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Abstract: The application of smart technologies and appbecatis becoming increasingly common in the logssti
processes of companies and supply chains. Howstamdard logistics indicators are still used toleata their
performance, which contradicts the sustainable Idpugent strategy of many industrial enterprises to@ir supply
chains. Thus, the article aims to design a metluggofor selecting sustainability key performancdigators (SKPIs)
suitable for assessing smart logistics and itsreldyies and applications. The research reliedustar analysis of the
SKPIs recommended in the relevant literature, feegy analysis of indicators used in practice ard tomparison. The
cluster analysis showed that the primary atteniionthe references is given to sustainability’s ewoit and
environmental dimensions. Most frequently, the arghhighlighted the importance of the following irators:
production-related costs and investments, planperormance and quality, customer satisfactionygnefficiency,
waste intensity and treatment, emissions, and resafficiency. On the contrary, the frequency wgsial corroborated
that leading industrial enterprises paid more-sglealanced attention to all areas of sustaingbidiit at the company
level. The article’s primary result constitutes athodology comprising six steps, respecting thaltesf the analyses
carried out: (1) Sustainability objectives defioitj (2) Establishing SKPIs cluster pool; (3) Defom of criteria for
selecting SKPIs clusters; (4) Selection of SKPIsswrs; (5) Definition of SKPIs and their paramsteand (6)
Development of SKPIs hierarchical structure.

1 Introduction processes’ productivity, economics, quality, anadle
One of the key trends in contemporary logisticthes times. However, that does not correspond to theentir
introduction of new technologies to improve theidtigs ~requirements for the sustainability of the business,
process efficiency. These technologies have comigeto thus, logistics. Yet, sustainability is nowadayssidered
known as smart technologies or technologies ofahgh  one of the primary strategies for increasing thieie/af
industrial revolution (Industry 4.0). Thus, a neancept businesses, as well as entire supply chains [1].
known as smart logistics or Logistics 4.0 has emerg  Sustainability is a long-term approach to busirjégs
However, in practice, the implementation and opemnaaf ~The sustainability strategy relies on balancing tree
smart logistics technologies and applications saéuated Pillars of sustainability (triple bottom line appich):
only in terms of standard logistics performancddatbrs. €conomic, environmental, and social [3,4]. If smart
The given indicators focus on evaluating logisticéodistics technologies and applications are to veeli
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sustainable value, their performance must be medsyyr The innovative elements of the proposed methodology
a system of sustainable key performance indicatonsclude in particular:

(SKPIs). Although the scientific and professiorigrhture
describes an extensive set of various SKPIs, siedéction
for evaluating smart logistics, their technologiasd
applications still constitute a significant reséagap. The
literature review (see Chapter 2.2) proved thatettare
very few studies on SKPs for smart logistics. Sany,

Comprehensive approach. The methodology can be
applied independently at different management evel
supply chain, enterprise, logistics process andrtsma
logistics technology and application.

Combination of standardised and tailor-made
approaches. On the one hand, the methodology esitlin

there are only some studies on the methodology tesed
select the most suitable SKPIs, none addressingt sma
logistics.

for selecting SKPIs suitable for assessing theaguability
performance of smart logistics and its technologiad
applications. To achieve the stated objectivefdhewing
two research questions were defined:

1.

research questions and achieve the research ebjecti
1.

3.

methodology for assessing the sustainability peréasrce
of smart logistics and its technologies and appbcs.

. Synthesis of acquired knowledge and proposal of the

a standardised set of SKPIs for assessing s congrany
supply chain. On the other hand, it allows comparin
the implementation of smart technologies and
applications within various logistics processesaof
company or supply chain while respecting its specif
needs.

Feedback-based SKPIs selection process. The
methodology has been developed as an iterative
process enabling backtracking to previously adopted
and re-evaluated procedures.

Multi-source based SKPIs selection process. The

Therefore, the article aims to propose a methogolog

Which SKPIs can be applied to assess the susthipabi
performance of smart logistics and its technologieds
applications? .

