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ABSTRACT

The article presents a comprehensive assessment of the innovativeness of a manufacturing enterprise from the
metal industry company, using an original method of diagnosing the state of innovativeness of enterprises. This
method allowed for a comprehensive assessment of the level of innovativeness and eco-innovativeness of the
enterprise, identification of sources of environmental impacts - product, production process, determination of the
environmental profile of the enterprise, as well as assessment of the technologies used by the enterprise in terms
of the TRL classification. The study showed that the enterprise has an average level of innovativeness, focuses
primarily on the implementation of implementation works using technologies obtained from external sources. The
process of manufacturing metal products is characterized by a significant impact on the environment, mainly due
to high energy consumption. Energy used during production is a key source of pollutant emissions in all main
categories of environmental impact, such as ecotoxicity (marine and freshwater), eutrophication of freshwater and
toxicity to humans. In order to reduce the negative impact of operations on the environment, the enterprise should

focus its activities on improving the energy efficiency of production processes.

Keywords: Innovatis, eco-innovatis, TRL, LCA, enterprise.

INTRODUCTION

Innovations and eco-innovations are an im-
portant factor in economic development, contrib-
uting to both economic growth and increasing the
competitiveness of countries, regions and enter-
prises. Innovations can concern many areas of ac-
tivity, such as: development of new or improved
products, production processes, implementation
of modern technologies, improvements in logis-
tics and distribution, management innovations,
as well as activities leading to material savings.
The concept of innovation is interpreted differ-
ently both in scientific literature and in business
practice. The concept of innovation was first in-
troduced to the literature by the Austrian econo-
mist Schumpeter, already in 1911 in his first book
“Theory of Economic Development”. He treated
it as a factor in economic development [1].

The word “innovation” comes from the Latin
word “innovatis”, meaning renewal, creation of
something new [2]. The definition of the Organ-
isation for Economic Co-operation and Devel-
opment (OECD) and the Statistical Office of the
European Communities (Eurostat) presents inno-
vation as a new or improved product or process
(or their combination) that is significantly differ-
ent from the previous products or processes of an
entity and that is made available to potential users
(product) or put into use by an entity (process) [3].

The analysis of the literature on the subject
allows us to distinguish three main stages in the
development of the approach to innovation. The
first stage, which took place in the 1960s and
1970s, focused mainly on defining and conceptu-
alizing the concept of innovation itself. The pub-
lications were dominated by a descriptive nature,
and research focused on analyzing the impact of

315


https://orcid.org/0000-0002-4473-110X

Advances in Science and Technology Research Journal 2025, 19(10), 315-328

various environmental factors on the functioning
of enterprises. The second period, covering the
1980s and 1990s, brought interest in designing
and shaping organizational structures that support
innovation. Research began to address issues re-
lated to creating models of innovative enterprises
[4]. The third, lasting from the 1990s to the pres-
ent day, is characterized by treating innovation
as a key tool that allows enterprises to achieve
competitive advantage and better economic re-
sults. Greater importance began to be attributed
to the economic aspects of innovation, not only
technological ones. In this approach, innovation
is perceived as a strategic effort of an organiza-
tion aimed at introducing new products and ser-
vices and maintaining competitiveness.

Nowadays, innovations are considered the
foundation of economic development and attract
the attention of researchers from many fields,
such as sociology, psychology, engineering, eco-
nomics and marketing. According to Repetowski
the concept of innovation is understood as a cer-
tain complex of processes and phenomena cover-
ing not only the creation and implementation of
innovation, but also its economic and social ef-
fectiveness [5, 6].

Measuring the ability to implement new solu-
tions in an enterprise is a very important research
task, which encounters difficulties resulting from
the ambiguity of the concept of innovation and
the multitude of methodological approaches [7].
In the literature on the subject, general studies of
innovation and eco-innovation are often found,
which allow for a statistical presentation of the
level of innovation of countries, regions and en-
terprises [8]. Based on the results of these stud-
ies, rankings are developed to show the level of
competitiveness of the surveyed entities on a lo-
cal, regional and global scale. Detailed studies of
the innovativeness of enterprises are published
much less often, which makes it difficult to accu-
rately assess their innovative activity, necessary
for their development [9, 10].

