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Abstract

The maritime industry is always at the forefront of knowledge and new technology. In 
recent years, the companies have used large resources in research and development 
(R&D) towards environmentally friendly technology. At the same time, there exist 
many issues around this: are those companies enough good at the utilizing of R&D 
fonds, i.e., do they put new technology together with solutions that are best adapted to 
the customer requirements (export-oriented), on the one hand, and are they efficient 
and sustainable, on another hand?

Hence, the current paper aims to study how the R&D costs contribute to value creation 
and sustainable transition in the maritime industry. To achieve this goal, R&D activi-
ties in the maritime industry were analyzed using correlation and linear regression 
analyses between 2010 and 2019.

The results show that those indicators that have the greatest positive impact on value-
added are R&D expenditures in the business enterprise sector and turnover from prod-
uct innovations. Also, it was revealed that there is a negative impact of trade indicators 
on value creation. In addition, the study proves that R&D activities are contributing to 
the sustainable transition of the maritime industry.

Overall, it was concluded that without sufficient public support, strategy, and new busi-
ness models, export-oriented industries benefit less from innovation.
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INTRODUCTION

In a 2015 report, the European Cluster Observatory classified Blue 
Growth as one of Europe’s key “emerging industries”, corresponding to 
between 6–7% of the European economy (OECD, 2016). The report found 
that Blue Growth industries had grown consistently faster than the over-
all economy. According to the 2014 ECORYS report on Blue Growth and 
Maritime Policy within the North Sea and Atlantic Sea Regions, Norway 
is the leading ocean economy in Europe in terms of Gross Value Added 
(GVA) and productivity (ECORYS, 2014). IHS/Menon Economics ranks 
Norway as the world’s sixth-largest shipping fleet in terms of value being 
particularly strong on coastal, deep-sea, and offshore shipping. 

Looking to 2030, many ocean-based industries have the potential to 
outperform the global economy, both in terms of value creation and 
employment. However, the ocean-based industries have so far lacked 
the political facilitation and funding infrastructure that has been 
granted to the land-based economy.
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Hence, research, knowledge, and technology development are crucial to unleash the potential for 
further value creation in the maritime industries and to ensure sustainable growth. The develop-
ment of sustainable and emission-free solutions is crucial to meet the world’s environmental chal-
lenges and increase the maritime industries’ competitiveness in a global market. Digital solutions 
and new technology represent an important part of the restructuring and development of the mar-
itime industries. 

The ability to develop and use green ship technology will affect the opportunity to assert itself in 
the international market in the future, both for shipping companies, equipment suppliers, and the 
maritime industry in general. 

In 2019, the Norwegian government presented a separate action plan for green shipping (Regjering, 
2019). The action plan anchors the government’s ambition to halve emissions from domestic ship-
ping and fisheries by 2030. In addition, the government contributes money to large research and 
innovation projects with a green and sustainable purpose. In the Norwegian government’s pack-
age of measures for green conversion, one billion kroner over three years was proposed for a new 
Green Platform. It is believed that innovation and new technology will help to adjust to a green 
future because the goal is to cut emissions while facilitating green growth. All green projects from 
research to market-ready solutions can apply for support under the Green Platform. Examples of 
relevant areas can be the circular economy, hydrogen and battery technology, and offshore wind, 
other renewable energy, bioeconomy, change in the supplier industry, as well as the marine sector.

At the same time, new technology solutions in the maritime industry are very promising, they 
should be created not only for the domestic market, but it should be export-oriented as well, and 
there are a few ways to make this happen: first – it would be best if the market is willing to pay for 
it; second – regulatory requirements from authorities; third – financial incentives from the author-
ities and the policy instruments. 

European countries have developed for business comprehensive public policy instruments for R&D. 
It is vitally important that they must be simplified and sharpened to achieve the political goals 
within climate and environment, business development, and renewable energy. 

Due to greater breadth and scale in development courses aimed at environmentally friendly ship-
ping by 2050, the maritime cluster organizations are doing valuable work in the green shift. These 
should be further stimulated and strengthened. 

Nevertheless, there are already issues around this forced green transition in the industry. On one 
hand, the environmental consequences of economic growth and technical development have be-
come an increasing concern (Grytten et al., 2020); on the other hand, companies are faced with a 
problem: there is often “a troubling gap between the inherent value of the technology they develop 
and their ability to put it to work effectively” (Leonard-Barton & Kraus, 1985). Thus, there must 
be an increased focus on new strategies and new business models that will capture the value of the 
product.