. How can the appropriate SKPIs be selected to assessmethodology offers a combination of clearly defined

the sustainability performance of smart logistied #s

hologi , Lcations? sources for establishing the SKPIs cluster pool.
technologies and applications?

. The study results are intended for managers regyiri
The following approaches were used to address th@asuring, evaluating and improving the sustaiitgbil
: - performance of smart logistics and its technologiad
literature review on SKIPs for smart logistics (se@nain, company, logistics department or processes.
Chapter 3.1). The aim was to identify the SKIPS The remaining parts are organised as follows. Gnapt
recommended by the scientific community for reviews the literature on smart logistics andesnability
evaluating smart logistics and its technologies angky performance indicators; Chapter 3 presentstetius
perform their classification and frequency analysis  analysis of SKPIs obtained from the relevant liiema

. Frequency analysis concerning the employment ¢yiew, frequency analysis concerning the applbcatf

SKPIs recommended by the United Nationgkp|s recommended by UNCTAD in practice and their
Conference on Trade and Development (UNCTAD) iBomparative analysis; Chapter 4 describes and sfissu
practice (see Chapter 3.2). UNCTAD has proposedifie primary article result, i. e., the proposedimadblogy
set of SKPIs suitable for managing sustainabilitthe for selecting SKPIs for smart logistics sustairigbil

company level. This analysis aimed to identify thessessment; and, finally, Chapter 5 summariser® sioéts.
groups of SKPIs that are most frequently used in

business practice, as the implementation of smagt
logistics technologies and applications shoul
contribute to their improvement.

Literaturereview
Considering the article’s objective to be fulfilleithe

: . relevant literature on smart logistics and sustalita key
A comparison of the performed analysis results (sepee rformance indicators was reviewed

Chapter 3.3) aiming to determine similarities,
differences, and interrelationships between thﬁl Smart logistics

identified SKPIs clusters. - .

In the complex logistics and supply chain managémen
: : : environment, the widespread application of infoiorat
methodology for selecting SKPIs suitable for asngss technologies (IT) has been inevitable in recentades.

the sustainability of smart logistics (see Chagieto Y .
develop a procedure for evaluating the sustainab-lrehe boundary between the digital world and the juiays

performance of smart logistics technologies an}ﬁ’orld’ often referred to as Operational Technol(gy),

sppicalons al diferen manageril leves of 4 PSSO, BeSaSOY, BLTed cue 0 B $uing
company or supply chain. P 9

industry (i. e., “Industry 4.0") on the one sideydathe

creasing costs of computing power on the otHeN@n-
raditional approaches, such as logistics assetant
carriers, are becoming network-capable, shaping
concept of the Internet of Things (1oT) and theagiple of

The article presents a new, previously undevelop
the
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interconnection. Augmenting these “things” with sers allow measuring the general corporate sustaingbilit
and actuators allows sensing and manipulatinghlysipal performance according to the triple bottom linerapph
world and creating Cyber-Physical Systems thav¥olhe in manufacturing companies. On the contrary, Hvistod
principles of autonomation and decentralised cofio Chirico [23] recommended the 14 most appropriat@ISK
Fulfilling these fundamental principles of Industry) for the company level based on a literature revaed a
[7]in Smart logistics applications ensures an ichpa the survey conducted among Italian managers. Similarly,
visibility, reliability, and agility of logistics pcesses, Swarnakar et al. [24] proposed a list of 18 SKBladsess
ultimately affecting the logistics objectives [8Jumerous a manufacturing company’s sustainability perfornganc
potential positive effects are attributed to thplaption of Bouchery et al. [25] designed a standard set of ISk
these technologies and technological conceptgistios; distribution processes based on 17 transportatiwh a
for example, enhanced process stability [9], reducevarehousing SKPIs. Torabizadeh et al. [26] put &orha
production delays [10], transportation costs [1dthck list of 33 SKPIs for a sustainable warehouse mamagée
levels [12], and even reduction of environmentgbaats, system. Kursini et al. [27] identified a list of 3KPIs for
such as Greenhouse Gas emissions [11]. In sum, #hesustainable warehouse in the leather manufagturin
perceived potentials of digitalisation in logistican be industry.
expected to affect financial, environmental, andiao The literature review has demonstrated that vewy fe
indicators, which still need to be scientificallyaduated studies focused on SKPs for smart logistics [28-BBEir