The aim of this article is to present an assess-
ment of the innovativeness of a manufacturing en-
terprise from the metal industry using the method
of diagnosing the state of innovativeness of enter-
prises. The method used is a new perspective on
the assessment of the innovativeness of enterpris-
es, taking into account, among others, the impact
of manufactured products and applied technolo-
gies on the natural environment [10]. This method
was created in response to the deficiencies in the

316

existing tools for assessing the innovativeness and
eco-innovativeness of enterprises. It proposes a
new approach to the analysis of innovative activi-
ties and indicates possible paths for further, sus-
tainable development of the company.

Taking into account the need to implement in-
novative and pro-ecological solutions in the activ-
ities of enterprises, the analysis of innovativeness
carried out in the article can be seen as a signifi-
cant contribution to the implementation of devel-
opment goals set by the European Union [11, 12].

METHODOLOGY

The method of assessing the innovative-
ness of enterprises used in the study belongs to
the group of detailed studies, the aim of which
is to assess individual enterprises. Within this ap-
proach, the assessment of innovativeness refers to
two functional groups: technological innovative-
ness and intellectual innovativeness. Technologi-
cal innovativeness covers what is directly related
to products and the production process —i.e. prod-
ucts, machines and devices, applied manufactur-
ing technologies. Intellectual innovativeness, on
the other hand, focuses on creative activities,
such as design, creative thinking or research and
scientific work, the result of which are intangi-
ble effects, primarily knowledge. Innovation is
assessed on a six-point scale [9]. The LCA (life
cycle assessment) and TRL (technology readiness
level) methodology were also used in the assess-
ment of the innovativeness of the enterprise. The
LCA measure allows for the quantification of the
company’s environmental impacts [10, 13]. The
TRL measure shows at what TRL levels the com-
pany has experience in the product development
process [14—17]. The company’s environmental
profile was determined, which allows for the indi-
cation of the source of impacts - whether the com-
pany’s impact on the environment results from
products, processes or other activities related to
production [14]. The result of the analysis is a
detailed characterization of the innovativeness of
the examined entity, which is not limited to indi-
cating the current level of the company’s innova-
tiveness, but also allows for the determination of
favorable development scenarios that are aimed
at improving the company’s innovative and en-
vironmental efficiency. This approach allows the
company to identify future development oppor-
tunities, as well as to determine the directions in
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which they can develop to increase their competi-
tiveness and innovativeness. he research process
was carried out according to the stages presented
in Figure 1.

CASE STUDY

The case study presented below aims to
comprehensively assess the innovativeness of a
manufacturing company from the metal indus-
try. Data for the analysis were obtained through
face-to-face interviews based on a specially de-
veloped research questionnaire. Interviews were
conducted in person with management represen-
tatives and employees of the research and de-
velopment (R&D), technology, and production
departments of the studied company. The ques-
tionnaire contained both closed-ended and open-
ended questions, allowing for the collection of
both quantitative and qualitative data. In terms
of technological and intellectual innovation, the
interview focused on identifying activities related

to the development and implementation of new
products, processes, services, and organizational
and marketing solutions. In terms of assessing
eco-innovation, the interview focused on identi-
fying products and related production processes,
as well as their impact on the environment. The
collected data concerned the input and output
aspects of the analysed processes, including the
consumption of raw materials, materials and en-
ergy, emissions of pollutants into the air, soil and
water, as well as generated waste. As part of the
technological readiness assessment, the interview
made it possible to identify the company’s poten-
tial in terms of developing and implementing new
technologies — from the concept stage to their
practical application in the form of final products
and processes. The interviews were conducted ac-
cording to a pre-prepared script, ensuring the con-
sistency of the information collected while main-
taining flexibility in exploring interesting themes.
The data was supplemented by analysis of inter-
nal company documents (e.g., environmental re-
ports, technological development plans, technical

STAGE I STAGE 1I
. : s determining the innovation
Identlﬁ%i“s\?aifa%ei;hneS 9 structure for both functional
groups
STAGE III STAGE IV
Determining the innovation | | Determination of the LCA
structure for both functional and TRL structure of the
groups company
STAGE V STAGE VI
Putting the company on the [ | . DSOS Ogthé iy lo ff
o T mnovation and proposal o
changes

Figure 1. Stages of the methodology for the evaluation of the level of innovation of enterprises [14]
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documentation) and direct observation during a
site visit. All collected data was subjected to con-
tent analysis and source triangulation to ensure
the credibility and reliability of the study results.