All the above-mentioned proves the relevance of current investigation. Hence, the goal of the study 
is to investigate how such public policy instruments as R&D in the maritime industry can contrib-
ute to value creation; another point that should be analyzed is how innovation technology expendi-
tures stand for the sustainable transition.
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1. LITERATURE REVIEW

In economic literature, one can find many scien-
tists that consider R&D and innovation activities 
as the same, and those two terms are often inter-
changeably used. Nevertheless, others will argue 
there is a significant difference between them: “in-
novation is differentiated from research and devel-
opment (R&D) by the fact that R&D transforms 
money into knowledge whereas innovation trans-
forms knowledge into commercial opportunities” 
(Brussels, 2021). 

A complementary understanding of innovation 
considers where and how the innovation is imple-
mented. In the research literature, three levels are 
relevant (Gilje et al., 2018):

• Innovation within organizations 
(Management of innovation): here innovation 
is based on a given public organization and 
examines, for example, how organization and 
competence contribute to an innovative and 
dynamic organization. Examples of such or-
ganization-specific innovations could be the 
introduction of lean working methods or the 
development of new digital services for the 
municipality’s residents. 

• Innovation in a systems perspective (Systems 
of innovation): a systemic understanding of 
innovation emphasizes that innovation does 
not take place in a closed context within the 
framework of a single organization, but in-
stead often occurs in the interaction between 
a number of different actors. 

• Innovation in the form of system change 
(Transformative change): a transformative ap-
proach to innovation focuses on a more radical 
change of existing production systems. While 
innovation systems have primarily been con-
cerned with understanding the systemic na-
ture of innovation, this evolutionary approach 
has thus added a stronger historical dimen-
sion to the systemic: How do innovation sys-
tems change over time? The emergence of ma-
jor societal challenges such as climate crisis, 
immigration, integration, and economic crisis 
are examples that require more radical meas-
ures and re-configuration of existing produc-

tion and innovation systems. Such societal 
challenges are characterized by being difficult 
to define, and solutions must often be devel-
oped over time and in collaboration between 
many different actors, and across the public 
and private sectors.

In this study, it is considered that innovation is 
built on R&D, and both terms play the same role 
in generating a turnover from product innova-
tions, consequently in creating a new form of val-
ue-added; hence, both concepts “R&D” and “in-
novation” are interchangeably used.

The problem of the relationship between innova-
tion and economic progress has been in the field 
of view of researchers for a long time. Schumpeter 
(1934) was the first one who looked at terms as 

“innovator”, “innovation” from this perspective. It 
should be mentioned that generations of research-
ers have demonstrated a wide range of views on 
this problem: from the mid-50s and until about the 
mid-80s of the XX century, the concept of exoge-
nous (external) technological progress dominated. 
This point of view was shared by Tinbergen (1942), 
Solow (1956), Harrod (1939), etc. Subsequently, 
this approach was criticized: for example, Nelson 
and Winter (1984) noted that Solow’s theory “does 
not explain literally productivity growth”; on the 
other hand, there were those who adhered to 
Solow’s views.

Many studies have shown that scientists nowadays 
are actively involved in the study of the relation-
ship between the results of innovation policy of 
the country, innovation activity of the enterprise, 
and the growth of the national economy. 

It should be mentioned that “most research on 
determining the factors of product innovation, 
based on the role of R&D, use an augmented 
Cobb-Douglas production function to include 
R&D expenditure or an alternative measure of the 
innovation effort” (Kato, 2012).

For example, Pece et al. (2015) argue that innova-
tion, costs, R&D, and investment in technology are 
the basis for ensuring the competitiveness of the 
country and sustainable economic growth. Using 
the example of some countries, namely Hungary, 
the Czech Republic, and Poland, the dependence 
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of long-term economic growth on the innovative 
potential of the economy was analyzed. As a result, 
it was argued that economic growth is influenced 
by factors such as innovation (the number of pat-
ents, the level of research and development costs), 
foreign direct investment, education, and exports. 
At the same time, Archibugi et al. (2013) claim 
and prove the absence of a direct relationship be-
tween innovation and the economic situation in 
the country.

Kijek and Matras-Bolibok (2019) consider the in-
terdependence between innovation and such an 
indicator of the national economy as TFP (total 
productivity factors). They do emphasize the re-
sults of innovative activities of enterprises and 
consequently on the level of growing economies, 
that also affected by the territories in which they 
are located because it is economic growth and 
geographical agglomeration of economic activ-
ity are interdependent processes, which explains 
why the same. The input data that provide inno-
vative output at different territories have different 
values. Better results of innovative activity of the 
enterprises were shown in those regions, in which 
such activities have already been implemented, 
and they are associated with the accumulation of 
knowledge.

The impact on the competitiveness of national 
economies of innovation potential in EU member 
counties, such as Austria and Germany, was stud-
ied by Lomachynska and Podgorna (2018). GDP 
and the share of export of goods and services as % 
of GDP were used as a dependent variable. Hence, 
it was revealed that in both countries education 
and employment policies should be improved and 
be more oriented towards R&D development. 