[13]. detailed analysis is included in Chapter 3.1. Sirhjl only
some studies address the selection methodologheof t
2.2 Sustainability key performance indicators most suitable SKPIs, none focusing on smart laggsti

There are many systems and models for assessifigndus and Fernando [33] developed a reference Ifade
logistics and supply chain performance. A reviewtle implementing SKPIs at the supply chain level. Keedt
available topic-related literature is provided, éxample, al. [34] proposed models for determining SKPIs &t t
by Oubrahim et al. [14]. Hierarchical- and dimemsio company and project levels. Kibira et al. [35] desid a
based performance appraisal systems are suitable fgocedure for manufacturers to select KPIs for mag,
assessing sustainable performance at differenislesfe monitoring, and improving the environmental aspeafts
managerial decision-making. To link a company qpby  manufacturing processes.
chain strategy with actual performance, it is neagsto
develop objectives and define an applicable sekeyf 3 Data analysis
performance indicators (KPIs) describing the corypan 3.1  Cluster analysis of SKPIs obtained from the
supply chain performance [15]. KPIs represent aofet relevant literaturereview
metrics focused on the types of company or SUPPBIC A review of the relevant literature on SKIPs forasmn
performance that are most relevant to the effenéise of |ygistics was conducted to generate a list of ptesSKPIs
the current and future company or supply chaingiesi recommended by the scientific community. The review
[16]. KPIs provide quantitative or qualitative féseatk that . olved using a combination of the keywords lisitethe
should translate into the results of a companyupply upper part of Table 1 to formulate a search quengte
chain strategy [17]. SKPIs measure progress towardgopus database. The search string was furtherdade
achieving a sustainable company or supply cha&tedy 1o ensure high-quality results so that only jourasicles
in terms of environmental, social and economic ictpa (“ar’), conference proceedings (“cp”) and book deap
Gebhardt et al. [18] demonstrated that implementin@bcn)’ as well as in thematically relevant fieldsf

SKPIs in the company or supply chain in-housgesearch, were included. The search results wethefu
management system improves sustainability perfoeman e\iewed, and articles focusing on sustainabilityd a
According to Olabi et al. [19], indicators reflewi the gigitalisation were selected; on the other handeps
susfcamable development goals defined by the U”'_t%%lelyfocusing on applying the Global Reportingjétive
Nations should be chosen to evaluate technologicalsndards were excluded.

improvements. _ . . SCOPUS constituted the only database source dise to
SKPIs should be defined at all decision-makingl&ve pigh relevance for scientific publications in intfisd

such as supply chain, company, department or P0C&gineering and management sciences [36]. Moreover,

[20]. A considerable number of studies recommengiher research results have suggested that theriafion

suitable SKPIs for these decision-making levels tr@ jiffers only minimally when extending the searctotber
related to logistics processes. For example, Nexi. §21] databases, such as the Web of Science [37].

proposed a balanced set of 33 SKPIs (Triple bottne) Considering the high number of SKPIs identified
to measure the sustainability performance of imélst qyring the initial manual database screening, yinastic
supply chains based on the balanced scorecarda@ipro 5ng semantic aggregation to clusters was necesEagy.

Contir_1i and Peruzzini [22] provided a Comprehe”SiVSggregation was accomplished in several stepsjding
overview of company SKPIs based on a systematic

literature review. They identified a set of 117 $KEhat
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automated clustering, followed by several manuapso
and discussion rounds on the clusters.