Stage 1

The first stage of the study, presented in Ta-
ble 1, consisted in defining the objects subject
to assessment, which were divided into two
functional groups. The technological innova-
tion group included activities directly related to
products and production processes, such as prod-
ucts, machines and devices, applied production
methods and employees involved in production
[13]. Intellectual innovation is activities related
to creative design, creative thinking, research
and development work, i.e. activities that result
in intangible products [14].

Stage 2

In the enterprise, the innovation structure
coefficients ai and fi were determined for both
functional groups according to formulas (1) and

Table 1. Assessment of the company’s innovativeness

(2) [13]. The innovation structure of the enter-
prise is presented in Table 2 and Figure 2.

u.

a; = =c——"100% (1)
7 U:
i=1"
v.

ﬁi:@i—lv.'wO% 2)
i=1"1

where: 1~ is an indicator of the number of ob-
jects assigned to the innovation zone i (i
= 1,...,6) in the field of intellectual inno-
vation; v~ is an indicator of the number
of objects assigned to the innovation zone
i (i=1,...,6) in the field of technological
innovation area.

Stage 3

During this stage, the values of the indica-
tors of the structure of intellectual innovation
(a,) (3) and technological innovation (B)) (4),
are determined, based on which the values of
intellectual innovationW, and technological in-
novation W, are determined, according to for-
mulas (5) and (6) [13, 14].

Enterprise

Scope of activity

Functional group R
ange

Evaluated factors Rate

Manufactured product

New generation paints
High quality materials
Simple construction of manufactured products

B 5=0.1

4=0.1
3=0.1

Technological innovation

Manufacturing techniques

Welding machines and robots
Ecological requirements met
Manual assembly in unit production

4=0.1
4=0.1
3=0.1

Research and development work

Designing unusual systems
Own design office
Cooperation with research centres

5=0.1
5=0.1

QA QAQ| IR

5=0.1

Intellectual innovation

Organization and management

Regular attendance and participation in
exhibitions

Quality management system

Routine employee education

Q

3=0.1

Q

3=0.1

Q

4=0.1

Table 2. Enterprise innovation structure

. Structure coefficients a of intellectual Structure coefficients 8 technological
Parameter Innovation zone ; ; ; )
innovation innovation
Definitely a, 0.0 B, 0.0
Conservative

(non-innovative) Average a, 0.0 B, 0.00
Moderately a, 0.23 B, 0.32
Definitely a, 0.69 B, 0.34
Innovative Average a; 0.08 Bs 0.34
Moderately a, 0.0 By 0.0
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Figure 2. The structure of the company’s
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W, =015 pp —0.20dla2 < py < 3
W, =050-u,—1.25dla3 < py < 4
W, =015 uo+0.15dla4 < py <5
W, =010 o +0.40dla5 < py < 6

In the enterprise, the indicator values are:
W, =071W,_ =0.79

Stage 4

LCA structure

In accordance with the adopted objective
of the study, which is to assess the impact of
the company on the environment, the scope of
the LCA analysis includes unit processes (prod-
ucts and production processes identified in the
company) [19]. The company has 3 produc-
tion lines: a steel container production line, a
steel container and box production line, and a
transport pallet production line. The study used
a functional unit of 1 ton (I Mg) of the final
MAT, ., matrix table:

LCA

innovation for both functional groups

product as a reference point for the inventory
of input and output data [20]. Then, the system
boundaries were determined and all environ-
mental inputs and outputs for the identified unit
production processes and products were collect-
ed and quantified (Figure 3) [19-23]. As a re-
sult, the company’s environmental balance was
obtained, including, among others, used mate-
rials, energy, water, emission of pollutants into
the air, soil and water, and final waste. Figure 4
illustrates the scope of the LCA analysis and the
individual unit processes in the enterprise.

LCIA in a company using SimaPro 8.1 and
ReCiPe Midpoint (H) methods. Individual prod-
ucts are assigned a weight that shows their rela-
tive share in the company’s total production,
which includes a detailed definition of the overall
detailed profile. The obtained results were saved
in the form of a MAT, ., matrix table, thus obtain-
ing the environmental profile of the company.

