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Research Activities on LCA and LCM
in Poland

Zenon Foltynowicz and Zbigniew Stanistaw Klos

Abstract The main goal of this paper is to present the history and actual situation
in research on LCA and LCM in Poland. This task will be performed by reviewing
the different activities and their results in this field, from the very beginning. The
paper includes the review of the activities of LCA/LCM main research centres in
Poznan (Poznan University of Technology (PUT), Poznan University of Economics
and Business (PUEB)), Cracow (Polish Academy of Sciences, AGH University of
Science and Technology, Cracow University of Economics), Zielona Géra
(University of Zielona Goéra), Bydgoszcz (UTP University of Science and
Technology), Katowice-Gliwice (Silesian University of Technology), Cz¢stochowa
(Czgstochowa University of Technology) and Szczecin (ZUT Western Pomeranian
University of Technology). LCA/LCM researches are also performed in several
smaller research groups in R&D centres. In the end of the paper, some conclusions
referring to the actual situation of research on LCA/LCM, dealing with critical eval-
uation of the LCA/LCM centres in Poland location, issues and problems addressed,
areas of the projects covered and the desired activities in the future, are presented.

1 Introduction

Environmental life cycle assessment has developed fast over the last three decades.
A comprehensive review of the historical development of LCA has recently been
presented by Guinée [22]. So far, a description and summary of the state of research
on LCA in Poland has been made several times, for the first time in 1990 [24]. The
first studies worldwide, which are currently considered as LCA, were carried out in
the late 1960s and early 1970s. In the years 1970-1990, the LCA concept was
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developed with widely divergent approaches and terminologies. The 1990s brought
about a remarkable increase in research activities around the world, reflecting, inter
alia, the number of published LCA guides and textbooks. In 1990-2000, harmoni-
zation of methods took place, thanks to SETAC coordination and ISO standardiza-
tion activities, providing a standardized framework and terminology as well as
platforms for debate and harmonization of LCA methods. In addition, the first sci-
entific journals appeared with LCA as their main subject.

2 Early Works in Poland

As a starting point, the first attempts of introduction of LCA/LCM aspects into
research practice in Poland are presented. These “pre-historical” activities were
connected with the implementation of life cycle frames into analysis of environ-
mental impacts of technical objects, as it was presented in a paper focused on con-
sideration on the usefulness of determination of environmental impacts of the
machine and device existence in the life cycle [23], published in Scientific Works of
PUT, series: Machines and Vehicles, in 1986 (author: Zbigniew Ktos). Among other
activities, the first book on LCA-related issues by Zbigniew Klos entitled
“Environment Protection Oriented Property of Technical Objects. A Study of
Valuation of Machines and Devices Influence on Environment”, published by
Editions of PUT in 1990 [3], and the first PhD thesis “Ecobalancing of Machines
and Devices with the Example of Air Compressors”, defended by Grzegorz
Laskowski at Faculty of Machines and Vehicles, PUT, in 1999 (supervisor: Zbigniew
Kltos), should be pointed out. Then there were in the 1990s other activities accom-
plished, like engagement in work activities of European LCA research groups:
SETAC-Europe Workgroup on LCA and Conceptually Related Programs and
SETAC-Europe Workgroup on LCA Case Studies and participation in the European
Union Research Programme LCANET as well as in thhe European Union Concerted
Action CHAINET (Zbigniew Klos). More about these works were presented in
publication of Ktos [25] and Adamczyk [1] working at the University of Economics
in Cracow. Since then, there have been more and more publications on the subject.
In addition to these two centres, which initiated the LCA research in Poland, this
topic began to develop in the following scientific centres: PUEB, University of
Zielona Goéra, Gdynia Maritime Academy, Mineral and Energy Economy Research
Institute of Polish Academy of Sciences, Central Mining Institute and Wood
Technology Institute. The innovative scope of LCA research in these centres has
been discussed in a number of scientific reports, among others in the review papers
of Ktos [16, 25, 26, 65], Lewandowska [15, 16, 32, 39, 65] and Kulczycka [32].
This review paper characterizes individual centres, scientists working in them
and the main research topics. Our goal is not to re-describe them; however short
characteristics will be presented in the research part when discussing the results of
the bibliometric ranking. The growing number of publications in both national and
significant international journals was also pointed out in these studies. The list of
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publications of Polish researchers in the journals possessing impact factor already
includes several dozen items. The first publication in a leading journal, IJLCA, with
Ktos co-authorship appeared in 2000 [57] and subsequent completely by national
authors in 2004 [40, 43]. The following years brought further publications together
with the growing number of centres starting research in the field of LCA/LCM. These
publications meet a growing interest as evidenced by their increasing number of
citations. However, no comparative analysis of these publications has yet been car-
ried out. The aim of this work is therefore not only the presentation of scientists
from a given Polish LCA centres but also an attempt of the bibliometric analysis of
Polish LCA’s scientist performance. The question arises: what kind of indicators
would be really useful for such analysis? Under evaluation of a paper, the three main
factors, impact factor of a journal, number of citations and year of publication, seem
to determine the importance of a given publication.