Table 1 SCOPUS-based search string formulation

Search strin Keyword | ANP | Keyword Il ANP | Keyword I1l ANP | Keyword II|
Keyword sustainabilit indicatol Industr* 4.( logistic*
TITLE-ABS sustainabl reporting digitali*ation manufacturin
KEY Synonyms index digiti*ation productior
smart logistic
LIMIT SUBJAREA
LIMIT-TO | Options DOCTYPE, “ar | SUBJAREA , "ECON

DOCTYPE, “cp’ | SUBJAREA , “BUSI’
DOCTYPE, “ch’ | SUBJAREA , “ENGI’

Subsequently, the identified papers were analyaedl, in the database. By doing so, the relevance dsKfl was
all SKPIs were extracted and gathered in a stariflacdl taken into account. A summary of the literaturelysed is
spreadsheet to be used as a database. If the adithined presented in Table 2.
multiple mentions, appropriate references were @lade

Table 2 List of identified references

Reference M ethodology Focus
Kayikci, 2018 I_Delphl method (4 FMCG, 2 Transport)zMCG and Transport
literature review and expert opinic
Felsberger angd oo . . .
Reiner, 202 KPI selection: focus group interviews How to meadhe 14.0 impact
Takhar and Research and literature review, literatBistainability and circular economy data
Liyanage, 202 review on reporting requireme reporting using 14.0 technolog
Gunduz et al, | Literature review and QFD-methods (Qualifyssessing the maturity level for supply chain
2021 Function Deployment) smartness and sustainability
Nantee andExpert interviews, literature review ohogistics 4.0 impact on corpordte
Sureeyatanapas, inabilitv indi inabili ¢
2021 sustainability indicators sustainability performance

For the automatic syntactic clustering in the fstsp,
the SKPI list was migrated from Excel to the PasBfpL This way, SKPIs with the same or similar wording, i
database. KPIs similarity analysis was performéniguthe e., syntactically similar SKPIs, were clustered.
word_similarity(text, text)function, which returns “a Subsequently, manual clustering was performed for
number that indicates the greatest similarity betwthe semantic analysis, and new clusters were introdteckak
set of trigrams in the first string and any contins extent individual SKPIs in a thematic context. After adagtthe
of an ordered set of trigrams in the second stij88]. The database to use only quantitatively measurable §SKRé
result is am X n matrix filled with similarity values; ;  research team evaluated the clusters in severistion
betweerSKPI; andSKPI; (0 < i,j < n) for all SKPIs. The rounds so that they could have been to one of the
highers; ; is, the higher the syntactic similarity of the twotommonly applied sustainability pillars — economic,
words on indices andj, defined by the trigram matching €nvironmental, and social. Table 3 displays thelfin
method. Consecutively, the matrix was uploaded im?usters, their distribution to the three pillaemd the
Python via a .csv file and used to cluster the Sigdth reduency analysis. The clusters are ranked inetieiog
the AgglomerativeClusteringlass provided by the scikit- °'der of frequency of their occurrence in sustaitab
learn project [39]. The code applied for the cltiatgcan pillars.
be found online [40].
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Table 3 Cluster analysis outputs

Sustainability Occurrencein literatur e sources
Area | SKPI cluster [28] [29] [30] [31] [32] pcs | %
Productiorrelated costs and investme 1 1 1 1 1 5 10C
Performance and quality of plann 1 1 1 1 1 5 10C
o | Customer satisfactic 1 1 0 1 1 4 80
g Profit and economic succt 0 1 0 1 1 3 60
S | Product qualit 0 1 0 0 1 2 40
§ | Sustainable costs and investm 0 0 1 0 0 1 20
Business ethi 0 0 0 1 0 1 20
Marketing 0 1 0 0 0 1 20
System reliabilit 0 1 0 0 0 1 20
= Energy efficienc 1 1 1 1 1 5 10C
o Wasteintensity and treatme 1 1 1 1 1 5 10C
g |Emission 1 1 0 1 1 4 | 80
S | Resource efficienc 1 1 0 1 1 4 80
S |Watel 0 0 1 0 0 1 20
o | Green produs 0 0 1 0 0 1 [ 20
Land us 1 0 0 0 0 1 20
— | Occupational health and sat 1 1 0 1 0 3 60
-g Diversity and equal opportuniti 0 1 1 0 0 2 40
& | Local communitie 0 0 1 0 0 1 20
Employmen 0 1 0 0 0 1 20
3.2 Freguency analysis of the use of the The content analysis of sustainability reportseafiing