The study uses the ReCiPe Midpoint (H)
method, whereby the columns correspond to dif-
ferent impact categories, such as climate change,
ozone depletion, terrestrial acidification, fresh-
water eutrophication, marine eutrophication,
human toxicity, photochemical smog formation,
dust formation, terrestrial ecotoxicity, freshwa-
ter ecotoxicity, marine ecotoxicity, ionizing ra-
diation, agricultural land take, urban land take,
conversion of natural land, water use, mineral
use, fuel use [19]. The LCA structure is present-
ed in Table3 and Figure 5.

The results of the company’s LCA analy-
sis show that the most significant negative

MLCA
0.00034 0.00000 0.00046 0.00728 0.00056 0.00408 0.00013 0.00040 0.00002 0.00922 0.00002 0.00003 0.00005 0.00003 0.00091 0.00000 0.00132 0.00048
=10.00021 0.00000 0.00028 0.00447 0.00033 0.00263 0.00009 0.00026 0.00001 0.00584 0.00687 0.00001 0.00002 0.00003 0.00061 0.00000 0.00102 0.00029
0.00012 0.00000 0.00017 0.00264 0.00022 0.00132 0.00004 0.00012 0.00001 0.00313 0.00365 0.00001 0.00001 0.00001 0.00027 0.00000 0.00021 0.00017
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Figure 3. The general scheme of the inventory analysis of product and related to it production process [17]
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Figure 4. The area of life cycle analysis (LCA) and its basic unit processes

environmental impacts are concentrated in spe-
cific categories as marine ecotoxicity, freshwater
ecotoxicity, and freshwater eutrophication (Fig-
ure 5). These impacts mainly come from the pro-
duction of containers (Figure 6).

The analysis of the environmental impact
profile of the adopted functional unit of 1 Mg of
the analyzed product, i.e. production of contain-
ers, production of metal containers and boxes,
production of transport pallets, shows that the
greatest negative environmental repercussions
occur in the following impact categories: fresh-
water ecotoxicity, marine ecotoxicity, freshwa-
ter eutrophication (Figure 7). The influences in
the listed impact categories come mainly from
the production of metal containers and boxes
(Figure 8).

The analysis revealed that energy use during
production processes constitutes the main source
of pollution across all major impact categories.
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For instance, in the production process of con-
tainers, energy consumption is responsible for
69.8% of all impacts generated in the impact
category of human toxicity (Figure 9). In the
production process of transport pallet, energy is
responsible for 94.5% of all impacts generated in
the impact category of agricultural land occupa-
tion (Figure 10).

The source of pollution is also the materi-
als used to manufacture products. In the anal-
ysed enterprise there are also impact categories
where the dominant source of environmental
impacts are materials, e.g.: in the production of
metal containers and boxes, materials consti-
tute 49.8% of all impacts related in the category
natural land transformation (Figure 11), in the
production of containers, steel constitutes 95.5%
of pollution generated in the category of metal
depletion (Figure 12).
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Table 3. Enterprise structure coefficients in individual impact categories in the ReCiPe Midpoint (H) method

Urban land occupation

_ Production of _ Structurg factors
Contalqer metal containers Production of J
production and boxes transport pallets a; = Z O
i=1
Climate change 0.00034 0.00021 0.00012 0.00067
Ozone depletion 0.00000 0.00000 0.00000 0.00001
Terrestrial acidification 0.00046 0.00028 0.00017 0.00091
Freshwater eutrophication 0.00728 0.00447 0.00264 0.01439
Marine eutrophication 0.00056 0.00033 0.00022 0.00111
Human toxicity 0.00408 0.00263 0.00132 0.00802
Photochemical oxidant formation 0.00013 0.00009 0.00004 0.00026
Particulate matter formation 0.00040 0.00026 0.00012 0.00078
Terrestrial ecotoxicity 0.00002 0.00001 0.00001 0.00004
Freshwater ecotoxicity 0.00922 0.00584 0.00313 0.01819
Marine ecotoxicity 0.01083 0.00687 0.00365 0.02135
lonising radiation 0.00002 0.00001 0.00001 0.00003
Agricultural land occupation 0.00003 0.00002 0.00001 0.00006
Urban land occupation 0.00005 0.00003 0.00001 0.00009
Natural land transformation 0.00091 0.00061 0.00027 0.00179
Water depletion 0.00000 0.00000 0.00000 0.00000
Metal depletion 0.00132 0.00102 0.00021 0.00254
Fosil depletion 0.00048 0.00029 0.00017 0.00095
Fosil depletion g
Metal depletion  m—
Water depletion
Natural land transformation
I
|