3 Proposed Bibliometric Method of Polish LCA’s Scientist
Achievement Evaluation

3.1 Methodology

The number of scientific publications and the number of journals have increased
considerably in the last few years. How to find out in this thicket which are valuable
and which are not worth? Some probably remember that there is Eugene Garfield
who began a new era in the processes of evaluation and measurement of scientific
publications with his radical invention, the Science Citation Index (SCI), which
enabled the statistical analysis of large-scale scientific literature [19]. Then, several
methodologies for evaluating scientific papers were proposed [54]. Early work in
this field, consisting in determining the quality of the best works, as mentioned in
[54], approached the qualitative dimension of the work represented by the journal’s
impact factor and the number of citations of the analysed works.

The quality of work should be assessed through its impact on the scientific com-
munity. With this in mind, we used the Methodi Ordinatio [54], a method in order
to rank publications of Polish LCA researchers.

3.2  Methodi Ordinatio Description

Methodi Ordinatio is a multi-criteria assessment model (InOrdinatio) used to rank
publications according to a set of criteria such as journal impact factor in which the
paper was published, year of publication and number of citations [54]. The equation
InOrdinatio (1) is applied to identify the scientific works’ ranking:
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InOrdinatio = (IF /1000) + alfa * [1 0—(ResearchYear — PublishYear)] +Ci (1)
Where:

e [IF is the journal impact factor in which the paper was published.

* alfais the weighting factor ranging from 1 to 10, to be attributed by the researcher.
* ResearchYear is the year in which the research was developed.

» PublishYear is the year in which the paper was published.

e Ciis the number of times the paper has been cited in the literature.

The authors of the method [54] adopted the following assumptions for the equa-
tion InOrdinatio:

(a) Originally, the impact factor IF is divided by 1000 (thousand), striving to nor-
malize its value in relation to the other criteria. We do not agree with this
assumption because it depreciates this important indicator. That is why in our
calculations it was assumed that we will multiply IF by 10 to give it the right
rank. It is not easy to publish an article in a journal characterized by a relatively
large IF. The use of the journal impact factor in academic review, promotion
and tenure evaluations has been very recently discussed by McKiernan
et al. [50].

(b) The equation contains a weighting factor “alfa”, the value of which the
researcher assigns. It can be from 1 to 10. If its value is close to 1, it means that
the researcher assigns less importance to the year of publication as a criterion,
and the closer to 10, when he assigns the greater importance of this criterion.

3.3 Methodi Ordinatio Application for Analysis of Polish
Authors LCA’s Publications

3.3.1 Adopted Research Assumptions

The scope of the research included publications in the field of LCA by Polish spe-
cialists. Their list was established on the basis of research in the scientific commu-
nity. To calculate the InOrdinatio indicator, it was decided to use publications from
the period 1995-2019. In the study, year 2010 was adopted as the current turning
point. For years below 2010, the value of “alpha” as 5 was arbitrarily assumed. For
the present decade, the value of “alpha” was assumed to be 10, because a shorter
time elapsed since the publication and this means less time to quote by the scientific
community.
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3.3.2 Source of Data

There are several databases from which bibliometric data can be obtained, such as
WoS or Scopus. However, in this work, it was decided to use the Google Scholar
database, because it indexes not only IF journals but also other scientific publica-
tions, including books that do not have IF. Thus, data on the number of citations of
publication data were obtained from Google Scholar citation. Included were publi-
cations that had LCA and/or LCM in the title or keywords as well as full headings
Life Cycle Analysis/Assessment as well as Life Cycle Management.

In several cases, a problem was found due to the lack of a given author’s profile
on the Google Scholar platform. At that case, other available sources were used.

There are several ways to determine the citation index, including SCI, JCR and
SJR. The study decided to use only JCR citation indicators that were obtained from
the webpages of the magazine. Annual indicators were used, although the use of
so-called 5-year indicators was also taken into account; however, they are not
favourable for recent publications.

3.3.3 Calculation of InOrdinatio

The modified equation InOrdinatio (2) was applied for calculation:
InOrdinatio = 10 * IF + alfa * [10 - (ResearchYear - PublishYear)] +Ci 2

As previously justified, IF was multiplied by 10 to reflect the importance of this
indicator.