Baumann and Kritikos (2016) investigated the link 
between R&D, innovation, and productivity, where 
the focus was on the input and output in the manu-
facturing industry.

In addition, there remains a debatable issue about 
the effectiveness of sources of R&D funding. For ex-
ample, Schumpeter (1934) argued that innovations 
are created by entrepreneurs, but in the later peri-
od (1962) concluded about the importance of large 
enterprises (especially monopolies) for innovative 
development. Much attention is paid to the impor-

tance of the government as a driver of innovation by 
Mazzucato (2013), and Mazzucato and Perez (2014).

Making an inevitable generalization, it is worth 
saying that there are two main forms of such sup-
port: tax policy and direct government funding. 
There is no consensus among researchers on this 
issue, but it is believed that direct financial support 
from the state is more effective than tax incentives. 

Thus, the literature review allows concluding 
that there is a relationship between the innova-
tive activity of the enterprise and the growth of 
national economies. At the same time, in differ-
ent countries, this connection is traced between 
different indicators that reflect these processes. 
Nevertheless, there is a lack of investigation of 
how the R&D costs contribute to value creation 
and sustainable transition in the maritime indus-
try. Hence, the current study is relevant. 

2. TREND ANALYSIS  

OF INNOVATION 

ACTIVITIES

According to the European innovation scoreboard 
(European Commission, 2021), which provides 
the analysis on innovation performance in EU 
countries, in 2021 Norway was placed in a group 
of strong innovators (11th position): “Over time, 
performance relative to the EU has increased 
strongly, in particular in 2017 and 2019”. It shows 
that the position has been improved. However, at 
the same time, Norway is in the lower tier when it 
comes to intellectual property rights (patents, de-
sign, and trademark applications), and sales and 
export. Both are related to the fact that Norway 
has a business structure with a lot of activity and 
value creation in industries that are not character-
ized by high-tech products. This does not mean 
that Norway lacks knowledge-intensive industries. 
Norway is among the countries with a high pro-
portion of export of knowledge-intensive services. 
What first and foremost draws Norway down in 
this comparison is the relatively low level of export 
and innovation in high-tech products.

Hence, it is needed to look at R&D activities and 
the maritime industry in particular, which is one 
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of the most important export-oriented industries 
in Norway. It is important to shed the light on the 
organizational perspective of innovation.

2.1. An organizational perspective 
on innovation in the maritime 
industry

It should be mentioned that the government 
has focused on maintaining and strengthening 
Norwegian marine research. For this reason, in 
the autumn of 2020, the government issued a re-
port to the Storting (the Norwegian Parliament) 
on the maritime industry, called “Greener and 
smarter – tomorrow’s maritime industry”. In 
the report, the government writes that it will 
present a new, updated Maritim21 strategy in 
2021. The strategy will provide a comprehensive 
review of maritime research, development, and 

innovation, and will also provide a special re-
view of technology and research opportunities 
related to green shipping and digitization. 

The government is committed to increasing 
the internationalization of Norwegian research, 
both for strengthening Norwegian competi-
tiveness and for gaining access to a large inter-
national knowledge base. In addition, Norway 
has developed comprehensive public policy 
instruments for R&D and business develop-
ment through the Research Council of Norway, 
Innovation Norway, SkatteFUNN, and ENOVA 
(Figure 1):

• Innovation Norway. By financing projects and 
raising the competence of companies with 
ambitions for growth and exports, Innovation 
Norway is helping to create the jobs of the fu-

Source: Author’s elaboration.

Figure 1. Organizational perspective on innovation in the maritime industry
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ture. It offers services within financing, consult-
ing, expertise, networking, and profiling. 

• Enova. Financing of energy- and cli-
mate-friendly solutions. Enova contributes to 
new energy and climate technologies being 
developed and put into use and can cover part 
of the additional cost by choosing more ener-
gy- and climate-friendly solutions.

• Research Council. Helps companies that car-
ry out innovation projects together with the 
research community. The funds contribute to 
companies being able to solve societal chal-
lenges, ensure sustainable value creation and 
economic growth.

• SkatteFUNN. The SkatteFUNN scheme is 
a tax deduction scheme for business and in-
dustry costs for research and development. 
Through SkatteFUNN, companies can receive 
project costs as a tax deduction through the 
tax settlement.

It is believed that the corona crisis stimulates more 
people to think new, this should also be reflected 
in the division of those seeking innovation-orient-
ed support since 2020. It is important to examine 
whether applicants for R&D and innovation-orient-
ed support during the corona crisis are different from 
those who usually receive support through business 
policy instruments (Forskningsrådet, 2020).

Table 1 shows that many applicants are new in 
2020, i.e., 46% of the applicants who have received 
a grant so far have not had any innovation-orient-
ed grant in the period 2017–2019.