Agricultural land occupation

lonising radiation

Marine ecotoxicity
Freshwater ecotoxicity e — — s
Terrestrial ecotoxicity
Particulate matter formation mm
Photochemical oxidant formation u

Human toxicity

Marine eutrophication pmm

Freshwater eutrophication

Terrestrial acidification pmm
Ozone depletion

Climate change m
0 0,005 0,01 0,015 0,02 0.025

Figure 5. The LCA structure of enterprise

TRL structure

Five technologies were identified in the com-
pany that were subjected to TRL assessment. These
technologies correspond to the subsequent rows of
the M matrix and are presented in Table 4.

Mrg, =

O R, NNR
Rk NN R
N R, NN PR
N R RPN
NO R RO
[ = N G )
COoO R RO
cooRr o
cooRr O
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Figure 6. The LCA structure of enterprise: production of containers, production of metal containers and boxes,
production of transport pallets
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Figure 7. Ecological profile of 1 Mg of manufactured products in the enterprise
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Figure 8. Ecological profile of 1 Mg of production of containers, production of metal containers and boxes,
production of transport pallets
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615 ka 0.0593 kg 8.04E3 ka 0.0235 ka 14784 M 3.86 m3
market for steel, Acetone cyanohydin| market for tap vaater market for acnyic market for electricty, market for
lov~-alloyed GLO E CA-QC varnish, vithout lovs vdtage PL vastevater, average
vater, in 87.5% GLO
solution state GLO
302% 3.96E5 % 0.0245 % 0.000814 % 69.8 % 001%6% |

Figure 9. The proces tree of production of containers in the category of human toxicity

18 kg
producdtion of
transport pallets

100 %

21kg 0.0924 kg 8.048 kg |
market for steel, Acgtons hydri market for tap water
lov~alloyed GLO E CA-QC
5.46 %, 0% 0.0298 %

] —
0.00235 kg 14784 MO 3.86m3

market for aiic market for electricty: market for
varnish, without love voltage PL viastevater, average
vater, in 87.5% GLO
sdution state GLO
0.000159 %, 94.5 %. 0.0317 %

Figure 10. The process tree of production of transport pallets in the category of agricultural land occupation

800 kg 7.858 kg
market for steel, Acetone i market for tap water
lov~alloyed GLO CA-QC

49.8 % 0% 0.53%

0.033 kg B 14364 M0 3.77 m3
market for aaiic market for electriaty market for
varnish, vithout love voltage PL vastevater, awerage
vaater, in87.5% (cKe)
salution state GLO
0.0055 % .5 % 0.154 %

Figure 11. The proces tree of the production of metal containers and boxes in the category of

Technology 1 — development and implementa-
tion of a new container. Work related to this
technology falls within the range of TRL lev-
els 1 +4 with an average degree of complexity.
Technology 2 — development and implemen-
tation of a new material into the production
process. Work related to this technology falls
within the range of 1 + 9, with an intensive and
high degree of complexity.

Technology 3 — machining of the surface layer
of a steel box based on its own patent. Inten-
sive work with a high degree of complexity,
located in the range of 1 + 7.

Technology 4 — work on obtaining raw materi-
als from waste (raw material recycling). These

activities are in the range of 1 + 4 with a me-
dium level of complexity.

e Technology 5 — technology for modifying the
structure of the surface layer. Work related to
this technology falls within the range of 2 + 6
with a high degree of complexity.