4 Results and Discussion

Research is done on the base of analysis of research activities on LCA and LCM
presented in details in “Bibliometric analysis of Polish LCA’s scientist perfor-
mance” [14]. For each leading author from a given centre, the most-read publica-
tions with at least ten citations were usually selected. In the tables presented in
report [14], they were listed according to the decreasing number of citations, from
the highest first. After the InO calculations, the five best publications for the centre
were selected.

The results started to be presented in alphabetical order according to the name of
the leading author in the given centre, with Janusz Adamczyk, as the first author
considered.

In Table 1 [14] the results of InOrdinatio for authors from the University of
Zielona Gora are presented. The authors began publishing in 2014, but their best
publications were published in high IF journals and reach InOrdinatio above 100
with the best InOrdinatio of 147.5. The main areas of their interest are ecological
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Table 1 The results of InOrdinatio for authors from the University of Zielona Géra

Order Publication number Number of | Year of

number | according to the list | IF citation publication |InOrdinatio | Ranking

1 [58] 8.050 |37 2016 147.5 1

2 [12] 3.324 |28 2015 101.24 5

3 [2] 5.901 |26 2014 134.01 2

4 [9] 3.844 |19 2014 107.44 3

5 [10] 5715 |15 2016 102.15 4

6 [11] 5715 |14 2016 101.15 6
Table 2 The results of InOrdinatio for authors from the Central Mining Institute

Order Publication number Number of | Year of

number | according to the list | IF citation publication | InOrdinatio | Ranking
1 [4] 3.590 | 119 2013 214.9 1

2 [5] 4900 | 32 2016 111.0 2

3 [18] 5.651 | 27 2017 103.51 4

4 [27] 5715 | 23 2016 110.15 3

5 [7] 4.601 | 18 2016 94.01 5

6 [60] 4.610 | 15 2017 81.10

7 [6] 3.173 | 15 2016 56.73

and economic aspects of reducing low emissions using the LCA technique and LCA
application in the construction industry.

Waclaw Adamczyk from Cracow University of Economics should be second.
His publication achievements can be found in the literature list [3]; however, the
lack of his Google Scholar profile makes impossible the analysis of Methodi
Ordinatio. However, it should be mentioned that Adamczyk and his team is one of
the precursors in promoting life cycle thinking in relation to products. Noteworthy
is also the organization of several editions of the Ecology of Products conferences,
which resulted in important monographs [3]. The use of the LCA method in the
decision-making processes of production companies and in their product policy is
currently the main scope of activity of this research group.

In Table 2 [14] the best publications of the group whose leader is Burchard-Korol
are presented. The group leader while working at the Central Mining Institute has
carried out extensive work on the application of life cycle assessment and eco-
efficiency in mining and quarrying sectors. From 2018 (at the Silesian University of
Technology, Faculty of Transport), she has been examining the importance of
assessing the environmental life cycle of transport. Noteworthy is the publication
[4], which already has 119 citations, which gives rather high InOrdinatio equal 214,9.

Similar research issues were carried out by Czaplicka-Kolarz (currently she
works at the Silesian University of Technology, Faculty of Organization and
Development). Her papers were summarized in Table 3 [14] with the best InOrdinatio
equal 111.0.
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Table 3 The results of InOrdinatio for Czaplicka-Kolarz from the Central Mining Institute
Order Publication number Number of | Year of
number | according to the list IF citation publication InOrdinatio | Ranking
1 [5] 4.900 | 32 2016 111.0 1
2 [18] 5.651 |27 2017 103.51 2
3 [7] 4.601 |18 2016 94.01 3
4 [6] 3.173 | 15 2016 56.73 4

Table 4 The results of InOrdinatio for Foltynowicz group (from Poznan University of Economics
and Business)

Order Publication number Number of | Year of

number | according to the list IF citation publication | InOrdinatio | Ranking
1 [43] 1.6 |39 2004 130.0 1

2 [44] 1.8 |19 2008 92.0 4

3 [40] 0.366 | 14 2004 92.66 3

4 [39] 1.6 |10 2004 101.0 2

Table 5 The results of InOrdinatio for research group from Poznan University of Technology

Order Publication number Number of | Year of

number | according to the list IF citation publication | InOrdinatio | Ranking
1 [57] 1.039 | 62 2000 157.39 3
2 [41] 3.148 | 50 2010 171.48 1
3 [35] 3.148 | 32 2010 163.24 2
4 [65] 3.988 | 29 2014 118.88 4
5 [45] 3.089 | 26 2013 116.89 5%
6 [17] 3.173 | 19 2016 80.73

7 [32] 236213 2011 116.82 5%
8 [59] 3.988 | 12 2014 101.88

9 [34] 3988 8 2014 97.88

“Same rank because of very small difference

Table 4 [14] presents the achievements of Foltynowicz group from Poznan
University of Economics and Business, which was the third one who started LCA in
Poland. The initial research was devoted to comparative LCA analysis of industrial
objects followed by the expansive works of Lewandowska. The highest rate of
InOrdinatio (130.0) is attributed to exhibit paper published in 2004 [43]. Currently,
the group publishes works in the field of renewable energy (see [51, 52]).