The largest proportion of new applicants has been 
observed for Innovation Norway, where almost 
half of the applicants (49%) have not received any 

funding from Innovation Norway, the Research 
Council, or SkatteFUNN in the previous 3-year 
period. 

Also, according to Figure 1, in Norway, there are 
several governments supported cluster programs, 
based on both publicly funded R&D and the par-
ticipants’ privately funded R&D: “One of the ex-
amples of maritime clusters is the Global Centre of 
Expertise Blue Maritime Cluster with training ac-
tivities in Ålesund area, which is funded by private 
companies, university, and Innovation Norway” 
(OECD, 2017). The policy aims to promote the 
construction and operation of greener ships. 
Therefore, a significant part of the grants from 
the Research Council of Norway and Innovation 
Norway goes to various maritime industries. 
The maritime industries receive a large share of 
Innovation Norway’s total allocations. In the pe-
riod 2013–2020, the total share was 36% (NOK 
22.3 billion) of the total (NOK 61.4 billion). This 
is based on a total of 7,436 commitments to cus-
tomer projects within these maritime industries.

In addition, Norway participates fully in the EU’s 
research collaboration Horizon Europe, where 
there are several blue initiatives in the period 
2021–2027. The government is working on facil-
itating the EU’s blue programs so that they re-
spond to key knowledge needs for Norwegian 
maritime industries. The institutions’ research 
vessels, research stations, and laboratories form 
a significant part of state-owned marine research 
infrastructure.

2.2. R&D expenditure in Norway and 
other Scandinavian countries 

A total of about NOK 70 billion was spent on re-
search and development work (R&D) in Norway 
in 2017. In current prices, R&D efforts increased 

Table 1. Number of applicants with funding in 2020 by instrument actor

Source: Statistics Norway (2021), Innovation Norway (2020), the Research Council of Norway (2019).

Instrument actor
Applicants with a grant in 

2017–2019
New applicants Total

Share of new 

applicants   

Innovation Norway 1,468 1,435 2,903 49%

Research Council 317 62 379 16%

SkatteFUNN 845 393 1,238 32%

Total 2,009 1,713 3,722 46%

Note: based on completed applications as of September 21, 2020 (as of October 12 for SkatteFUNN applications).
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significantly, by more than NOK 6 billion or 10% 
from 2016. The number of R&D man-years in 2017 
increased by just over 3,000 from the previous 
year, to 47,000. The share of R&D expenditure in 
GDP is estimated at 2.1 %. Staff growth explains a 
large part of the increase in R&D expenditure. In 
2017, a total of almost 47,000 R&D man-years were 
carried out. 

According to Table 2, it is clear that the business 
community is responsible for the largest R&D ef-
fort: the sector spent NOK 32.6 billion on R&D 
in 2017, which was 47% of total R&D expenditure. 
This was followed by the higher education sec-
tor with NOK 23.2 billion, and the public sector 
with almost NOK 14 billion. Almost 70 billion 
expenditures on R&D are estimated at 2.11% of 
Norway’s gross domestic product (GDP), up from 
2.03% in 2016. 

Compared with 2016, the percentage growth was 
the greatest in the higher education sector. The 

business community increased its R&D efforts by 
more than NOK 3 billion from 2016 (by 10%). The 
weakest growth is observed in the public sector, 
where R&D expenditure increased by 5% or about 
NOK 700 million from 2016.

If compare with other countries, total investment 
in R&D in Norway is more than 2% of GDP in 
2018, and this result is still below the OECD aver-
age (Figure 2). 

Until 2017, Norway experienced stronger R&D 
growth than most other comparable countries, pri-
marily due to an increase in Norwegian R&D grants. 
Overall, this indicates that Norway’s growth in R&D 
spending as a share of GDP is stabilizing now. 

2.3. R&D expenditure in the maritime 
industry 

Results from Figure 3 show that the share of 
Norwegian R&D expenditures in the building 

Table 2. R&D expenditure by performing sector and a total number of R&D man-years in 2015, 2016, 
and 2017, mill. kroner and percentage change (current prices)

Source: Statistics Norway (2021b). 

Sector 2015 2016 2017 Change 2016–2017

Business sector (BERD)* 27,783 29,489 32,573 10%

Higher education sector (HERD) 18,709 20,636 23,240 13%

Government sector (GOVERD) 13,718 13,220 13,900 5%

NOTE: *Business enterprise expenditure on R&D (BERD) represents the component of gross domestic expenditure on R&D 
(GERD) incurred by units belonging to the Business enterprise sector; HERD – incurred by units belonging to the Higher 
education sector; GOVERD – the component of GERD incurred by units belonging to the Government (public) sector (OECD, 
2015). Private Non-Profit (PNP) sector is insignificant in Norway and is therefore included in the Government sector of the 
OECD statistics (Kaloudis & Rørstad, 2006).