The TRL structure factor calculated accord-
ing to the formula (7) [12]:

9; —Mfori= 1..9 (7)

B 2:‘1'3:1 ke Qi
9; = 0.02
The TRL index was calculated according to
the formula (8) [12]:
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[

615 kg 0.0993 kg 8.04E3 kg
market for steel, Acetone cyanohydrin market for tap water
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0.0235 kg [ 1.47E4 MJ 3.86 m3
market for aaylic market for electricity, market for
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water, in 87.5% GLO

solution state GLO
0.000271 % 4.48 % 0.0301 %

Figure 12. The process tree of the production container in the category of metal depletion

Table 4. The state of technology of the enterprise according to the TRL method

Enterprise TRL 1 TRL 2 TRL 3 TRL 4 TRLS TRL 6 TRL7 TRL 8 TRL9
Technology 1 1 1 1 1 0 0 0 0 0
Technology 2 2 2 2 2 1 1 1 1 1
Technology 3 2 2 2 1 1 1 1 0 0
Technology 4 1 1 1 1 0 0 0 0 0
Technology 5 0 1 2 2 2 1 0 0 0

Wo = o, i moderately innovative activities in the area of
TRL =59 9, (8) intellectual innovation. A moderate advantage of
Wrgr = 3.62 intellectual innovation is an internal development

The TRL structure of enterprise is presented
in Figure 13.

Stage 5

The innovation map is a graphical presenta-
tion of the W . and W indicators determined for
both functional groups [11]. These indicators in
the analyzed enterprise are W = 0.71 i W =
0.79, which is presented in Figure 14.

Stage 6

The location of an enterprise on the innova-
tion map makes it possible to determine the state
of the enterprise’s innovativeness, determines
the recommended directions of change, indicates
areas of activity where rational decisions on im-
provements should be made, and areas that repre-
sent the enterprise’s strengths [13, 24].

The enterprise has an average level of inno-
vation with a moderate advantage of intellectual
innovation. The company is in the area of sus-
tainable development. This result is the effect of
most moderately innovative activities in the area
of technological innovation and medium and
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stimulator. The suggested change scenario in-
cludes activities ensuring the maintenance of the
current level of innovation with the possibility of
developing technological innovation. An example
of such activities is the commercialization of own
scientific, research and design works, created in
the enterprise thanks to the high level of intel-
lectual innovation. An important element is also
the further intensive development of employees
through training in modern technologies, coop-
eration with scientific and research centers and in-
vesting in own research teams. The assessment of
the company using The LCA analysis showed that
energy consumption in production processes is the
main source of pollutant emissions in all key envi-
ronmental impact categories. Among the process-
es identified in the company, the largest burden on
the environment is generated by the production
of containers. However, taking into account the
scale of the company’s total production, the larg-
est negative environmental impact is attributed to
the production of metal containers and boxes. In
order to reduce this impact, the company should
focus its activities on increasing the energy effi-
ciency of production processes. The implementa-
tion of these activities will allow the company to
achieve not only environmental benefits, but also
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economic benefits resulting from lower produc-
tion costs. The structure of technology readiness
levels (TRL) shows relative evenness, which sug-
gests moderately balanced technological develop-
ment. Works at low TRL levels dominate, which
indicates extensive research and development
activities and, at the same time, limited imple-
mentation activities. The value of the TRL indica-
tor W_ = 3.62 below the average value (W

TRL o o TRL
< 4.5) indicates significantly limited success in

implementing the developed solutions. The enter-
prise should focus its activities on implementing
and commercializing its research results.

CONLUSIONS

This paper analyzes the degree of innovative-
ness demonstrated by a manufacturing company
from the metal products industry, using an novel
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method of diagnosing the state of innovativeness
of enterprises. The study made it possible to ob-
tain information on the level of innovativeness
and eco-innovativeness of the enterprise. Using
the LCA methodology allowed for identifying the
environmental consequences of the enterprise’s
operations, as well as to identify the sources of
these impacts - product and/or production pro-
cess. The TRL method in assessing the level of
development of technologies identified in the
enterprise made it possible to obtain information
on the sources of creation and use of new tech-
nologies in the enterprise, as well as information
related to the experience of the enterprise in the
process of product and technology development.
This information presents the potential possibili-
ties of the enterprise in the scope of conducting
research and development works, which is help-
ful in formulating directions of development.
The research method employed integrates the
assessment of a company’s innovation and eco-
innovation potential with a technology readiness
analysis, combining these three key areas into
a coherent and complementary whole. This ap-
proach is crucial from a research perspective, as
it enables a holistic view of a company’s ability
to generate and implement innovative techno-
logical solutions while simultaneously consider-
ing environmental aspects. This method yields a
comprehensive picture of the organization’s per-
formance, taking into account not only the level
of innovation and development potential but also
the environmental impact of its operations and
the ability to practically utilize new technologies
at various stages of their technological maturity.
This allows for the identification of synergies
and interdependencies between eco-innovations,
technological progress, and a strategic approach
to development, which constitutes a significant
contribution to building competitive advantage in
the face of economic and ecological transforma-
tion. Considering the need to implement innova-
tive products and technologies in enterprises that
limit the negative impact on the environment, it
is justified to state that the presented analysis of
the enterprise’s innovativeness is an answer to the
challenges associated with the European Union’s
development pathways.