UNCTAD-recommended SKPIsin practice European industrial companies was performed tcsashe

This approach of identifying SKPIs suitable forPreferences of SKPI clusters in corporate pracfidest of
assessing the sustainability of smart logistics #tsd the 20 largest European companies by 2020 revemaes
technologies and app“cations was based on thea@cid used to select the |ndU-Str|a| entities. The ||SS\ﬂmWn.
on Core Indicators for Entity Reporting on Conttibn ~ from Fortune 500 ranking database [42]. The folfayvi
towards Implementation of the Sustainability Depehent ~ Criteria were applied to refine the list of compeemi
Goals [41]. The Guidance was developed by Unitel Industrial focus,
Nations Conference on Trade and Developmert Existing sustainability report,
(UNCTAD) and designed to assist business entities $- Existing comprehensive SKPIs system.
providing baseline information on SKPIs consisteathd
Comparab]y to meet the common needs of different The final research Sample included 11 industrial
stakeholders of the SDG agenda. companies (see Table 4). SKPIs differ in terminglagd

The Guidance classifies SKPIs into four main areas: measures across industrial enterprises. Thus, the
1. Economic — four SKPIs clusters and eight specifiubstantive content of the reported SKPIs was &abéor

SKPIs, their assignment to the UNCTAD classification. The
2. Environmental — five clusters and eleven SKPIs,  frequency analysis result is presented in Tabkhéwing
3. Social — four clusters and seven SKPIs, the clusters in descending order according to their
4. Institutional — two clusters and seven SKPIs. occurrence frequency in the sustainability pillafhe

environmental pillar, a core component of all the

This classification has been transformed into thregustainability reports reviewed, displays the most
standard sustainability pillars. The transformatielies on ~ consistent results. The frequency analysis of ewimo

merging the economic and institutional clusters itite KPIs is influenced by companies referring to stadda
economic pillar. financial statements (not included in sustainabititports)

while reporting.
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Table 4 Research sample

No. | Company (Country) Re\é‘ei?ﬁ:rlg S%%O)(m Industry Source
1. Royal Dutch Shell (Netherlanc 352.1: Oil and ga [43]
2. Volkswagen (German 282.7¢ Automotive [44]
3. Glencore (Switzerlan 215.1: Natural resourct [45]
4. Daimler AG (Germany 193.3¢ Automotive [46]
5. Total (France 176.2¢ Oil and ga [47]
6. Gazprom (Russi 118.0: Oil and ga [48]
7. BMW Group (Germany 116.6¢ Automotive [49]
8. Lukoil (Russia 114.6. Oil and ga [50]
9. Siemens (German 97.9¢ Technolog [51]
10. | Nestle (Switzerlant 92.1] Food and bevera [52]
11. | Enel Groupe (ltaly 89.9] Energy [53]
Table 5 Frequency analysis of the UNCTAD-recomn&iPls clusters
Sustainability Occurrencein sustainability reports >
S| 5 >3 2| o
8 T Q| E| S| & S| 2lg|¢
— c [ = X [ 0,
£ |KPI cluster 212 5|5 5 g = 5|8 @ pcs| %
Revenue and/or (net) value ad 11012121211 ] 11090k«
E New investment/expenditul 1111212021121 ]1]0] 1] 9 |81¢
g | Corporate governandisclosur: 101211212121 ]1]0] 1] 9 |81¢
g | Payments to the governm 110110212 |1]21]0)]0] 1] 7 |63¢€
W | Local supplier/purchasing programr 1]1]0]1/0]0[212]0]0]0]0] 1] 436/t
Anti-corruption practice 0/0|1]0]0O0]1]0]0|]0]0] 0] 2]18:z
o | Sustainable use of wa 111111111 ]1]1] 11]1C
é | Waste manageme 1 1 1 1 1 1 1 1 1 1 1] 11 10C
2 { Greenhouse gas emissi 1)1 ]1|1]1(21]1|212]1]1)]1 ] 11]10cC
ué_j Ozonedepleting substanct 1)1 ]1|1]1(21]1|212]1]1)]1 ] 11]10cC
Energy consumptic 1100|002 ]0]0] 1] 1] 1] 5 |45¢F
_ | Gender equalil 1121202121211 11090k«
-g Human capit: 111011121211 ]1] 1) 10]|90¢
& | Employee health and saf 111|121 ]1(21]1]212/]0]0] 1] 9 |81¢
Coverage by collective agreeme 0/ 0]1]0]12]1]12]1]0]0] 0|5 |45k