Source: World Bank (2021), the Research Council of Norway (2019).

Figure 2. GERD as a share of GDP for selected countries, 1997–2018

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

2
0

1
2

2
0

1
3

2
0

1
4

2
0

1
5

2
0

1
6

2
0

1
7

2
0

1
8

Finland Denmark Netherlands Norway Sweden



237

Problems and Perspectives in Management, Volume 19, Issue 3, 2021

http://dx.doi.org/10.21511/ppm.19(3).2021.20

of ships to total R&D expenditures are even 
better rather than in those shipbuilding coun-
tries: according to Statista (2021), the biggest 
shipbuilding nations in 2019 were China, South 
Korea, and Japan, thus it was decided to add to 
analysis above-mentioned Asian countries. 

According to OECD statistics, it was discovered 
that the situation in Norway is better if com-
paring figures that apply to the development 
and construction of ships. In 2017, the share of 
R&D expenditure in shipbuilding in total BERD 
was 1.5%, while in Korea the result was 0.45% 
(Figure 3).

Figure 4 clearly presents that Norway has the low-
est level of BERD as a proportion of GERD, at the 
same time BERD in shipbuilding is scored as the 
highest. In the middle of the matrix, one can see 
Korea and Spain while such countries as Germany 
and Japan with high-level general business expend-
iture on R&D and with a low level of business R&D 
expenditures in shipbuilding are in the left upper 
section. In addition, Denmark is placed in the left 
bottom section that characterized this country as a 
country with a low score of both parameters. 

Moreover, a high proportion of BERD in those 
shipbuilding nations is funded by the govern-

Source: OECD (2021).

Figure 3. R&D expenditure in the building of ships as a share of total BERD, 2009–2017
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ment. For example, Spain supports the ship-
building industry through both total R&D sup-
port schemes and export financing (Haugland 
et al., 2021). In Germany, the government sup-
ports maritime R&D activities in the shipbuild-
ing and marine supply industry with different 
programs, such as “Shipping and Marine tech-
nology for the 21st Century” that aims to help 
German firms to maintain their competitive-
ness in the global market and develop new tech-
nologies (OECD, 2016). 

When it comes to Norway, the statistic is quite dif-
ferent. According to Figure 5, the BERD in the ship-
building industry until 2015 (80% of total amount) 
was mostly funded by business, but the situation 
changed significantly in 2016, where funding from 
abroad contributed to a large extend in funding of 
R&D activities in the industry. Concerning public 
support, it remains humble (2–4%).

It should be noted, the maritime sector, in gen-
eral, has a higher return on capital than other 
major Norwegian industries such as the tech-
nology industry, the consumer goods industry, 
the process industry, and seafood (Jakobsen 
et al., 2014). Considering that the Norwegian 
wage level is significantly higher than neighbor 
trading partners, the importance of knowledge 
and competence in international competition 
is significant. If the maritime industry and the 
offshore supplier industry are to maintain or 
strengthen their international competitive po-
sition, they must find solutions that compensate 
for the high wage level, which in practice means 
innovation.

Thus, the following analysis shows that there is a need 
for an in-depth study of how such policy instruments 
as R&D in the maritime industry can contribute to 
value creation in the maritime industry and it is vi-
tally important. This enables the early identification 
of problems so that solutions can be proposed.

3. DATA AND METHODOLOGY 

The OECD (2021) and Statistics Norway (2021a, 
2021b) databases were utilized in this study. 
Among the most relevant quarterly data for esti-
mation of innovation activity for 10 years period 
(2010–2019), there are value added, trade indica-
tor, wages and salaries of persons involved in R&D 
activities, innovation turnover, and BERD in the 
industry of building of ships and boats.

In addition, it was decided to carry out structural 
and dynamic analysis for investigation of R&D ex-
penditures within three main sectors of the econ-
omy: primary, secondary, and services. Dynamic 
analysis provides information about the histori-
cal development of an indicator, but more bene-
fits can be gained by performing dynamic com-
parison analysis. For this reason, it was decided 
to conduct a comparative analysis of the growth 
rates of R&D expenditures by industry using 
Relative Performance Ratio (RPR):

   &    
.

   &    

Growth rate of R D in industry i
RPR

Growth rate of R D in industry j
=  (1)

The goal of this paper was to study the relation of 
R&D investment and how it contributes to the in-

Figure 5. Funding of BERD in Building of ships and boats, % of total funding
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crease in value creation in the maritime industry. 
Thus, the above-mentioned parameters were se-
lected as dependent variables for correlation and 
linear regression analysis (all variables are taken 
for ships, boats, and the oil platforms industry). 
As independent variables, the following indicators 
were chosen: trade indicator (X

1
), the total R&D 

in the business enterprise sector (X
2
), the costs for 

hired personnel (X
3
); volume of sold innovative 

products (X
4
).