Table 5 [14] presents the achievements of the research group from PUT Poznan
(Klos, Kasprzak, Kurczewski, et al.). The authors began publishing before year
2000 [23-25]. Their best publications reach InOrdinatio above 100 with the best of
171.48. The main areas of their interest are very broad, among other life cycle think-
ing in small and medium enterprises and an environmental life cycle assessment of
machines and devices.
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Table 6 The results of InOrdinatio for Korol
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Order Publication number Number of | Year of

number | according to the list IF citation publication InOrdinatio | Ranking
1 [27] 5.715|23 2016 110.15 1

2 [6] 3.173 |15 2016 56.73 2

Table 7 The results of InOrdinatio for research group from Mineral and Energy Economy
Research Institute of the Polish Academy of Sciences in Cracow

Order Publication number Number of | Year of

number | according to the list IF citation publication InOrdinatio | Ranking
1 [33] 0.79 |30 2015 77.9

2 [45] 3.089 | 26 2013 116.89 1
3 [21] 473224 2017 91.32

4 [37] 3.173 |24 2016 85.73

5 [31] 3.331|23 2016 86.31

6 [28] 0.25 |23 2004 100.5

7 [20] 0.153 | 21 2005 92.5

8 [30] 2.6 |20 2009 96.0

9 [29] 1.0 19 2007 89.0

10 [32] 2362 | 13 2011 116.62 2

The achievements of Korol from the Central Mining Institute who is dealing with
the evaluation of environmental footprints of biopolymers are shown in Table 6 [14].

Next, the achievements of two groups, whose leaders are strong women in LCA’s
science, will be presented. Table 7 [14] presents the achievements of the group
whose leader is Kulczycka (Mineral and Energy Economy Research Institute of the
Polish Academy of Sciences in Cracow). The issues of many works are very broad,
but as befits the institute in which they work, it mainly concerns LCA issues in the
field of the mineral and energy industry. The tabular summary (Table 7 [14]) shows
how IF affects the InOrdinatio index. Although the largest is equal to 116.89, most
publications have high citation.

Table 8 [14], which presents the achievements of the group led by Lewandowska
from Poznan University of Economics and Business, contains more articles than in
other cases. The reason is not only the number of publications but also the fact that
they are the result of extensive cooperation with other research groups. Twelve of
these works have InOrdinatio above 100. The largest InOrdinatio reach values in the
range 150-170. The issues of these works include both practical and methodologi-
cal aspects in the field of LCA.

The next two cases present the results of groups that publish a lot, but either in
Polish language or in magazines with small IF, which affects not very high
InOrdinatio. Table 9 [14] presents the achievements of the Nitkiewicz team.
Nitkiewicz comes from the Krakéw group of Adamczyk and currently forms a
group in Czgstochowa (Center of Life Cycle Modeling). Research work of this
group is directly related to LCA and its applicability. Group members have
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Table 8 The results of InOrdinatio for research group from Poznan University of Economics and

Business
Order Publication number Number of | Year of
number | according to the list | IF citation publication | InOrdinatio | Ranking
1 [55] 2296 |60 2014 132.96 4
2 [38] 2362 |53 2011 156.62 3
3 [41] 3.148 |50 2010 171.48 1
4 [56] 3.341 |40 2014 123.41
5 [43] 1.6 39 2004 130.0
6 [42] 2296 |35 2014 106.96
7 [46] 2465 |35 2013 119.65 5
8 [35] 3.148 |32 2010 163.24 2
9 [47] 3324 |31 2015 104.24
10 [65] 2296 |29 2014 101.96
11 [45] 3.089 |26 2013 116.89
12 [37] 3173 |24 2016 85.73
13 [17] 3.173 |19 2016 80.73
14 [44] 1.8 19 2008 92.0
15 [40] 0.366 |14 2004 92.66
16 [32] 2362 |13 2011 116.62

Table 9 The results of InOrdinatio for research group from the Faculty of Management at
Czestochowa University of Technology

