
system in order to ensure the commercial success of
this technology?

3. How important is the development of a metrological
infrastructure for characterizing the optical compon-
ents of QKD systems in relation to the development
of standards for the market take-up of the QKD tech-
nology?

4. In your opinion, what do you think can hinder com-
mercial implementation of quantum cryptography?

5. An empirical study on the commercial implementa-
tion of quantum cryptography revealed that building
of supply chain, technology validation/certification,
a lack of available or adequate infrastructure, and
after-sales services are the most serious challenges
facing successful commercialization of quantum
cryptography. Do you agree?

The questions aimed to validate our findings because
the intended participants of the survey are QKD profes-
sionals. Invitations to participate in the MIQC survey
were sent to about 100 people who we considered the
necessary stakeholders of quantum communication
technology in Europe; 60 of these professionals parti-
cipated in the survey, which was made available online
from the 1st and 30th of September, 2014. Table 2
provides an overview of the survey participants.

Analysis

In this study, we used both qualitative methods (i.e.,
summarization and extraction of key points from inter-
view data) and quantitative methods (i.e., descriptive
statistics from survey data), which allowed the findings
to be triangulated. Triangulation combines both qualit-
ative and quantitative research methods to obtain vari-
ous points of view as well as to validate specific claims;
it enables researchers to obtain deep understanding
and wide knowledge of a phenomenon (Olsen, 2004;
Zawawi, 2007). Our research and triangulation process
is summarized in Figure 1.
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Table 2. Backgrounds and experience levels of the 60
QKD survey participants

Number of

Categories Participants
Organization Small and Medium 9

Enterprise (SME)

Public Liability Company 1

(PLC)

University 24

Governmental Research 23

Institute/Centre

Private Research 2

Institute/Centre

Other: Standard Institute 1
Position Student 6

Researcher 35

Professor 8

Research and development 6

manager

Senior manager or CEO 5
Experience Level  Under 5 years 13

5-10 years 22

11- 15 years 14

16-20 years 9

Above 20 years 2

Findings

Our qualitative data analysis revealed that the critical
challenges in commercializing QKD technologies were:
i) small market size and distribution channels; ii) build-
ing a supply chain; iii) technology validation or certific-
ation; iv) a lack of available or adequate infrastructure;
and v) after-sales services such as product updates and
maintenance. Each of these challenges is briefly de-
scribed below.

1. Scattered and small market size: Our interviewees
said that developing an invention was not as difficult
as developing a market, especially for the high-tech-
nology products. They stressed that the initial market
for a new technology is often small, and it might take
several years before a large market could be de-
veloped. In view of this challenge, there are other
problems relating to profitability and sustainability.
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1. Review Literature

v

2. Combine with
Previous Experience

v

3. Identify Difficulties 5 difficulties identified

v

4. Conduct Interviews

v

5. Conduct Surveys

v

6. Analyze Qualitative 5 difficulties upheld
and Quantitative Results | 4 factors identified

Figure 1. Research process

Our study also revealed that the small-market chal-
lenge becomes greater if the small market is
scattered geographically, particularly because of
higher costs for sales and after-sales services.

. Building of supply chain: Our interviewees pointed

out the difficulty of building a supply chain for a new
technology. One of reasons they cited was the new-
ness of the technology to both suppliers and con-
sumers. They explained further that the components
of the new technology may not actually exist or the
existing product may need modifications before they
can be used as components; in either case, it can be
difficult to find the right suppliers. Similarly, they
stressed that finding the right distribution channel
may be a serious challenge. They explained that the
small market size complicates distribution in terms
accessibility to customers. Nonetheless, we found
that the most difficult challenge is the identification
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and development of the right supply chain because
the new technology might have several application
areas that cannot be supported by existing supply
chains.

3. Technology validation or certification: Our inter-
viewees re-confirmed one of our findings in the pre-
vious studies (Al Natsheh et al., 2015). They said that
validation/certification of a new technology is a chal-
lenge facing high-technology commercialization. To
be certified, a technology must work properly, be of
sufficient quality, and be safe to use. However, new
technology usually requires new formal testing pro-
cedures, which may be expensive and may require
several sub-projects. In addition, new standards will
prescribe measurements that will most likely require
development by the metrology community, given
that existing measurements and reference artefacts
will not be adequate. Thus, validation/certification
appears to be a barrier to high-technology commer-
cialization, because the standards and metrology
needed to validate/certify such systems is expensive
to develop.

4. Lack of available or adequate infrastructure: Our par-
ticipants mentioned that, in some cases, there is no
infrastructure to support new QKD technology.
Three interview subjects quickly cited example of 3G
Internet connectivity for smartphones. These parti-
cipants illustrated that, if smartphone technology
were developed without any Internet connectivity in-
frastructure to support it; then, consumers would not
be able to use smartphones. One of the participants
cited the example of cloud computing, which is now
leading the new technologies: if cloud computing
were not available, the insurgency of mobile phone
applications and other related technologies would
not be possible. Therefore all interviewees agreed
that a lack of available or adequate infrastructure is a
key challenge in the commercialization of high tech-
nology.