3.3 Comparative analysis of theresultsobtained  results reveal a lack of focus in the generic SKstits,
Having identified two sets of SKPIs clusters, tlextn mainly the focus on the impact of digitalisation on
step involved examining the relationships (diff@emand sustainability [54,55]. The key differences can be
similarities) in the obtained sets — the set of BiRusters summarised in two topics, addressed in more detdiie
identified in the literature, hereinafter referréd as Literature set — production-related issues andhtipact of
Literature set, and the set of SKPIs defined by WND  digitisation. Thus, the newly defined set propoS&®Is
(UNCTAD, 2019), referred to as UNCTAD set. relevant to operational processes in industrial gamres,
The clusters identified in the Literature set weréuch as the introduction of “system reliabilityprbcess
matched with those defined in the UNCTAD set as$ par stability”, “throughput”, as well as “resource eféncy”,
the comparison of the two sets. The matching wasided allowing a more accurate assessment of production
to identify the clusters missing in the newly defin processes and indicating possible effects of dpecif
Literature set compared to the generally acceptéahprovement measures. Furthermore, the literatriew
UNCTAD set and vice versa. The final matching idas identified SKPIs with a high probability of bei
presented in Figure 1. influenced by digitisation initiatives, such as ffsemance
The two sets reveal only a few differences, sugugst and quality of planning” and “customer satisfactidghey
on the one hand, a shared comprehension of thes3KPI constitute crucial factors for adopting smart ltigs
the literature and practice. However, on the ottzerd, the concepts.
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Literature set UNCTAD set
Production-related costs and investments
Performance and quality of planning
- - Revenue and/or (net) value added

Customer satisfaction - -
) " - New investment/expenditures Q
E Profit and economic success - E
5 - Corporate governance disclosure &
2 | Product quality c
o - - Payments to the government o
S | Sustainable costs and investments Cocal lier/ s S

ocal supplier/purchasing programmes
Business ethics Anti pp i P i € prog
nti-corruption practices

Marketing P P

System reliability

Energy efficiency
® | Waste intensity and treatment Sustainable use of water g
< [ Emissions Waste management g
1S - Greenhouse gas emissions c
S Resource efficiency - o
£ ['water Ozone-depleting éubstances s
S [ Green product Energy consumption i

Land use

Occupational health and safety Gender equality
,f_g Diversity and equal opportunities Human capital ‘_g
& | Local communities Employee health and safety 83

Employment Coverage by collective agreements

Figure 1 Matching the clusters from the literattioeclusters from UNCTAD

4 Reault and discussion advantages. We propose developing a standardised se
This chapter describes and discusses the mairt césulSKPIs specific to the company or supply chain being

the article, namely the new SKPIs selection metlugo €valuated. Although such an approach does not allow

for assessing the sustainability of smart logistics benchmarking with other companies or supply chains,
The professional community has not reached @hablescomparisons between the implementatiomafts

consensus on whether to propose a global standdrsig  technologies and applications within various ldgsst

of SKPIs allowing comparisons between evaluateiient Processes of a company or supply chain while resgec

Or processes or a Case_by_case set of SKPIs thitora its SpeCiﬁC needs. If certain standard indicatars not

specific entity or process [25]. The proposed meshagy relevant for particular smart technologies or agtlons,

attempts to combine both approaches and exploit théhey are not included in the assessment.