Order Publication number Number of | Year of

number | according to the list IF citation publication InOrdinatio | Ranking
1 [61] 1.08 | 10 2015 60.8 1

2 [62] 0 7 2014 57 2

3 [53] 1.334] 1 2017 43.34 3

Table 10 The results of InOrdinatio for research group from UTP University of Science and
Technology in Bydgoszcz

Order Publication number Number of | Year of

number | according to the list | IF citation publication | InOrdinatio | Ranking
1 [63] 0.763 |11 2017 38.63 1

2 [13] 1.21 9 2018 31.1 2

3 [64] 1.214 4 2018 26.14 3

published about 30 scientific works, however, mainly in Polish publishing houses,
which results that only three of them have citations. This is reflected in the low
InOrdinatio values.

The situation is similar in the case of Tomporowski research group from UTP
Bydgoszcz. Table 10 [14] presents selected achievements of this research group,
which are cited publications from indexed periodicals. Although these publications
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have been published in recent years, they already have citations. Other numerous
publications in non-indexed periodicals affect InOrdinatio. The subject of this
research is very current and focuses on various aspects of the LCA of an offshore
wind farm.

In addition to the above research groups, LCA/LCM analyses are carried out in sev-
eral other centres, as evidenced by the number of licenses purchased for SimaPro or
GaBi computing programs, like at ZUT (West Pomeranian University of Technology,
Szczecin [8]), £.6dz University [48, 49] and COBRO Institute [36, 66, 67].

5 Reassuming and Conclusions

The bibliometric analysis of Polish LCA’s scientists’ performance has been per-
formed. Based on the review of discipline-related journals and the information col-
lected, InOrdinatio was determined using the Methodi Ordinatio. The year of
publication and the number of citations of the publication were taken into account,
as well as the IF of the magazine in which the article was published. On this basis,
InOrdinatio was determined, and the best five publications from a given centre were

Table 11 Ranking of the best papers from Polish LCA research groups

Number

Ranking | Publication of Year of InOrdinatio

number | number® IF citation | publication | InOrdinatio | 5s Group

1 [4] 3.590| 119 2013 214.90 523.42 Burchard-
Korol group

2a [41] 3.148| 50 2010 171.48 743.95 Lewandowska
PUEB group

2b [41] 3.148| 50 2010 171.48 727.88 PUT Poznan
group Klos

3 [58] 8.050| 37 2016 147.50 592.34 Univ. of
Z. Géra group

4 [43] 1.6 39 2004 130.00 415.66 Foltynowicz
PUEB group

5 [45] 3.089| 26 2013 116.89 522.51 Kulczycka
group

6 [5] 4.900 | 32 2016 111.00 478.73 Czaplicka-
Kolarz et al.

7 [27] 5715 23 2016 110.15 166.88 Korol et al.

8 [61] 1.08 10 2015 60.80 161.14 Czgstochowa
LCM Center

9 [63] 0.763 | 11 2017 38.63 95.87 UTP
Bydgoszcz
group

Source: own research
“Publication number according to the References section
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selected. This allowed the ranking of the best publications of Polish authors to be
made. Table 11 presents a summary of the best works from individual research groups.

The largest InOrdinatio characterized a work by Burchard-Korol et al. [4], which
has been cited 119 times. Second place comes joint publication of authors from
PUEB and PUT. The third place is for the group from the University of Zielona
Goéra. The largest InOrdinatio does not always seem to reflect the actual position of
a given group, especially when other publications have smaller InOrdinatio. That is
why InOrdinatio was summarized for the five best publications from a given group,
resulting in InOrdinatio 5s. It turned out that the leader is Lewandowska group,
which accumulated almost 744 InOrdinatio 5s points. The second place with the
result of 728 points of InOrdinatio 5s was taken by the team led by Ktos. The third
position is occupied by the group from the University of Zielona Géra with 592
InOrdinatio 5s and next (523 InOrdinatio 5s) places are for the Burchard group and
Kulczycka group. InOrdinatio was determined using JRC indexes. Perhaps the use
of other parametric indexes would affect the ranking results, which will be checked
in the future.

It is worth noting that the cooperation of the PUT, PUEB and Polish Academy of
Sciences in Cracow groups brings very good scientific and bibliometric results. It is
also worth mentioning that Polish scientists are establishing international coopera-
tion, which also brings effects in the form of indexed publications.

One should also mention the numerous monographs on the subject of LCA/LCM
by Polish authors, which, however, appeared in Polish. Polish scientists are also co-
authors of numerous chapters in monographs. Over 20 doctorates in this field were
already defended, and several researchers also obtained postdoctoral degrees. This
aspect, however, goes beyond the accepted scope of this study.
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