5. After-sales services: Our participants also identified
after-sales services as a key challenge facing high-
technology commercialization. They explained that
selling high-technology products can be less challen-
ging than providing the necessary services to main-
tain the technology. To confirm another finding from
our earlier work (Al Natsheh et al., 2015), we asked
the interviewees about the challenges of updating
and maintaining products. All of them agreed that it
is an important factor to be considered during the
technology commercialization process because it
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also serves as a bottleneck. In support of above-men-
tioned challenges, the case study technology (.e.,
quantum key distribution) requires metrological in-
frastructure for optical components of quantum op-
tical communication systems, especially for internal
single optical components such as single-photon
sources and single-photon detectors. A metrology
system is mainly for certification and accreditation
purposes. Without such a system, quality assurance
is at risk. The system level needs to be validated, but
validating/certifying techniques are expensive and
only yield returns on investment over the long term
due to the currently limited market and time-con-
suming development. Therefore, the aforementioned
challenges are apparently evident in the commercial-
ization of QKD technology.

In addition, our quantitative results show that 85% of
the QKD professionals we surveyed agreed that market
size would affect the successful commercialization of
the new QKD technology and the development of
standards or quality assurance is necessary for the com-
mercial success of such technology. Forty-nine of the
survey participants (82%) agreed that it is essential to
have sufficient infrastructure for the new QKD techno-
logy in order to make a successful product. Likewise, 49
participants (82%) confirmed that market size, building
a supply chain, technology validation/certification, a
lack of available or adequate infrastructure, and after-
sales services are the most serious challenges facing
successful commercialization of QKD. One of the re-
spondents emphasized that: “Customers perceive no
urgent need to switch. That's the only problem.”

Furthermore, the survey results also revealed that cus-
tomer orientation/awareness, technical development,
and government regulations could affect the commer-
cialization. The reason why many respondents agreed
that customer orientation/awareness could hinder
QKD commercialization is that QKD deals with industri-
al systems in which many end users/final customers
may not be aware of its importance in the beginning.
Table 3 summarizes the quantitative results.

Discussion and Conclusion

Tanev and Frederiksen (2014), Kaarela (2013), Pellikka
and colleagues (2012), Chiesa and Frattini (2011),
Boehlje (2004), and Parker and Mainelli (2001) found
that market-related issues were among the challenges
facing technology commercialization. In the same view,
our study revealed that scattered and small market size
is one of the factors hinder successful commercializa-
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Table 3. Summary of survey results

Positive Response

Research Statement Research Question Percentage

1. Market size can affect QKD Do you think that the market size of quantum cryptography can 85%
commercialization affect its commercial implementation?

2. Development of standards and quality How important is the development of standards and quality 93 %
assurances are important for QKD assurances related to the commercial QKD system in order to ensure
commercialization the commercial success of this technology?

3. Development of a metrological How important is the development of a metrological infrastructure 82 %
infrastructure for characterizing the optical components of QKD systems in relation

to the development of standards for the market take-up of the QKD
technology?
4. Market size, building a supply chain, An empirical study on the commercial implementation of quantum 82 %

technology validation/certification, lack of
available or adequate infrastructure, and

after-sales services are the main challenges.  challenges?

cryptography identified the most serious challenges facing successful
commercialization of quantum cryptography. Do you agree with the

tion of QKD technology. Commercialization of QKD
technology could be problematic because the techno-
logy relates to both the military and civilian markets. In
particular, the military market is large, highly sensitive,
bureaucratic, and structured. Thus, each of these mar-
kets needs a different approach. Market penetration
and size present challenges for these markets. When a
market is scattered geographically, the cost of market-
ing activities and after-sales services are often high;
hence, it becomes a challenge for the manufacturer/en-
trepreneur/innovator of the high technology to have
commercial success. Therefore, we argue that market
size is important in the commercialization of high tech-
nologies because large investments are often involved
in developing the technologies; thus, there are must be
sufficient markets for such products.

Furthermore, our findings are also in agreement with
Szuhaj and McCullough (2009) and Epting and col-
leagues (2011) in highlighting the importance of build-
ing a supply chain. Likewise, the technology
validation/certification challenge is in agreement with
Pfautsch (2007) because, in a field where a high degree
of precision or accuracy is required, such as nanotech-
nology and QKD technology, technology validation/cer-
tification seems to be important. Therefore, technology
validation/certification may hinder successful commer-
cialization of QKD technology. For instance, the certific-
ation of the high-technology product can be a barrier,
especially when the target customers cannot validate
the system by themselves or through a third party. In
the case study technology, there is no certification yet,
and the technology is crucial especially where cyberse-
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curity is a priority, such as in financial institutions, se-
curities agencies, and the military. In addition, our
study revealed that the lack of available or adequate in-
frastructure and after sales-services could hinder the
successful commercialization of QKD technology.
These two factors have not yet been investigated by the
previous scholars.

However, this study has limitations due to its focus on
particular high-technology domain and its relatively
small sample size. Nonetheless, the case study is highly
important to societal security and provides a starting
point for further research in other sectors and with oth-
er technologies. Studies that investigate the new chal-
lenges identified here, especially technology
validation/certification and lack of available or ad-
equate infrastructure, would be particularly welcome.

In summary, based on previous studies and our new
findings, we conclude that technology validation/certi-
fication, lack of available or adequate infrastructure,
and after-sales services present challenges to the suc-
cessful commercialization of high technology, at least
in the case of QKD. Similarly, we agreed that market
size or market-related issues are the challenges in tech-
nology commercialization, as previous studies have
shown. In the same view, we confirmed that building a
supply chain is among the high-technology commer-
cialization challenges. Therefore, we advise the innovat-
ors, inventors, technology entrepreneurs, as well
governments to consider these challenges so that their
investments in research, development, and innovation
are more likely to bring the desired returns.
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