Sustainability objectives
definition

A

E—)
)

Establishing SKPIs cluster pool

}

Definition of criteria for selecting
SKPIs clusters

l

Selection of SKPIs clusters

}

Definition of SKPIs and their
parameters

|

Development of SKPIs

hierarchical structure
i |

Figure 2 Methodology of SKPIs selection for asseg#iie sustainability of smart logistics

Company

Y

Logistic process

Smart logistics technology
and/or application
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The methodology can be applied separately at difter
management levels (see Figure 2): supply chaieriite,
logistics process and smart logistics technologyl ar
application. However, the sustainable performante
smart logistics should preferably be monitored an
assessed at all levels. The sustainable performahce
implemented smart logistics technologies and aatitins
shall be assessed at lower management leve
Subsequently, this translates into overall suskdéna
performance at higher management levels.

The methodology relies on six steps shown in Figure
and is described in detail in the next sectiorhefchapter.

4.1 Sustainability objectives definition

The SKPIs must be based on the sustainabilityeglyat
of the company and the supply chain, especiallyr the
sustainability objectives. Thus, the first step thie
proposed methodology is the definition of sustaimab
objectives; the implementation of smart logistic:
technologies and applications should support their Figure 3 Sources for SKPIs cluster pool and theirtap
achievement. These objectives can represent a tivema

standard for a company or supply chain and appliito 4.3 Definition of criteria for selecting SKPIs

stakeholders [35]. Thus, the final set of SKPIsldba a clusters

balanced set reflecting the concerns of all stalkieins. The next step in developing a functional and efffect
o SKPIs system is determining the criteria for séhect

4.2  Establishing SKPIscluster pool suitable SKPIs clusters. A company or supply clsaimain

Next, it is necessary to identify potentially sbi@ criteria should include:

clusters for each sustainable goal, i. e., to eremt 1. Relevance to sustainable objectives. The SKPIs

sufficiently large SKPIs cluster pool. The followin  clusters should most closely reflect the achieveroén

sources can be used: the defined sustainability objectives.

a) SKPIs clusters that have already been definedén th. Relevance to smart logistics. The SKPIs clustessish
company or supply chain as a result of other bssine  most closely mirror the change in sustainable
Processes; performance associated with implementing smart

b) SKPIs clusters from the literature review. To dp@® logistics technologies and applications.
may apply the cluster analysis results from Chagitkr
The frequency analysis also allows the scientifig 4 Sdection of SKPIsclusters
community to assess the relevance of individual This step involves applying the defined criteria fo
clusters; _ shortlisting the SKPIs clusters. As a rule, it shadlude a

c) SKPIs clusters recommended by corporate practice. §ajitative assessment of whether or not the SKRisers
this case, a respected source is the Guidance @ Cfom the pool meet the defined criteria. Appropiatulti-

Indicators for Entity Reporting on Contribution criteria decision-making methods can be used teease
towards  Implementation of the Sustainablgne assessment's objectivity.

Development Goals developed by UNCTAD. The

clusters contained in the Guidance are presented An5  Definition of SKPIs and their parameters
Chapter 3.2, including a frequency analysis ofrthei |t 5 jitable SKPIs clusters have been selectedpexe
application by European industry leaders; _ step is to define one or more SKPIs for each afnthie
d) Design of own SKPIs clusters not included in th@efining them, one should remember that the firalos
resources mentioned above. SKPIs must be manageable [25]. Therefore, it itebéd
choose a smaller number of SKPIs. To this enday tre