It should be mentioned that in this study it was de-
cided to use Hodrick–Prescott filter to remove the 
cyclical component of a time series from raw data. 

The analysis was performed by using natural log 
values: 

1 2

3 4

ln ln ln

ln ln ,

t t t

t t t

VA TRI BERD

SAL T O

α β β
β β ε

= + + +

+ + +
 (2)

where ln tVA  is the logarithm of value-added, α  
is intercept, jβ  are unknown parameters; trade 
indicator ln ,tTRI  the volume of R&D expendi-
tures in the Business Enterprise sector ln ,tBERD  
costs for hired personnel, involved in R&D activi-
ties ln ,tSAL  turnover from product innovations 
ln .tT O

4. RESULTS 

Before conducting the analysis, it is important to 
see how the R&D costs contribute to a sustaina-
ble transition in the maritime industry in gener-
al. Sustainability is made up of three pillars: the 
economy, society, and the environment. The fur-
ther study will be focused on economic parame-
ters, but it was decided to find out how the invest-
ed costs correlate with a sustainable transition of 
the industry. According to the achieved results, 
R&D expenditures in the Business Enterprise sec-
tor ( )ln tBERD  and costs for hired personnel, in-
volved in R&D activities ( )ln tSAL  have negative 
correlation with CO2 emission indicator – (–0,83) 
and (–0,51) respectively (Table 3).

Table 3. Correlation between CO2 emissions 
and investigated parameters of the model, 
2010–2019

CO2
VA

t
TRI

t
BERD

t
SAL

t
T/O

t

0.7545 0.7446 –0.8258 –0.5125 0.3760

Hence, the results prove that R&D activities in the 
industry are helping to save the environment and 
to solve some of the biggest pollution concerns. 
Hence, the next step is to investigate how innova-
tive activities contribute to value creation.

Source: Statistics Norway (2021b). 

Figure 6. Structure of business enterprise R&D expenditure by industry, 2019
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4.1. Structural analysis

The R&D expenditures structure broken down by 
industries is given in Figure 6.

Structural analysis of R&D expenditures within 
the industries shows that the greatest concen-
tration of the funds invested in R&D occurs in 
the key application service industry for the 21st 
century such as computer programming, con-
sultancy, where the share of BRED was 21.28%; 
on the second and the third places – publishing 
activities and architecture, engineering activi-
ties with the share of 8.06% and 8.18% respec-
tively. When it comes to the shipbuilding indus-
try the share of R&D expenditures was quite low 

– 1.32%.

4.2. Dynamic analysis

The information in Table 4 reveals that the strong-
est growth rate of R&D expenditure during the 
last years can be seen among the companies in the 
secondary industry, especially in the motion pic-
ture, video and TV production, sound recording, 
and music industry (35: horizontal line), as it has a 
leading position among all industries. 

In addition, this industry showed a stronger 
growth rate of R&D expenditures, compare to 
general R&D expenditures growth (diagonal line) 
during the analyzed period of 2007–2019.

If to talk about the industry of building ships and 
boats (23: horizontal line), here a low level of RPR 
is observed. That means the growth rate of R&D 
expenditure during the analyzed period (2007–
2019) had a lower level comparing to the growth 
rate in other industries.

4.3. Correlation analysis

In addition, it was interesting to investigate the 
correlation between product innovators’ turno-
ver and R&D expenditures within all industries to 
find out the link between innovation activity and 
productivity (input and output).

Calculations showed a positive correlation be-
tween the scale of funding for innovation activity 
and the turnover for companies in the primary in-
dustry (Figure 7). 

Nevertheless, the correlation analysis presented in 
Figure 7 reveals that there was a negative relation 
between turnover and R&D expenditures mostly in 
half segments of secondary industry. The same ap-
plies to the industry – building of ships and boats. 

4.4. Regression analysis

In the proposed regression analysis, the p-values 
of dependent variables were calculated to compare 
with the level of significance. The results of the re-
gression analysis are depicted in Table 5.

Source: Author’s elaboration.

Figure 7. Correlation between product innovators’ turnover and R&D expenditures  
by industry, 2013–2018
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Table 4. Comparison growth-rate analysis of R&D expenditure by performing industry, percentage change (compare to other industries)

Source: Author’s elaboration.