The results of the study indicate that the ana-
lyzed company is characterized by a moderate
level of innovation, with intellectual innovation
playing a dominant role. At the same time, a rel-
atively low level of technological innovation is
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noticeable, as is limited effectiveness in imple-
menting and commercializing developed solu-
tions. The company’s main weaknesses include,
above all, the prevalence of low TRL, which in-
dicates a concentration of activities on the early
stages of research and development, while fail-
ing to progress to the implementation and com-
mercialization phases. This problem is closely
linked to the lack of a systematic approach to
innovation management, particularly the lack of
dedicated structures responsible for technology
transfer and lifecycle management of innovative
projects. Another barrier limiting the company’s
development is the insufficient utilization of the
potential for collaboration with the scientific and
industrial communities, which could support
implementation processes and strengthen the
technological and competence base. In the envi-
ronmental area, the company faces high energy
consumption, particularly in processes related
to the production of metal containers and boxes,
which translates into a significant negative en-
vironmental impact across all impact categories
analyzed. These limitations are attributed to a
lack of implementation skills, limited financial
resources, weak coupling between the research
and design phases and production, and the lack
of a clearly defined innovation policy. To over-
come the identified barriers, the company should
undertake a series of strategic and operational
actions. First and foremost, it is necessary to es-
tablish a specialized technology transfer unit re-
sponsible for project development from medium
technology readiness levels (TRL 3) to the im-
plementation stages (TRL 7-9). This unit should
also be responsible for acquiring industrial part-
ners, financing sources, and conducting imple-
mentation profitability analyses. The next step
should be a systematic mapping of TRL levels
in relation to ongoing research and development
projects, along with the development of plans for
their further development, tailored to each stage
of technological maturity. A parallel program for
the commercialization of R&D results should be
implemented, including the assessment of mar-
ket potential, the construction of prototypes, the
implementation of pilot implementations, and
the development of a market entry strategy. An-
other important aspect of the development pro-
cess is strengthening cooperation with scientific
and research institutions, including through joint
demonstration projects, intensifying knowledge
transfer, and organizing internship programs for
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employees. It is also recommended to conduct
an energy audit and implement solutions aimed
at improving energy efficiency, especially in the
most energy-intensive stages of metal produc-
tion. The long-term success of the organization
will also depend on investments in the develop-
ment of human capital, including specialized
technical training, the building of interdisci-
plinary implementation teams and the effective
transfer of know-how between individual de-
partments of the company.

Compared to other companies with a similar
profile (e.g., the production of metal containers
and boxes), the analyzed company is at an aver-
age level in terms of technological innovation,
but possesses above-average intellectual poten-
tial. Unlike more advanced entities in the indus-
try, this company demonstrates a low degree of
R&D implementation, which may be a barrier
to building a competitive advantage. The results
of the LCA environmental assessment are con-
sistent with typical impact profiles in the metals
industry, where energy consumption is the domi-
nant factor. However, more environmentally
advanced companies are already implementing
solutions for heat recovery, process automation,
and the use of renewable energy — these activi-
ties should serve as a benchmark for the analyzed
entity. The company has significant growth po-
tential, but its current structure and innovation
management practices require reorganization.
A key challenge remains the ability to translate
concepts and knowledge into concrete techno-
logical implementations, which is a prerequisite
for increased competitiveness, efficiency, and en-
vironmental sustainability.
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