The sources listed may overlap, see Figure 3,ddth  reteraple first to define a broader set of possBKPIs
representing _SKPIs clusters. For example, a compaay and, subsequently, identify those critical to thPS
supply chain may already use SKPIs clustergsters.

recommended by the scientific community and/ortess SKPIs can be quantitative or qualitative. The best

practice. approach involves a combination of both methodé [20
terms of expression, absolute or relative SKPIs loan
used. Absolute SKPIs are more suitable for theadgal
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aggregation to higher management levels and inehou$.6 Development of SKPI s hierarchical structure
benchmarking. The chosen SKPIs should be The procedure should result in a reasonably simple,
straightforward and specific to avoid misunderstagsl functional, and efficient SKPIs system. Figureldsirates
and allow comparison over time. the recommended hierarchical structure of susténab
A clearly defined benchmark must be assigned th eapillars, clusters, SKPIs, measures and targetseldping
SKPIs. When a new measure is necessary, the congpanguch a system usually requires retracing the pusviteps
supply chain should consider appropriate measuremernd reassessing their content (see feedback irreFRju
methods, costs, and time [35]. To improve the suside  For implementing the system designed in such a way,
performance of a business or supply chain, it & al applying the methodology for aggregated sustaiitgbil
advisable to set a target value for each SKPIs. performance assessment of an industrial corporation
developed by Wicher et al. [56] is recommended.

Sustainability

Economic Environmental Social
Economic goal 1 Economic goal 2 Economic goal n
Economic Economic Economic
SKPI cluster 1.1 SKPI cluster 1.2 SKPI cluster 1.n
Economic Economic Economic
SKPI'1.1.1 SKPI'1.1.2 SKPI 1.1.n
Economic Economic Economic
SKPI metric 1.1.1.1 SKPI metric 1.1.1.2 SKPI metric 1.1.1.n
Target value for Economic Target value for Economic | | Target value for Economic
SKPI metric 1.1.1.1 SKPI metric 1.1.1.2 SKPI metric 1.1.1.n

Figure 4 General hierarchical structure of SKPIs

5 Conclusion answer to this question, a SKPIs selection mettuagyol
This paper aimed to propose a methodology for for assessing the sustainability of smart logisties
selecting SKPIs suitable for assessing the susftitya ~ Proposed, involving defining sustainability objees,
performance of smart logistics and its technologiad creating SKPIs cluster pool, defining selectiortecta
applications. To accomplish the objective, two aese applicable to SKPIs clusters, selecting SKPIs elsst
questions have been addressed: defining SKPIs and their parameters, and creating a
1. Which SKPIs can be applied to assess the susthipabi  hierarchical structure of SKPIs. The methodology ca
performance of smart logistics and its technologies be applied separately at different managementdevel

applications? To do so, decision-makers can draev on  supply chain, enterprise, logistics process andrtsma
variety of sources. The proposal suggests combining logistics technology and application.
SKPIs already in place in the company or supplyrcha
with indicators recommended by the scientific While conducting research, we have revealed andtsti
community and business practice. Therefore, twigck of a clear definition of smart logistics tectogies and
analyses were conducted: a cluster analysis of SKFpplications at different levels of the processerrise
obtained through a review of the relevant literatamd  @nd supply chain management, both in the relevant
a frequency analysis of the use of the UNCTADIiterature and corporate practice. This ambiguity
recommended SKPIs in practice. Analyses havignificantly complicates any assessment of sustaity
demonstrated that the primary focus should conatntr Performance in deploying the technologies. Thersfdre
on investments and revenues in the field of Economfjrst objective of our further research is to prepoan
emissions and waste management in the Environmefixplanatory model for defining smart logistics
and occupational health and safety in the Socil.ar technologies and applications at all managemereldev
2. How to select the appropriate SKPIs to assess th&e next step of any future research shall invalwglying
sustainability performance of smart logistics atsl i the established methodology and explanatory mosiel a
technologies and applications? While seeking adpaseline for developing a conceptual model to astes
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chains, balancing the economic, environmental acths
performance of logistics processes.
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