Industry 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44

Pr
im

ar
y 1 Fishing, aquaculture

2 Mining, quarrying

3 Extraction of cr. petrol, nat. gas 

Se
co

nd
ar

y

4 Food products, beverages
5 Textiles
6 Wearing apparel, leather prod.
7 Wood, wood products
8 Paper and paper products
9 Printing, reproduction
10 Refined petrol., chem. prod.
11 Pharmaceuticals
12 Rubber, plastic prod.
13 Other non-metal mineral prods.
14 Basic metals
15 Fabricated metal prod.
16 Electronic and optical prod.
17 Manuf. of communic. equipment
18 Manuf. of testing appliances
19 Electrical equipment
20 Machinery and equipment
21 Motor vehicles etc.
22 Other transport equipment
23 Building of ships and boats
24 Furniture
25 Other manufacturing
26 Manuf. of med./dental instr. etc.*
27 Repair, installation of machinery
28 Electricity and gas supply
29 Water supply, sewerage, waste
30 Construction

Se
rv

ic
es

31 Wholesale trade
32 Transportation, storage
33 Publishing activities
34 Software publishing
35 Motion picture, TV, music prod.
36 Telecommunications
37 Computer program.consultancy
38 Information service activities
39 Financial, insurance activities
40 Head offices, managem. consul.
41 Architecture, engineering act.
42 Scientific R&D
43 Other prof. scientific, tech. act.
44 Other business supp. serv.act.

Note: * – this statistic presents the data for all industries for the period 2007–2019, except the manufacture of medical and dental instruments and supplies, where data is available for the 
period 2007–2013. Diagonal line: dark grey color indicates the stronger growth rate of R&D expenditures in industry i, compare to R&D expenditures in all industries Σ j; light grey color – 
lower growth rate. Horizontal line: dark color indicates the stronger growth rate of R&D expenditures in industry i, compare to industry j. For example: 

Secondary industry: – growth rate ratio ≥ 5; – growth rate ratio ≥ 1; – growth rate ratio < 1.
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According to Table 5, the following regression was 
obtained: 

1 2

3 4

1.18 0.35 0.50

0.06 0.81 .

Y X X

X X

+ +
+ +
= −

 (3)

The value of the coefficient of determination for 
the period under analysis is equal to 0.99, which 
tells about the good ability of the model to ex-
plain and predicts future outcomes. The statistical 
significance of the obtained results was checked 
by F-statistics: the obtained value is greater than 
F-tables, hence, the null hypothesis is rejected. 
The verification of indicators in the regression 
model is checked using Student’s t-test with a 95% 
confidence level. Thus, the indicators that have the 
greatest positive impact on value-added are R&D 
expenditures in the business enterprise sector (ln-
BERD

t
) and turnover from product innovations 

(lnT/O
t
). Also, it was revealed that there is a neg-

ative impact of trade indicator on value creation, 
where β parameter is (–0.35). 

Hence, the results of the analysis show the signifi-
cance of innovations and their role in value creation. 
Nevertheless, the model also highlights the prob-
lems in the maritime industry when it comes to the 
trade balance. For the Norwegian maritime indus-
try, the export markets are more important than 
the domestic markets. However, most of the ves-
sels are built for domestic purposes. Moreover, the 
Norwegian industry outsources most of the ship’s 
parts, while the final ship construction is done in 
Norway. Obviously, the upcoming challenge for 
the shipbuilding industry is the loss of competence, 
when in-house production is critical for survival: 
production provides the greatest access to issues 
and thereby opportunities for innovation. 

Behind Norwegian shipyards’ reduced market 
shares in the construction of vessels since the be-

ginning of the 2000s is probably twofold. First, 
competition has intensified from countries with 
lower wage levels, especially China, but also oth-
er Asian and European shipyards. Fast delivery is 
especially important in a good market, and many 
shipping companies may therefore have chosen 
competing shipyards in other countries due to 
shorter delivery times. Secondly, the shortcom-
ings of the formation and implementation of in-
novation policy of the country. The last factor can 
be crucial, not least how protectionism affects the 
maritime industry. A study from the International 
Chamber of Shipping, which was published in 
February 2021, shows that Norway also ends up 
in 15th place here, among 46 maritime nations 
(International Chamber of Shipping, 2021). It may 
indicate that the Norwegian authorities are not 
doing enough to protect one of the most impor-
tant export-oriented industries in Norway. 

5. DISCUSSION

Shipbuilding is a complicated industry: the yard 
must bear most of the risk, and from an investor’s 
point of view, this is not a particularly attractive 
industry, as one rarely is paid for this risk. Menon 
Economics and BCG prepared a comprehensive 
and well-descriptive report (Haugland et al., 2021) 
on the state of the Norwegian shipbuilding indus-
try. Several factors pointed out are that over time 
have weakened the competitiveness of Norwegian 
shipyards – the Generalization Act gives disad-
vantages regarding personnel costs, a high degree 
of outsourcing has weakened internal competence, 
competence gaps in project management, and 
drop-outs of important markets have resulted in 
large restructuring costs. If Norwegian shipbuild-
ing is willing to have a future in the long run, the 
Norwegian cluster must become world champions 

Table 5. Regression analysis results for lnVA
t 

Source: Author’s elaboration.

Parameter Coefficients Standard Error t Stat P-value

Intercept 1.18 0.94 1.26 0.22

lnTRI
t

–0.35 0.03 –10.60 0.00

lnBERD
t

0.50 0.09 5.48 0.00

lnSAL
t

0.06 0.02 3.87 0.00

lnT/O
t

0.81 0.06 13.23 0.00

Prob > F 0.00

R2 0.99 Adj.R2 0.97
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in handling variability and complexity. One of the 
proposals in the report is to increase the use of 
digital tools, automation, and robotics. 

One can talk about digital twins and virtual pro-
totyping, but these are technologies that have 
emerged because of good industrial craftsmanship 
and collaboration of the partners. This craft re-
quires experience and appropriate industrial strat-
egy, that should be created and applied to ship-
yards to transform them into “smart shipyards” – 

“Shipyard 4.0” (Haugland et al., 2021). 

Another point is that a new era of digital transitions 
is creating new organizational models, affect the re-
lationships between the actors, in other words – new 

relationships require new business models (Koilo, 
2021). Presently, several programs in Norway aim 
to help the industry with the development and ap-
plication of digital transformation technology. One 
of them is SFI MOVE at NTNU in Ålesund. The 
goal of the project is to establish a world-leading 
research and innovation center for demanding 
marine operations. It is believed that the digital 
transformation of the maritime industry will al-
low improving the cost-efficiency of marine oper-
ations through reduction of total field operational 
costs and safer operations in the future. Therefore, 
within the scope of the project, SFI MOVE aims to 
investigate, how new innovative solutions can help 
the industry to create, deliver, and capture value, 
i.e., create a new business model.

CONCLUSION

According to the European innovation scoreboard, Norway’s position has been improved significant-
ly: in previous editions, Norway has placed itself around 16–17, it has been described as a”moderate 
innovator”. In 2021, it is ranked number 11 and placed among the foremost in the group of a «strong 
innovator». The main explanation for Norway’s progress is in 1) employment impacts, 2) linkages, 
and 3) attractive research systems. At the same time, Norway is in the lower tier when it comes to in-
tellectual property rights, sales, and export. The last one is quite a crucial factor. The numbers speak 
for themselves. Norwegian foreign trade for 2020 shows a decline in merchandise exports, and the 
export value has fallen by 15.5% since 2019. One can blame the pandemic and oil and gas crisis for 
these consequences, nevertheless, other Scandinavian countries show better performance in the ex-
port revenue. 

Therefore, all the above-mentioned highlights that there are problems, and investigation is needed. It 
was revealed that the impact of R&D investment on the economic growth of the country, companies’ 
performance has been widely discussed in both academia and the business arena. However, in existed 
economic literature there is a lack of study, how such public policy instruments as R&D in the maritime 
industry can contribute to value creation, and does innovation technology expenditures stand for sus-
tainable transition?

To identify and study these relationships in the maritime industry, correlation and linear regression 
analyses were used for the period 2010–2019. The OECD and Statistics Norway databases were utilized, 
which makes it possible to develop an economic-mathematical model of the impact of innovation on 
value creation in the maritime industry in Norway. 

The regression analysis showed that the impact of turnover and R&D costs on value creation in the 
industry of building ships and boats has a positive direction; nevertheless, the negative impact of the 
trade indicator on value-added underlines the existing problems and difficulties in increasing exports. 
Overall, the results point to a positive impact of R&D spending, and at the same time, the new technol-
ogies still do not strengthen the industry on the global market.

Hence, it does not mean that Norway lacks innovation activities or advanced technology. Nevertheless, 
several reasons draw down the efficiency of R&D utilization in export-oriented industries.



244

Problems and Perspectives in Management, Volume 19, Issue 3, 2021

http://dx.doi.org/10.21511/ppm.19(3).2021.20

The first one: the international market requires that industry must be adaptable, and thus more public 
incentives are needed to promote exports from Norway. Here among those measures can be: 1) new 
long-term industrial strategy, 2) support schemes (industry should have a better degree of financing and 
higher guarantee), and 3) educational offerings (a modern and future-oriented production company 
will need candidates with expertise, preferably in all areas). 

The second one: green and digital transition in the maritime industry together with public support and 
such policy instrument as R&D can contribute to creating new products; also it can strengthen an ex-
isting product or service with additional features. Another aspect is that new things affect the relation-
ships between the actors, thus new relationships require new business models.

Thus, the export industry must constantly look for new opportunities, be updated to international mar-
ket requirements, and new business models are required. Hence, both the cluster and the government 
must focus on this issue.
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